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ICE SEEDING APPARATUS FOR 
CRYOPRESERVATION SYSTEMS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention: 

[0002] This invention relates to an ice seeding apparatus 
for cryopreservation systems for biological samples such as 
cells, harvested tissue and cellular biological constructs such 
as cultured tissue equivalents. Ice seeding in a cryopreser 
vation protocol initiates the formation of ice that is control 
lable to alloW for maximal viability of the tissue or tissue 
equivalent to be cryopreserved after it has been subsequently 
thaWed. By use of the cryopreservation technology, either 
cryopreserved harvested tissue or cryopreserved cultured 
tissue may be stored for inde?nite periods of time prior to 
use. The cultured tissue is an in vitro model of the equivalent 
human tissue, Which, When retrieved from storage, can be 
used for transplantation or implantation, in vivo, or for 
screening compounds in vitro. 

[0003] 2. Brief Description of the Background of the 
Invention: 

[0004] Heretofore, the cryopreservation of cadaver tissue 
and cultured tissue equivalents for the purposes of preserv 
ing the viability of the cells in the tissue has been achieved, 
but With limited success. Currently, the storage time of 
cellular biological materials is extended by cooling to ‘cryo 
genic’ temperatures. 

[0005] The transition from the liquid into the solid state by 
loWering the temperature of the system can take place either 
as crystalliZation (ice), involving an orderly arrangement of 
Water motecules, or as vitri?cation or amorphiZation (glass 
formation), in the absence of such an orderly arrangement of 
crystalline phase. The challenge for a cryobiologist is to 
bring cells to cryogenic temperatures and then return them 
to physiological conditions Without injuring them. 

[0006] There are tWo basic approaches to cryopreservation 
of cells and tissues: freeZe-thaW and vitri?cation In freeZe 
thaW techniques, the extracellular solution is froZen (i.e., in 
crystalline form), but steps are taken to minimiZe the intra 
cellular ice formation. In vitri?cation procedures, there is an 
attempt to prevent crystalline ice formation throughout the 
cells and tissue. The former approach is problematic in that 
if ice crystals are formed inside the cells, they are detrimen 
tal to cell viability upon thaWing. HoWever, cells could 
survive a freeZe-thaW cycle if they are cooled at controlled 
rates in the presence of non-toxic levels of cryoprotectants. 
The latter approach of vitri?cation seeks to avoid potentially 
damaging affects of intra- and extracellular ice by depress 
ing ice formation by the addition of very high concentrations 
of solutes and/or polymers. HoWever, cell damage may 
occur from long exposure to toxic levels of these additives 
required for vitri?cation. 

[0007] Cryoprotectants protect living cells from the 
stresses involved in the freeZing process. One Way cryopro 
tectants protect cells is by diluting the salt that becomes 
increasingly concentrated in the unfroZen solution as Water 
is transformed to ice. The amount of ice is dictated by the 
temperature and initial composition of the solution; Whereas 
the amount of unfroZen fraction is a function of temperature 
only. Cryoprotectants have several other functions. An 
important one is that they usually reduce the intracellular ice 
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formation during freeZing and thaWing of a biological 
sample. Another function is that they stabiliZe membranes 
and proteins. Once the extracellular ice is seeded and the 
sample is surrounded by the ice phase, it is necessary to cool 
the sample to a cryopreserved state. The cooling step is one 
of the most critical steps in a freeZe-thaW protocol. Due to 
the formation of ice, that is, pure Water, the partially froZen 
extracellular solution is more concentrated than the intrac 
ellular compartment. As a consequence, the cell Will dehy 
drate by losing Water in an attempt to restore thermodynatic 
equilibrium. As the system cools, more extracellular ice is 
generated and the concentration of solutes rises and forces 
the cells to dehydrate further. There are three characteristics 
of the cells that controlled their rate of dehydration. One is 
the cell membrane Water permeability; the loWer the Water 
permeability, the longer it takes for the cells to dehydrate. 
Another is the temperature dependence of the cell membrane 
Water permeability; Water permeability decreases With 
decreasing temperatures. The ?nal is cell siZe; larger cells 
take longer to dehydrate than smaller cells. Given that each 
cell type may have drastically different characteristics, the 
optimal cryopreservation conditions can vary by orders of 
magnitude for different cell types. 

[0008] All solutions Will supercool beloW their freeZing 
point until they ?nd a random nucleation site for crystal 
formation. When cryopreserving by a freeZe-thaW method, 
ice formation in the extracellular medium should be delib 
erately initiated by seeding at loW degrees of supercooling. 
If ice formation is not induced by seeding, ice Will form 
spontaneously When the solution is cooled suf?ciently far 
beloW its equilibrium freeZing point. Because this process is 
random in nature, ice formation Will occur at random, 
unpredictable temperatures. Consequently, survival rates 
Will be highly variable betWeen repeated trials With the same 
freeZing protocol. Furthermore, the extremely rapid crystal 
liZation Which results When ice forms in a highly super 
cooled solution can cause damage to cells and tissues. 
Moreover, it has been shoWn that if extracellular ice forma 
tion is initiated at high degrees of supercooling, the prob 
ability of intracellular ice formation is drastically increased. 
This phenomenon results from the delayed onset of freeZe 
induced cell dehydration, Which results in increased reten 
tion of intracellular Water, and thus higher likelihood of ice 
formation in the cell. 

