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(57) ABSTRACT 

Viable biological material is cryogenically preserved (cryo 
preservation) by chemically preparing the material for freeZ 
ing, immersing the material in a tank of cooling ?uid, and 
circulating the cooling ?uid past the material at a substan 
tially constant predetermined velocity and temperature to 
freeZe the material. A method according to the present 
invention freeZes the biologic material quickly enough to 
avoid the formation of ice crystals Within cell structures 
(vitri?cation). The temperature of the cooling ?uid is pref 
erably betWeen —20° C. and —30° C., Which is Warm enough 
to minimize the formation of stress fractures in cell mem 
branes due to thermal changes. Cells froZen using a method 
according to the present invention have been shoWn to have 
approximately an 80 percent survival rate, Which is signi? 
cantly higher than other cryopreservation methods. 
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CRYOGENIC PRESERVATION OF BIOLOGICAL 
MATERIAL BY CIRCULATING A COOLING 

FLUID 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Serial No. 60/210,913 ?led Jun. 
12, 2000 entitled “CRYOGENIC PRESERVATION OF 
BIOLOGICALLY ACTIVE MATERIAL USING HIGH 
TEMPERATURE FREEZING and US. Nonprovisional 
Patent Application Serial No. 09/655,807 ?led Sep. 6, 2000 
entitled “CRYOGENIC PRESERVATION OF BIOLOGI 
CALLY ACTIVE MATERIAL USING HIGH TEMPERA 
TURE FREEZING. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to cryo 
genic preservation, and more particularly to cryogenic pres 
ervation of biologically active materials using vitri?cation 
techniques. 

BACKGROUND OF THE INVENTION 

[0003] Cryogenic preservation (cryopreservation) can be 
de?ned as loWering the temperature of living structures and 
biochemical molecules to the point of freezing and beyond, 
for the purposes of storage and future recovery of the 
material in its pre-froZen, viable condition. Experiments 
With canine sperm in the 1700’s ?rst demonstrated that 
single cells could be froZen and later thaWed, and that a 
small percentage of cells returned to normal physiological 
function. Later, in the 1900’s, it Was found that cell recovery 
rates could be improved if the cells Where chemically 
prepared to Withstand the freeZing process using compounds 
collectively referred to as cryoprotectants. HoWever, even 
With the use of cryoprotectants, recovery rates from cryo 
preservation are routinely 50 percent or less. 

[0004] To date attempts to improve cryopreservation 
recovery rates have generally focused on neW cryopro 
tectants to treat biological material prior to freeZing and 
extremely sloW or fast freeZing techniques. Both techniques 
are generally directed toWards reducing cellular damage 
caused When the Water Within cells expands due to the 
formation of ice crystals during the freeZing process. In 
theory, extremely sloW or fast freeZing Will reduce or 
eliminate the formation of ice crystals Within a cell. Mecha 
nisms for extremely sloW rates of freeZing have included 
controlled descent through nitrogen vapors into liquid nitro 
gen, or moving samples through super-cooled alcohol com 
pounds folloWed by plunging into liquid nitrogen. Freezing 
in this manner does not alloW further groWth of ice crystal 
siZe during the freeZing process, but still alloWs ice crystal 
formation. 

[0005] Another technique, often referred to as vitri?ca 
tion, plunges samples directly into liquid nitrogen in an 
attempt to freeZe the Water Within the cell so rapidly that ice 
crystal formation is inhibited. Vitri?cation rapidly takes 
cells from room temperature to —196° C., the temperature of 
liquid nitrogen. Such an extreme drop in temperatures in 
such a short time often causes stress fractures Within the cell 
membrane. Cryoprotectants are used in conjunction With 
vitri?cation and various other freeZing techniques. 
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SUMMARY OF THE INVENTION 

