WO 02/ 076203 PCT/ USO1/ 49595 METHOD AND SYSTEM FOR PREPARI NG Tl SSUE SAMPLES
FOR H STOLOG CAL AND PATHOLOG CAL EXAM NATI ON CROSS REFERENCE TO RELATED
APPLI CATIWN o2hir@oappl i cati on cl ai ms benefit under 35 U. S. ECTAKO1/0459% he
following United 5 States provisional patent application Serial Nunber

60/ 259, 418, entitled "Method And System For Preparing Ti ssue Sanpl es For

Hi st ol ogi cal And Pat hol ogi cal Exam nation", which was filed on January 2,
2001. FIELD OF THE | NVENTI ON The present invention relates generally to
cryogeni c preservation and nore 10 particularly to a nethod of preserving
for exam nation and diagnostic purposes. BACKGROUND OF THE | NVENTI ON

Bi ol ogi cal materials such as tissues are _subjected to various treatnments in

an histol ogy | r}HPQr@' E NQ\HWHESSAWI\E% under a
m croscope. Patho i u i i rt their ‘
findi ngs, which ai %@g@y@?@{igﬁf% éls\fbl ﬁﬁmﬁﬁgﬁgﬁ%ﬁ@@%%@m di sease
processes. Histopathology has traditionally relied upon exam nation of
sanpl es prepared by one of two basic nmethods. In the first histol ogical

net hod, sanpl es under@BOSSJREFERENCE 1 B AEEDAPREICARION ory, such as
fixation to preserve tissues, dehydration to renove water fromtissues,
infiltration with enbeddi ng agents such as paraffin, enbednent, sectioning

or cutting secti ongs gfplichforrBlatnsSisetefif AideR3308SRNE 19D of tifd folidwikDURiedg t he
sections, and staining the sections to enhance details. The second nethod,

cryogehi ¢ pripas provisinnakpagenit fapplinatipy Sedal Nbwnbar68/258+4d 8 eerditied “MethadeAdd r st

method in that it eral ly.invglves sn freezing,Ln,a cold liquid ,or
envi ronment , Yé@eﬁ%ﬁf]‘??&}lnﬁﬁ?ﬁ?‘? adnﬁﬁ ri'?‘éoiﬂghcﬁ_i A%db\%hglggtﬁ nation”,
PCT/ US01/ 4939ch was filed on January 2, 2001.

FIELD OF THE INVENTION

The present invention relates generally to cryogenic preservation and more

10 particularly to a method of preserving for examination and diagnostic purposes.
BACKGROUND OF THE INVENTION

Biological materials such as tissues are subjected to various treatments in an
histology laboratory to prepare specimens on slides for viewing under a microscope.
Pathologists carefully examine the slides and report their findings, which aids physicians

15 in the diagnosis of disease or disease processes. Histopathology has traditionally relied
upon examination of samples prepared by one of two basic methods. In the first
histological method, samples undergo significant processing in the laboratory, such as
fixation to preserve tissues, dehydration to remove water from tissues, infiltration with
embedding agents such as paraffin, embedment, sectioning or cutting sections of the

20 tissue for placement on a slide, mounting the sections, and staining the sections to
enhance details. The second method , cryogenic preparation, sigﬁificantly reduces the
processing of the first method in that it generally involves snap freezing in a cold liquid

or environment, sectioning, mounting, and staining.
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While the first nmethod yields significantly superior visualization, it
requires an extended period of tine for processing, generally a m ni mum of
18 to 24 woues7620hus this nethod cannot be applied in siPaatisonssshere a
rapi d di agnosis of a pathol ogic process is required, such as during a
surgical procedure. Additionally, the processing techniques 5 enployed may
destroy all or part of the biological activity of the tissues. The second
nmet hod has the advantage of speed (30 minutes to 1 hour), however tissue
speci nens prepared using cryogenic preparation are often subject to
cellular danmage due to ice crystal formation, which can al so cause the
| oss of biological function of nolecules of interest within the tissues,
and overal | |oss Whilefhesfist mathedields sigmfieaasly superor yisualitntinn S TegyEevM cal
structure. | of
?%;ggé’ dcdf%m o 8&&9%4;85%99@3& ?[’I%l??nu% itk 39 Bourk Al s

frozen tissue nmrunoni st ocheni's Speci a circunstances,

because i ce @sd aénnbowafsplfeﬂ it Bingkiohefhére 25b5id GRAEH6S s BRAPaBBIOGIcPRbCess
artifacts within the whi ch nmake diagnostic interpretation quite

difficult, OB re@u@nd |Sh?ib’<¥$ bngaBWg%}moce@a@esAddmowlwhe pecedirgitchaiqups| y-
and t hgn nongcl t he of -ba di.ti gnal m croscopic
hi st olggy ancﬁn%g éesﬁr ﬁﬁ’”’ f%%’@%@ﬁ%la@ﬁ?&bﬁ){@ h?fgéles ‘observati onp to

di rect objective st ai ni ng procedures. These newer i mmunohi stochem stry
(IHC) techniques help in determ ning diagnosis when hi st opat hol ogy al one
proves 20 i nconclTisispeondoeibodhas th&@\taetagﬂpim)@sd éaoenm@tceﬁdéh@urbrhowever
biologically.intact.rece eci men talg

occur. Ther éi%Pe Sl?et"“P%“SdgrSP"Fﬁ%l ‘éSI% CHYPE?“II‘"Z 8 CRAHRR ﬁ‘ﬁ%l Oﬁ n P
preparation daﬁl@alge dees 1E@éryithlrfbfmétﬂﬁ @HRH Bhn Abo Sfulké MR 1M OF Bﬂﬂ al fuRBG& | aI
present after preparation’is conplete. 2 WO 02/076203 PCT/ USU1/ 49595
SUVMVARY OF TaiEndledviied O Gierest within the tissues, and overall loss of tissue integrity manifested -
10 as degraded anatomical structure. Many commercial pathology laboratories discourage
the use of frozen tissue for immunohistochemistry in all but special circumstances,
because ice crystal formation in stored tissue causes many abnormal artifacts within the

sample which make diagnostic interpretation quite difficult, or even impossible in some

cases.
15
With the advent of poly- and then monoclonal antibodies, the focus of both
traditional microscopic histology and pathology has shifted from simple subjective
observation, to direct objective staining procedures. These newer immunohistochemistry
(IHC) techniques help in determining diagnosis when histopathology alone proves
20 inconclusive. However, IHC techniques are dependent on biologically intact receptors

within the specimen for proper staining to occur. Therefore it is desirable to utilize a
method of tissue specimen preparation that does not limit the amount of active biological

material present after preparation is complete.



Therefore, what is needed is an inproved way to cryogenically preserve
viable single cells, tissues, organs, nucleic acids, or other biologically
active noweanlee3t hat avoids at | east sonme of the probl @g/isahersent in
currently avail able nmethods. 5 Accordingly, the present invention provides
a nmethod of cryopreservation for freezing a biochemcally active tissue
sanple by imersing the sanple in cooling fluid and circulating the
cooling fluid past the material. The cooling fluid is circul ated past the
ti ssue sanple at a substantially constant, predeterm ned velocity and
tenperature to freeze the tissue sanple such that it is vitrified, yet the
tissue sanple maintains its 10 anatomi cal structure and remains

bi ochem cally active after tHENMAR Y, OF EHE INVENTEIONodi ment, the cool i ng
fluid is maintained at a tenperature of between about -20 degrees
centigrade and -30 degrees centigrade, and the velocity of the cooling
fluid past the tTieseforesatipl @ nesdeddoni imdprobved ®ap tpaFoganivalle ppaerveapiblof
cooling fluid through an area not greater than about_ 24 inches wi de and 48
i nches deep.singeirellsoteguess organs @iedaic a¢ids, 105 oflias binlagipllodctive anqlecadesnthat

invention i e i i Lve .1 e.s i 00| i uid to
freeze the srgzﬁ{aq%egtd ?erag{c g {)@thﬂgﬂ%’ é’ﬁ%’téér% ﬁéllée%%}qg ner%m&%lg[}?, gﬁ'%lua?’?q élgeq%%dgs F ees
centi gsade. Acdoudibl@! the pRREhiTEVEtioh pidvaddsaemeiod iof ¥EobietdviidViof B8
circulating the cooling fluid past a nulti-path heat exchangln%hc0|

ng

subrrer sed, i rt bigehawisili getiveuiissue wiaple byt emersiang th shraplgi ingcoe uid gehabl e
of renoving at ast, the..sane.anount of heat.from.the 20 cool.ing fluy d as
The cool i ng iealefing st PRuRR TR PRY Mo Bhicl il @ling s BRGUACH gy e, 20
provides a skshe€ ga&lﬂe_aitrﬂom@iaﬂﬁduygc&@@n@l@@e}@teﬁaﬁ;ehwmitmhq%F@mr@bd ect
of at |east one enbodi nent of the present invention is application of a

met hod to frfieesze thsi B$sggisemplensichrihaf it wheitmfied, tyhie thfeotissae isemplsf mpiotiny Y$t al s
and stress fractures is avoided,. and cellul.ar bi ochem,cal function is

i nt I nod Aeerir kvl 8 Wniad Porimcaly oo ¢ SIETVERL BhBEMRoRe o

t he present dnﬁb(ﬂﬂhérﬁ!‘tﬂescddﬁﬁg fluid YORGRSAhMPA Qihnﬂﬁé@fw&gd‘f Betiv&sh Aot -20

significantly increased, because biological materia
degrees centigrade and -30 degrees centigrade, and the velocity of the cooling fluid past

the tissue sample is about 35 liters per minute per foot of cooling fluid through an area
not greater than about 24 inches wide and 48 inches deep. Additionally, at least one
15 embodiment of the present invention immerses a biologically active tissue sample in
cooling fluid to freeze the sample directly to a temperature higher than about -30 degrees
centigrade. A further embodiment of the present invention provides for circulating the
cooling fluid past a multi-path heat exchanging coil submersed in the cooling fluid, where
the heat exchanging coil is capable of removing at least the same amount of heat from the
20 cooling fluid as the cooling fluid removes from the tissue sample. At least one

embodiment provides a system for implementing the above mentioned methods.

An object of at least one embodiment of the present invention is application of
a method to freeze biological material wherein the formation of ice crystals and stress

fractures is avoided, and cellular biochemical function is maintained after freezing.