[0009] Although the exact mechanisms of cell damage 
during cryopreservation have not yet been completely elu 
cidated, cell survival as a function of cooling rate appear to 
be qualitatively similar for all cell types and displays an 
inverted U-shaped curve. Cell survival is loW at very sloW 
and very fast cooling rates, and there is an intermediate 
cooling rate yielding optimal survival. Even though the 
optimal cooling rate and the Width of the curve can vary 
drastically for different cell types, the qualitative behavior 
appears to be universal. Faster cooling rates do not alloW 
cells enough time to dehydrate and cells therefore form ice 
internally. Cell injury at fast cooling rates is attributed to 
intracellular ice formation At sloW rates of cooling, cell 
injury is thought to be due to the effects of exposure to 
highly concentrated intra- and extracellular salt and cryo 
protectant solutions or to the mechanical interactions 
betWeen cells and the extracellular ice. 

[0010] It is necessary to dehydrate the cells as much as 
possible before they cross the intracellular ice nucleation 
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curve. It is at this point that Water remaining in the cell Will 
nucleate and form ice. The temperature Where this Will 
happen is approximately —40° C. to —50° C. When the cells 
are slowly frozen in the presence of 1M to 2M concentra 
tions of cryoprotectants. It is important to note that the 
amount of Water that turns to ice inside a cell at this point 
may be innocuous When frozen, but if not thaWed fast 
enough, rearrangement of ice may kill the cell upon thaWing. 
(The Biophysics 0f Organ Cryopreservation, Pg. 117-140, 
edited by David E. Pegg and Armand M. KaroW, Jr. NATO 
ASI Series A: Life Sciences Vol. 147 1987 Plenum Press, 
NeW York 233 Spring St., NeW York, NY. 10013). 

[0011] Other cryopreservation systems, particularly those 
relating to the freeZing of biological samples comprising 
cells either seed ice by another means, as in chamber spike 
methods or by use of electronic or mechanical means, or do 
not seed ice at all. 

[0012] To seed ice using chamber spike methods, a cham 
ber containing biological samples, such as vials of cells, is 
quickly cooled to a temperature Well beloW the freeZing (i.e., 
liquid-solid equilibrium temperature) point of the cryo 
preservation medium then the temperature is raised quickly 
to near the equilibrium temperature. A draWback to this 
method is that chamber temperature variations create prob 
lems for uniform ice seeding. In many cases, overseeding of 
ice in the samples occurs resulting in cell damage. 

[0013] Electronic methods use thermoelectric elements 
based on semiconductor thermocouples that can controllably 
produce local cooling. Interfacing these thermoelectric ele 
ments With the surface of a container or package containing 
a biological sample is difficult and variations in effective 
cooling of the container surface can occur. 

[0014] Mechanical means of providing localiZed cooling 
by use of cold probes, bars or pins to contact the side of a 
container is problematic in that the process is labor intensive 
and requires opening the thermal chamber or development 
of sophisticated mechanisms for guiding the cold probe. 

[0015] Accordingly, it has long been desired to provide a 
better method of cryopreserving harvested tissue and cul 
tured tissue equivalents to improve cell viability after the 
tissue has subsequently been thaWed. The inventors of the 
present invention have developed a novel apparatus and 
method of inducing ice formation in cryopreservation solu 
tion, contained in a package With tissue to be froZen, that 
alloWs for consistent and reliable seeding of ice of a suffi 
cient amount. The apparatus is standardiZed and is expand 
able With additional ?xtures added to the apparatus. 

SUMMARY OF THE INVENTION 

[0016] The apparatus and method of the present invention 
provide for cryopreservation of biological specimens such as 
cells, tissues and tissue equivalents, and maintains their 
viability after subsequent thaWing. Cryopreservation is per 
formed in a freeZing chamber at a controlled freeZing rate. 
Tissues and tissue equivalents are perfused With a cryopro 
tective medium While agitated. Specimens are sealed in a 
package containing cryoprotective medium and cooled to or 
slightly beloW the liquid-solid equilibrium temperature of 
the medium. At that temperature, the ice seeding is per 
formed, resulting in a seed of ice in the medium. The 
temperature is held constant for a sufficient amount of time 
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to alloW equilibration betWeen the liquid and solid phases. 
The temperature of the chamber is then loWered at a sloW 
rate to an intermediate temperature; then rapidly to a cryo 
genic temperature. 

[0017] In the preferred embodiment, ice seeding is accom 
plished by discharging a lique?ed or chilled gas, preferably 
freon, from the sprayrails to adjacent racks containing tissue 
equivalent samples packaged in cryoprotectant. The freon 
discharged contacts the exterior surface of the package and 
evaporates. The heat transfer from the package due to the 
evaporation of the freon results in local cooling in the 
cryoprotective medium at the freon contact site Within the 
package. Suf?cient cooling of the medium at that site causes 
a degree of ice formation, an ice seed, in the medium. The 
apparatus for cooling preferably has a vertically-oriented 
sprayrail With noZZles at a position to be dose to containers 
When mounted on a removable rack. The system can have 
multiple sprayrails and valves for directing the ?uid to the 
desired sprayrail. 