[0006] Therefore, What is needed is an improved Way to 
cryogenically preserve viable single cells, tissues, organs, 
nucleic acids, or other biologically active molecules, that 
avoids at least some of the problems inherent in currently 
available methods. Accordingly, at least one embodiment of 
the present invention provides a method of cryopreservation 
comprising immersing biologically active material in cool 
ing ?uid and circulating the cooling past the material. The 
material may or may not undergo chemical preparation prior 
to immersion, depending on the type of materials being 
cryopreserved. The cooling ?uid is circulated past the mate 
rial at a substantially constant predetermined velocity and 
temperature to freeZe the material such that the material is 
vitri?ed, and the formation of stress fractures in cell mem 
branes is minimiZed. In at least one embodiment, the cooling 
?uid is maintained at a temperature of betWeen about —20 
degrees centigrade and —30 degrees centigrade, and the 
velocity of the cooling ?uid past the material is about 35 
liters per minute per foot of cooling ?uid through an area not 
greater than about 24 inches Wide and 48 inches deep. 
Additionally, at least one embodiment of the present inven 
tion freeZes the material directly to a temperature higher 
than about —30 degrees centigrade. Yet another embodiment 
of the present invention provides a biological material 
having been subjected to such a cryopreservation process. 

[0007] An object of at least one embodiment of the present 
invention is to freeZe biological material such that the 
formation of ice crystals and stress fractures are avoided. 

[0008] An advantage of at least one embodiment of the 
present invention is that cryopreservation recovery rates are 
signi?cantly increased, because biological material is vitri 
?ed during freeZing. 

[0009] Another advantage of at least one embodiment of 
the present invention is that cryopreservation recovery rates 
are improved, because biological material is vitri?ed at a 
high enough temperature to avoid the formation of stress 
fractures Within cell membranes. 

[0010] A further advantage of at least one embodiment of 
the present invention is that once froZen, current cryopreser 
vation storage facilities and mechanisms can be used to store 
the froZen biological material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Other objects, advantages, features and character 
istics of the present invention, as Well as methods, operation 
and functions of related elements of structure, and the 
combination of parts and economies of manufacture, Will 
become apparent upon consideration of the folloWing 
description and claims With reference to the accompanying 
draWings, all of Which form a part of this speci?cation, 
Wherein like reference numerals designate corresponding 
parts in the various ?gures, and Wherein: 

[0012] FIG. 1 is a side vieW of a chilling apparatus 
suitable for practicing a method according to at least one 
embodiment of the present invention; 

[0013] FIG. 2 is an end vieW of a cross-section of the 
chilling apparatus illustrated in FIG. 1; 

[0014] FIG. 3 is a How diagram illustrating a method 
according to at least one embodiment of the present inven 
tion; and 
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[0015] FIG. 4 is a bar chart showing the results of 
experimental comparisons of cellular damage in cross-sec 
tions of Whole seedless grapes frozen Without chemical 
preparation betWeen various conventional freeZers (not all of 
Which are used for cryopreservation and storage) and a 
freezing method according to a preferred embodiment of the 
present invention. 

[0016] FIG. 5 is a bar chart shoWing results of experi 
mental comparisons of cell survival and function post-thaW 
of human spermatoZoa betWeen a prior art freeZing method 
and a freeZing method according to a preferred embodiment 
of the present invention. 

[0017] FIG. 6 is a bar chart shoWing results of experi 
mental comparisons of cell survival post-thaW of porcine 
muscle cells betWeen a prior art freeZing method and a 
freeZing method according to a preferred embodiment of the 
present invention. 

[0018] FIG. 7 is a bar chart shoWing results of experi 
mental comparisons of cell survival of mice embryos 
betWeen a prior art freeZing methods and a freeZing method 
according to a preferred embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0019] Referring ?rst to FIGS. 1 and 2, a chilling appa 
ratus 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 ?uid 140. 
Submersed in cooling ?uid 140 are circulators 134 such as 
motors 130 having impellers 132, heat exchanging coil 120, 
and rack 150, Which in 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 biologi 
cally active molecules. External to tank 110, and coupled to 
heat exchanging coil 120, is refrigeration unit 190. 