25 An advantage of at least one embodiment of the present invention is that

cryopreservation recovery rates are significantly increased, because biological material
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WO 02/ 076203 PCT/ USO01/ 49595 is vitrified during freezing. Another

advant age of at | east one enbodi nent of the present invention is that
Cryopr esewoanioos20s ecovery rates are inproved, because bi olpegiusal/495es eri al
is vitrified at a high enough tenperature to avoid the formation of stress
fractures within cell 5 menbranes. Another advantage of at |east one
enbodi nent of the present invention is that cryopreservation recovery
rates are such that a considerably higher percentage of the biological
material maintains its anatom cal structure and remains biochemcally
active after thaw as conpared to currently avail able nmethods. 10 An
addi ti onal adyv g | east one enbodi nent of the present invention is
t hat cryopré@éﬁg ?@§W“#%§%¥ rates are such that the biol ogical materi al
sanples lend thenselves to the application of sectioning, processing and

subsequent histological, wultrastructural, and imunohi stochem stry

exam nation in shinather glvmitegisofodt leastreng hlahodimeadbﬁ ﬂlorpaetsel;ﬁajmmtmgys that

t echni ques, thus shorteni ng time to.resul % furt a\r(anta e of at

| east one erfB¥IFERRIGR IEoR¥CTY rUESHE IMRIAYAL ﬁa‘isg ‘H%&lc led at
existing crypRIASEINBh @MhpslAlads Laf lhd FatAbe m&%ylmr&%@ﬁl uged to
store the frozen bi ologi cg mat eri al WO 02/ 076203 PCT/ USO1/ 49595 BRI EF

DESCRI TI ON rakmiitaresDRAW NGS Ot her Obj ect S, advant ages, features and
characteristics of the present invention, as well as nethods, operation
and functions of related elenents of structure, and the conbination of

parts and economﬁmﬁ% Ll %&ijétqeas%hé elasaag%cfl&me%eﬁﬁgg?&on is that

consi derati on of description an ainms wt erence to the
acconpanyi ngrysprésatvagion raddvelg’fratﬂslawsdahrtrmtaa parsidendbly highes pecérftageadfithe,
wherein |ike reference nunerals

biological material maintains its anatomical structure and remains biochemically active

after thaw as compared to currently available methods.

10 An additional advantage of at least one embodiment of the present invention is
that cryopreservation recovery rates are such that the biological material samples lend
themselves to the application of sectioning, processing and subsequent histological,
ultrastructural, and immunohistochemistry examination in shorter periods of time than

traditional pathology techniques, thus shortening time to results.

15 A further advantage of at least one embodiment of the present invention is that
once frozen, existing cryopreservation storage facilities and mechanisms can be used to

store the frozen biological materials.



designate corresponding parts in the various figures, and wherein: FIG 1

is a side view of a chilling apparatus for practicing a nmethod according to
at | east woa2endosli nent of the present invention; 10 FI G PETIGSOH495PDSS
sectional view of the chilling apparatus illustrated in FIG 1 indicating

i npl enentation of cooling systens suitable for freezing relatively |large
quantities of biological material; Fig. 2Ais a cross sectional view of the
chilling apparatus shown in FIG 1, configured for use with a spiral
conveyor according to one enbodi nent of the present 15 invention; FIG 3
is aflowdiagramillustrati ng a systeminpl enented according to at |east
one enbodi ment of the present invention. FIG 4 is a bar chart showi ng the
results of experinental BB WWQFTWP&%WHN% art freezing
met hods and a freezing nethod according to a preferred 20 enbodi nent of
the present invention; FIG 5 illustrates views, as seen through a
m croscope, of thetheboljbas, @@ivaahgesaﬁaatewsandehm*actaﬁﬂmsmm@rmhﬁdvg{tme
tissue follow ng freeze-thaw cycles of the nethod 5 WO 02/076203
PCT/ US01/ 495@5@ ay pgthodsrenerasigarang fangtions of sdated glemantoef seehveliang the a
pr et or 1 20, CTRRiIEh 6f phBe and'sE5F et YA BRE! Bill Dbl ShRRLES pehPus:
cop

as seen through a mcro i cal pear an

ti ssues af t ercohsigeatigigofuisd ﬂ@ﬂowi dribtioh YPel SpRIvatH fé%rérﬁ:@ fthgaempamdng 5
after application of the nethod according to a preferred enbodi ment of the
present i nvBavings:allgfavipghdorm aapgﬂ@ﬁ thds g@@ﬁwﬁum arhssain fle vaferondeinumetalat i ng

the conplex yltr struct ur es_suc C m t ochondri a t hat
may be seen &Jafgltge?a‘e L lingrli)aﬁ ev%%?%g {Fes gid Whakis

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

at least one embodiment of the present invention;

10 FIG. 2 is a cross sectional view of the chilling apparatus illustrated in FIG. 1
indicating implementation of cooling systems suitable for freezing relatively large

quantities of biological material;

Fig. 2A is a cross sectional view of the chilling apparatus shown in FIG. 1,
configured for use with a spiral conveyor according to one embodiment of the present

15 invention;

FIG. 3 is a flow diagram illustrating a system implemented according to at least

one embodiment of the present invention;

FIG. 4 is a bar chart showing the results of experimental comparisons between
various prior art freezing methods and a freezing method according to a preferred

20 embodiment of the present invention;

FIG. 5 illustrates views, as seen through a microscope, of the morphological

appearance of noncryoprotected grape tissue following freeze-thaw cycles of the method
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according to a preferred enbodi mrent of the present invention. 10 6 WO

02/ 076203 PCT/ US01/ 49595 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT OF
THE | NVENVD@RIov6203 he fol |l owi ng detail ed description of thecpreshessses

enbodi ments, reference is 5 nmade to the acconpanying draw ngs which forma
part hereof, and in which is shown by way of illustration specific
preferred enbodinents in which the invention may be practiced. These
enbodi nents are described in sufficient detail to enable those skilled in
the art to practice the invention, and it is to be understood that other
enbodi mrents may be utilized and that |ogical, nechanical, chem cal and

el ectrical changes .may be de 10 without departing fromthe irit or
Scope of t hot T EiBRen rg Y Braabimsiiot eforBe 4 Sreyerret g e 48t
skilled in gg%e jhv&ﬁkﬂgactice the invention, the description nmay omit
certain information known to those skilled in the art. The foll ow ng
detail ed description is, therefore, not to be taken in a limting sense,

and t he scope of tEF §[fsent i nvention %S defined only g t he apPended
claims. 15 Refer illfg ¢ fllustraies viepiggas seeqfropgh @ TIGraseoRsy © é}?alpgﬁpé}g ogiget abl e
for practici I . : i h

present i nvea ?leagerl]nci%?tfg?&%ggé@ranéﬂ%gé{l %ﬁ%ﬁgﬁﬁgﬁ%g}%&%ng‘g‘f#hg“%m t
100. ol i ngfteniapplidAfop o files alethpdceopidirge® 4 ardfertdDembeadiinehnofthegaedenng
fluid 140. Submersed jn cooling fluid 140 are circulators 134 such as
notors 130 HBYAUHEN; #sel | ers 132, heat exchanging coil 120, and rack 150,
whi ch in 20 one enbodi nent conprises trays 155 for supporting biol ogical
material to be frozen. Biological naterial nmay include, but is not limted
to, viable singl &IGellis antels&u snigiddcope gemsilusiathe e cdhplex uRsraithar

bi ol ogically active nolecul es. Biological material is not required to be
speci es- spedp#tires spsh asroglplar Bitoghnadriaghat apay hesapn eléerappliragion ekbeanaihody coi |

according to a preferred embodiment of the present invention.
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120, is refrigeration unit 190. 25 Tank 110 nmay be of any di nensions
necessary to imerse biological material to be frozen in a volunme of
cool i ng fw0i0d/016203 in whi ch di nensions are scal ed nmul ti pl ®@€TAfS01/4959% nches
by 24 inches by 48 inches. Qther tank sizes may be enpl oyed consistent with
7 WD 02/ 076203 PCT/ USO01/ 49595 the teachings set forth herein. For exanple,
in one enbodinent (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

compl etely | mer ERRIVED ESCRIPEION oF o BRErkiteD ol flMEREC, | oy 1
wi Il be appreciated that tank 11QegHpenvadericgegger or snaller as needed

to efficiently accommpdate various sizes and quantities of biol ogical
material to be frozen. The biological material nay be treated with a
cryoprotectant priar being imrersed .in .tank 110, 10 Tank 110 hol ds

Cool g f1uca 1400 HefolaR e o cr DAL Of BB PrS{ETed PRPdiEons. FEEHCE S de
sol ut Goo - : i | :

o opyl =ne. ol yase Peatepa i g PHRh it d it ey SRS SRR POy
enbodi nent, vwdyeof dlwstratin fpecift prefartededrhba@limentoinoviech ad iswatiommay be

di et hyl sul f oxi de. (DVMSO), et hyl ene glycol, propylene glycal, polyethylene
gl ycol ~or t WEaqticgd “These smbpdiments X ARSCTIAS) BB Sy KEgo ERg opedeted | <
itself a fo s RYE k . i . i and
preferably ggp%tagg?pglggééu%éelﬂfvggﬁ%égﬁl‘&rﬁ %@ﬁ%?@gﬁ%ﬁ?c{?@r?gﬁg&%ﬁg arlg%er S
may be used beatilibed shd thet lopiehl giechinicaf chieirddal asd slecteiohbiatianigs insaydie mhde
present invention provide for the biological material to be directly

i mmerSed i n HOUESRRg fFomy g spisit of seepeiobtheinuprtinn: iTpavorddsgsinggnecstrary

di rect i mrergiean, Oos8 SRRl th Gre3h HARKES e/ AL AL tnS Qb ASHES ofRf 20

or gans.

certain information known to those skilled in the art. The following detailed description
is, therefore, not to be taken in a limiting sense, and the scope of the present invention

is defined only by the appended claims.