[0018] An advantage of the ice seeding system is the 
ability to consistently form a seed of ice in a plurality of 
sealed packages containing cryoprotective medium and tis 
sue or equivalents thereof. The cryopreservation apparatus 
and method of the present invention can be used in the 
manufacturing process for storing and shipping of these 
tissues While froZen. The tissues are rendered viable When 
thaWed. 

[0019] The use of the ice seeding system in the cryopreser 
vation process has demonstrated an application in the manu 
facturing process of living tissue equivalents. Prior to this 
invention, harvested tissue and living tissue equivalents had 
limited shelf-life and, subsequently, their WindoW of use is 
short, resulting in much Waste. There is a need to preserve 
such tissues for extended periods of time, as in shipping and 
storage, until their use. Previous attempts to freeZe or freeZe 
dry these tissues have been met With limited success and 
have compromised their use for grafting, in vivo, or for in 
vitro testing. The ability to use these tissues in a viable state 
represents an exceptional advantage of the present inven 
tion. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 depicts a electronic schematic of the ice 
seeding controller. 

[0021] FIGS. 2A and 2B shoW vieWs of a sprayrail 
proximal to a rack. 

[0022] FIGS. 3A, 3B, and 3C shoW vieWs and features of 
a rack. 

[0023] FIG. 4 shoWs a schematic of the ice seeding system 
and freeZing chamber according to one embodiment of the 
present invention. 

[0024] FIG. 5 is a part pictorial, part schematic vieW of an 
ice seeding system and freeZing chamber according to 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The purpose of the ice seeding system of the 
present invention is to initiate the formation of ice seeds in 
packages containing biological samples such as cells, tissue 
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or tissue equivalents in a cryoprotective medium to be 
cryopreserved. Ice seeding must be accomplished Within, a 
temperature range slightly below the equilibrium freezing 
point of the cryoprotectant solution used. Ice seeds initiated 
above the freezing point may melt before cooling proceeds 
beloW this point. To preserve cell viability, ice seeding must 
be initiated in the cryopreservation medium outside of the 
tissue or cells. The invention performs ice seeding Without 
causing ice to form Within the tissue: Aplug of ice is formed 
primarily in the cryoprotectant bordering the outside of the 
tissue. 

[0026] The ice seeding apparatus comprises three major 
elements: A controller, spray rails, and racks. The ice seed 
ing controller is a mechanism that regulates the How of 
lique?ed or chilled gas from a pressuriZed source to the 
chamber containing the items to be froZen for storage. By 
using a number of sWitches, ports, valves, a rack selector, 
and a timing mechanism, the controller centrally manages 
the operations of the system. 

[0027] Regulation of lique?ed or chilled gas discharge, 
herein also referred to as ‘discharge’, from a pressuriZed 
source is achieved using timed valves With Which the timing 
can be manipulated to control the volume of discharge to be 
released from the controller to the chamber. Contact of the 
discharge With the container containing a biological speci 
men initiates ice seeding inside the container at speci?ed 
temperatures. The longer a valve is open, the larger the 
volume of the discharge. A separate valve serves each spray 
rail apparatus, thereby alloWing the apparatus to be stan 
dardiZed for situations involving a plurality of spray rails 
and associated racks. 

[0028] The ports comprise at least one inlet and at least 
one outlet for the pressuriZed lique?ed or chilled gas source. 
A pressuriZed source is attached to an inlet port associated 
With the controller. Continuous from the port, the gas is 
ducted to the valves, Which regulate the amount of gas 
discharged to the spray rails. 

[0029] The rack selector alloWs the selection of Which 
valves and associated spray rails Will serve the rack or racks 
containing product to be seeded With ice. The timer regulates 
the amount of time the valves are open, thus the volume of 
discharge through the spray rails to the appropriate racks to 
be seeded. 

[0030] The spray rail is a manifold that at one end receives 
lique?ed or chilled gas from the valves via tubing or other 
ducting means. The spray rail comprises of a plurality of 
ori?ces to deliver an amount of lique?ed or chilled gas at 
each level of a rack. These ori?ces are located in series along 
the manifold and each ori?ce contains a noZZle therein. The 
noZZles may also contain ?lter screens to prevent plugging. 
At the base of the spray rail there is a mounting foot to 
position and stably secure the spray rail to a baseplate or 
chamber ?oor. 

[0031] The racks provide support during cryopreservation 
for the items to be cryopreserved as Well as a means for 
transporting and storing the items in cold storage. The racks 
consist of parallel top and bottom plates supported by rails 
rigidly ?xed perpendicularly to the plates therebetWeen. 
From the top plate of the rack are upWardly extending pins 
or pegs. In one mode of the invention, there are at least four 
pins equally distributed about the periphery of the plate. One 
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pair of opposite pins are connected With a rod to form a 
handle. In the bottom plate are holes or recessions arranged 
in the same orientation as the pins on the top plate. The holes 
or recessions Will align With the pins for stacking a rack atop 
another rack during cryopreservation or storage or to the 
pins upWardly extending from the baseplate along the ?oor 
of the chamber to align the rack proximal to the sprayrail. 