[0020] Tank 110 may be of any dimensions necessary to 
immerse biological material to be froZen in a volume of 
cooling ?uid 140, in Which the dimensions are scaled 
multiples of 12 inches by 24 inches by 48 inches. Other siZe 
tanks may be employed consistent With the teachings set 
forth herein. For example, in one embodiment (not illus 
trated), tank 110 is siZed to hold just enough cooling ?uid 
140, so containers, such as vials, test tubes, beakers, gradu 
ated cylinders or the like, can be placed in tank 110 for rapid 
freeZing of suspensions including biological materials and 
cryoprotectants. In other embodiments, tank 110 is large 
enough to completely immerse entire organs and or organ 
isms for rapid freeZing. It Will be appreciated that tank 110 
can be made larger or smaller, as needed to e?iciently 
accommodate various siZes and quantities of biological 
material to be froZen. As subsequently discussed, the bio 
logical material is preferably treated With a cryoprotectant 
prior to being immersed in tank 110. 

[0021] Tank 110 holds cooling ?uid 140. In one embodi 
ment, the cooling ?uid is a food grade solute. Good 
examples of food grade quality ?uids are those based on 
propylene glycol, sodium chloride solutions, or the like. In 
another embodiment, the cooling ?uid is itself a cryopro 
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tectant such as dimethylsulfoxide (DMSO), ethylene glycol, 
propylene glycol, polyethylene glycol or the like. Note that 
in some instances the cryoprotectant is itself a food grade 
quality ?uid. In other embodiments, other ?uids, and pref 
erably solutes, are used as cooling ?uids. While various 
containers may be used to hold the biological material, some 
embodiments of the present invention provide for the bio 
logical material to be directly immersed in the cooling ?uid 
for rapid and effective freeZing. Such direct immersion may 
simplify the cryopreservation of some tissues and organs. 

[0022] In order to freeZe biological material While avoid 
ing the formation of ice crystals, one embodiment of the 
present invention circulates cooling ?uid 140 past the bio 
logical material to be froZen, at a relatively constant rate of 
35 liters per minute for every foot of cooling ?uid contained 
in an area not more than 24 inches Wide by 48 inches deep. 
The necessary circulation is provided by one or more 
circulators 134, such as motors 130. In at least one embodi 
ment of the present invention, submersed motors 130 drive 
impellers 132 to circulate cooling ?uid 140 past biological 
material to be froZen. Other circulators 134, including 
various pumps (not illustrated), can be employed consistent 
With the objects of the present invention. At least one 
embodiment of the present invention increases the area and 
volume through Which cooling ?uid is circulated by employ 
ing at least one circulator 134 in addition to motors 130. In 
embodiments using multiple circulators 134, the area and 
volume of cooling ?uid circulation are increased in direct 
proportion to each additional circulator employed. For 
example, in a preferred embodiment, one additional circu 
lator is used for each foot of cooling ?uid that is to be 
circulated through an area of not more than about 24 inches 
Wide by 48 inches deep. 

[0023] Preferably, motors 130 can be controlled to main 
tain a constant predetermined velocity of cooling ?uid ?oW 
past the biological material to be preserved, While at the 
same time maintaining an even distribution of cooling ?uid 
temperature Within +/—0.5° C. at all points Within tank 110. 
The substantially constant predetermined velocity of cooling 
?uid circulating past the biological material, provides a 
constant, measured removal of heat, Which alloWs for the 
vitri?cation of the biological material during freeZing. In 
one embodiment, cooling ?uid properties, such as viscosity, 
temperature, etc., 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 ?uid conditions. 
In such a case, the torque or rotational speed of 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 ?uid 140. As a result, cooling 
?uid 140 not only freeZes biological material placed in tank 
110, but cooling ?uid 140 also provides cooling for motors 
130. 

[0024] Heat exchanging coil 120 is preferably a “multi 
path coil,” Which alloWs refrigerant to travel through mul 
tiple paths (i.e. three or more paths), in contrast to conven 
tional refrigeration coils in Which refrigerant is generally 
restricted to one or tWo continuous paths. In addition, the 
coil siZe is in direct relationship to the cross sectional area 
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containing the measured amount of the cooling ?uid 140. 
For example, in a preferred embodiment, tank 110 is one 
foot long, tWo feet deep and four feet Wide, and uses a heat 
exchanging coil 120 that is one foot by tWo feet. If the length 
of tank 110 is increased to tWenty feet, then the length of 
heat exchanging coil 120 is also increased to tWenty feet. As 
a result, heat exchanging coil 120 can be made approxi 
mately ?fty percent of the siZe of a conventional coil 
required to handle the same heat load. Circulators 134 such 
as motors 130, circulate chilled cooling ?uid 140 over 
biological material to be froZen, and then transport Warmer 
cooling ?uid to heat exchanging coil 120, Which is sub 
mersed in cooling ?uid 140. In at least one embodiment, heat 
exchanging coil 120 is so designed to remove not less than 
the same amount of heat from cooling ?uid 140 as that 
removed from the biological material being froZen, thereby 
maintaining the temperature of cooling ?uid 140 in a pre 
determined range. Heat exchanging coil 120 is connected to 
refrigeration unit 190, Which removes the heat from heat 
exchanging coil 120 and the system. 

