WD 2002/ 076203 PCT/ US2001/ 049595 METHOD AND SYSTEM FOR PREPARI NG Tl SSUE
SAVPLES FOR HI STOLOG CAL AND PATHOLOGQ CAL EXAM NATI ON CROSS REFERENCE TO
RELATED ARL10€ATI6e Thi s application clainms benefit undeCT13&200184895119 of
the 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 MIDOEODAND SYSTEMROR PRIPARINGITHSWHESAMPLES #QRg under a

m croscope. Pathologists carefully e i ne | ort their -
findings, which ai BASPROCIGAL Al |Pﬁﬁl9q&§€§é;@g§&$§£]§ or disease
processes. Histopathology has traditionally relied upon exam nation of
sanpl es prepared by one of two basic nethods. In the first histol ogical
met hod, sanpl es underROSS REFERENCHTOCREEAKED ARMJIQABIONt ory, such as

fixation to preserve tissues, dehydration to renove water fromtissues,
infiltration with enbeddi ng agents such as paraffin, enbednent, sectioning

o cutting sect! gif. Moo’ QubdsSRHE{ acPb SRR 1 0 ofrsblleyinginielng ( he

sections, and staini e sectrons to enhance details. The second net hod
, cryogeni CS@Jt@@@bﬁTsioﬂﬂLpafﬁéxﬂﬁpﬁlicﬁmﬁ $atial diimdes 60/269,4 b3, eotded fdetbbd And fir st

method in that it generally involves snap freezing in col.d liquid , or
envi r onnent SystentFos Rrapgringbiseus Tagnplegdipr &'ﬁ%?lﬁgﬁél.m‘b@aﬂfgﬁglﬁ%l %“q“atmn ,

PCT/ US2001/ Q49595 ileqth hr met hod yields significantly superior
vi sual i zat i ,13} vag ?ér?&iopé'én%ﬁ‘} 2/ Sor;

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.



extended period of tine for processing, generally a mninumof 18 to 24
hours. Thus this nethod cannot be applied in situations where a rapid

di agnosi swaX2082/medsol ogi ¢ process s required, such as mUvUsSgo12043395gi cal
procedure. Additionally, the processing techniques 5 enployed rmay destroy
all or part of the biological activity of the tissues. The second net hod
has the advantage of speed (30 mnutes 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 overall loss of tissue integrity manifested 10 as degraded anat om cal
structure. Many cWiiterte fidst jpeathbdlyieids sigbficaatle sugsiod ivisaslitadge, it ftdy@iressen of
frozen tissue for inmunghistochem stry in all but special circunstances,
because i ce &i§pdedperiasabiimedr pracestipegnerly yinpyaref 1§40 94 hoyws ips this
artifacts w.thi Leh. i 1G] I Lfe
Gt oul o b SERRE ML ERERhtt 3993 1 ot B EbEAALLE BT, .
and then noriegqairad, sact dshiadhgs surizel prowdare0 fAdudtidhally [tBelprotessiak tathaiqass opi ¢
hi st ol ogy and pat hol ogy has shifted from sinmple subjective observation, to
di r ect? obj ec¥RRlayeskBRRdssOp A OB BYE akthe Pipdagical agibyity hlmbIsLet ocheni stry
(I'HC) techniques help in determ ning diagnosis when hi st opat hol ogy al one
proves 20 inconclusive. However, |IHC techniques are dependent on

bi ol ogi cal I'y i nt atite seeaRirhethsd had thdadvahtage STPEENBO rhifilitep tOPRSurk tiweiveg t o
occur. Therefore it is desirable to utilize a mnmethod of tissue speci nen
prepar at i on HSEUR SRESEBCNSAIrCPared t UieCAAZAN PsPagbon wee oftel gtjesalto celdular i al

o erent, 2 BB SRR Ehaf VD A IR
cryogeni cal | of npgleses\E intbr@ftlvidthin 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

cascs.

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 biologicélly 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.



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 ewoetohpai®s2035 Accordi ngly, the present invention ROTovS20@m4e595et hod
of cryopreservation for freezing a biochemcally active tissue sanple by
imrersing the sanple in cooling fluid and circulating the cooling fluid
past the material. The cooling fluid is circulated past the tissue 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 renmains biochemcally active
after thaw. In at |east one enbodinent, the cooling fluid is maintained at
a tenperature of between abdAEMMARYIOH'EHE IDVENTI@QNe and -30 degrees
centigrade, and the velocity of the cooling fluid past the tissue sanple
is about 35 liters per minute per foot of cooling fluid through an area

not greater than @RAbre2¢nhis eSiWids Aot @w%%ggg@%%é&mﬁue% at

| east one 15 enbodi ment of the present invention ologically
active ti ssusngaeglsetissnes, ooging,nycldicadds, or bthee bmladienllyacplendiaceles,| thatt 0 a
tenperature higher fhan about. -30 dg rees  centigrade. A further enbodi nent

of the preséif nte ?toflOIB? chl HesProgfems F%F%ilﬁgc'fm@.ﬂyc%arﬂia. s methodspast a
mul ti-gath h%%r&ﬁ@?,ﬁﬁ@bﬁ%ﬁ%?dgn%?@ﬁ?%ﬁﬁga'rﬂethg 8%@?!)}%rﬁ§&\ut1{6hqor ff’&%ﬂ% the

heat exchanging coil 1s capa novi ng at e sane anmount “of

heat from t hebid¢heruadllyngrtive uisduasamhpie bydolmerging Ithit samledn esolingfiuidhendt | ssue
sanple. At |east .on enpodi_nent provides _a_system for inplenmenting the
above nenti GHEHHRS ﬁ’@&?gﬁ%ﬂb}ﬁf@é{)thﬁfmaé‘fnqle g‘? coplingathydds riEswlated pashihe
present i nveRkithsle aPR!dib&hARMy YonstBntThiAOEhded ' ' terial
wherein the fornatﬂ%% of ice cry tal's an E%tresseé??ﬁ%ﬁﬁ?ggkgg#%%%Fggﬁ,.and
cel lul ar bi dokesriteatisshieinahplersucls theiinisavitrditdafetethe ftiseez bargple 2haiMaingdwsant age
of at]r(Least one e&iodi ment of the present invention is

h
cryopreser vé‘PPtBPP_I SHYEHF pnf samajpsy biachemicalby getiye Pﬁi‘?fr@ta%’gzﬂ,n pleleatisane
bi ol ogi cal  n@fRkingnt, the WBoRRD £ RANFIBHEIUPZORMUALRI D between about -20

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 thréugh 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
amethod 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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is vitrified during freezing. Another advantage of at |east one enbodi nent
of the present invention is that cryopreservation recovery rates are

i mpr oved, Woemauem2d3i ol ogi cal material is vitrified at a@digroanassys
tenperature to avoid the formation of stress fractures within cell 5
menbr anes. Anot her advantage of at | east one enbodi nent of the present
invention is that cryopreservation recovery rates are such that a

consi derably higher percentage of the biological material maintains its
anatom cal structure and remai ns biochemcally active after thaw as
conpared to currently avail able nethods. 10 An additional advantage of at
| east one enbodi nent of the present invention is that cryopreservation
recovery r atiesitréfieel dumimly ftdaaingt he bi ol ogi cal material samples | end

t hensel ves to the application of sectioning, processing and subsequent

hi stol ogi cal, ultrastructural, and imunohi stochem stry exam nation in
shorter periods of,. r.ael, ti L :
horteni hg i ms. £oorEapatly, dr® Rkt R Emimahial ot SER SHERior 1R

enbodi ment  efydptsefragaertoveny eitdsi axdinhgovdiabecaosisiolopiabimatesixliis Vittified at
cryopreservatjon storage facilities and mechani sns can be used to store
the frozen BidigBginedeh fempsatyre to Aveld theoformatsrp el pgysukaeires ovigansellpr| EF

DESCRI LTI mﬁm&HEsDRAW NGS O her objects, advantages, features and
characteristics of the present invention, as well as nmethods, operation
and functions of related elements of structure, and the conbination of
parts and econom es of manufacture, w |l becone apparent upon 5

consi derati on of Anegher gyanipescpt ab et o capogivaent A thrsPrafanh ifveptimeisdatt o t he
acconpanyin %ryo@%e%&ivﬂgén re%!)l/e frat% %r%@uf:l?'ﬁ 4 c%ﬁgihergﬂlxgﬁ %t?er ﬁ%ﬁtfage? 8# H’l%n '
er-r I's e g n e

wherein ik erence numer sl gnate correspo arts
various fi gbic6gicdlmehisiud heiintains 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.