[0032] In another mode of the invention, a handle is 
formed in the top plate by machining tWo oblong ori?ces on 
either side of the midline, or diameter, of the top plate. The 
top plate can be either grasped by hand or hooked to lift or 
maneuver the rack 

[0033] The rails of the rack are machined to have gaps to 
form horiZontal planar surfaces equally distributed along the 
length of the rail, at about the same distances as the ori?ces 
of a sprayrail. The gaps are large enough to accommodate 
the bulk of an item, such as a petri dish or specialiZed 
container, to be cryopreserved. The rails, ?xed perpendicu 
larly betWeen the top and bottom plates, are in parallel to 
each other. The rails are arranged so that the gaps are facing 
inWardly to the center of the rack, at about 90° angles, so tWo 
are facing opposite each other and the third in betWeen. In 
this arrangement the gaps of the rails provide three points on 
Which an item can be placed and supported. To maintain the 
items in position, a retention bar or rod is placed in the space 
90° from the opposing rails, across from the central rail. In 
one embodiment, the bar is led doWn through a hole in the 
top plate to the bottom plate and is fastened in place to the 
bottom plate. 

[0034] In a preferred embodiment, located betWeen the 
tWo adjacent rails betWeen each gap, there is an arc shaped 
plate, or driptray, oriented in parallel to the top and bottom 
plates. The driptrays are rigidly fastened betWeen each gap 
to contain an item. The driptrays serve as a shield to prevent 
excess lique?ed gas, such as freon, from dripping from an 
item to another item beloW, or overspraying from the noZZle 
onto the top of an item beloW the item being sprayed, Which 
Would subsequently result in unWanted ice seeding. 

[0035] When the rack is positioned in the chamber accord 
ing to the alignment pins, the gaps to contain items for 
cryopreservation Will about evenly line up With the noZZles 
of the sprayrail. In turn, the drip trays Will be aligned 
proximal to the sprayrail. The combination of the rack With 
the baseplate locating pins and sprayrails provides a repro 
ducible distance betWeen the spray noZZles and the sides of 
the items to be cryopreserved. Although this distance is 
consistent, the spray seeding method is tolerant of varia 
tions. The baseplate is a planar surface that is positioned 
along the bottom of the freeZing chamber. The baseplate 
comprises of an organiZed pattern of pins and holes that 
alloW one to locate the proper positions for the parts such as 
the spray rail, rack, etc. into the appropriate places on the 
baseplate. 

[0036] FIG. 1 is a electronic schematic of the controller 
and includes a grounded poWer entry module 51; a fuse 52; 
a main poWer sWitch 53; a time delay-relay 54; a start button 
55; an output indicator lamp 56; a single pole, multi position 
rotary sWitch 57; connecting terminals 58; and normally 
dosed solenoid valves 59. 

[0037] PoWer for the controller is provided by a grounded 
alternating current (AC) poWer source. PoWer entry module 
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51 is connected to the AC power source. Electrical overload 
is protected by fuse 52 connected in series adjacent to the 
poWer entry module 51. Main poWer sWitch 53, Which 
controls the electrical How to the controller, is serially 
connected to a digital time setting and readout time-delay 
relay 54 that controls the duration of the controller activa 
tion. Momentary push-button start sWitch 55 is serially 
associated With the time-delay relay 54 to initiate the action 
of the controller. Indicator lamp 56 is connected in parallel 
With the output of the relay 54 to indicate that the controller 
is activated. The time-delay relay 54 is serially connected to 
a single pole, multiposition sWitch 57 Which is, in turn, 
serially connected to a plurality of normally closed solenoid 
valves 59. The series is completed by a parallel connection 
of the solenoid valves 59 back to the time-delay relay 54 and 
ultimately to the poWer entry module. 

[0038] The amount of freon delivered by the ice seeding 
system is a function of the time the delivery valves are open. 
This duration of time the valves are open dictates the amount 
of freon discharged to the spray rails. This time is set on the 
time-delay relay on the front panel of the ice seeding 
controller. Before beginning a cryopreservation procedure, 
the tubing lines of the system should be purged of air by 
discharging lique?ed gas from the spray rails for a suf?cient 
interval of time. 

[0039] Modi?cations and enhancements may be made to 
the controller by the skilled artisan by substituting one or 
more components of the electrical system and still achieve 
essentially the same controller functions of regulating liq 
ue?ed gas ?oW to the sprayrails. 

[0040] FIGS. 2A and 2B depict the association of the 
sprayrail With the rack. The top vieW of FIG. 2A shoWs a 
noZZle 21; sprayrail 20; mounting foot 22; rack 30; container 
40. Side vieW of FIG. 2B shoWs a noZZle 21, a segment of 
sprayrail 20, and container 40. NoZZle 21 is mounted Within 
an ori?ce of sprayrail 20. Sprayrail 20 is attached to a 
mounting foot 22 Which is turn stably secured to a baseplate. 
Rack 30 is placed on the baseplate proXimal to sprayrail 20, 
adjacent With mounting foot 22. The side of container 40 is 
centrally aligned With noZZle 21 to ensure that discharge 
from the noZZle is directed at the side of the container. 