[0025] 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 
balanced and ef?cient manner, resulting in the controlled, 
rapid freeZing of a material. The ef?ciency of the refrigera 
tion unit 190 is directly related to the method employed for 
controlling suction pressures by the efficient feeding of the 
heat exchange coil 120 and the ef?cient output of compres 
sors used in refrigeration unit 190. 

[0026] This methodology requires very close tolerances to 
be maintained betWeen the refrigerant and cooling ?uid 140 
temperatures, and betWeen the condensing temperature and 
the ambient temperature. These temperature criteria, 
together With the design of the heat exchange coil 120, 
alloWs heat exchange coil 120 to be fed more ef?ciently, 
Which in turn alloWs the compressor to be fed in a balanced 
and tightly controlled manner to achieve in excess of 
tWenty-?ve percent greater performance from the compres 
sors than that Which is accepted as the compressor manu 
facturer’s standard rating. 

[0027] Note that in the embodiment illustrated in FIG. 1, 
refrigeration unit 190 is an external, remotely located refrig 
eration system. HoWever, in another embodiment (not illus 
trated), refrigeration unit 190 is incorporated into another 
section of tank 110. It Will be appreciated that various 
con?gurations for refrigeration unit 190 may be more or less 
appropriate for certain con?gurations of cooling unit 100. 
For example, if tank 110 is extremely large, a separate 
refrigeration unit 190 may be desirable, While a portable 
embodiment may bene?t from an integrated refrigeration 
unit 190. Such an integration is only made possible by the 
ef?ciencies achieved by implementing the principles as set 
forth herein, and particularly the use of a reduced-siZe heat 
exchanging coil. 

[0028] By virtue of refrigeration unit 190 and heat 
exchanging coil 120, in a preferred embodiment, the cooling 
?uid is cooled to a temperature of betWeen —200° C. and 
—300° C., With a temperature differential throughout the 
cooling ?uid of less than about +/—0.5° C. In other embodi 
ments, the cooling ?uid is cooled to temperatures outside the 
—20° C. to —30° C. range in order to control the rate at Which 
a substance is to be froZen. Other embodiments control the 
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circulation rate of the cooling ?uid to achieve desired 
freeZing rates. Alternatively, the volume of cooling ?uid 
may be changed in order to facilitate a particular freeZing 
rate. It Will be appreciated that various combinations of 
cooling ?uid circulation rate, cooling ?uid volume, and 
cooling ?uid temperature can be used to achieve desired 
freeZing rates. 

[0029] Referring noW to FIG. 2, an embodiment of cool 
ing system 100 suitable for freeZing relatively large quan 
tities 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 fea 
tures. Tank 110 contains cooling ?uid 140, into Which rack 
150 may be loWered. Rack 150 is movably coupled to rack 
support 210, such that rack 150 may be raised or loWered to 
facilitate the placement of substances into tank 110. 

[0030] In use, biological material to be froZen is placed in 
trays 155 of rack 150. Preferably, trays 155 are constructed 
of Wire, mesh, or otherWise, so that cooling ?uid 140 may 
freely circulate over, under and/or around items placed 
thereon. Preferably, once the cooling ?uid is chilled to a 
desired temperature, rack support 210 loWers rack 150 into 
tank 110, in order to submerge trays 155 in cooling ?uid 140. 
LoWering rack 150 may be accomplished manually or using 
various gear, chain, and/or pulley con?gurations knoWn to 
those skilled in the art. Circulators 134 circulate cooling 
?uid 140 across substances placed in trays 155 to provide 
quick and controlled freeZing. It Will be appreciated that 
other arrangements for immersing biological material into 
tank 110 may be employed, and that use of an automatic 
loWering system is not necessarily preferred for use in all 
circumstances. 