FIG 1 is a side view of a chilling apparatus for practicing a nmethod
according to at |east one enbodi nent of the present invention; 10 FIG 2
is a croswosmoviweal view of the chilling apparatus il | wtwes2ea /405951 G 1
i ndicating inplenentation 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 a flowdiagramillustrating a systemi npl enented
according to at |east one enbodiment of the present invention; FIG 4 is a
bar chart showing the results of experinental conparisons between various
prior art freezing net hGRIENDESCRIPTIONOFETHEDRAWINIGSg to a preferred
20 enbodi nent of the present invention; FIG 5 illustrates views, as seen
t hrough a m croscope, of the norphol ogi cal appearance of noncryoprotected

grape tissue fol 'cﬂﬂéﬂ%ljéc'is‘?E%@a;}n%&(@?%f%&%@?fﬁhg}%&?eﬁw&%e ?ﬁ%@tmﬂig 6203

PCT/ US2001/ 049595 of 1 qui gen an reezing ne accordi’ng to
a preferredaematidismaeathodd, opbr@tiop aed &mictiomyveidel atstt elbin€ats 6f strhatsier andthevi ews,
as seen through a m croscope, of the norphol ogi cal _appearance of heart
tissue aftecomPEBYPMPlRAtganG serIaPYesc Pl SlpBIsgHuas. Wil B%“(%‘?ﬁ RRAECIt RPN 5

after appli ¢ahdi@ i, gﬁéﬁi@mg d@sﬁﬁﬁﬁ(g‘i 9 cFPm@with 8lgh&do %9%%2@%]‘ the

present invention; an I's a ectron m croscope View ating
t he conpl ex dadvtings bl o€ whichlforrh e partioBthisspedifiediopewhertamrlikeiré fechosaurhéralshat
may be seen after application of the nethgd according to a preferred
enbodi ment &esignpte ﬁqr@gﬂqdlp&p@;ﬁlpgpﬁ various figures, and wherein:

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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10 6 WD 2002/ 076203 PCT/ US2001/ 049595 DETAI LED DESCRI PTI ON OF A PREFERRED
EVMBODI MENT OF THE INVENTION In the followi ng detail ed description of the
pref er r edwenorimeost s, reference is 5 made to the accorpganysn@/deadi Nngs
which forma part hereof, and in which is showm by way of illustration
specific preferred enbodi nents 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
t hat ot her enbodi nents may be utilized and that |ogical, mechanical,

chem cal and el ectrical changes may be nade 10 w thout departing fromthe
spirit or scope of the invention. To avoid detail not necessary to enable
t hose ski | | e lignid irogant andshefreazingmethhé acqording t@a prefdreedoasexdimerit of theay
omt certain infornqtipn known to those skilled in the art. The follow ng
detai | ed dePEFFPLISHUONs  therefore, not to be taken in a liniting sense,
and the scope of the present invention 1is defined only by the appended
claims. 15 Referring first to FIGS. 1 and 2, a chilling apparatus suitable
for practicing aFlaethidhsaaeovidivegast entthioegls b ndnmseopepadi the mhorpholbfieal
present invention is ﬂiscusse ?nd. desi gnated generally as cooling unit
100. Cool i ngPReATENCEAHeArLssHeHitey Treering P%%%Stﬁ%ﬁkd QryPPTeRBHE S e hgUs S oA g

fluid 440. 7 i (JEYo BT ' '
mtors 130 faet o g PERE pfolisbtitad ioat brofit B fert B R SikeefiS,,
whi ch in 20 ioveatiendrmdi ment conprises trays 155 for supporting bi ol ogical
material to be frozen. Biological material may include, but is not limted
to, viable single cells, tissues and organs, nucleic acids, and other
biologically acti f; i i i r i o0 be
species-specific;q%&?géﬁgpkggo?gﬁ 11 ?%gﬁgﬁggﬁgﬁg%ﬁ%éQﬁ@E?‘gﬁgﬁéﬁgFﬁg Coi
120, is ref fegyercatudimseailtlad@Bochondria that may be seen after application of the method

according to a preferred embodiment of the present invention.

10



25 Tank 110 may be of any di nensions necessary to i nmerse biol ogical
material to be frozen in a volunme of cooling fluid 140, in which

di mensi onwoave/ewadded multiples of 12 inches by 24 inclrE/iseosi®4pivshes.
O her tank sizes may be enployed consistent with 7 W) 2002/ 076203

PCT/ US2001/ 049595 the teachings set forth herein. For exanple, in one
enbodi nent (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 enbodinents, 5 tank 110 is |arge enough to
conpl et el y i nrer PEEAILER DESEREPEION ©F ArBREFERRED EMBODIMEN®ezi ng. |t
wi |l be appreciated that tank 110 nade | arger or snmaller as needed
to efficiently accommodate vari6H§%gp§ﬁgvgﬁgjﬁ@$ntities of bi ol ogi cal
material to be frozen. The biological material nay be treated with a
cryoprotectant prior to being immersed in tank 110. 10 Tank 110 hol ds
cooling fluid 14(n therfoboweingrdstailedreexcriptidreofahe prefigred emitdbdirseras, réfedegisade
solute, Good exanpl es of food-grade quality fluids are those based on
propylene g [to the geoiRapking frayangsorhieh twad a pext heppot,and in whish iy howaby
enbodi nent , e 1 icd 1 Sel - t.

di met hyl sul fv%‘xi %feﬁ@%lﬁﬂ%%g‘, gﬂgty’ﬁ%l %fﬁ%%%%%bgﬁfﬁ%f?‘%gﬁhﬁé* g ylélng’&gﬁ%tbﬁyl ene
gl ycol or t Ipeacticdde. THdo¢ embbdiinents asodsBciibetianoficient H&ail o @faplphedeakiiRat i s
itself a food-grade quality fluid. In other enbodi nents, other fluids, and

pref erabl y $biGREL Prapliceibeveriioneddihig ta bayngsrstoprithas othsr rabrdimsnis mayer s
may be used 1 t L:Qlogi .t er | i f

o esent 1 muleir e o i pEI0 el F b ) aROTEC AL RIS Ry Be ot

i mrerked i n witheucdephiting fiomiihe spieit o sappecofamcinedrieat Ty @voill d&ail hoithec&daH
direct imersion_ may sinplify the cryopreservation of sone tissues and 20
organs. |n & geable Biope skitled i dheogiit b Practeetiednvention ethavissHintigntihey e®inat i on

of ice crystghfininformation 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