15 Referring first to FIGS. 1 and 2, a chilling apparatus :suitable for practicing a
method according to at least one embodiment of the present invention is discussed, and
designated generally as cooling unit 100. Cooling unit 100 preferably comprises tank 110
containing cooling fluid 140. Submersed in cooling fluid 140 are circulators 134 such
as motors 130 having impellers 132, heat exchanging coil 120, and rack 150, which in

20 one embodiment comprises trays 155 for supporting biological material to be frozen.
Biological material may include, but is not limited to, viable single cells, tissues and
organs, nucleic acids, and other biologically active molecules. Biological material is not
required to be species-specific. External to tank 110, and coupled to heat exchanging coil

120, is refrigeration unit 190.

25 Tank 110 may be of any dimensions necessary to immerse biological material to
be frozen in a volume of cooling fluid 140, in which dimensions are scaled multiples of

12 inches by 24 inches by 48 inches. Other tank sizes may be employed consistent with
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In order to freeze biological material while avoiding the formation of ice
crystals, one enbodi nent of the present invention circulates cooling fluid
140 past wbhe2bi@bdgi cal material to be frozen, at a rel aPCrdiSygr/esust ant
rate of 35 liters per mnute for every foot of cooling fluid contained in
an area not nore than about 24 inches wi de by 48 inches deep. 25 The
necessary circulation is provided by one or nore circulators 134, such as
notors 130. In at |east one enbodi nent of the present invention, subnersed
notors 130 drive inpellers 132 to circulate cooling fluid 140 past

bi ol ogi cal material be to frozen. Qther 8 WO 02/076203 PCT/ US01/ 49595

circulators 134, includi ng various punps . (not illustrat ed? can be engl oyed
consi stent tf ieAchings sspEh hereiy Fopexamnla ihens emhodument mokg!lusgated), tnk 11

embodi ment  qf {;z?& 1@ hEREML: edof]glf@%blg{; ﬂlﬂﬁrlﬁf’}s?osc&f?zﬁ z?rég@%ha&dw}ﬁ@' éégﬁflf)%kgough

whi ch cooling I's-ccir ying a one Cir

134, in addibeakdts,! gradvited Sylibders o meandap@unrm;rpl@cedsn 0@k 10t hpild €reeking of at or s
134, the area and vol une of cooling fluid circulation are increased in

direct pr op(ﬁuﬁpe@ﬁlov@)m@a@%malongw@h@lateealrs@adan@pr%@%wg/éa othes edRdimsngs, |n a

preferged di r f.Q0
cool i n% flui g;ﬁ? ﬂlO”EPar eno@%ﬁ%cclor cpu‘?[gib'e eﬁr oug ﬁeoéﬁg Egr ?r%a%%%?rgolréam an
about 24 i nchesing dewilhbetPpicdtirhatesik nlarcaﬁ% akidy larg‘é}tdr? kfmalldQis fadtel o
controlled to maintain a constant, predetermned 10 velocity of cooling

fluid flow ;ﬁé@@lelntheawpmmgia@adanﬁm sezqsandg@arﬁlélepoﬂsehog@al mgfiidldo be frozrm. sarre
ti me maintai an. eve dlstrlb of, coo id tenperature w.thi
L o Mo sdfo iRl ettty Stk i & G phitRectist hfiqriE BBk Hntcfietlih

subst anti al lgppiepmst ant  predeterm ned velocity of cooling fluid circul ating
past the biological material provides a constant, neasured renoval of
heat, which allows for the vitrification of the bi oI ogi cal 15 materi al

during,freezing. Jn.o g?odl i f UI i es su%ﬁH S
oyt enper il SR GoslBRuig 0 38t mbalizRF oht 6B Wil ot ol
signal s are fggirdde JHIHO! GookBkanthlé6 %aegrme qi%&yeﬂ%ﬁlstd}@ thdak AJabeah
speed or torque of inpellers 132 as needed
propylene glycol, sodium chloride solutlons or the like. In another embodiment, the
cooling fluid is itself a cryoprotectant such as dimethylsulfoxide (DMSO), ethylene
glycol, propylene glycol, polyethylene glycol or the like. Note that in some instances, the
15 cryoprotectant is itself a food-grade quality fluid. In other embodiments, other fluids, and
preferably solutes, are used as cooling fluids. While various containers may be used to
hold the biological material, some embodiments of the present invention provide for the
biological material to be directly immersed in the cooling fluid for rapid and effective

freezing. Such direct immersion may simplify the cryopreservation of some tissues and

20 organs.

In order to freeze biological material while avoiding the formation of ice crystals,
one embodiment of the present invention circulates cooling fluid 140 past the biological
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 about 24 inches wide by 48 inches deep.

25 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 be to frozen. Other
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ot her enbodi nents, notors 130 are constructed to maintain a given
rotational velocity over a range of fluid conditions. In such a case, the
t orque orwopararizonal speed of 20 inpellers 132 inparted byCriisor/$95930 are
not externally controlled. O note is the fact that no external punps,
shafts, or pulleys are needed to inplenment a preferred enbodi nent of the
present invention. Mtors 130, or other circulators 134, are i mrersed
directly in cooling fluid 140. As a result, cooling fluid 140 not only
freezes biological material placed in tank 110, but cooling fluid 140 al so
provides cooling for notors 130. 25 Heat exchanging coil 120 is preferably
a "multi-path coil,"” which_ allows renéh%erant to travel through nultiple

paths (i.e. ,CIRCHPBFS b34-Brladipg vREPUS PHRRSSRPY %J@@trqt@@l, eBhRFTPIgHET consistent
foo | 9w 037 g5 Bise ik M Pl HRiRh, | & BERCHA oottt 6 B heilc O,

size is in dhvationligdradseo itehirga btd volamerthsmgh edlicloo@lingdhgd icardubitéd by t he
measured anmount of the cooling fluid 140. For exanpl ina preferred

. . . . e .
embodi ment , SRHRYNA af lpast gprciraaton Kidgin adgisionde maere 30 alipmbadimenipusing de,

ongt i of ¢ ATpeg raiot 38 bt Al bkt B0Fe R st i Berepedcar

exchangi ng GAidirediPopostien Mabmﬁdcﬁﬁ@ﬁéﬂcffr@latbﬁ\@ﬂ%m¥écﬁ@or efsmple/ 18 Sprdferrb@at
exchangi ng coil 120 can be nade approximtely fitty percent of the size of

a convent i oreabodignenty enpAddisipnalcireaiagords nied for epghfodiebeoqlimgdluid tiatistv be or s
134 h 1t 30 i | at hilled | fluid. 140 . bi ol ogi cal
material o BEvPISmEh fh iR B BtebR AHEF ph MRaky MR P ©

exchanging coil 10 120, which is subnersed in cooling fluid 140. In at

| east one enbodi ment, heat exchanging coil 120 is connected to .
refrigeration uniBrefegdly, wiitels 138 vaw be cotirolled 4o mafndain alveastarixpisdetginniged oi |

L20, 5 1 R e B TR S SRR P A
that heat | Sah@IBNSRafnifAlnE RS c$¥S88MAbuROR of cooling fluid temperature within +/- 0.5
degrees centigrade at all points within tank 110. The substantially constant
predetermined velocity of cooling fluid circulating past the biological material provides
a constant, measured removal of heat, which allows for the vitrification of the biological
15 material during freezing. In one embodiment, cooling fluid properties such as viscosity,
temperature, et cetera, are measured and processed, and control signals are sent to motors
130 to increase or decrease the rotational speed or torque of impellers 132 as needed. In
other embodiments, motors 130 are constructed to maintain a given rotational velocity
over a range of fluid conditions. In such a case, the torque or rotational speed of
20 impellers 132 imparted by motors 130 are not externally controlled. Of note is the fact
that no external pumps, shafts, or pulleys are needed to implement a preferred
embodiment of the present invention. Motors 130, or other circulators 134, are immersed
directly in cooling fluid 140. As a result, cooling fluid 140 not only freezes biological

material placed in tank 110, but cooling fluid 140 also provides cooling for motors 130.

25 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

conventjonal refrigeration coils in which refrigerant is generally restricted to one or two
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15 bal anced and efficient manner, resulting in the controlled, rapid
freezing of a material. The efficiency of the refrigeration unit 190 is
directly weloaweaos o t he nmet hod enpl oyed for controlling PaEUsSon4gspESSUr €s
by the efficient feeding or the heat exchange coil 120 and the efficient
out put of conpressors used in refrigeration unit 190. This nethodol ogy
requires very close tolerances to be maintai ned between the refrigerant and
cooling fluid 20 140 tenperatures, and between the condensing tenperature
and the anmbi ent tenperature. These tenperature criteria, together with the
desi gn of the heat exchange coil 120, allow heat exchange coil 120 to be

fed nore efficiently, which jn turn al]ows the conpressor to be fed in a
bal anced andOPHBHRISPARENET Bl . IRafROFIZE S AHFEVE A iRedLe GPSYSREHAR! £ i ve
percent gr ea&rﬁe[ ccﬁﬁéikﬁ{g%g GFedsiRM dllfint %Fp{h%,sc%eﬁﬁ%‘f@i’d“ éﬁ@. atF_oi“’Qkﬁﬁ%b,sin .
accepted as the 25 cOnpressor nmanufacturer's standard rating. te that in
t he enbodi ngmeferkd emboditeat,itmkA1G.is dne foef longawatfeeinleep)iahd £A0 fees wade, and

external, renotely |ocated refrigerati on system However, in another .
enbodi nent  (46% 2 a3 eyghapging 768 d 30 Bretrsione foatdydwo feqty fdhe lepgiyyof tank 110 is

refri 95 ati afcMeh t&%&r%ffe%{‘ GRhREL Ehgtﬂiog REL e%l&h@@% Fgﬁg?éﬁ Ifkghls%fi{lér@%d {5 0. 1t

wi | | e apprecl ated Various co urations eration unit 190
may be nore torentyefost. aypd agsuitdicat Exvhatging aoid 120 thh Gumeddeapproximeatell fifeg uni t
100. For exanple, if tank 110 is extrenmely large, a separate refrigeration
unit 190 mayPaeentofitheize, ofnpicorventignalt ¢asl Eeqyiredhiie diapdlst theepmpdicat 19ads r om
an i ntegrated. i.gernat.l I o Nt i i | e
possi bl e byeéfjlﬁéeu%@etg’#?%ﬁ%h!él?g%&gtok? ﬁgélr%g‘?ﬁgpleer‘%&r?ﬁ ?fr;%h{“ﬁe 48r0|$]rellg|&8?6 gC% gs set

forth herei matafisl to@de thiozeh,aihl Yhénheanss@t Ghrmdercdeligetluigl achdacaichexshasdi ng
coil. By virtue of refrigeration unit 190 and heat exchanging coil 120, in

a prel@rred 128xyduchnisnsubmaieedc BoPoddigef fleiddl40s boet datst enc crmbadisieat, Ureat of

bet ween -20 S 2ntiqr and. -3 eqr entiarade ith a
emernt ur o SRR oA BIRLAHEARE o Hfice Hnofl G 760, TOL LA REEme bk oy
+/- 0.5 degrigasexchnidigs sle120 mdhbeystéarbodi ments, the

In a preferred embodiment, refrigeration unit 190 is designed to match the load

requirement of heat exchanging coil 120, so that heat is removed from the system in a

15 balanced and efficient manner, resulting in the controlled, rapid freezing of a material.
The efficiency of the refrigeration unit 190 is directly related to the method employed for
controlling suction pressures by the efficient feeding or the heat exchange coil 120 and

the efficient output of compressors used in refrigeration unit 190. This methodology

requires very close tolerances to be maintained between the refrigerant and cooling fluid

20 140 temperatures, and between the condensing temperature and the ambient temperature.
These temf)erature criteria, together with the design of the heat exchange coil 120, allow

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

25 compressor manufacturer’s standard rating.