[0031] Referring noW to FIG. 3, a method according to 
one embodiment of the present invention is illustrated, and 
designated generally by reference numeral 300. The illus 
trated method begins at step 310, Where cooling ?uid is 
circulated past a heat exchange coil. The heat exchange coil 
is operably coupled to a refrigeration system as discussed 
above, and is used to reduce the temperature of the cooling 
?uid as the cooling ?uid is circulated past the heat exchange 
coil. In step 320, the temperature of the cooling ?uid is 
measured, and the method proceeds to step 330 Where it is 
determined Whether the temperature of the cooling ?uid is 
Within an optimal temperature range. This optimal cooling 
?uid temperature range may be different for different appli 
cations, hoWever, a preferred optimal temperature range for 
many applications is betWeen —20° C. and —30° C. 

[0032] If the cooling ?uid temperature is determined not to 
be Within an optimal, predetermined temperature range, step 
335 is performed. In step 335, the heat exchanging coil is 
cooled by a refrigeration unit, and the method returns to step 
310, in Which the cooling ?uid is circulated past the heat 
exchange coil in order to loWer the temperature of the 
cooling ?uid. Preferably, steps 310, 320, 330 and 335 are 
performed continually until the cooling ?uid reaches the 
optimal temperature range. 

[0033] The temperature of the cooling ?uid used to freeZe 
the biological material is an important element of at least one 
embodiment of the present invention. In order to achieve 
vitri?cation using conventional processes, biological mate 
rial is generally quenched in liquid nitrogen, having a 
temperature of —196° C. Such a drastic change in tempera 
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ture over a very short period of time freezes Water Within cell 
structures so quickly that ice crystals do not have a chance 
to form. However, freezing biological material by quenching 
in liquid nitrogen can cause stress fractures in cell mem 
branes, thereby limiting the usefulness of quenching in 
liquid nitrogen for cryopreservation. Since the temperatures 
used in a preferred embodiment of the present invention are 
betWeen —20° C. and —30° C., stress fractures due to 
temperature change are minimized, and vitri?cation can be 
achieved With far less damage to cell membranes. 

[0034] While the cooling ?uid is being cooled to the 
proper temperature, biological materials to be frozen are 
prepared for freezing in step 305. As noted earlier, biological 
material includes, but is not limited to, viable single cells, 
tissues and organs, nucleic acids and other biologically 
active molecules. Where necessary, materials Will undergo 
chemical preparation prior to freezing. Chemically prepar 
ing the biological material may include pretreatment of the 
biological material With agents (stabilizers) that increase 
cellular 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. 

[0035] 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 freez 
ing. This may help prepare the biological material for the 
cryopreservation process by retarding cellular metabolism 
and reducing the shock of rapid temperature transition. Note 
Well, hoWever, that an acclimation step is not alWays 
required in order to practice the present invention. 

[0036] In a preferred embodiment, chemically preparing 
biological material for freezing includes loading the biologi 
cal material With a cryoprotectant. Loading generally 
involves the equilibration of biological material in a solution 
of one or more cryoprotectants. Substances utilized during 
loading may be referred to as loading agents. Useful loading 
agents may include one or more dehydrating agents, per 
meating and non-permeating agents, and osmotic agents. 
Both permeating agents such as DMSO and ethylene glycol, 
and a combination of permeating and non-permeating 
osmotic agents such as fructose, sucrose or glucose, and 
sorbitol, mannitol or glycerol can be used. It Will be appre 
ciated that other suitable cryoprotectants may be employed 
consistent With the objects of the present invention. 