[0041] FIGS. 3A, 3B, and 3C shoW vieWs of rack 30. 
ShoWn are rack 30; top plate 31; bottom plate 32; rails 33; 
driptray 34; locating pins 35; locating holes 36; handle 37; 
and handle for retention bar 38. The frame of rack 30 
consists essentially of three rails 33 securely mounted to top 
plate 31 and bottom plate 32 at either ends of the rails. Rails 
33 contain gaps equally spaced along the rails for placement 
of containers. In one mode of the invention, driptrays 34 are 
mounted betWeen adjacent rails 33 along the side of rack 30 
to be placed adjacent to the spray rail. Top plate 31 has 
upWardly extending locating pins 35 positioned along the 
periphery of the top plate With tWo opposing pins connected 
by a handle 37 therebetWeen. Bottom plate 32 has holes 
positioned along the periphery of the plate for mating With 
the locating pins 35 of top plate 31 or With those on the 
baseplate. Aretention bar doses the, large gap through Which 
containers are placed in rack 30 by inserting the bar through 
a hole in top plate 31 doWn to a mount located on bottom 
plate 32 to prevent containers from falling out of the rack 
during positioning or storage. 

[0042] FIG. 4 is a schematic of the ice seeding system and 
freeZing chamber. ShoWn are controller 50; inlet port for 
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pressuriZed lique?ed or chilled gas 60; lines 61; feedthrough 
plug 62; sprayrail inlet 63; sprayrail 20; noZZle 21; rack 30; 
container 40; chamber 70; and baseplate 71. Controller 5 
contains an inlet port for pressuriZed lique?ed or chilled gas 
60. Discharge of the gas is mediated by the solenoid valves 
of the controller 50 and is delivered to the sprayrails 20 via 
lines 61. Feedthrough plug 62 alloWs passage of lines 61 into 
chamber 70 While maintaining the seal of the chamber. Lines 
61 are connected to the sprayrails 21, containing a plurality 
of noZZles 21 at sprayrail 63 located at the mounting foot of 
the sprayrail. Lique?ed or chilled gas is discharged from 
noZZles 21 to containers 40 held proXimal in racks 30. 
Sprayrails 20 and racks 30 are stably secured to baseplate 71 
Within chamber 70. 

[0043] Referring to FIG. 5, in another embodiment, a 
system 100 has a liquid supply 102, a controller 104, a 
valving manifold 106, and a sprayrail 108 With noZZles for 
directing the lique?ed gas from supply 102 to containers on 
a rack 110 in a freeZing chamber 112. Liquid supply 102 is 
pressuriZed from the top of supply 102 With a source 114 of 
gas pressure, preferably regulated nitrogen gas at 150 psig. 
While supply 102 can be kept continually under pressure, 
the container need only be pressuriZed once for multiple 
uses, because only small quantities of liquid are typically 
draWn from supply 102. If more ?uid Were draWn from the 
supply, the supply could be pressuriZed more frequently. 

[0044] Valving manifold 106 is provided inside of freeZing 
chamber 112 and preferably has eight valves 116 (only one 
of Which is shoWn here) for directing the lique?ed gas to one 
of eight sprayrails in response to control signals over electric 
signal line 115 from controller 104. Each valve is preferably 
a three-Way valve having an inlet 119 for receiving the 
lique?ed gas through line 124, one outlet 118 for providing 
lique?ed gas to sprayrail 108, and a second outlet 120 vented 
to the atmosphere inside chamber 112. With a three-Way 
valve, venting after the system is shut off depressuriZes the 
spray rails Without requiring several seconds of residual gas 
and liquid to be sprayed to the containers; rather, it takes less 
than a second, and the gas and liquid are immediately shut 
off from the containers When desired. By locating valving 
manifold 106 inside chamber 112, there is only one liquid 
line 124 extending through a feedthrough 126 from outside 
to inside chamber 112; moreover, there is better control over 
the liquid because there is less distance betWeen the valves 
116 and their respective sprayrails 108. A ?lter 128 is 
provided betWeen valve 116 and sprayrail 108 to trap 
particles that can cause clogging at the noZZles. 

[0045] While only one sprayrail is shoWn for use With one 
rack having eight levels for holding containers, the device of 
the present invention can be used With multiple sprayrails, in 
Which case there are multiple valves, ?lters, and sprayrails. 
In another alternative, a sprayrail can be provided With 16 
noZZles at 16 different vertical levels, in Which case, tWo 
racks can be stacked one on top of the other, and appropri 
ately located relative to each other With positioning pins. 

[0046] As an alternative to the nitrogen pressure on the 
lique?ed gas supply, a gear pump can be used to provide 
?uid at a pressure Well above the phase transition. 

