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CRYOPROTECTION COMPOSITIONS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Patent Application No. 62/297,527,
filed February 19, 2016, which is incorporated herein by reference.

GOVERNMENT FUNDING
This invention was made with government support under 1336659 awarded by the

National Science Foundation. The government has certain rights in the invention.

SUMMARY

This disclosure describes, in one aspect, a composition for cryoprotecting a biological
tissue. Generally, the composition includes a cryoprotective agent and a metal component. The
metal component can include a metal foam, a metal foil, or a metal seed.

In use, the composition further includes a biological tissue.

In some embodiments, the metal component includes a copper foam.

In some embodiments, the metal component includes an aluminum foil.

In some embodiments, the metal component includes a copper seed, an aluminum seed,
or an iron seed.

In certain embodiments, the metal component includes a metal foam having at least 10
pores per inch (PPI).

In certain embodiments, the metal component includes a metal foam having a porosity of
from 0.89 to 0.97.

In certain embodiments, the metal component includes a metal foam having a thickness at
least four times the skin depth of the metal.

In another aspect, this disclosure describes a method for cryoprotecting a biological
tissue. Generally, the method includes contacting the biological tissue with any embodiment of
the composition summarized above, freezing the tissue, and then rewarming the tissue.

In some embodiments, the tissue is rewarmed at a rate of at least 100°C/min.
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The above summary of the present invention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The description that follows more
particularly exemplifies illustrative embodiments. In several places throughout the application,
guidance is provided through lists of examples, which examples can be used in various
combinations. In each instance, the recited list serves only as a representative group and should

not be interpreted as an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Comparison of ultra-rapid metal foam/foil versus nanowarming (with
nanoparticles) and standard convective warming. An order of magnitude higher heating is
possible with foam/foil approach. (A) Schematic diagram comparing ultra-rapid warming,
nanowarming, and convective warming approaches. (B) RF heating of metal foam/foil for ultra-
rapid warming and nanoparticle-based systems for a nanowarming based approach.

FIG. 2. Skin depth effect for design of metal foam, foil, or seeds for effective heating. (A)
In an alternating electrical current (AC), I(r) does not distribute evenly within a conductor, and is
largest near the surface of a conductor. (B) At a distance called the “skin depth,” equal to one
penetration depth below the surface (), the current I(r) is seen to fall to 1/e (~0.37) of its surface
value, Lo. The skin depth reduces with frequency increase.

FIG. 3. Fast cooling of biomaterials with metal foams. (A) Thermal response (Cooling
rate of 150°C/min) in VS55 with metal foam exceeds that in VS55 without foam present after
immersing the sample in liquid Nz2. (B) Schematic of experimental set up for immersion cooling
with metal foam (0.94 — 20 PPI).

FIG. 4. Controlled cooling with metal foams and foils. (A) Loading of VS55ina 1.8
mL cryovial containing copper foam or aluminum foil at 20°C. (B) Success and failure of
cooling same vials to sub-glass transition temperature of approximately -140°C. (C) Warming
methods: vitrified samples are rewarmed by two methods, either convectively (i, left) or
through RF heating (i1, right).

FIG. 5. Slow controlled cooling profile using a multiflask approach for a sample
containing VS55, foam, or foil with VS55 (8-10°C/min). The presence of metal in VS55
enhances the cooling. The cooling technique is the same as reported in (Etheridge et al., 2014,

Technology 2(03):229-242).
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FIG. 6. Ultra-rapid warming profiles using 20 PPI (pores per inch) of copper foams with
different porosities (89%, 95%, or 97%) and aluminum foil in an initially vitrified VS55 solution
with ultra-rapid rates (~ 1000-2000°C/min). Here, Specific Absorption Rate (SAR) ~ 100-300
W/cm?® were experimentally measured in the copper foams or aluminum foil system exposed to
RF (20 kA/m and 360 kHz).

FIG. 7. Heating profiles of vitrified samples containing several copper foams and
aluminum foil in VS55 exposed to RF (20 kA/m and 360 kHz) or rewarmed convectively in
water bath (20°C). The melt temperature for VS55 is -32°C and therefore warming is
intentionally stopped before going above 0°C.

FIG. 8. Computational modeling simulation for a generally planar tissue.

FIG. 9. Computational modeling simulation for a generally cylindrical tissue.

FIG. 10. Simulation minimum heating rates. Comparison of simulation heating rates for
planar (Cartesian) versus cylindrical (Cylindrical) tissues as a function of tissue thickness.

FIG. 11. Simualtion thermal stress. Comparison of thermal stress for planar (Cartesian)
versus cylindrical (Cylindrical) tissues as a function of tissue thickness.

FIG. 12. Example biological data from ultra-fast warming. (A) Schematic showing
implantation of copper foam and aluminum foil in carotid arteries for ultrarapid rewarming. (B)
The ALAMARBLUE (Thermo Fisher Scientific, Inc., Waltham, MA)viability results showing
the highest viability response from aluminum foil in DP6 (6 M CPA) versus foil or metal foam in
higher concentration CPA (VSS55). This data is based on number of experiment (n) and number

of segment tested (N) to be n=1, and N=4.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Vitrification is an attractive technology to bank and store tissues in a glassy versus

crystalline state for eventual warming and use in regenerative medicine. For example, tissues
have been successfully vitrified using high molarity (6—8.4 M) cryoprotective agents (CPA) such
as VS55, DP6, and even glycerol, achieving critical cooling rates of 2.5°C/min, 40°C/min, and
85°C/min respectively. However, successful warming of bulk systems—i.e., cm size scales—
from the vitrified state often cannot be achieved as it requires critical warming rates of 55°C/min,
185°C/min, and 3.2 x 10*°C/min for VS55, DP6, and glycerol, respectively (orders of magnitude

higher than critical cooling rates) to avoid devitrification. Furthermore, these rates must be
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sufficiently uniform to avoid thermal stress that exceeds the yield stress (typically at least 2
MPa) thereby cracking the tissue. By achieving faster and yet uniform rates of cooling and
warming the concentration of the cryoprotective agent can also be reduced thereby reducing
chemical (i.e., cryoprotective agent) toxicity on the tissue during loading and unloading and
potentially allowing vitrification and storage of more tissues to become a standard practice.