[0037] After the cooling ?uid reaches a proper tempera 
ture, step 315 is performed, in Which the chemically pre 
pared biological material is immersed in cooling ?uid. As 
noted earlier, the biological material may be held in a 
container, or placed directly into the cooling ?uid. The 
method then proceeds to step 337, in Which a circulator, such 
as a submersed motor/impeller assembly or pump, is used to 
circulate the cooling ?uid at the velocity previously dis 
cussed, past the immersed biological material. As the cool 
ing ?uid passes by the biological material, heat is removed 
from the material, Which is at a higher temperature than the 
temperature of the cooling ?uid, and is transferred to the 
cooling ?uid, Which transports the heat aWay from the 
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biological material to be frozen. According to at least one 
embodiment of the present invention, a substantially con 
stant circulation of cooling ?uid past the biological material 
to be frozen should be maintained in order to freeze the 
prepared biological material such that the prepared material 
is vitri?ed. 

[0038] After the cooling ?uid is circulated past the bio 
logical material to be frozen, step 339 is performed. Step 339 
adjusts the velocity of the cooling ?uid as necessary to 
account for changes in the cooling ?uid viscosity, tempera 
ture, and the like. Preferably, the velocity of the cooling ?uid 
is held constant by adjusting the force provided by one or 
more circulators. 

[0039] The steps illustrated in FIG. 3 are shoWn and 
discussed in a sequential order. HoWever, the illustrated 
method is of a nature Wherein some or all of the steps are 
continuously performed, and may be performed in a differ 
ent order. For example, at least one embodiment of the 
present invention uses a single circulating motor to circulate 
the cooling ?uid. In such an embodiment, cooling ?uid is 
circulated past a heat exchanging coil as in step 310 and past 
the biological material to be preserved in step 337 at the 
same time. In addition, one embodiment of the present 
invention measures cooling ?uid temperatures, viscosities 
and other ?uid properties continually, and at multiple loca 
tions Within the system. 

[0040] In yet another embodiment, some properties of the 
cooling ?uid are not directly measured. Rather, the change 
in cooling ?uid 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 ?uid properties. In at least one embodiment, a motor 
is con?gured to maintain a substantially constant rate of 
rotation. This substantially constant rate of motor rotation 
Will result in a substantially constant rate of cooling ?uid 
circulation. 

[0041] A test of one embodiment of the present invention 
Was performed in Which 5 ml of Water Was frozen in a 
graduated container. Upon freezing, there Was less than one 
percent increase in total volume, much less than expected 
With conventional freezing. In another test, ice Was frozen in 
sheets in a conventional freezer, and in a cooling system 
according to a preferred method of the present invention. 
After freezing, the ice Was examined under dark microscope. 
As expected, the conventional ice displayed a crystalline 
pattern, Whereas the ice frozen according to the principles of 
the present invention exhibited no light displacement, indi 
cating little to no ice crystal formation. 

[0042] Refer noW to FIG. 4, in Which experimental results 
comparing cellular damage folloWing freezing of non-pre 
pared plant tissue (Whole, seedless grapes) utilizing a num 
ber of freezing methods are illustrated. Bar graph 400 
compares the number of individual cells damaged by using 
methods B, C, D and E against a control group A. Method 
A Was a fresh, never frozen control, method B used a 
conventional freezer to freeze to a temperature of —20° C., 
method C used an ultraloW freezer to freeze cells to a 
temperature of —80° C., method D used liquid nitrogen to 
freeze cells to a temperature of —196° C., and method E used 
a preferred embodiment of the present invention to freeze 
cells to a temperature of —25° C. 
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[0043] The experiment, the results of Which are shown in 
bar graph 400, used data from non-prepared, no cryopro 
tectant treated plant tissue. The results, as illustrated in FIG. 
4, clearly shoW the superiority of the method performed 
according to a preferred embodiment of the present inven 
tion. None of the cells examined from the control, method A, 
exhibited any damage, so damage seen in other methods Was 
due solely to freezing methodology. According to the test, 40 
percent of the cells froZen using method B (conventional 
freeZing) Were damaged after thaWing, approximately 50 
percent of the cells Were damaged folloWing freeZing and 
thaWing With method C (ultraloW freeZer), and approxi 
mately 60 percent of the cells Were damaged folloWing 
freeZing and thaWing With method D (liquid nitrogen). 
Signi?cantly, only 20 percent of the cells froZen With 
method E (a preferred embodiment of the present invention) 
Were damaged upon thaWing. Note that damage Was 
assessed by examining the plant cell Wall under magni?ca 
tion. 