Note that in the embodiment illustrated in FIG. 1, refrigeration unit 190 is an

external, remotely located refrigeration system. However, in another embodiment (not
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cooling fluid is cooled to tenperatures outside the -20 degrees centi grade
to -30 degrees centigrade range in order to control the rate at which a
subst ancewp20062b2 frozen. Ot her enbodi ments control thePcirrusal/adsvdn rat e
of the cooling fluid to achieve desired freezing 15 rates. Alternatively,
the vol une of cooling fluid may be changed in order to facilitate a
particular freezing rate. It will be appreciated that various conbi nati ons
of cooling fluid <circulation rate, cooling fluid volune, and cooling fluid
tenperature can be used to achieve desired freezing rates. Referring now
to FIG 2, a cross sectional view of the chilling apparatus 20 illustrated

reesing. raMryerrBpEoR LRt R aonford i metict Rieeop ok ok S10 kb wene
of cooling EshHERACHhRAA thiWatioR c%nflglﬁraﬁ&?ﬁ%f R $eBAtfin W@ 1390|n§’d}95% g8k {eké es of

bi ol ogi cal material is discussed Reference nunerals in FI'G 2 that are
like, siml aarppm@naiecfenmrtzam cdzrrﬁguea‘tmnenﬁeoqhmgmm&l]@On fror BXa@opld, if tedkddOes | i ke,
simlar, or identjcal features. 110 co tal ns coolln flujd 140, 25
Thto o o el rag, Sreb S SR A0, g e et 0t T Ptk

supporg 210 ’emb%ﬂﬁﬂelﬁ??aé/ HeRéttt floQa %Qte& P8 EGaQbn LVRIE gsé{Fﬁ Usgﬁl;%ﬂatg e t he

pl acenment of substances into tan 02/076203

use, bi ol ogiiceahlymedtde posdible by e effﬁmzmes e&hmlvaﬂ:byjlmpiemem th&ﬁlmﬁplesaaslGeﬂSO
Preferably, tra s 155 are constructed_of wire, nmesh, aor otherw se, so that
cool i ng f1 uifgrth herginyayd prrgigyiprix hecise of éfWQ?d'Sla?\H%art exdagBe calound it ens

pl aced thereon. Preferably, once the cooling fluidis chilled to a desired
tenperature, rack support 210 lowers rack 5 150 into tank 110, in order to
subnerge trays 13y virtue ofkdfrigerhtion tnif 490 arlcoivear exvhangiag coil 30,1y pheferred
acconpl i shed manual |y or usjing_various gear, chain, and/or pulley

confi gur at i GRDOGHBRI: the eorbws tuiel|ip €qoled toH tegrreratiyer eﬁ:b@%% %Q»,Aiegﬁe%m ate
coolipg fluid ugrr L A %Sﬁie;&’é& LRGSR S WAGEH tehdbeth@¥ Sifternfi R RIQYASIR 1 CK

and controlle eezin
cooling fluid of less than about +/- 0.5 degrees centigrade. In other embodiments, the

cooling fluid is cooled to temperatures outside the -20 degrees centigrade to -30 degrees
centigrade range in order to control the rate at which a substance is to be frozen. Other
embodiments control the circulation rate of the cooling fluid to achieve desired freezing
15 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.

Referring now to FIG. 2, a cross sectional view of the chilling apparatus

20 illustrated in FIG. 1 indicating implementation of cooling systems suitable for freezing
relatively large quantities of biological material; an embodiment of cooling system 100

suitable for 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,

25 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 110.
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wi |l be appreciated that other arrangenents for inmersing biological
material into tank 10 110 may be enpl oyed, and that use of an autonmatic

| ower i ng Wm0 not necessarily preferred for use in &CT/ESO1/¢$HBt ances.
Referring now to FIG 2A, an enbodi nent of the present invention enploying
a nulti-tiered spiral path conveyor systemis discussed. As illustrated,
spiral conveyor 200 may be configured to fit inside tank 110 in order to
subnerge biological material into 15 cooling fluid 140. In use, once the
cooling fluid is chilled to a desired tenperature, materials to be frozen
are fed into an input feed 160 where they are taken onto conveyor belt

170. The material_travels frominpyt, feed 160, into the copling flujd 140
on downward spi 1B usg7 Bio %‘fa?cﬁlat%‘g 1Py &P%ﬁndisllzf@ce(ﬁlnmuﬁm_rﬁggsﬂgfaﬁ:k ilé;)fi_, and
out of spir ghrefes My eMOs 158 aRibdRHrudiS&eor HB0 méd, BOSREVAR, kb Blat cddMRgERRA T NY
fluid 140 is preferably kept at 20 a constant predeterm ned tenperature,

and ci r cul atld® may frieqlpreculhtatoven sinders andipi atpushitems plaeed thergoof Prefemblyal t o
ed in,coolin fluid 140 can

be f . The ti .h erjal d b
be var: ed by haaies e iendlsd JRE fecsdaempnaye. siRGRORYT £ b RS
I deal |y, the spRgRdam llﬁf,)ri‘ﬂgl)@f tobﬂb}ne}geocra}}!s N 55 TROS ! RId x‘r(?rL%VO@n rack

: in
tenperature and circulation rate of Toolling fluid T40, e adj usted so

t hat exact| ylS0hmaglelss mecbnapiished n2Zmuelly loeatsing [Varibes pemp\chainf modorrgtudey al s
as they travel _thraou tank 110 on_the nulti-tiered _spiral path conveyor
syst em 200. Cﬁéfl&?rﬁflﬂ‘gﬂﬁﬂm% thaseskigled in the o § st ra#%%cw%ll%eo@%&m@em

of the pres 14 e | Mg}ﬂ{' I fad ed,
and desi gnat?l qu %%ﬁses\r/égfj%ﬂ %5%%3 %ﬁgﬁggéﬁ%?gﬁﬁ%o%ﬁ ed &:ﬂfﬂf)ﬁeédtiir%@ '?rﬂet hod
begi ns at stweil IRlpprectatedethatomhémagrahpemehts for dmmersiad Wdlggical mateliekinto tank hange

coil._ The heat exchange coil is operably coupled to a refrigeration system
as dl%cussedVappiie eHplgyed apd it e ol pvbomadic lowriag aYstare isgiot npeessasidy i ng

fluid as the cagliRg Refd 4l &rtjt@ls%nrcg#! ated past the heat exchange coil. In

step 320, the tenperature o e cooling

Referring now to FIG. 2A, an embodiment of the present invention employing a

multi-tiered spiral path conveyor system is discussed. Asillustrated, spiral conveyor 200

may be configured to fit inside tank 110 in order to submerge biological material into

15 cooling fluid 140. In use, once the cooling fluid is chilled to a desired temperature,
materials to be frozen are fed into an input feed 160 where they are taken onto conveyor

belt 170. The material travels from input feed 160, into the cooling fluid 140 on
downward spiral 175, out of cooling fluid 140 on upward spiral 176, and out of spiral
conveyor at output feed 180. Asnoted earlier, the cooling fluid 140 is preferably kept at

20 a constant predetermined temperature, and circulated at a rate that ensures rapid, safe
freezing of material to be frozen. The time the material spends submerged in cooling

fluid 140 can be varied by adjusting the drive unit, 230, or by other suitable means.

Ideally, the speed of conveyor belt 170, in combination with the temperature and
circulation rate of cooling fluid 140, will be adjusted so that exactly the desired amount

25 of heat will be removed from materials as they travel through tank 110 on the multi-tiered

spiral path conveyor system 200.

Referring now to FIG. 3, a method according to one embodiment of the present
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fluid is nmeasured, and the nmethod proceeds to step 330, where it is

determ ned whether the tenperature of the cooling fluid is within an

opti mal twopenai203 e range. This optimal cooling fluid te®o@rEshuresds ange
may be different for different applications, however a preferred optina
tenperature range for many applications is between -20 degrees 10
centigrade and -30 degrees centigrade. Should the cooling fluid tenperature
be determned not to be within an optinal, predeterm ned tenperature
range, step 335 is perforned. In step 335, the heat exchanging coil is
cool ed by a refrigeration unit, and the nethod returns to step 310, in

which the cqoling flu is circuyl at_ed st t eat . exchan Qi | or der
to |ower thd™4et ’ér’rﬁéirl‘ésct‘iﬂeél ofitd Aesignsy ﬁf:PGF‘HfY gy IePEepes 88 rafgpgps?