7



one enbodi nent of the present invention circulates cooling fluid 140 past
the biological material to be frozen, at a relatively constant rate of 35
liters pewomonuemw2d3or every foot of cooling fluid conta@dareas200/@es9ar ea 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. OGther 8 WO 2002/ 076203 PCT/ US2001/ 049595
circulators 134, including various punps (not illustrated), can be enpl oyed
consistent wth the objects of the present invention. At |east one

enbodi ment dlie tedvhinps estémth herdin Sfdrienamplecineas eabddimentr(eat i Avdrateol) ward 1t16r ough
whi ch cooling fluid is circul ated by nfloying at | east one_ circulator

. e
134, in addit $igef tohelgtiest snqugh corling Ayistl HHe 0 SOMEINAE Sohat ¥iahy &sEIPER at or s
134, the ar : ingflui ' at. | re | in
di rect pr op%rg%lléglﬁcﬁj %f gé&eég%hc g%&(}:?ﬂ)ﬂ()tﬁgf&%:é'ﬁgld?g{agéﬁ lgltrtr%) oy@d‘.8 ' %@ir%hg%% 0ef, in a
preferred eundpedsiomyincluding baulogitdl amadriald ameldradpastettanty s kbtharenstadbmémat  of
cooling fluid that is to be «circulated through an area of not nore than
about 24 i nédnkdl 1Rjisfargsyenaushtp eprapletrdwimnmeseentie pregns #ghos PEZanisms fafapid

controlled Lntai. i | i ng
Fiui d 1 ow feiient il o sbfedsel i, BRI EhfbdiGte 1Xicl g Sy allecilife' 10
time maint aiefficdhtBracestamodits vardduy kizedarndl quan@idsvg biolagichl rargpial @ibefezen.t hi n
+/- 0.5 degrees centigrade at all points within tank 110. The )

subst ant i al [pebislagisal tmatesiad may be Heped Wik ageyapyotestagigsior igbeingingmenedin| at i ng
past the bi%;%?h%al material provides a constant, neasured renoval of

heat, which allows for the vitrification of the biological 15 material
during freezing. In one enbodinent, cooling fluid properties such as
viscosity, tenperature, et cetera, are nmeasured and processed, and contro

si gnal® are sent TapkddP dokds cpgling Huidnkdle alpeongrenghadiraeiy ethe igeoking Huiddp Al
d i | | . hey . j
speed or torf{%rh‘g% g%'spioﬂ?é. B3 d bR amBes %?%g&ﬂg%atd:e" gﬁgﬁt@\%qloég?@%%”ﬁ%ed TgLors

130 are cons mai ntain agrven ro
propylene glycol, sodium chloride solutions, 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

8



over a range of fluid conditions. In such a case, the torque or rotational
speed of 20 inpellers 132 inparted by notors 130 are not externally
control | edo h20meead i s the fact that no external punps,pcameszoe/o40395pul | eys
are needed to inplenent a preferred enbodinent 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 biol ogi cal
material placed in tank 110, but cooling fluid 140 al so provides cooling
for notors 130. 25 Heat exchanging coil 120 is preferably a "nmulti-path
coil,” which allows refrigerant to travel through multiple paths (i.e.,
three or nore paths), in contrast to conventional refrigeration coils in
whi ch refri gécalators $34)emdudihg yaricestpuhmsénbttibusnraeeck)rcahm enthlWBAd2004t8rt6203
PCT/ US2001/ 0495 conti pyous I.n addition, the coil si ze isin
direct rel at!? gkﬁ oPIgts o cPrBEEs“t dRyenfighra At lgpst One sREDOdPSTY AfHEe PEwssTl ed

amount of t hgy&@aeh iftgedsbing ailéaoandF\Qﬂ 3 ek RndooRhehald i cirdiyent
dﬁep, %dwpour Pee Wldle, an uses a

tank 110 is one foot long, two feet

heat exchan @nma@oymg it Iaazﬂondwtcu]amrdﬁé ihadditiby td motokeE30. Th Embbéimedngisthgof

t ank Ois creased t feet, then the | engt h of heat_ exchangi ng
coi | Ois né‘FIE |°HEP@§’§%§34P¥ © 4o ?ﬁ‘&/"qhé‘@? of gQoling ﬂ@b‘g‘i’lf"m%’@&taﬁ‘eb@éﬁ’aw&i

coi l 120 ca Jm’fﬁﬁ e ﬁl

convent i onalqnggfélﬁﬂgjc?ﬁ??{etg)éh t%ﬁn%l él{]c)ﬁla,; F oa lez%%re?er{ ors 134
such as not enbodBientcineaddidbeal chichlbed isosed for@acfﬁ Mbdoﬂo%h@gﬁmdbhﬁth@@l weal
material to be frazen, and thepn transport warner coollng fluid to heat
exchangi ng C§reylateg thropeh Hhitehof RoLgRMRéhanepoAipehas v de Pyif8 inches daep- at

| east one enbodi ment, heat exchanging coil 120 is connected to
refrigeration unit 190, whi ch renoves the heat from heat exchangi ng coil
120 and the syst é?nfefablyarrmt(&f; ¢80 eqh snduadoitedio, mai@fain gesmtdnd predetdrmiRd | S
designed to he | oad. requirenment of heat exchanging coil 120, so

that teat i€ Hw goqling dlvidHow pastehe Pwl%glcaiyl%aém%pr&ﬁﬁdvﬁ hile @i the
manner, resybik fohd xﬂaﬁ&‘ﬁnﬁﬂﬁ Ll vt & oBfﬁ%fﬂﬁﬁg t%p@raﬂ% Flth /- 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 fre;:zing. 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

conventional refrigeration coils in which refrigerant is generally restricted to one or two
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The efficiency of the refrigeration unit 190 is directly related to the

nmet hod enpl oyed for <controlling suction pressures by the efficient feeding
or the hewto mupbmeape coil 120 and the efficient output RET/CErESEr s used
inrefrigeration unit 190. This nethodol ogy requires very close tolerances
to be maintained between the refrigerant and cooling fluid 20 140

t enperatures, and between the condensing tenperature and the anbi ent
tenperature. These tenperature criteria, together with the design of the
heat exchange coil 120, allow heat exchange coil 120 to be fed nore
efficiently, which in turn allows the conpressor to be fed in a bal anced
and tightly controlled manner to achieve in excess of twenty five percent
gr eat er per fcontimoue pithe nintakdditionsthe esibsirsistitdinedt rdationkhiptio ite canss sqttiedalas t he

25 conpressor manufacturer's standard ratjng. Note th in the enbadi nent
TGSt T at ed o pnesinine e mepyErdAmoRn, f ha Sepling HHa AR, oheraeRbaR dt y
| ocated ref rjgekad érﬁﬂoc?ﬁﬁéﬁteféhk 'I'?M"?svcﬁlr@foétq%x?gr}ﬂ%&;geit gcgpoghmﬁf feb\0ide. afd VO