[0044] Refer noW to FIG. 5, in Which experimental results 
of cell survival (viability) and cell function, measured as cell 
motility, folloWing freeZing of chemically prepared human 
spermatoZoa cells comparing a prior art freeZing method and 
a freeZing method according to a preferred embodiment of 
the present invention. Cells for both methods Were chemi 
cally prepared for freeZing using an industry standard tech 
nique. Bar graph 500 compares cell viability and motility 
folloWing freeZing using the tWo methods. Method Aused a 
conventional method of suspending cells in nitrogen mist for 
30 minutes and then plunging the cells into liquid nitrogen. 
Method B used a preferred embodiment of the present 
invention to freeZe cells to a temperature of —25° C. 

[0045] The experiment, Which results are shoWn in bar 
graph 500, used chemically prepared human spermatoZoa. 
The results illustrated by bar graph 500 clearly shoW the 
superiority of the method performed according to a preferred 
embodiment of the present invention. According to the test, 
only 40 percent of the cells froZen using method A (con 
ventional method) remained viable upon thaW and only 
approximately 20 percent of the cells maintained their 
motility. HoWever, 75 percent of the cells froZen using 
method B Were viable on thaW, and approximately 45 
percent of the cells Were still motile. Note that viability of 
the cells Was assessed using a live-dead stain upon thaW, and 
motility Was determined by direct observation fo the cells 
under magni?cation. 

[0046] Refer noW to FIG. 6, in Which experimental results 
of cell survival (viability) folloWing freeZing of chemically 
prepared porcine muscle cells comparing a prior art freeZing 
method and a freeZing method according to a preferred 
embodiment of the present invention. Cells for both methods 
Were chemically prepared for freeZing using tWo concentra 
tions of cryoprotectants. Bar graph 600 compares cell viabil 
ity folloWing freeZing for each of the methods. Method A 
uses a 10 percent concentration of cryoprotectant coupled 
With the conventional method of plunging the cells into 
liquid nitrogen, method B uses a 1 percent concentration of 
cryoprotectant coupled With the conventional method of 
plunging the cells into liquid nitrogen. Method C uses a 10 
percent concentration of cryoprotectant coupled With a pre 
ferred embodiment of the present invention to freeZe cells to 
a temperature of —25° C., and method D uses a 1 percent 
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concentration of cryoprotectant coupled With a preferred 
embodiment of the present invention to freeZe cells to a 
temperature of —25° C. 

[0047] The experiment, Which results are shoWn in bar 
graph 600, used chemically prepared porcine muscle cells. 
The results of the experiment, as illustrated in FIG. 6, 
clearly shoW the superiority of the method performed 
according to a preferred embodiment of the present inven 
tion. According to the test, approximately 40 percent of the 
cells froZen using either methods A (conventional methods 
With 10 percent cryoprotectant) or B (conventional methods 
With 1 percent cryoprotectant) remained viable upon thaW. 
HoWever, over 80 percent of cells froZen using either 
methods C (a preferred embodiment of the present invention 
With 10 percent cryoprotectant) or D (a preferred embodi 
ment of the present invention With 1 percent cryoprotectant) 
Were viable on thaW. Note that the viability of the cells Was 
assessed using a live-dead stain upon thaW. 

[0048] Refer noW to FIG. 7, in Which experimental results 
of cell survival (viability) folloWing freeZing of chemically 
prepared mice embryos comparing a prior art freeZing 
method and a freeZing method according to a preferred 
embodiment of the present invention. Cells for both methods 
Were chemically prepared for freeZing using an industry 
standard technique. Bar graph 700 compares embryo viabil 
ity folloWing freeZing using the tWo methods. Method A 
used a conventional method of controlled rate freeZing in 
nitrogen mist folloWed by plunging the embryos into liquid 
nitrogen. Method B used a preferred embodiment of the 
present invention to freeZe cells to a temperature of —25° C 
folloWed by plunging into liquid nitrogen. 

[0049] The experiment, Which results are shoWn in bar 
graph 700, used data from chemically prepared mice 
embryos. The results as illustrated in FIG. 7, clearly shoW 
the superiority of the method performed according to a 
preferred embodiment of the present invention. According to 
the test, only approximately 50 percent of the embryos 
froZen using method A (conventional method) remained 
viable upon thaW. HoWever, over 90 percent of the embryos 
froZen using method B Were viable on thaW. Note that 
viability of the embryos Was assessed using a live-dead stain 
upon thaW. 