320, 330, aqﬁuéé@daﬁleth%arﬁ gfm stﬁﬁﬁio L »oyl%gr buldhg GRY eti%é?lg}%efs yi %at

reaches the optinmal tenperature r e tenperature o ooling fluid

used t o freexehdnige cbil oThghembxmngas ccal 1S|c1pem|bly odmpmdttaatrefageﬂmm sysfenatbs | east

one enbodi nepnt of ent i nventlglnt In order, to achjeve vitrification
qie

usi ng converfi§cyfgf a Em ie gsedip gdyes hgrempprapret thecoghngtuidiay thegoglingched
in liogyid nigsegedeudled agtma%ﬁﬁgn feofl 1&%}%99!0%% te?x?}{&%tgl{e%‘#ﬁle c§8ﬁ1§%
rt peri

drastic change in tenperature over ver ime free

wat er w t hi flidé@islmedstuted] anderhe method iredebys U‘oh;&tp I30ewhery stialstettoinedtvhbiee a
chance to form However, freezing biological A material by quenching in
i quid nitrdbeRmpartesghibe seqlingdlvid isatifhinan ouiineal fappesptureaamsicah ais optmakr eby

00l 05l AUSOGEG L A8 homs, porst e

of the presenéfeired @ptiinah t@figerathRt egs fo? hade GppEsatiopn il pewmden apdl degles
degrees centigrade, stress fractures due to tenperature changes are

m ni MGed, aratigrpde 31d c30 dagrees sentigsadehi eved with far |ess 13 WO 02/ 076203
PCT/ US01/ 49595 damage to cellul ar nenbranes. Wiile the cooling fluid is

bei ng cooled to the proper tenperature, biological

Should the cooling fluid temperature be determined not to be within an optimal,
predetermined temperature range, step 335 is performed. In step 335, the heat
exchanging coil is cooled by ;1 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, at a temperature of -196 degrees centigrade. 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 cellular 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 -20 degrees centigrade and -30 degrees centigrade, stress fractures due to

temperature changes are minimized, and vitrification can be achieved with far less
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material to be frozen may be chem cally prepared for freezing in step 305.
It will be appreciated that nmaterials to be used for pathol ogy do not

nor mal | y wegaior@oxhem cal 5 preparation, and foregoi ng st @eTAGSI/iWsIP| ungi ng
materials to be frozen directly into a cooling fluid is consistent with

t he teachings set forth herein. As noted earlier, biological material
includes, but is not limted to, viable single cells, tissues and organs,
nucleic acids, and other biologically active nolecules. The biol ogi cal
materi al does not have to be species specific. Chemcally preparing the
bi ol ogi cal materi al nay i nclude 10 pretreatnent of the biological materi al
w th agents stablll s) tqH i ncrease cellular viability by renoving
harnful sub PP Bhe cells during growth or cell death.

Usef ul stabilizers |nclude t hose chem cal s and chem cal conpounds, many of
whi ch are known to those skilled in the art, which sequester highly

reacti ve and danayhilg thermxboéia:lglﬂaﬁdSubdsing.sodxglg@ltherptdpmaﬂempefaﬁlré;t'im’niogwaly
preparing blologlcal terial al so include an acclimti (not

i |lustrat ed)matm% iR Fe SrozaR mayhe g chemmice ¥ PERPARRILIOF B5e7tRgin Sends; 85 i vl '&%I

mat eri al r%%@ elcﬁﬁe‘?lstﬁﬁtvﬁgtem 9Pe a8 cg?aﬂﬂ)lé & &%‘?@ﬁflﬁf' E&}rl]lml Pl

r educed fro turin eratures, ove fTreezi

hel p @ epar @réﬂmathmohmgfcﬁegmmﬁep Besd bjr q»tungtﬂgananemalp e be foati chmeqmryoﬁeses by
retarding cellular nmetabolismand reduci ng the shock of 20 rap
t enper at ur e ©PERSHEIHTLOnNSiERt Wikh the teashidgeset farfhdieroim %%’éqti“?‘r%ﬁrh‘?fnblgloéﬁal s not

required | '}nﬁfeﬁ’ﬁ a(%lﬁde%r Bl Gt hﬁﬁsgﬁﬁ%ﬁ%ﬁ? 51%1[%%11 Qrs;%arg ﬁg@é@a&?rr{u%i’elc

enbodi nent , em ¢ parin I ncl udes

| oadi ng t he did| aa@ilcmdr bﬂﬁbgéalby active hlo&careyomh@blengwal maﬂeﬁamdelngmeéad Iy
i nvol ves the eqU|I|brat|on of biological material in a solution of one or
nore 25 cryd¥r spesiesasesificsydiearedly grappiing dhelrelpgicrlo ateripl gy Haclpds er r ed

to as; oadl

denyalt | ng ElgRARRE of b8 Blofhest A0 RS 300 G st T PR
viability by removing harmful substances secreted by the cells during growth or cell
death. Useful stabilizers include those chemicals and chemical compounds, many of
which are known to those skilled in the art, which sequester highly reactive and damaging

molecules such as oxygen radicals.

15 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
temperatures, but still above freezing. This may help prepare the biological material for
the cryopreservation process by retarding cellular metabolism and reducing the shock of

20 rapid temperature transition. Note well, however, than an acclimation step is notrequired

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. ILoading generally
involves the equilibration of biological material in a solution of one or more

25 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-
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perneati ng agents, and osnotic agents. Both perneating agents such as DVSO
and ethylene glycol, and a conbinati on of perneating and non-perneating
osnoti c ayerwkm76283ich as fructose, sucrose or glucose, andPE€arusot/eds95
mannitol, or glycerol can be used. It wll be appreciated that other
suitabl e cryoprotectants nmay be enpl oyed consistent with 5 the objects of
the present invention. After the cooling fluid reaches a proper

tenperature, step 315 is perfornmed, in which the chem cally prepared

bi ol ogical material is imersed in cooling fluid. As noted earlier, the

bi ol ogi cal material may be held in a container, or placed directly into the
cooling fluid. The nethod t rocee e in which culator
such as a 10PEHBHEEARF Sop ?% g:lzfggpgasl%og EFE‘) 1n§L?ﬁan Sgcmgseﬁl\)ﬁ)é

circul ate thgnaewl %w&lféﬂa Qc@hblhﬁt?on d@de%bét)hg%ﬁ‘ﬂoﬁ%ﬁﬂeﬁh%%ﬁﬁﬁ@ agh@st the

i mrer sed bi ol ogi cal " materi al he cooling fluid "passes by the

bi ol ogi cal matknes ﬁuthh‘:’eamch@ Qr@imwe@j ahd eorbithle mannhitol; a:tglyﬂmohhnlbs uatd. dlt

hi gher tenp ture th ture of the co uid, 'and j
franst er o Vi tsdoBisbIiyha o i SOy EHOwPlerieRS b e iy SRR « ne
bi ol ogscal nBL ehjak ofﬁleﬁ&egeﬁ%%éhuo]@ According to at |east one enbodi nent
of the present i nvent| 0 a substantially constant circulation of cooling

fluid past the biological material to be frozen should be nai ntai ned in

or der tofreezet fgljoearedttfa gical materi al suchthsiﬂthe red
material is vit TS cogling tIyidaeachey 2 RiPET Grperaturg; #er,P It wdpe ngle

bi ol ogi cal Wﬁl@l’ifh@khérg# Qﬁé{e 4E blofotgfcfé ggngﬁ?uhﬁeﬂgﬁfn%'bgﬁ i eRs I")f?(

adj usts the velocity as necessary t ccount
changes i n tdadierothk ibiglogical nha(scnsbmay by heldeinpecaitaing, oapldcédédirdctliyénto the
Preferably, the velocity of the cooling fluid is held constant by

adj ust i ng” t HOOHBE EEi1dy bRg esthogjh WOCQ?@S FROPIEP 3 F-dn IVaHeh & cu@%@t@r,tsp}@h as a
bi ol oggcal ngrilbs@ﬁ Pt/ ﬁg}e.iQSénlﬂﬁ%P Ih8 % Jsreﬁéﬁ?#lrc%ﬁﬁé ﬁle cb&ln}% ffuil ?t{fﬂéf ed as

shown I n step ter he materi s 'enove rom the coo urd 25
in step 340 MOCIII@@I‘ESIIQITSE}WIWSSIG}& mksheissaeksed BiolvgicahRatsiglt A@thedoancgﬂdﬁ@wed
for histological, ultrastructural, and inmunohi stochem stry exam nations,
such as f| udiasss by the biological material, heat 1s removed from the material, which is at a higher
temperature than the temperature of the cooling fluid, and is transferred to be cooling
fluid, which transports the heat away from the biological material to be frozen.
15 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

20 339 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. Once the biological material has reached the desired frozen state, it

is removed as shown in step 340. After the material is removed from the cooling fluid

25 in step 340 by means previously discussed, it may be sectioned and thawed for
histological, ultrastructural, and immunohistochemistry examinations, such as fluorescent

labeled antibody staining.
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| abel ed anti body staining. 15 WO 02/076203 PCT/ US01/ 49595 The steps
illustrated in FIG 3 are shown and di scussed in a sequential order.
However, wbaziovrd2o0strated nmethod is of a nature wherein soPETArSOEYSIDf t he
steps are continuously perfornmed, and may be perforned in a different
order. For exanple, at |east one enbodi nent of the present invention uses
a single circulating notor to circulate the 5 cooling fluid. In such an
enbodi ment, cooling fluid is circul ated past a heat exchanging coil as in
step 310, and past the biological naterial to be preserved in step 337 at
the sane tinme. In addition, one enbodi mrent of the present invention

nmeasures cooling fluid er Vi scosi ti and, other fluid
properties conti | StsPs 1QH§P%?£W&EI§S&I e SRR B ‘ﬁghsc%s%%atsweg%togﬂqr 10 In
yet another 12fRad} TROGHyHAR EABE S bPS furl WheRARLLAQ Jrldf o @EQidhRlar

directly measur ed. e change in cooling fluird propertie
det er m ned |cndumgmslly)peffmned umtémlapbﬁparfmmabd spetfferoht caadei Fonﬂxamplmatmna:sor | f

the notor is turning at a slower rate, then  additi naI power
suppl i ed t o OPREMPBEiEETE f the PrRsERLiRETHER B eingRcigs tanéanqt%rttaﬁrau#aﬁe he, peed,

ther eby COMBERRA ARG, §Phuch 1A cBRORDocaR) h0E i LML ARTERE I Poenbllill |

| east ‘one , a notor 1S con to maintarn a s
const ant r ateeilek ifi @te@ta 10nand Pdst sheshiblwiiral matekiyl woRSHrasevadainestapf 3370@ttahe on
will result in a substantially constant rate of cooling fluid circul ation.