[0047] An alternate setup for large volume freeZing to 
enable larger lots of living tissue or equivalents to be 
cryopreserved at one time consists of a large chamber 
out?tted With a large area baseplate With a greater number of 
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positions for the location of spray rails and racks. Additional 
components can be incorporated to the existing controller 
arrangement. Sprayrails can be extended to a longer length 
to continue the manifold to another series of ori?ces. Racks 
can be stacked as the bottom plates of the racks contain holes 
to accommodate pins of the top plate of the rack beloW. The 
controller may also be integrated Within the freezing cham 
ber itself and further modi?ed With sensors and controls to 
initiate the ice seeding When the chamber temperature 
reaches a speci?c point. Other mechanisms can be added to 
provide chamber air circulation. 

[0048] A preferred element or compound of lique?ed or 
chilled gas for use in the cryopreservation system is one that 
undergoes a phase change from liquid to gas at a temperature 
beloW the freeZing temperature of the cryopreservation 
solution in the package. The lique?ed or chilled gas used 
must be under pressure. Pressure can be provided by using 
the natural expanding qualities of the liquid or gas; by 
providing a propellant mixed With the lique?ed or chilled 
gas; or by mechanical means by employment of a pump. 
When a small amount of the gas is delivered by Way of the 
apparatus to the side of the package, the phase change of the 
lique?ed gas to a vapor, i.e., evaporation, causes cooling of 
the package Wall at the point of contact to temperatures 
beloW the freeZing temperature of the cryopreservative, 
sufficiently loW to form a seed of ice in the cryoprotectant 
Within the package. 

[0049] The freeZing temperature of the cryopreservation 
medium varies as it is dependent on the nature of the 
components contained in the medium. Most cryopreserva 
tives are Water based but also contain salts and glass forming 
agents that affect the freeZing temperature of the cryopreser 
vative. Glass forming agents prevent the crystalliZation of 
the cryopreservative to protect the cells or tissue to be froZen 
from cryofracture (cracking of the froZen tissue due to 
crystal formation), thus maintaining viability of the cells or 
tissue. A cryoprotectant medium may contain “cell penetrat 
ing glass forming agents” or “non-cell penetrating glass 
forming agents” or both The cell penetrating glass forming 
agent is preferably glycerol, but may include propylene 
glycol, ethylene glycol, dimethylsulfoxide, and other pen 
etrating glass forming agents knoWn in the art. Non-cell 
penetrating glass forming agents include high molecular 
Weight forms of complex carbohydrates, such as chondroitin 
sulfate, polyvinylpyrrolidone, polyethylene glycol or 
hetastarch, such as hydroxyethyl starch. The cell penetrating 
glass forming agents and/or non-cell penetrating glass form 
ing agents are diluted in a base of a physiological pH. The 
base is preferably DMEM, but may be substituted With 
phosphate buffered saline, IDMEM, MEM, M199, RPMI 
1640, Ham’s F-12 Ham’s F-10, NCTC 109, NCTC 135, or 
combinations thereof. The preferred cryoprotectant solution 
contains 1.5M to 2.5M glycerol, preferably 2M glycerol, in 
a base of Dulbecco’s Modi?ed Eagle’s Medium (DMEM). 
These solutions can be modi?ed and optimiZed by one of 
skill in the art using knoWn cryoprotectants and freeZing, 
storing, thaWing, and rinsing procedures that are compatible 
With maintaining maximal viability, depending on the par 
ticular application. The selection of a gas source to be used 
in accordance With the invention should take into consider 
ation the nature of the cryopreservative in Which the ice 
seeding is to be initiated. Those skilled in the art Will be able 
to determine a proper combination of gas and cryopreser 
vative compatible With the material to be cryopreserved and 
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the liquid-solid equilibrium temperature of the cryopreser 
vative required to perform ice seeding. 

[0050] A preferred gas source is freon compound HFC 
134a (1,1,1,2 tetra-?uoroethane) Which contains no oZone 
depleting chlorine, thus it is not targeted for phase-out by the 
Environmental Protection Agency (EPA). The temperature 
at Which the freon compound HFC-134a evaporates is 
nominally betWeen —25 to —30° C., suf?ciently loW to 
guarantee formation of ice. Other lique?ed gasses that 
evaporate at a sufficiently loW temperature to induce ice 
formation Would include liquid nitrogen (LNZ), isopentane, 
propane, and other ?uorocarbons such as Freon 12 and 
Freon 22; hoWever, some of these gasses have their draW 
backs. 

[0051] As it is Well knoWn, isopentane (also knoWn as 
2-methyl butane) is a neurological, respiratory, and hepatic 
toxin to humans. Since it is toxic to humans, it presents a 
danger of adverse health effects to any nearby persons Who 
inhale them, especially those persons performing the freeZ 
ing of the specimen. Also, isopentane is ?ammable and 
poses a danger of ?re or explosion. Isopentane is denser than 
air and can easily move some distance from the apparatus in 
Which the freeZing procedure is being performed. Thus, if 
the isopentane reaches a source of ignition, it Will ignite or 
explode. Additionally, ?uorocarbons pose a threat as Well. 
Freon 12, Freon 22 and dichloro?uoromethane are chlorof 
luorocarbons (hereafter, abbreviated as CFCs). If a CFC is 
employed as the ?uid for freeZing, a haZard arises in that 
CFCs are detrimental to the protective oZone layer of the 
earth. As a result, the United States Government has 
imposed regulations requiring the phase-out of several CFCs 
for all but certain uses that are critical to the preservation of 
human life. Hence, it is desirable to ?nd a haZard-free 
method of cryopreserving specimens With a lique?ed gas 
that not only Will be suitable at extremely loW temperatures, 
but also Will be non-toxic to humans, non-?ammable and 
environmentally safe. 