[0050] Because the present invention can freeZe biological 
material such that the material is vitri?ed and the formation 
of stress fractures in cell membranes is minimiZed, various 
embodiments of the present invention may ?nd application 
in medical areas such as skin grafts, cornea storage, circu 
latory vessel storage, freeZing of transplant tissues, infertil 
ity treatment, and the investigation of molecular regenera 
tion disease (cancer). Alternatively, the present invention 
may ?nd use in the livestock industry for cryopreservation 
of semen, oocytes and embryos. 

[0051] In the preceding detailed description, reference has 
been made to the accompanying draWings Which form a part 
hereof, and in Which are shoWn by Way of illustration 
speci?c embodiments in Which the invention may be prac 
ticed. These embodiments have been described in suf?cient 
detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments 
may be utiliZed and that logical, mechanical, chemical and 
electrical changes may be made Without departing from the 
spirit or scope of the invention. To avoid detail not necessary 
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to enable those skilled in the art to practice the invention, the 
description omits certain information knoWn to those skilled 
in the art. The preceding detailed description is, therefore, 
not to be taken in a limiting sense, and the scope of the 
present invention is de?ned only by the appended claims. 

What is claimed is: 
1. A method of cryopreservation comprising: 

immersing biologically active material in cooling ?uid; 
and 

circulating the cooling ?uid past the biologically active 
material at a substantially constant predetermined 
velocity and temperature to freeZe the biologically 
active material such that the biologically active mate 
rial is vitri?ed, and the formation of stress fractures in 
cell membranes is minimiZed. 

2. The method as in claim 1, Wherein the biologically 
active material comprises viable single cells. 

3. The method as in claim 1, Wherein the biologically 
active material comprises viable organs. 

4. The method as in claim 1, Wherein the biologically 
active material comprises viable nucleic acids. 

5. The method as in claim 1, Wherein the biologically 
active material comprises viable ribonucleic acids. 

6. The method as in claim 1, Wherein the biologically 
active material comprises viable amino acid based com 
pounds. 

7. The method as in claim 1, Wherein the biologically 
active material comprises viable lipid based compounds. 

8. A method of cryopreservation comprising; 

immersing biologically active material in cooling ?uid; 
and 

freeZing the biologically active material directly to a 
temperature higher than about —30 degrees centigrade 
by circulating the cooling ?uid past the biologically 
active material at a substantially constant predeter 
mined velocity and temperature such that the biologi 
cally active material is vitri?ed. 
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9. The method as in claim 8, Wherein the biologically 
active material comprises viable single cells. 

10. The method as in claim 8, Wherein the biologically 
active material comprises viable organs. 

11. The method as in claim 8, Wherein the biologically 
active material comprises viable nucleic acids. 

12. The method as in claim 8, Wherein the biologically 
active material comprises viable ribonucleic acids. 

13. The method as in claim 8, Wherein the biologically 
active material comprises viable amino acid based com 
pounds. 

14. The method as in claim 8, Wherein the biologically 
active material comprises viable lipid based compounds. 

15. A biological material having been subjected to a 
cryopreservation process, the cryopreservation process com 
prising: 

immersing the biological material in cooling ?uid; and 

circulating the cooling ?uid past the biological material at 
a substantially constant predetermined velocity and 
temperature to freeZe the biological material such that 
the biological material is vitri?ed, and the formation of 
stress fractures in cell membranes is minimiZed. 

16. The biological material as in claim 15, Wherein said 
biological material comprises viable single cells. 

17. The biological material as in claim 15, Wherein said 
biological material comprises viable organs. 

18. The biological material as in claim 15, Wherein said 
biological material comprises viable nucleic acids. 

19. The biological material as in claim 15, Wherein the 
biological material comprises viable ribonucleic acids. 

20. The biological material as in claim 15, Wherein the 
biological material comprises viable amino acid based com 
pounds. 

21. The biological material as in claim 15, Wherein the 
biological material comprises viable lipid based compounds. 

* * * * * 