A test of orf@meHEsdilmeddition Oﬂ%@nbedég@mofuthﬁ/@ﬁ%mbwvmwpmaswmhngﬂmﬁ
five mlli 'té&lgérﬁtu&% %2 sl es, h%{he}‘“ﬁ&ld El%s CBntﬁuﬁhg,da&{ﬁfaﬁgult‘%g{ét18é 1h6hs UPO”
ci er cen In (6] VOaI une,

freezing, ther an one I NCrease

much | ess th@ﬂuﬁﬂﬂﬂg&@ﬁLmnth conventional freezing. In another test, ice
was frozen in sheets in a conventional freezer, and in a cooling system
according to a preferred nethod of the present invention. After freezing,

the ifp was exampeg UNART eHBbSnlne 858 PGrerde FHRESLAN: il QAL P!

measured. Rather, the change in cooling fluid properties is determined indirectly from
the rotational speed of a circulation motor. If the motor is turning at a slower rate, then
additional power can be supplied to the motor to return the motor to the desired rotational
speed, thereby compensating for the change in cooling fluid properties. In at least one
15 embodiment, a motor is configured to maintain a substantially constant rate of rotation.
This substaﬁtially constant rate of rotation will result in a substantially constant rate of

cooling fluid circulation.

A test of one embodiment of the present invention was performed in which five

milliliters (5 ml) of water was frozen in a graduated container. Upon freezing, there was

20 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 crystalline pattern, whereas the ice frozen according to the principles of

25 the present invention exhibited no light displacement, indicating little to no ice crystal

formation.
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ice displayed a crystalline pattern, whereas the ice frozen according to
the principles of 25 the present invention exhibited no |ight displacenent,
i ndi cati ngoloziotrd2e3to no ice crystal formation. 16 WO 02/ @C6AG81/49595

PCT/ USO01/ 49595 Refer nowto FIG 4, in which experinmental results
conparing various cryopreservation nethods are conpared. Bar graph 400
conpares the nunber of individual cells danmaged by use of four different
cryopreservation nmethods B, C, D, and E against a control group A No
cryopreservation was perforned on control group A 5 nmethod B used a
conventional freezer to freeze cells to a tenperature of -20 degrees

centigrade, nethqd C used a |tral ow freezer to freeze cells to a
t enper at ure of g%?f rdé‘@?"eé%q:g nt% gladdichy sXpRsmestals Bgulty SoMRaring Nagers t 0

freeze cell r e e
used a pref gﬁ%éée}ﬁﬂg?n@%tys%f Q{ehce 2‘ es&gngfﬁéﬁt ?%On%ﬁgﬁ?r Z}ggzjgmgﬁe)%os to a
t enper at ur e individaal cdigdarsgeddyubgoider d1ﬂi@reiﬂhn&y®1ﬁsselr¢zzsloﬁfrndﬂlfr&1s®; ReD, amht s,

shown in bar_graph 400, used plant tissue (seedless grapes) which were
frozen by t r’f“ea&a@%mﬁpmesﬂaarowmf\hé\&crpjﬂmeéwoy vRsReoERefl on ﬁ%lltv%lgFo%Aby t he

met hods a5 enbod) e R LSERRAL I ALER!ah: il ROV ARl &1 ces
CRGERAD, i JUED 10 B i e

preparatl on or yoprote ozen | SSUE Was t wed and

thin secti orcsnngwdiee nwhoda(l‘dlsed afiiultedow lfféS:Izésrl t0 €tbezél 61300 RhREPeRARE LASI0
m croscopy. Plant tissue was 15 enployed in the experinents because I oss
di stortion ¢egicpEconfigiade methedla ua@w&l nitrpgyia fieese cSHs Rt emnpaiya

caused by fr Sl tis I

coul d be reé%gfeep&bﬁg%\ﬁlgog dﬁggéde]ég daprgfséﬁle ]%8{)(111 endé’ flt}rlléﬁeﬁ%ttﬁ],‘]%% ear | y
show the su@eﬂeewdeuyt@itetxﬁ@rmterwdz_ﬂp@ggfrwsmlgam@r ding to a preferred
enbodi mrent of the present invention. As expected, the control, A,

exhi bited no cellular damage Met hod 20 B, the -20 C freezer, exhi bited
damage, i n apprOX| teI f t he. ce%l (l%bar wal,l str géqlresd plar;[tht?sguec’ t he
f

- 80 reezer, b"l@tS gxl?eﬁméﬁg PR R?I L9l G
(secdless grapes) Wthh were frozen by the conventional methods previously discussed,
as well as by the method as embodied by the present invention, without any form of
preparation or cryoprotectant. The frozen plant tissue was then thawed and thin sections
were cut and examined, unstained, using phase-contrast microscopy. Plant tissue was
15 employed in the experiments because gross distortion of the tissue by ice crystal
formation or water expansion caused by freezing would disrupt the tissue’s cell wall
structure and could be readily observed. The results, as illustrated in FIG. 4, clearly show
the superiority of the method performed according to a preferred embodiment of the
present invention. As expected, the control, A, exhibited no cellular damage. Method
20 B, the -20 C freezer, exhibited damage in approximately 45% of the cellular wall
structures; method C, the -80 C freezer, exhibited damage in approximately 55% of the
cellular wall structures; method D, liquid nitrogen, exhibited damage in approximately
59% of the cellular wall structures. However, the method performed according to a

preferred embodiment of the present invention exhibited only about 12.5% cellular

25 damage.

The superiority of the method performed according to a preferred embodiment is

also seenin FIG. 5, which illustrates views, as seen through a phase-contrast microscope,
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cellular wall structures; nethod D, |iquid nitrogen, exhibited damge in
approximately 59% of the cellular wall structures. However, the nethod
per f or redwaaeoradhg to a preferred enbodi nent of the pre®emtuSOnyEsnt i on
exhibited only about 12.5%cellular 25 damage. The superiority of the
met hod perforned according to a preferred enbodinment is also seen in FIG
5 which illustrates views, as seen through a phase-contrast m croscope,
17 WO 02/ 076203 PCT/ US01/ 49595 of the norphol ogi cal appearance of
noncryoprotected grape tissue follow ng freeze-thaw cycles of the nethod
of liquid nitrogen and the freezing nethod according to a preferred

enbodi nent of. the sent. invention. Note in FJG 5.the_altered form and
Structure ofofteHROphIRgiSal anBrAaCE AioEToRroiset FIepeistHe o owingdmsze-thaye

consi der abl y. LS 8¢ h8 nlefod Jréi§h SMAY R Ah IR 8&1&% ol &
preferred eC 0 ?nent t han Eﬁ@tﬁgggﬁgﬁnn?ﬁ%hgggmgr%%ﬁt|sgue eg;%#% aw
cycl ed w t h embodirhad ofi fiengedehvjuvehtiont Nagein FIRe betheiattgred dovni anddtfictifie offi ews,
as seen through a mcroscope, of the norphol ogi cal appearance of heart

tissue af t erh§ HEswg infhcarar sglldanyiath Aamage s spapiareGopaidemblyaisdn das fresta- af t er
appl i cation ol (g, d %%@&&g{&&ﬁ%otag)ri&“r;ﬁé&%@g{;oggwﬁf}‘g%{h'a?%%t%g 8{_) tTh% giewe

present i nvention 1S discusse us resu

different efpesuerfRie-Mavwctycldsvipes hetivsddising liquidhiecogaipl es col | ect ed
post-nortem from m ce and cani ne cadavers. Tissue sanples were collected
fromfive organ systens: ovarian, heart, liver, kidney, and lung. Tissues

were prepared forRe‘%é’IQi‘ﬁg”ﬁ&{?”t%' FRY SEOLRSR & ¥Qn &?S&g{hoﬁi Wkroope, of th

ultrastructural exam nation ustrng standard freezing R echniques; "and al so 15

fol I owi ng frne&phslggyl ippeatibicsThepe tikuerigdr Be€AHhdite éttndrdEgbpicpadtive
enbodi rent of the present invention. The resulting sections were then
eval uat ed byedmniqugs,ned far apRlisationef the meglodiaccodingipepicédredsabporisnent pht

rere IPen ERRRR IR TARGEIE TR oPletROR L B8 Aen
experiment which was performed on tissue samples collected post-mortem from mice and

canine cadavers. Tissue samples were collected from five organ systems: ovarian, heart,

liver, kidney, and lung. Tissues were prepared for conventional histology, cryo-
sectioning, or ultrastructural examination using standard freezing techniques, and also

15 following freezing by the method performed according to a preferred embodiment of the
present invention. The resulting sections were then evaluated by a trained clinical
pathologist. Asexpected, samples that were never frozen exhibited superior morphology

upon histological evaluation. However, the pathologist report states that tissue frozen
according to the method of a preferred embodiment of the present invention was at least

20 as well preserved as tissue using standard cryogenic technology, and further that several
types of tissue, most notably kidney and muscle (heart) demonstrated marked
improvement in tissue integrity when frozen according to the method embodied by the

present invention. FIG. 6 clearly indicates that the standard cryopreparative technique

has numerous artifacts, such as “accordion folds” 605 seen within the heart muscle

25 sample, as compared to the heart muscle sample which underwent the method as

embodied by the present invention.