2002/ 076203 "PCT/ US2001/ 049595 "illustrate atiton unit 190 I's

i ncor por at edisesw leaberathheging ewit 1 2ntheffis bamfool hPtwd feewi IF the loetiappiaek il 40 d t hat
vari o configurations for refrigeration unit 190 may, pbe nore or |ess

appr ogi ate “F%?asﬁ Fa teieRty LBy ‘i%@mhgﬁ? 0 eaE%Pﬁ%ngﬁf%l( PZPG@ alspgiereasethiol e, i f
tank 110 isy regdrel X! heaSEd ' b d b oAt e

desi rabl e, mﬂ?ﬁg a por?ggﬁgﬁ% g%boﬁ?%@%ﬁg%ggrﬁgﬁ%?$t9?9%2$%ﬁ |n€%g¥g ed
refrigerati gercgnt dof 11R0sizSwth emvientiegd abil arquire] wnhyndimde: pass ihbiteloby. t he
ef ficiencies_achiev by i nplenmenting the principles as set forth herein,
and parti culdfd t‘?rﬁggﬁ stehagys motpsddeciraaiaie chdad ceslingdhpd A40 evsribiolpgicyl; 1 ¢ ye
of refrigerati:Qr ' i haigi iol ' d
enbodi nent , %ﬂ%ﬁh&g@)ﬁ gé?% %lﬂg hllagﬁrgg I gtd to eggct)(gﬁ%ef%%gg?gkégfﬁﬁlg%n%’g\goﬁzo
degreHs 10 leénwhiphadesuvbnersed Gn degiieg Sluidnd0.griads, lewdt tdhe serhisotaedt hest

differenti al thro,ughoat the cooling fluid of | ess than about +/- 0.5
degrees centPehaRgmE cph 180 rerneselisldp sefHegationenit EoWhird remoyes theheablspmy t o

t enper at ur e%e&’t@x%ﬁ&"giﬁél%ﬂ'l%@ aﬂﬁ%ees%@teﬁl‘?”t igrade to -30 degrees

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 temberature 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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centigrade range in order to control the rate at which a substance is to be
frozen. Other enbodinments control the circulation rate of the cooling
fluid to wwhicevercessi red freezing 15 rates. AlternativelpCT/ts2e0vmabisse of
cooling fluid nmay be changed in order to facilitate a particular freezing
rate. It will be appreciated that various conbinations of cooling fluid
circulation rate, cooling fluid volune, and cooling fluid tenperature can
be used to achieve desired freezing rates. Referring nowto FIG 2, a
cross sectional view of the chilling apparatus 20 illustrated in FIG 1

i ndicating inplenentation of cooling systens suitable for freezing
relatively large quantities of biological material; an enbodi nent of

cool i ng systibusth®d), refuigeratibrenrfiol9fis Besipoptedhatanvthleysecaomel tapiatitl. Tived of

bi ol ogi cal terial is discussed Ref erence, nuneral s_in Fl 2 that are
i ke, sim| aPBfFCl?@éﬁle%t8%}?0%80?%&%?%é0rﬁ6§$§%ﬂen PRIt 124 g3y be mogs Qe | ke,

simlar, or C 25
Thto whi oh BEIoPR A For (oA (AR gl A0 JR bR P R0 AR Glthole, Mt b <20
support 210 extremely lhtpat amquat&ﬁﬁngaytibmun'mil@@dnmbd dowhbld, tvhilé agidriablt e t he

pl acenent of gstances |nto tank 110. 11 WO 2002/ 076203 PCT/ US2001/ 049595
In us€ bi o|68§1 peniag Peagfit fromhan ipfaggated refngsraiiongmitd 9P fych amimiegratione k

150. Prefer f r e,
that cooli ngp{?rﬂﬁfﬁgﬁéﬁﬁﬁr@b regﬁ; c?#%glﬁg\t]éeabave&?e%ﬁgg ,the nél)3 r&g\rgﬁg%nd
i tems pl acedottihberemnandpafiaraby) the usootercdbesdesiad heagedchunging soithi 11 ed to a

desired tenperature, rack support 210 lowers rack 5 150 into tank 110, in
order to subnerge trays 155 in cooling fluid 140. Lowering rack 150 nay be

acconpl i shed man r r

configurations kn V\\/IL%M?%B{%OS sﬁo%l l{lﬂm?(%ﬁ?ﬁfgat;&?h%r?ggéqp{ Ol?gﬂ %g%fegeficul ate
cooling fl u|ed1boah4ﬁbm,c1rhe&s>ohmg)$mad1d:seeocpiécam@d femperaays of Ietweenpriovieigedgui ck
and controlled freezin be appreciated that other arrangenents

for iYhersi ﬁ@ntlﬁr%cieo@dc‘gp dﬁg@@&wp%tlgrafdpowﬁgr@ktemperature differential throughout the

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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10 110 may be enpl oyed, and that use of an automatic |owering systemis not
necessarily preferred for use in all circunstances. Referring nowto FIG
2A, an enbwdioneeite2asf the present invention enploying a mar/ws2eat/Eesd spiral
pat h conveyor systemis discussed. As illustrated, spiral conveyor 200 rmay
be configured to fit inside tank 110 in order to subnerge bi ol ogi cal
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

i nput feed 160 where they are taken onto conveyor belt 170. The materi al
travels frominput 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 out plib ukgesolbgidal Amtarial enl bedrdzerris pldeed doatayndss lofirdckl480.i s
preferably kept at 20 a constant predeterm ned tenperature, and _circul ated
at a rate t RAtCRRYy Y YORphtg consfrustediof gz, mgshyror pifteawissy sorthatceokingdeid. The

tim the mighigl f?e%f}nafc,uﬂ;%g’%rgr ot hnBRlaHdla ilehid! lackd ndiBlh Dbt e%ﬂl?d by

adj usting the rve uni y other suita neans. ,~ 't he
speed of conveyte cbelirg {170 s ¢hilledivt desiredrRmpetaurt hack ampert®l0lewas dack

circulation rate of coaling fluid 140, wll_be ad{usted so that exactly the

desi red anodrf intg tak a0 Qe tosubingsigs viays 30 ceatieg fluidsl49s Lomeying ragke|

t hrough tan t gl ot ] i, ral C eyar s .
Ret or Pi ng. o PARERg, Agolffited, bhady SEl BRldls SRR MG hA
present 12 cWid0aEond k62w 3 td>Ebsd SIZENLN AKORY SCir¢uIment i3dridcslaie doubiag ikidd, and

desi gnat ed qenerally by reference nuneral 300. The illustrated nethod
begi ns at stidp W1es sypséansecRlaradiy trays il 3P topreyide grisk and sarrollgd fwszingelichange

corl he g S FRARNR ALk SRSAELX oML 8ol TG BgE1 O

f1ui ditas thea10ealyibeEnipldyed] shd thatuseflafh&@nds lowdihgheatmax abedgessalyl . 1 n
step 320, the tenperature of the cooling fluid is neasured, and the nethod
proceeds t o PEfemsedsion usemallecifcumistangrst er ni ned whet her