[0052] Rather than a lique?ed gas, a chilled gas under 
pressure may alternately be discharged from the spray rails. 
The temperature of the chilled gas Would be required to be 
Well beloW the solid-liquid equilibrium temperature of the 
cryoprotectant in the container. The gas may be nitrogen, 
oxygen, carbon dioxide or simply air. Any gas may be used 
provided that it be under pressure and appropriately chilled. 
Chilling may be obtained through expansion of the pressur 
iZed gas. 

[0053] In the preferred embodiment, the cryopreservative 
is Dulbecco’s Modi?ed Eagle’s Medium (DMEM), a com 
mon cell culture media base, containing glycerol, a cell 
penetrating glass forming agent, at a 2M concentration. The 
equilibrium freeZing point of DMEM/2M glycerol is about 
—5.2° C. Ice seeding must then be accomplished at —6° C. 
+/—0.5° C., a temperature range slightly beloW the equilib 
rium freeZing point, —5.2° C., of the cryoprotectant solution 
used. Seeding must occur beloW —5.2° C., since ice formed 
above this temperature may melt before cooling proceeds 
beloW this point. 

[0054] Control of the temperature at Which the solid phase 
(ice) begins to form, as Well as the cooling rate after its 
formation, is required to control the degree of dehydration of 
the tissue. The equilibrium phase diagram for glycerol-Water 
solutions relates to both the amount of ice and the amount of 
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remaining solution over temperature. Since ice, as it forms, 
rejects solutes, the solution in equilibrium With the ice 
becomes more concentrated as the temperature is loWered. 
This increasing solute concentration in the extracellular 
solution provides an osmotic gradient Which causes Water to 
be removed from the cells. If suf?cient Water is not removed 
at relatively high sub-Zero temperatures, ice can precipitate 
Within the cells, an event associated With cell and/or tissue 
damage. If seeding of the extracellular ?uid is not performed 
deliberately, ice Will appear spontaneously at temperatures 
ranging from the equilibrium point for the starting solution, 
—5.2° C., to as loW as —40° C. The loWest temperature at 
Which spontaneous seeding has been observed in the pack 
ages is —14° C. The loWer the temperature of the spontane 
ous event, the greater the likelihood that signi?cant amounts 
of Water Will be trapped and froZen Within the cells or tissue, 
thus the greater the degree of damage. Since the spontaneous 
seeding can occur over a Wide temperature range and can 
vary from package to package, survival rates of cells 
betWeen similar tissues can vary Widely. For the above 
described situation, the seeding operation should achieve a 
localiZed region of cooling With the temperature of the 
localiZed cooling beloW —15° C. to guarantee formation of 
the seed. 

[0055] The amount of ice that must be produced by the 
seeding operation is not critical to the success of the cryo 
preservation process as long as some ice is formed. At —6° 
C., the amount of ice that must be present in equilibrium 
With the remaining solution is about 0.36 g, for a starting 
solution of 16 mL of 2.0 M glycerol in DMEM. This 
quantity of ice should be the total present above and beloW 
the plane of the tissue. It is acceptable for the seeding 
operation to produce less or more than this amount, provided 
sufficient time is alloWed for equilibrium to be established 
by the groWth or melting of ice. It is best to control the 
process to produce excess ice, provided the region in Which 
the ice is formed does not encompass the area of the tissue 
and is alloWed to achieve equilibrium With the solution in the 
package. A rough estimate of the amount of HPC-134a 
required to produce this amount of ice can be obtained from 
the HFC-134a properties. Since the material absorbs 
approximately 217 joules/g in going from liquid to gas at 1 
atmosphere, and the latent heat of fusion for Water is 333 
joules/ g, about 0.56 g of Preon are required to produce about 
0.36 g of ice. The volume of lique?ed gas to be discharged 
can be determined and optimiZed by one of skill in the art to 
form an ice seed Within an amount of cryoprotectant. 

[0056] The folloWing examples are provided to better 
elucidate the practice of the present invention and should not 
be interpreted in any Way to limit the scope of the present 
invention. Those skilled in the art Will recogniZe that various 
modi?cations can be made to the methods described herein 
While not departing from the spirit and scope of the present 
invention. 