Refer now to FIG. 7, in which an electron microscope view illustrates the
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according to the nethod of a preferred enbodi nent of the present invention
was at |least 20 as well preserved as tissue using standard cryogenic

t echnol ogyo cande2bart her that several types of tissue, noPCTAVAENSYS ki dney
and nuscle (heart) denonstrated nmarked inprovenent in tissue integrity
when frozen according to the nmethod enbodied by the present invention.
FIG 6 clearly indicates that the standard cryopreparative technique has
nunmerous artifacts, such as "accordion folds" 605 seen within the heart
nmuscl e 25 sanple, as conpared to the heart nuscle sanpl e which underwent
the nethod as enbodied by the present invention. Refer nowto FIG 7, in

whi ch an el ectron njcrosco viewillustrates. the 18 1076203

PCT USo1/ 49598P o sASROSIIEE SEH et el o certiiedriredhondaa 1081 | viegh attr

m t ochondri ﬁqgéﬁéatioﬁ%? thethétBbd a@BRIihE R d R8fepbd ERBoaRIRO8r BE pRECH MvehBoRt
preferred e diment of the present invention as conpared to a control
whi ch was neasetonfpacgieto. a Thtr@l which ovasmeseofioppe Thewkectrph Innistosadpedviews FI G

7 clearly show little if_any difference between the tissues frozen by the 5
met hod accor! Pﬂ&t@dniﬁlﬁéf’é%zfﬂw%ﬁﬁe}fﬁ% iffgrench etﬁ’F%%éWt“?“ﬁé@ﬁ?"r Bed
contr tis ' ; . L& . i : zen
by t h(ca)é st an a‘%goq\geﬁcc %ﬂjllg%%sﬂﬁ%ﬁ‘rle?gﬁ?g&%ﬁﬁ?@ég%?éﬂﬁeﬂgﬁz&%%ﬁd cf%?lgggﬁlsfﬁgg( not

i Il ustrat ed)wiexhhid hedr begnirdienamtdditionalle, tiskhnmnfyezandnnhe xandardtéchniqubsan

those of tissues frozen by the nmethod according to a__preferred enbodi nent
of the preseitiquilaifeeeghor mechasical eezing@pet ilustratgd)gghititeg stEpifisantly 191 r ozen
sections crqg%& i : t e e e ! i £
chem cal reacti %sldﬁhlggﬁgnj rgfe}%{ Hgaﬂ tE%%es&*(}% 9{1%?%025@“ Vi ?f/ﬁ) eﬁl’r?oe&r?cl ecrglgﬁl&htedsée:
sanpl es essejtfeatd ymbsdineasof the pthentipvaationdem t echni ques of
i mrunohi st ochem stry based upon anti body stain. An experinment which was
conducted wusing a fluorescent |abeled antibody (5.1H11, a human NCAM t hat
IS mjf(?' € Speci f '&Q ?t&tgd gmpéﬁa@&e&oﬁlgﬁtwiﬂ{ frg?ernysea%n%'c&%te%q}sﬁllglthé @m?e%ltl S
whi ch” wer e previ ously Staine r

technology is the loss of specific chemical reactions upon freezing. Loss of this activity

renders these samples essentially useless for the more modem techniques of
immunohistochemistry based upon antibody stain. An experiment which was conducted
using a fluorescent labeled antibody (5.1H11, a human NCAM that is muscle specific)
15 demonstrated that primary porcine satellite cells which were previously stained for
fluorescence with this antibody continued to fluoresce after freezing when prepared
according to the method of a preferred embodiment of the present invention. However,
cells frozen in liquid nitrogen failed to fluoresce after thaw. The results of this
experiment indicate that the method of a preferred embodiment Will allow the newer
20 techniques of cryopathology and immunohistochemistry to be applied in the areas of

research and patient care.

Because the present invention can freeze biological material such that the material
is vitrified, the formation of stress fractures in cellular membranes is minimized, and
chemical activity within the cell is not lost after freezing, various embodiments of the

25 present invention may find application in other medical fields with proper chemical
preparation, such as skin grafts, cornea storage, circulatory vessel storage, freezing of

transplant tissues, and infertility treatment, as well as in the investigation of molecular
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fluorescence with this antibody continued to fluoresce after freezing when
prepared according to the nethod of a preferred enbodi nent of the present
i nventi onwoHlomes2es, cells frozen in liquid nitrogen fail @dTtusof/h303 esce
after thaw. The results of this experinment indicate that the nmethod of a
preferred enbodinent will allow the newer 20 techni ques of cryopathol ogy
and i munohi st ochem stry to be applied in the areas of research and

pati ent. care. Because the present invention can freeze biological nmateri al
such that the material is vitrified, the formation of stress fractures in
cellular menbranes is mnimzed, and chem cal activity wthin the cell is
not |ost after freezing, various enbodi ments of the 25 present invention
may find apprpg%]ﬁfqtﬁﬂdi‘%a (%%rfce dical fields with proper chenical
preparation, such as skin grafts, cornea storage, circulatory vessel
storage, freezing of transplant tissues, and infertility treatnent, as
well as in the i n&tblxtdg@;aniembodiﬁnmmbﬁhapasentWeﬂﬁﬂlﬁs@%ﬁ?ﬂﬁmﬁ@ﬁﬂd&&ﬁbd@S%
regeneration %E Q% ncer Al t hough a[_‘rr% enbodi nent of, esent

i nvention hdd 9@ e"seHb gy hcfégt&#nuv@@ nts fherepdmaany fgraptie %”P Wtﬁﬂ’at
certain vari t LAGL ate
the teachi ngg&%)r?o %2:5;@%8% %ft%m%gﬁggm?bgcongtc?ﬁ%%%gfh%th%ggggﬂlsgﬁfI ed
in 5 the ar tthe Aacdicdondirigyy, th&ﬁeparmmhtmmwem imténded tobe htrmﬂeémleﬂ spmﬁe
limted to the specific formset forth herein, but on the contrar [
i nt ended t o OBV eFt KithheiEine PHEPR Jhss contisy i it Hitsnsled to SRUCTeHIGh @&P@ﬁ%’ 1¥es, as

O oo o AL SR B TR i R o

conpri si ng: of the invention.
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2 freezing a biochemcally active tissue sanple, wherein freezing includes:
3 imrersing the tissue sanple in cooling fluid; 4 circulating the cooling
fluid paswothme76203sue sanple at a substantially 5 constantrCprissdesespin ned
velocity and tenperature to freeze the tissue 6 sanple such that the
tissue sanple is vitrified; and wherein 7 the tissue sanple maintains its
anatom cal structure and remains 8 biochemcally active after thaw, 9
thawi ng the tissue sanple; and 10 exam ning the thawed tissue sanple. 1 2.
The nethod as in Claiml1, further conprising sectioning the tissue sanple.
1 3. The nethod as in Claim1l, wherein exam ning the thawed tissue sanple 2
i ncl udes hi i 1 ion. 1 4. The nethod as in Caim1l, wherein
exam ni ng tﬁ@gbﬁgagghﬁgéggtpggnple 2 includes ultrastructural exam nation.
1 5. The nethod as in Caim1, wherein exam ning includes the use of 2

i mrunohi st ochem stry examnation. 1 6. The nethod as in Cdaimb5, wherein

i rmunohi st ochem A methoidongesing? fl uorescent | abel ed anti body staining. 21
WO 02/ 076203 PCT/ US01/49595 1 7. The nmethod as in Caiml, wherein nore
than about 55 perfEgamEssbipFhemically setivetisshepanapleKhgseindregaing dielest o

cel l ular anatom cal ; . I: -hiachem cally active after

t haw. %.8. The nethgg&%§ﬁ#ﬁth§?%F%gﬂsﬂg?gﬁh fBirig’than a%out 45 percent of

the tigsue 2 sanpl eir@iitidy the coslingalmagd past theCtidsheisamtplanied Qibs@adialBt r uct ur e

and remains 3 biochem cally active after thaw )
5 constant predetermined velocity and temperature to freeze the tissue

6 sample such that the tissue sample is vitrified; and wherein
7 the tissue sample maintains its anatomical structure and remains
8 biochemically active after thaw;
9 thawing the tissue sample; and

10 examining the thawed tissue sample.
1 2. The method as in Claim 1, further comprising sectioning the tissue sample.
1 3. The method as in Claim 1, wherein examining the thawed tissue sample
2 includes histological examination.
1 4. The method as in Claim 1, wherein examining the thawed tissue sample
2 includes ultrastructural examination.
1 5. The method as in Claim 1, wherein examining includes the use of
2 immunohistochemistry examination.
1 6. The method as in Claim 5, wherein immunohistochemistry includes
2 fluorescent labeled antibody staining.
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1 9. The nethod as in Claim1, wherein nore than about 85 percent of the
tissue 2 sanple nmaintains its anatom cal structure and renmai ns undanaged
after thawo 02076203 The nethod as in Claim1, wherein the ®colisag4dsbaid is
mai ntai ned at a 2 tenperature of between about -20 degrees centigrade and
about -30 degrees 3 centigrade. 1 11. The nethod as in Caim1l, wherein
the velocity of the cooling fluid past the 2 tissue sanple is about 35
liters per mnute per foot of cooling fluid through an 3 area not greater
t han about 24 i'nches wi de and 48 inches deep. 1 12. The nethod as in Caim
1, wherein, the cooling fluid is circulated by a 2 notor/inpeller assenbly

i mersed in_the I|n | ui 3., The ne m further
conprising dr rcuI 9?41%518 P‘llnhé Wheirig nb%fgtt i %Quhﬂfl quc%p&thgégxéu
exchangi ng coi | fe%ﬁﬂnﬂs@xotda& ng@&l Aok 'aﬂétglmc%[‘&rwﬁ%%h@ren%lﬁé‘e heat
exchangi ng coil |s apabl e of ving at |east the sane anpbunt of 4 heat

from the cool i ng bidchenhicallg atﬁm&: awotiamg fluid renoves fromthe tissue 5
sanple. 22 WD 02/076203 PCT/ US01/ 49595 1 14. A nethod for use in preparing
a tissue sanple for exam nation, the nmethod 2 conprising: 3 inmrersing a

bi ol ogj cal | y act e A FGHS ﬁafmi'n?l'd?h&&ﬁ'dl tdn b@ut ?j;lgeréenftggﬁ'é'tﬁguet he

ti ssue sanple directlTy to a tenperature er t a egrees
centi g ade by ci rsampkidxhibitshe daﬁmge ttgceﬂlhlﬂrdnzllﬁﬁﬁcal hlmcitulesmdaraﬂamd e at 6 a
substantial ly constant predeternlned velocity and tenperature such that 7
the tissue sanpl igckhemiqatlypriave affeRghap.ssue sanpl e maintains its anatoni cal
8 structure, and the tissue sanple renmains biochemcally active after thaw.
1 15. The method as in Caim14, further conprising sectioning the tissue