Referring now to FIG. 2A, an embodiment of the present invention employin;g a

multi-tiered spiral path conveyor system is discussed. As illustrated, 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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the tenperature of the cooling fluid is wthin an optinmal tenperature
range. This optimal cooling fluid tenperature range nmay be different for
di f f er ent wayppb2/emozons, however a preferred optinal temuareso0ie4pmnge for
many applications is between -20 degrees 10 centigrade and -30 degrees
centigrade. Should the cooling fluid tenperature be determ ned not to be

within an optimal, predeterm ned tenperature range, step 335 is perforned.
In step 335, the heat exchanging coil is cooled by a refrigeration unit,
and the nethod returns to step 310, in which the cooling fluid is

circul ated past the heat exchange coil in order to |ower the 15 tenperature

of the cooling fluid. Preferably, steps 310, 320, 330, and 335 are
perforned dorhiiouad iNustrated) dndedestpmbied geehballg byemeddrescet memeant BOGI The

tenperature range. Th erature of the cooling fluid used to freeze the
bi ol ogi cal AgHS gfeﬁlm ‘Eo‘iﬁgglinﬁﬁ&s'feﬁrﬁloeI“@%?O%Wgaﬂu‘flé&ﬁmﬂﬁ’édé’r%to%lihﬁ%nt of

bi HgFicd et
convent onal® A pRec s b Bl Saldt coRiT bl CORIRL T <Rl Mveem s

l'i qui d ni tr dipenssedaboves axipenset] w edode thd @thpdegire esthe eadlingfhadéas thelcdvlimg
drastic change in tenperature over a very short period of tine freezes

wat er Wit hi AUEGs Flr%l%lateét?%ﬁtEgehegtﬁxamngkw_l-tlnaﬁepﬁ%%pt)laér%maxa@r%fth@foq%@ge a
chance to fofm; HOWRVEE anfi bReALR8 pgogg&g't& @ée% 3@@,%#% i%e%@gsﬁa%ﬁ@%r eby

liquid nitrogen can cause str.ess ures | ar anes,

limting thehas@peratvesss thé capliag fbidigwithinlan@ptithahietnpeg@ite fadge. This optimal
cryopreservation. 25 Since the tenperatures used in a preferred enbodi nent
of the preséfelingij@ditemperaes rapge Wag ke differept Jpedifferat epplicatiensahevevsp a

degrees cent] e f tyr n r

mi ni i zed, %%&vﬁéﬁ opnheRhpef As q%%gseag“rl%l?“e‘% 4R Rt & 'geé‘ggeqﬁgx’%\slﬂ?agmees
2002/ 107 6203 cBXiiyrads2d 1/304130R5s cahtighg@e. t o cel lul ar nenmbranes. Wil e the
cooling fluid is being cooled to the proper tenperature, biological

material to be frozen nmay be chemically prepared for freezing in step 305.

't wil be 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 Ea 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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appreciated that materials to be used for pathology do not normally require
chem cal 5 preparation, and foregoing step 305 by plunging materials to be
frozen di wecxiobyoiemizo a cooling fluid is consistent w tlraimes2p@asbiongs set
forth herein. As noted earlier, biological mterial includes, but is not
limted to, viable single cells, tissues and organs, nucleic acids, and
other biologically active nolecul es. The biological nmaterial does not have
to be species specific. Chemcally preparing the biological material nmay

i nclude 10 pretreatnent of the biological nmaterial with agents
(stabilizers) that increase cellular viability by renoving harnfu

subst ances secreted by the cells during growh or cell death. Useful

st abi | i zer s damagadeclNosmembermes.al s and chem cal conmpounds, many of which
are known to those skilled in the art, which sequester highly reactive and
damagi ng nol ecul es such as oxygen radicals. 15 Chemically preparing

bi ol ogi cal mater i . i

illustrated). m%ﬁ% C%I()ﬁﬂ%hfn@i:dt #qn%n%]c@(rféapiroer@ % g&r?éh(fqﬂperéﬂ&{’)l R lf%al
mat eri al t onixeeriap teebefressh may bé ehanichliynplepaled dorafréeaimeinatap ze()SNhit ®hllibs
reduced fromculturin %dptenperatures but still above free2|ng Thi s may

hel p prepar éPpiReiatsdl shad gnatemialsdq be psed foppathelegy dpyiop neweallaieawie gheddiels by
retardjng C%Hpar??lb? r%ltd%%gbﬁl@ ?e}hdadse@mlhﬂgngg&ﬁa SHIREL 19ef &8k RL into a

terrper ature an an acc I'mation ep 1's not

required i godlinggTuid 8 cpidgéntedthithetcpctesgntt fortl Berein0 s nofedaaitict bslogical
enbodi nent, chem cally preparing biological material for freezing _includes

| oadi ng t he Miitesiab gickudes .t és nef limijtedhtoa Vishlpsiftedt exlisafissues anchprgansyBrdeisl | y
i nvol ves t h?lcﬁg Lﬂl'nh 091r ?Blo?dgj%il?’ Q&t?\tqublcéla.}lem 5)'1(%1)%1051 %1941 ld%ésorglbt ggveocge or

nore 25 cryoprotectan nces ut |ze e referred

to as | oadi r@g et specitisef Ghein@atly ngrepgaiat ﬂlerrai,omgicdl utietetine nely {fiolele
dehydratl ng agents, pernmeating and non- 14 WO 2002/ 076203 PCT/ US2001/ 049595
per meldk i ng~ Rpdiepinent qf theshislagicahgatarial withragepts (riabilizery) higbimcicasqeaiiuls DVBO

and 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 not 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
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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et hyl ene glycol, and a conbi nati on of perneating and non-perneati ng osnotic
agents such as fructose, sucrose or glucose, and sorbitol, mannitol, or

gl ycerol wanobrsomszed. It will be appreciated that otherpcauis2adl9s9s
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 perforned, in which the chem cally prepared bi ol ogi cal

material is inrersed in cooling fluid. As noted earlier, the biological
material may be held in a container, or placed directly into the cooling
fluid. The nethod then proceeds to step 337, in which a circulator, such as
a 10 subnersed notor/inpeller assenmbly or punp, is used to circulate the
cool i ng f uiR§raeatingeagenis] asl QS}mq@n@gm&s [B)f)tldp@mt@segl pgeyas suchhee DMSEr el

bi ol ogi cal thecolln f.l uid pass t he bi ol ogi cal

mat eri al , her@ﬁﬁ&{ a%’%cr?@\sfaé‘g % SOBmRRAE r?étpg?]il‘?ff ?? %En%etauﬁg H?rﬁ‘PFé’r agents
termerature Lbtass frli@odeC SRBSBIoH bRicOle, bt ' ' fegrred
to be cooli nSg flui do whi ch trgnscpgrts ?dﬁg%le%?nrg\{/%y&fgrlomfhlhél]%)élg%égg?{:al

material to Wé berppisaiatedshaiotor snlta@letcmyc&lrotb@alsts neyde entpbajicdreotsisént it
prese [ nv«%ﬁtl on, a%@ltébsta t| al | é constant circulation of cooling fluid
past the bi dlDYVEs OHRE BISSSH PEMEYS [ ozen shoul d be maintained in order to
freeze the prepared biological material such that the prepared nmaterial is
vitrified. After the cooling fluid is circul ated past the biological
material to be frAfesihe eacdipg fROd BBchdss: pepdraempetatut, aep339 iapdrfahrd] e

vel ocity of th ui d ecessar 0 . account for changes in t he
cooling fl ui'd @1@8@5’?‘?31 Ytpé?ﬁ?é%@}‘@P%mlmglfaﬁéﬂmm@ésedm gqading fluid. Aspgted
velocity of ebfiRr QHQ'bid]leEil%ﬁeﬂla‘l e 8k 628t 3%bn Xle?ddr'"bﬁc'eaghrga {n?cf ﬁ%
provi ded by one or nore circulators. Once the i'cal mater al. has
reached t he cdeléng Bidf (ideenetbodithen praceedsstorseapodac 1rawhﬁ:h(avmrcumcﬁl smh&é@
After he mat.eri al r the cooling fluid 25 in step | by
neans qor evi GUEPST %4@8[?§Fé@ael?qrﬁssﬁﬁ@yﬁg PPy ’isb‘ﬁ‘éﬁoéﬁa‘llf“ﬁémoilﬁg H‘Hd atthe

hi st ol ogi Ca'velo@it*ﬁ@ﬁoﬁk!‘}ﬁiéfz@ésed %Mtﬂe%ﬁ%ﬁﬂ&&@%&e&ﬂ %@ﬂ@c@%ﬁhé’ﬂ&ld such

as fluorescent bel ed”anti body stai ni'ng
passes by the biological material, heat is 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.