EXAMPLES 

Example 1 

[0057] Cryopreservation of Living Skin Equivalents 
(LSE) Using the Ice Seeding System 

[0058] Living Skin Equivalent (LSE) constructs Were pre 
pared in accordance to US. Pat. No. 5,536,656, Which is 
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expressly incorporated herein by reference. LSEs and 
attached 75 mm carrier inserts (TRANSWELL®, Costar, 
Cambridge), at 7 to 12 days post air lift, Were placed in 100 
mm petri dishes (Costar). LSE constructs Were perfused 
With cryoprotectant by submerging the constructs and the 
transWell With 25 mL of cryoprotective media, 2M Glycerol 
in DMEM, in the 100 mm petri dish for one hour. During 
perfusion, the constructs Were agitated for one hour on an 
orbital shaker (Bellco) at 70 rpm in a 10% CO2 gassed 
chamber. Agitation alloWs for more complete perfusion and 
better reproducibility of the cryopreservation method. After 
LSE Were perfused, the petri dishes containing LSE, carrier 
inserts and extracellular freeZing media (2M Glycerol and 
DMEM) Were placed in a cryopreservation package and heat 
sealed. Cryopreservation packages are described in patent 
publication, no. WO 96/24018, Which is expressly incorpo 
rated herein by reference. 

[0059] The chamber of a programmable freeZer (Planar) 
Was out?tted With the invention described herein. The 
freeZer Was set at a starting temperature of 200° C. The 
tubing lines Were purged With freon for a single one second 
interval to remove any air in the lines. Packaged LSE units 
Were placed securely into racks accommodating eight LSE 
units each. The racks, guided by locating pins, Were placed 
adjacent to the spray rails. The chamber door of the freeZer 
Was closed to seal the chamber from the external environ 
ment. 

[0060] LSE units Were cooled at —10° C./minute to —6° C. 
and the chamber temperature Was held at —6° C. for 40 
minutes to equilibrate the cryoprotectant and perfused con 
structs to the chamber temperature. After the 40 minute hold, 
extracellular ice Was initiated by directly discharging freon 
for one second at dose proximity to the side of the package. 
The freon, as it evaporated from the surface of the package, 
caused the contact area of the freon to drop in temperature 
enough to initiate extracellular ice formation. 

[0061] After all LSE units Were seeded With ice crystals, 
the units are alloWed to equilibrate for one hour at —6° C. 
The chamber temperature Was then cooled at —0.07° 
C./minute to a ?nal temperature of —20° C. The chamber Was 
then cooled at —0.5° C./min to a ?nal temperature of —70° C. 
Once the LSE units Were cryopreserved, they Were trans 
ferred to a vapor phase storage tank (DeWar) at a tempera 
ture of —120° to —150° C. 

[0062] Although the foregoing invention has been 
described in some detail by Way of illustration and example 
for purposes of clarity of understanding, it Will be obvious 
to one skilled in the art that certain changes and modi?ca 
tions may be practiced Within the scope of the appended 
claims. 

What We claim is: 
1. Ice seeding apparatus for the cryopreservation of bio 

logical samples With a lique?ed or chilled gas, the apparatus 
comprising: 

a chamber; 

a rack for holding a number of containers containing 
biological samples in the chamber; 

a sprayrail mounted in the chamber and having noZZles 
for directing an amount of the lique?ed or chilled gas 
to the containers on the rack; and 
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a controller regulating the amount of lique?ed or chilled 
gas directed from a source of lique?ed or chilled gas to 
the containers. 

2. The apparatus of claim 1, Wherein the rack is vertically 
oriented to hold containers at different vertical levels, and 
the sprayrail has noZZles oriented at the same vertical levels 
as the containers and positioned to be close to the containers. 

3. The apparatus of claim 1, further comprising a number 
of sprayrails in the chamber and valves, controlled by the 
controller, for causing lique?ed or chilled gas to be provided 
to a desired sprayrail. 

4. The apparatus of claim 3, Wherein the valves are 
three-Way valves mounted in the chamber, each valve being 
associated With a sprayrail and having an inlet for receiving 
the gas, a ?rst outlet for providing the gas to the associated 
sprayrail, and a second outlet for venting into the chamber. 

5. The apparatus of claim 1, Wherein the rack is removable 
from the chamber, and Wherein the noZZles of the sprayrail 
are positioned to be close to the containers When the rack 
holding the containers is provided in the chamber. 

6. A method of ice seeding a biological sample compris 
mg: 

(a) perfusing a biological sample With a cryoprotective 
medium; 

(b) sealing said perfused biological sample in a package 
containing cryoprotective medium; 
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(c) cooling said package to the liquid-solid equilibrium 
temperature of the medium; 

(d) ice seeding the cryoprotective medium, Wherein said 
ice seeding is accomplished by an apparatus Which 
regulates lique?ed or chilled gas discharge from a 
pressuriZed source; 

(e) maintaining the temperature of step (c) for a time 
suf?cient to alloW equilibrium betWeen liquid and solid 
phases of the medium; 

(f) cooling said package at a sloW cooling rate to an 
intermediate temperature; and, 

(g) cooling said package at a high cooling rate to a 
cryogenic temperature. 

7. The method of claim 6, Wherein said lique?ed gas is a 
freon compound, liquid nitrogen, isopentane, propane, heX 
ane, or acetone. 

8. The method of claim 7, Wherein said freon compound 
is 1,1,1,2 tetra?uoroethane. 

9. The method of claim 6, Wherein said chilled gas is 
nitrogen, oXygen, carbon dioXide, or air. 