sanpl el 0. The method as in Claim 1, wherein more than about 85 percent of the tissue
2 sample maintains its anatomical structure and remains undamaged after thaw.
1 10.  The method as in Claim 1, wherein the cooling fluid is maintained at a
2 temperature of between about -20 degrees centigrade and about -30 degrees
3 centigrade.
1 11. The method as in Claim 1, wherein the velocity of the cooling fluid past the
2 tissue sample is about 35 liters per minute per foot of cooling fluid through an
3 area not greater than about 24 inches wide and 48 inches deep.
1 12. The method as in Claim 1, wherein, the cooling fluid is circulated by a
2 motor/impeller assembly immersed in the cooling fluid.
1 13.  The method as in Claim 1, further comprising circulating the cooling fluid past
2 a multi-path heat exchanging coil submersed in the cooling fluid, and wherein
3 the heat exchanging coil is capable of removing at least the same amount of
4 heat from the cooling fluid, as the cooling fluid removes from the tissue
5 sample.
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1 16. The nmethod as in Claim14, further conprising thawing the tissue
sanple. 1 17. The nethod as in C aim 14, wherein exam nation incl udes

hi st ol ogiwalo2/0262exam nation. 1 18. The nmethod as in C ai mPCH/USMIEISEs n

exam nation includes ultrastructural 2 examnation. 1 19. The nethod as in
Claim 14, wherein exam nation includes the use of 2 imunohi stochem stry
exam nation. 1 20. The nethod as in Caim19, wherein i munohi stochem stry
includes 2 fluorescent |abeled antibody staining. 1 21. The nmethod as in
Claim 14, wherein nore than about 40 percent of the tissue 2 sanple

mai ntains its anatom cal structure and remains biochemcally active 3
after thaw. 23 WD 02/076203 PCT/ USO01/49595 1 22, The nethod as in Claim
14, whlerei n Ior e 4 methalfeutsedo pimaciase tispuer aWplg ks gramipadermthesnatedt ai ns
its an?tom cal sty f{)rféf%a”d remai ns biochemcally active 3 after thaw 1
23. THe nethod as™ | m 14, wherein nore than about 85 percent of the
tissues 2 sanpl e ifmhditiak lafbldlbgicﬁﬁaddﬁ% 6idue ShihpleliH cBolaidflii@Mdns undanaged
after thaw. 1 24. The nethod as in Claim 14, wherein the cooling fluid is
mai nt & ned at a irqeélﬂgéh%\tliﬂué sanplolirgetntogtietperange hm@me@gn eeaitti-3f? ade and
about 30 degrees od s erein
the vel oci ty of the 8%8? “ﬁg{‘ﬁag‘? ) Blé%L}lat{%ghe ﬁoc{q sfﬁgd eahsisge %‘Eﬂha‘?ﬁ
literss per mnute p@rsumﬁmaw c6R0dnit p&dédeﬁhﬂleahél@aﬁpamem%eﬁa%&aswmw eat er
t han about 24 inches wide and 48 inches deep. 1 26. The nmethod as in Caim
14, wherein, the codle tisgue $amipde issvitrifiedthatiesiielsymple maintains its anatomical

8 structure, and the tissue sample remains biochemically active after thaw.
1 15.  The method as in Claim 14, further comprising sectioning the tissue sample.
1 16.  The method as in Claim 14, further comprising thawing the tissue sample.

1 17. The method as in Claim 14, wherein examination includes histological

2 examination.

1 18. The method as in Claim 14, wherein examination includes ultrastructural

2 examination.

1 19. The method as in Claim 14, wherein examination includes the use of

2 immunohistochemistry examination.

1 20.  The method as in Claim 19, wherein immunohistochemistry includes

2 fluorescent labeled antibody staining.

1 21.  The method as in Claim 14, wherein more than about 40 percent of the tissue
2 sample maintains its anatomical structure and remains biochemically active
3 after thaw.
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2 notor/inpeller assenbly immersed in the cooling fluid. 1 27. The net hod
as in Caim14, further conprising circulating the cooling fluid 2 past a
mul ti - patwoheateé2exchangi ng coil subnersed in the cooling fPCoiusorvaases 3
wherein the heat exchanging coil is capable of renoving at |east the same 4
amount of heat fromthe cooling fluid, as the cooling fluid renoves from
the 5 tissue sanple. 24 WD 02/ 076203 PCT/ US01/49595 1 28. A systemfor
use in preparing a tissue sanple for exam nation, the system 2 conpri sing:
3 a cooling fluid reservoir configured to receive a biochemcally active
tissue 4 sanple for inmrersion in cooling fluid; 5 one or nore cooling
fluid circulators_confjgured to circul ate said copling fluid;,_ 6 a heat
exchaning &t f m@h@@?w é’é@14’r‘gl?ﬁr%‘5in6°rﬁg@i“iagﬁurquweﬁ?en?ogthe tissue
refrigeration uni hiCILLE { I Al ¢ : i ng

coi | ;9238 and mﬂégﬁfé&%@%ﬁ:ﬁ@% C E)So |a{r?gﬂ??{§} &ra{eesgélfl \%Illimrﬁi%lS ggegé%lr?gﬂ%?&%%r e
circuldators, and atat thamefrigeration 10 unit cooperate to freeze the tissue
sanple directly to a tenperature higher 11 than about -30 degrees
centigrade by circulating the cooling fluid past the 12 tissue sanple at a
substantial lys congl.apiy,p 9?&@5% E@,%ﬁ’e?éiﬁ%&}! ﬂ?a]%%@f} GhEbHhE (34N that
the tissue sanple Is vitrified, the tissue sanple 14 malntalns TS

anat ord cal st r uctsamgle anidtdiddtd dinatumticd ammitard sidaemsaind anddmaea afteethhy. acti ve
after thaw. 1 29. The systemas in C aim 28, wherein exam nation includes
hi stological 2 examnation. 1 30. The systemas in C aim28, wherein

exam nation jyncl uﬂl%smé{hM AShrahy ﬁ@,l wherein the cooling fluid is maintained at a

2 temperature of between about -20 degrees centigrade and about -30 degrees
3 centigrade.

1 25.  The method as in Claim 14, wherein the velocity of the cooling fluid past the
2 tissue sample is about 35 liters per minute per foot of cooling fluid through an
3 area not greater than about 24 inches wide and 48 inches deep.

1 26.  The method as in Claim 14, wherein, the cooling fluid is circulated by a

2 motor/impeller assembly immersed in the cooling fluid.

1 27.  The method as in Claim 14, further comprising circulating the cooling fluid
2 past a multi-path heat exchanging coil submersed in the cooling fluid, and

3 wherein the heat exchanging coil is capable of removing at least the same

4 amount of heat from the cooling fluid, as the cooling fluid removes from the
5 tissue sample.
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2 examnation. 1 31. The systemas in Caim28, wherein exam nation

i ncludes the use of 2 imunohistochem stry exam nation. 1 32. The system

as i n C awvmo2d7e20mer ei n i nmmunohi st ochem stry includes 2 fPiCharsesesnt

| abel ed anti body staining. 1 33. The systemas in Caim28, wherein nore

t han about 40 percent of the tissue 25 WD 02/076203 PCT/US01/ 49595 2

sanple maintains its anatom cal structure and remains biochemcally active

3 after thaw. 1 34. The systemas in Caim28, wherein nore than about 80

percent of the tissue 2 sanple maintains its anatom cal structure and

remai ns biochemcally active 3 after thaw. 1 35. The systemas in Caim

28, wherein re than ahout 85 percent .of the ti.ssue .2 sanple nmaintains

U5 anbtom it sth SETIPAOTHA T BIRRFE LR SEERIC Tar oEminiSn De S KRS | n

dai m28, whehfiRinkhe cooling fluid is maintained at a 2 tenperature of

bet ween about -20 degrees centigrade and about -30 degrees 3 centigrade. 1

37. Th® system as doolifg éliuid 128&rveih eodiguraédie reeliveca bipclofmitdlly awtet tissgef | ui d

past t‘{]e 2 tissue sa i.s about .35 Liters per mnute per foot of cooling
hr o

f1uid ugh an 353 a ProtgEge & cqbRs Tabut 24 i nches wide and 48

i nchess deep. 1 3 ki Gl is a
m)tor/5| npel | er %’ng-sgggnnog?%(ﬁm%gﬁl id rﬂ%&%} e&ggéwgé&?ﬁﬁlﬁggﬁlﬁgg&mﬁﬂi‘ﬂgystem
as in & aim 28, vﬂieraeaxchhin@ngoml forgerhbuing heat frint saill ad@ithgfhsd; a nul ti- 2

pat h heat exchangi ng. coi|l subnersed in the cooling fluid, and wherein the
heat B exchangi rigeligeration wiisapfigured tq ©RmaYe Hsataffom said hetisschanginggodunt  of

heat fgom and wherein

9 said cooling fluid reservoir, said one or more circulators, and said refrigeration
10 unit cooperate to freeze the tissue sample directly to a temperature higher
11 than about -30 degrees centigrade by circulating the cooling fluid past the
12 tissue sample at a substantially constant predetermined velocity and
13 temperature such that the tissue sample is vitrified, the tissue sample
14 maintains its anatomical structure, and the tissue sample remains
15 biochemically active after thaw.

1 29.  The system as in Claim 28, wherein examination includes histological

2 examination.

1 30. The system as in Claim 28, wherein examination includes ultrastructural

2 examination.

1 31.  The system as in Claim 28, wherein examination includes the use of

2 immunohistochemistry examination.

1 32.  The system as in Claim 31, wherein immunohistochemistry includes

2 fluorescent labeled antibody staining.

1 33.  The system as in Claim 28, wherein more than about 40 percent of the tissue
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34.

35.

36.

37.

38.

39.

sample maintains its anatomical structure and remains biochemically active

after thaw.

The system as in Claim 28, wherein more than about 80 percent of the tissue
sample maintains its anatomical structure and remains biochemically active

after thaw.

The system as in Claim 28, wherein more than about 85 percent of the tissue

sample maintains its anatomical structure and remains undamaged.

The system as in Claim 28, wherein the cooling fluid is maintained at a
temperature of between about -20 degrees centigrade and about -30 degrees

centigrade.

The system as in Claim 28, wherein the velocity of the cooling fluid past the
tissue sample is about 35 liters per minute per foot of cooling fluid through an

area not greater than about 24 inches wide and 48 inches deep.

The system as in Claim 28, wherein, the circulator is a motor/impeller

assembly immersed in the cooling fluid.

The system as in Claim 28, wherein the cooling fluid is circulated past a multi-
path heat exchanging coil submersed in the cooling fluid, and wherein the heat
exchanging coil is capable of removing at least the same amount of heat from

the cooling fluid, as the cooling fluid removes from the tissue sample.
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