t 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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15 WD 2002/ 076203 PCT/ US2001/ 049595 The steps illustrated in FIG 3 are
shown and di scussed in a sequential order. However, the illustrated nethod
i s of a natove2ndseo3ei n sone or all of the steps are cORAIMUIR20EI049595
performed, and may be perfornmed 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 nent, cooling fluid is
circul ated past a heat exchanging coil as in step 310, and past the

bi ol ogical material to be preserved in step 337 at the sane tine. In

addi tion, one enbodi nent of the present invention neasures cooling fluid
tenperatures, viscosities, and other fluid properties continually, and at
mul ti pl e | ocati ofthe stips hilustiateel in yFGe Mard Ehawn ami diatskdikih £sdgoetitiakbider.sone
properties g%}the coollngafIU|d are not direc measured. Rather, the

change in cOWSE: ithe lsprishanathedis of yagureny %rem PRIPG @E@llfffﬂfl%ﬁﬁep%ﬁ’@

rot ati onal I
Cover rat o OBy Reomisd fid ol tB8ERbrped inb dBIR Ofack I MM Fleal
the notor tont hmbd@ﬁlehaﬁf th@pmerm alentigpesesia smgleroﬁbylaﬁ@gfﬁ@ﬂﬁad tirgildtethet he

change_in cooling fluid properties. In at |east one 15 enbodi ment, a notor
is confi gur &80kRg iflninsush an embedimen spalipsdbidissievlpied pasp hegeaehaang Thi s

substanti al |y %gﬂ%g%gltsilpl,gﬁ@] e @b AR i fI 38 B rdPra 4 §Rb AR e

constant rate o dcircu ion. one e

the present sungeénici braddittonpend aibosinéernt o‘f\ﬂie@k‘esfmt\iﬂvenmibh hich$uréy ®olifg fhid Of
wat er was frozen in a graduated container. Upon freezin there was 20

| ess than orfENPRERBEStVisGesiienaad ptherfhridpropettigheontinyally, peda) muldple bogpléansed

W th conveng%ﬁp@}ws&ﬁgilng In another test, ice was frozen in sheets in a
conventional treeze and in a cooling systen1accord|ng to a preferred
nmet hod of the present invention. After freezing, the ice was exam ned
under dark m croscope. As exgect ed, the conventional ice displayed a

cryst¥l 1ine pat t &8 bt appdeeemdedimenis ome ppertiss ebthaceglinedluit arepof digedplves of

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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25 the present invention exhibited no Iight displacenment, indicating little
to no ice crystal formation. 16 WO 2002/ 076203 PCT/ US2001/ 049595 Refer
now t o FI @O0 20p2/01208hi ch experinmental results conparing \PaIm/Qa2801/049595
cryopreservation nethods are conpared. Bar graph 400 conpares the nunber of
i ndi vi dual cells damaged by use of four different cryopreservation nethods
B, C D and E against a control group A No cryopreservation was
performed on control group A, 5 nethod B used a conventional freezer to
freeze cells to a tenperature of -20 degrees centigrade, nethod C used an
ultralow freezer to freeze cells to a tenperature of -80 degrees
centigrade, nethod D used liquid nitrogen to freeze cells to a tenperature
of -196 degr ees Reémt hgwathe FI@nd, net Wwhidh Eexpedcheatap rrefudtsr esmparingd varbous of
the present invention to freeze cells to_a tenperature of -25 degrees
centi grade. CDOPERE VA metheds qrpcoppaeei Bk 8128 Hdincqmpases thgrupeberod, used
pl ant tissue, {5 i f . i

et hods pr e atar s o ety s e bR SRR, ¢ ne
present i nv@dgadgt a vertivd gtoupny. Nordiyapiesepratipamal perfordiedanyc@ptol goup,. The
frozen plant tissue was then thawed and thin sections were cut and

exanm rmed, ufsthadyé gised,aicapventignd fresrrrta dreers esllsstopipmperagie of rikdegepss 15
empl oyed | n oo SKPHHITRIC s BEGRHRGIA B3S,His hOLL! Als O 2 Wi bl fiRus: 1Y T ce
crystal formatdon’ or watéer expansion caused by freezing oL, éﬁsrupt t he
ti ssue's celdegraed dentigrade) eicttior] gk dtiquidehitereh éafiledzy celkse b watherative of €96l t s,
as illustrated in FIG 4, clearly show the superjority of the method

per for med adeyees ssytigade aﬁdg@ﬂd@u%ﬁﬁ@mfmﬂe@odﬂm@toﬁﬂ@ﬁwnﬁ inventionon. As
expected, t tr LhLtec I amage. Method 20 B, the
220 C freezgcsfrg%gﬁfe@% ttoeégfeglz’)rér%%?’ﬁdzga%sﬁ%% %réé}t%h/d%ns% of the cellular wall
structures; nethod C, the -80 C freezer, exhibited danmage in approximately

55% of the «cellular wall structures; method D, |iquid nitrogen, exhibited
d amag]é) i n appr oxilhatiesults of the experiments, shown in bar graph 400, used plant tissue

(seedless grapes) which 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

alsoseenin FIG. 5, which illustrates views, as seen through a phase-contrast microscope,
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59% of the cellular wall structures. However, the nethod perforned
according to a preferred enbodi nent of the present invention exhibited
only abouwol®obémwem | ul ar 25 danage. The superiority ofpaimes2oetdiogds
performed according to a preferred enbodinent is also seenin FIG 5,
which illustrates views, as seen through a phase-contrast mcroscope, 17
WO 2002/ 076203 PCT/ US2001/ 049595 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 present invention. Note in FIG 5 the altered form and
structure of the tissue indicating cellular wall danage is seen to be
consi der abl gf thesmrpholddien] bpmamacsof hbawyoproiectdd peape tissuedoldmdag fieewg-thaw a
preferred enbqodi nent than that seen in the _view of tissue freeze-thaw
cycled wit hczﬁ?ﬁé%fﬁ%ma%lpﬁ@f liqud progen anslybm freeddremethag a?f@asﬁf%tq# reefegredy i ews,
as_seen UNT gBofhoRt 6f @S ARG ifeniBE NORIR R 00I A ARPRANANG SrliullRAT
tissue after treezing using standard cryopreparative techniques, and after
appl i cat i ontleftissteinditatingl celbdarveilindaniage ds geefiebe echsiidbady fenin the fik6zd-he
present invention is discussed. FIG 6 illustrates the results of a

di fferent EAYeMPREAPCIPITOY Gersding fq dPieidred Pmbodinnt Shambhal secadn (sctiew
post - mor t emyffom. FCh. ARG o CRALR %&ﬂ¥§ﬁ§1 Eg&ﬁ%@%ﬂp' es were col| ected
yst hear i P%v r, Ki

fromfive organ systens: ovari an, ey, and |lung. Tissues
were prepared for conventional histology, cryo- sectioning, or

ul trastructural exam nation using standard freezing techniques, and also 15
fol | owi ng freezi R§f@BHNg HOWER HIH for YigWieds 68 rthforgh t 2 micypsednsy b gthe

enbodi nent - | Lon. The r i ' n
val uated by s SiopDERkercB SF Rk eud Wier fiblink B SN IED,
wer e never tachiguesxhd iffeeghpbivgtoni of heethbdhrgydingo@ipréfestddmighdimbnt of

eval uati on. However, the pathologist report states that tissue frozen
accorl® ng t &het PEseRbiRvRAtiON iy discassedr ed Bdiihustiatesfthe gesuls of endiffesgrént i on

was at | eas %Xperiment 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. As expected, 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

18



20 as well preserved as tissue using standard cryogenic technol ogy, and
further that several types of tissue, nost notably kidney and nuscle
(heart) deeoostemeesd marked i nprovenent in tissue inte@dys2ea@rfosozen
according to the nmethod enbodied by the present invention. FIG 6 clearly
i ndi cates that the standard cryopreparative techni qgue has nunerous
artifacts, such as "accordion folds" 605 seen wthin the heart nuscle 25
sanpl e, as conpared to the heart nuscle sanpl e which underwent the nethod
as enbodi ed by the present invention. Refer nowto FIG 7, in which an
el ectron mcroscope viewillustrates the 18 WO 2002/ 076203

PCT/ US2001/ 049595 conplex ultrastructural features, such as cellular

m t ochondr i @oPlkex sltestriwivralr featped, i cath on ceflultth mitvebdroliiaaé@or disesp aftera
preferred enbodi nment pres inventio as.. conpared to a control

f th t
Whi ch was n@vRReaipn obe e dRcEciiing 1o APE R RO BRE Of PG RISEPERERICR FI G
7 clearly Shoohihihoid ot YFHPLANSEIAIBED HICIURMUERATETAN  he 5

met hod according'to a preferred enbodi nent of the present 1nvention and
control ti ssilestratwhdiic RIGh ditlerelyehov digte if amzdfferedckdictwamnahd tyssudsi fssae by theozen
by the standard fechniques o i or mechani cal, freezing (not

i 1 ustX at edyneRafl %}B?r@aigstp@rpreff;%%fﬁrﬁligf)%iﬁgo?%@S@HUBWU@%H@ ﬁ?ﬁtrﬁ HStHan
those of 1iS3HaSHId RAENHARY f%oa)s_& "Ra&aggﬁgg 3[39&é39r6z9n@ tﬂys%ﬁ%foeféc | ment

of the present 1 nvention. state rer, a major problemw frozen
sections cr efliqdidusirogentdrencchiadiedltfreckiag linatlibgytratesl) ektebitab s guificaplanbiec

chem cal reactions upon freezing. Loss of this activity _renders, these
sanpl es essd&RRES FRO,SRERiondhan Hoseof EstHsy Eiorei Y Hegigidog according fo a

i mrunohi st 0@?&%@&%%?%@&&%% eitgﬁgﬂtiocht ain. An experinent which was

conduct ed sing a fluoresce anti body (5.1H11, a human NCAM t hat
is muscle specific) 15 denonstrated that primary porcine satellite cells
whi ch were previously stajned for fluorescence with this_antibody

contiHued to fl udkedited earkiey 2 mrios Problemvmath tzep sgcigns created using the current

technology is the loss of specific chemical reactions upon freezing. Loss of this activity
renders these samples essentially useless for the more modern 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

19



according to the nethod of a preferred enbodi nent of the present invention.
However, cells frozen in liquid nitrogen failed to fluoresce after thaw.
The resul wo mh2ote® experinment indicate that the nethodaiusogred@sr ed
enbodi nent will allow the newer 20 techni ques of cryopathol ogy and

i mrunohi stochem stry 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 menbranes is mnimzed, and chemi cal activity within the cell is
not |ost after freezing, various enbodinments of the 25 present invention
may find application in other nedical fields with proper chem cal

pr epar at i onregenerhti@sdisdaser(cgnafl. s, cornea storage, circul atory vessel
storage, freezing of transplant tissues, and infertility treatnent, as
well as in the investigation of nolecular 19 WO 2002/ 076203

PCT/ US2001/ 04959 @gﬂﬁﬁ; deikafdegent of
the present i nvegtll on E{}leer edgﬁﬂgrﬂ()?ﬁl%z)?ﬁé eSCI’I% gﬁﬁeﬁﬁmﬁh her el r?HEaI ong
W th certai in&a4il lartia, atlds@\emﬁ certmbnyarahtsehierval] meny @h@rodiiog ambodihwtits that

i ncorporate_ the t eachi ngs. of the_.invention may be easily construcied by

those ski | | &gorneraie fh@éeaézhtngs QE@’SMY%P? mayhg cailyORstryciRri thess skalleddn
intended togpe, | i en@e@g?t h rggﬁqhvé onﬁsomﬁt@ﬁdefd%ﬁob R 18 thel c1ﬁE' the

contrary, i 5% | over suc ternatives icati
equi val ent s foras st fBrth éefetr Ssun il thie icontrargielt ivvidtandedt toecospi sudh ammzm@espe of
the invention. 20 WD 2002/ 076203 PCT/ US2001/ 049595 WHAT IS CLAIMED IS: 1

1. A met hod Modiffsieriens gnd v vedsass: Atcan beroeerab carigedithipdhe spidaad sopl e,
wherein fregghng, i nghydes:
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3 imersing the tissue sanple in cooling fluid; 4 circulating the cooling
fluid past the tissue sanple at a substantially 5 constant predeterm ned
vel oci ty wakobsoneessat ure to freeze the tissue 6 sanpl e FRUEYS2001A149398e
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 Caiml1, further conprising sectioning the tissue sanple.
1 3. The nethod as in Claiml1, wherein exam ning the thawed tissue sanple 2
i ncl udes histol ogical examnation. 1 4. The nethod as in Caim1, wherein
exam ning the thawed tissue sanple 2 includes ultrastructural exam nation.
1 5. The metWStARISIGLAMER IS: wherei n exani ni ng i ncludes the use of 2

i mrunohi st ochem stry exam nation. 1 6. The nmethod as in Caimb5, wherein

i mmunohi stochem stry includes 2 fluorescent |abeled antibody staining. 21
WO 200/ 076203 PG g2 1 7. The method as in Caiml, wherein
nore than about 55 percent 'of tthe tissue 2 sanple exhibits no damage to
cel lular anat om dadezeigralioahemicahly acenaiissse Sapleoohientiadtekyingdidwdesaf t er

t haw. 8. The method as.in C.aim1, wherein npre than about 45 percent of
the tissue 2 sanpl SVERHING hetisRye gamplsdn coolmg Midbar anat oni cal structure

and refmins 3 biochgm é’tlrltg%g@%(;ﬁ‘ﬁ? ifid gést%%gyg%sue]sa%iglér e %‘ét}al?tgalﬁs indaim

1, wherein nore than about” 85 percCent I'ssu

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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2 sanple maintains its anatom cal structure and remai ns undanaged after
thaw. 1 10. The nethod as in Caim1l, wherein the cooling fluid is

mai nt ai newoatooA0B243enper at ure of bet ween about -20 degr eeg/centiigsmde 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 inches wide and 48 inches deep. 1 12. The nmethod as in Caim
1, wherein, the cooling fluid is circulated by a 2 notor/inpeller assenbly
imrersed in the cooling fluid. 1 13. The nethod as in daim1l, further
conprising circulating the cooling fluid past 2 a nulti-path heat

exchanlji ng ¢bil sllismestbedias in Glhien ¢owhdreig mdraitithn ahodt Sdhperednn of Bettissneheat
excharﬁi ng coil is Cfepagle of renovin a]t Ieast,t{;e sanme apount of 4 heat
from the cool i ng PPRICE*NRsPRalapge fon‘%ufl 2 PRALPIRIFBY HRICH e AN & A RSssue 5
sanpl e3 22 WO 20024 QERr 08y RETVd IR HiA049595 1 14. A nethod for use in
preparing a tissue sanple for exam nation, the nethod 2 conprising: 3
imersing a biologically active tissue sanple in cooling fluid; and 4

freezing the tissye sanple directly to a tenperature higher than about -30
5 degrges c§nti g?ﬁ@én%gg‘i?srl&fﬁlélﬁl? gV Resein aye }}%‘aﬁ’P\!ﬁ pracnt phide dissie, e
sanmpleyat 6 a s 8 i i ]?251((1

terrperezat ure suchlétg %gtﬁrgx?ﬁjltlﬂﬁ)eﬁoﬁa ggggﬂi%%ﬁg%éi&g}c{a?gﬂé?&%{%% I'ssue sanple
mai nta@ ns its andtiooiemiallg astiveuaftentmw.and the ti ssue sanpl e remnains

bi ochem cally active after thaw. 1 15. The nethod as in Caim 14, further
conprising sectioning the tissue sanple. 1 16. The nethod as in Caim 14,

furthey conmisi AgtRANbS htQaihh $SHESATRIE 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 17. The method as in Caim 14, wherein exam nation includes histological
2 examnation. 1 18. The nethod as in Claim 14, wherein exam nation

i ncl udes wiawazemewst ural 2 examination. 1 19. The net hawTass2001/0@msm 14,
wherein exam nation includes the use of 2 inmmunohistochem stry

exam nation. 1 20. The nethod as in Caim 19, wherein i munohi stochem stry
includes 2 fluorescent |abeled antibody staining. 1 21. The nethod 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 2002/ 076203 PCT/ US2001/ 049595 1 22. The nethod as in

Cl aim 14, wherein nore than about 80 percent of the tissue 2 sanple

mai nt al ns i tld. anat ortledlfostseun praperiagd tisswahmplefonetv@ihaidn, theagdthode 3
after thaw. 1 23. The method as in Caim14, wherein nore than about 85
percent of the ti°SWESME sanple maintains its anatonmical structure and
remai undamage . P ¢ : ' i.m.14, wherein the
cool i rr% fluid i Sq'rrr%{e?ﬁg %1gg)%a%lcagly%%?‘éen%%}lg%{@g(l)rﬁé%del{ﬂ\%gleu?ld ’e{r%éut -20 degrees
centi gfade and alimering 3k tikage emsple dire@lytto gradperathreBighdhBarnaionodoas i n
Claim 14, wherein the velocity of the cooling fluid past the 2 tissue
sanpl € i s about 35 fGESSCHEFads M siecupding thegookpg gl pashthe tissus semplRAih an
3 areg not greater i P . i e 6. The
met hogl6 as in dam %%ﬁﬁ \t@g?@? %&%%a}l‘%gﬁ%géf”%%ﬁg&} ?%?%%?%ndg%%%?%?ee Cltl))jfh ag 2
not or /7 npel | er assethbltigsiensaripkeid vitrifitdieh€ tut BEmple whantains 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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1 27. The method as in Claim214, further conprising circulating the cooling
flurd 2 past a nmulti-path heat exchanging coil subnersed in the cooling
fluid, andoBRowmeessi n the heat exchangi ng coil is capablrETofS20@M@9398g at

| east the sane 4 anmount of heat fromthe cooling fluid, as the cooling
fluid renoves fromthe 5 tissue sanple. 24 WD 2002/ 076203

PCT/ US2001/ 049595 1 28. A systemfor use in preparing a tissue sanple for
exam nation, the system 2 conprising: 3 a cooling fluid reservoir
configured to receive a biochemcally active tissue 4 sanple for imrersion
in cooling fluid; 5 one or nore cooling fluid circulators configured to
circulate said cooling fluid; 6 a heat exchanging coil for renoving heat
from shi d cd@ i ngltfelmétiod 7s ian Cleim il 4evtwrdio mare thanaboiit 8Puesetnt of thenssne heat
fromsaid heat exchanging coi.l; 8 and wherein 9 said cooling fluid
reservoir, said c?ﬁ’élpgerqn?ﬂgpénsdfsra@mogfl@ﬂﬁmﬁﬂr& a0d rempigs F’ioﬁlé‘?%?g‘lébhacul’e uni t
coopersite to freef@rifAq tissue sanple directly to a tenperature higher 11
t han about -30 degrees centigrade by circulating the cooling fluid past the
12 tissue sanple at a substantially constant predeterm ned velocity and 13

tenperature such that the tissue le.is vitrified, the tissue sanple 14
mai nt al ns itzé' an h(‘?tﬁ“iig‘?‘?%sc’rn ?lmif 1R [ore thag pRow A fcEcenbafdhe Gssps

bi ochegri cal Iy actsinleahhiflais1Anabng S sthfu Rl Shatfs kit Bbdhd -muper o n

exam nation includes histol ogica exam nat 1 on. systemas in
Claim 28, wherein exam nation includes ultrastructural 2 exam nati on.

1 24.  The method as in Claim 14, 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 removés from the
5 tissue sample.
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1 31. The systemas in Caim28, wherein exam nation includes the use of 2
i mmunohi st ochem stry exam nation. 1 32. The systemas in Caim3l, wherein
i mrunohi swacieemymseo3y i ncl udes 2 fluorescent | abel ed antRdiodseosiv@divsng. 1
33. The systemas in Caim28, wherein nore than about 40 percent of the
tissue 25 WD 2002/076203 PCT/ US2001/ 049595 2 sanple maintains its

anatom cal structure and remains biochemcally active 3 after thaw 1 34.
The systemas in Claim28, wherein nore than about 80 percent of the tissue
2 sanple maintains its anatom cal structure and remains biochemcally
active 3 after thaw. 1 35. The systemas in Caim28, wherein nore than
about 85 percent of the tissue 2 sanple maintains its anatom cal structure
and rehmi ns 28ndaraggsttm ford3fie inTprepairgtaatinsas santplEf @i exn@thatiohahesystenne cool i ng
fluid js maintained at a 2 tenperature of between about -20 degrees

centi gf ade &NOPHSBSt - 30 degrees 3 centigrade. 1 37. The systemas in

Cl ai m28, wherei . sue
sanpl egl s about Séo:aﬁ?%rﬂgﬁf)ﬂg%&ﬁ%ﬁ@{aggge?% 'r&gl‘%fa%égc ?ﬁl%all;r:ﬁgtln(rj@ttl %P‘gugh an
3 areat not greater sdmaple &aduime2don icdvedingfldrl; and 48 i nches deep. 1 38 The
systemas in Claim?28, wherein, the circulator is a rmtorllrrpeller

assenbly i mer se® P QT s eedmedlyid sigqudptors CSgﬁgul‘ﬁétOs‘-‘y@P@ﬁﬁ%?édW? @Bzﬂullﬁ 28,
whereig the cool iy heat

exchanég;i ng coil su %%%%ggnélﬁggﬁfeﬁg% gé) Iﬂ%&&c\)ﬁn&fgglﬁlﬁfpt he heat 3

exchangi ng coil iasefrippediioa vaft cbﬁffi@ltedl@) Iamolvehedt fonesHd heat akEHARGing cofteat

from 4 the cooling fluid, as the cooling fluid renoves fromthe tissue
sanpl €8 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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