This disclosure provides a new technology based on inductive heating of metal foams,
metal foils, and/or metal seeds. A model metal foam of copper and a model metal foil of
aluminum were tested. The copper foam and aluminum foil exhibit high electrical conductivity.
While described below in the context of exemplary embodiments using the copper foam or
aluminum foil, the compositions and methods described herein can involve—or can involve the
use of—a metal foam, a metal foil, or a metal seed that includes other metals. Exemplary
embodiments can include, for example, a foam of copper or other ferromagnetic material such
as, for example, cobalt, iron, iron oxide, nickel-iron oxide, copper-iron oxide, magnesium-iron
oxide, nickel, manganese antimony, manganese iron oxide, yttrium iron oxide, chromium oxide,
manganese arsenic, gadolinium, terbium, dysprosium, europium oxide. Additional exemplary
materials include diamagnetic materials such as, for example, a superconductor, pyrolytic
carbon, bismuth, silver, carbon (diamond), lead, carbon (graphite), copper, and/or their alloys.

A metal foil can include aluminum, copper, iron, or any of the materials listed above as
suitable for use in a metal foam. Similarly, a metal seed can include copper, aluminum, iron, or
any of the materials listed above as suitable for use in a metal foam.

The cryoprotective composition—whether a metal foam, metal foil, or metal seed—
generally can be prepared by combining a cryoprotective agent with a metal foam, metal foil, or
metal seed. In one exemplary embodiment, VS55 (Fahy et al., 1984, Cryobiology 21(4):407-426;
Mehl, P.M., 1993, Cryobiology 30(5):509-518) is used as the cryoprotective agent. Alternative
exemplary cryoprotectant agents that may be used to prepare a metal foam, foil, or seed system

are listed in Table 1.

Table 1: Properties of exemplary cryoprotective agents.

6M glycerol VSSS§ DP6 M22




WO 2017/143162 PCT/US2017/018331

Melt Temperature | -26°C -38°C -34°C -54.9°C
(Tm)

Glass Transition ~-100°C -123°C -119°C ~-120°C
Temperature (T,)

Critical Cooling -85°C/min -2.5°C/min -40°C/min 0.1°C/min
Rate

Critical Warming 3.2 x 10*°C/min | 50°C/min 185°C/min <1°C/min
Rate

Similarly, alternative metals or materials may be used to produce a cryoprotectant metal
foam, so long as the metal has a sufficiently high Curie temperature. For example, metals with
variable skin depths that can be used to produce foams, foils, or seeds are listed in TABLE 2

along with specific examples of skin depths with which the foam, foil, or seed may be used.

Table 2. Penetration depth of metals in pm

Metal u p Frequency (kHz)

ul/m un.m 1 5 30 100 360 480

Copper 1.256 0.0017 2063 923 377 206 109 94

Aluminum 1.256 0.0026 2591 1159 | 473 259 136 118

Tron 6300 .0097 70 31 12.8 7 3.7 32
Workpiece type: Thick Small Micro-
workpiece workpiece scopic

In one exemplary embodiment, the metal foam component of the composition included a copper
metal foam having 20 pores per inch (20 PPI), a porosity of 0.94, and a density of 0.49 g/cm’
(Table 3) and was deployed directly into a 1 mL cryovial filled with VS55 (8.4 M) as a
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cryoprotective agent. Additional exemplary copper metal foams are shown in the first three lines

of Table 3. An exemplary aluminum foil is shown in the final line of Table 3.

Table 3. Properties of copper foams and aluminum foil *

Kass | Volume | Density HR SAR 1 Metal o
r : | SAR{W g}

PPl |Porasity! | TP S BRI S !
{ar} {cm*) ;igrg{m“‘} O mind ({W/om3) | structure |

20.00 | 088 2.5 1.67 1.49 1980 233

20,80 | 084  0.736F 1.45 0.4% 1460 142

20,80 | 097 | 0.365 1.5 0.24 1860 B8O

* Heating rates are calculated from data from the first three seconds of heating.

Controlled cooling to the vitrified state at rates between 10°C/min to 100°C/min was
achieved by exposure to liquid-nitrogen-cooled gas or liquid environments (FIG. 3, FIG. 4, and
FIG. 5). FIG. 6 shows controlled warming rates up to 2000°C/min and specific absorption rate
(SAR) of up to 233 W/cm® were experimentally measured in systems using copper foam or
aluminum foil exposed to radio frequency (RF) current (20 kA/m and 360 kHz). This compares
to SAR of only 1-10 W/cm? in many nanowarming (iron oxide nanoparticle) embodiments.
Computational modeling suggests that tissues up to several mm thick can be warmed by this
technology at rates up to 2000°C/min without cracking (i.e., thermal stress <yield stress). Thus,
the methods described herein can be practiced on planar or cylindrical tissues of mm scale
thickness such as skin, cartilage, heart valves, small vessels (arteries and veins), and reproductive
tissues (i.e., ovaries and testes). For instance, copper foams and aluminum foils were designed to
fit within--or around in the case of foil—a carotid artery segment with DP6 (6 M CPA) and
VS55 (8.4 M CPA). FIG. 12 shows viability using an exemplary metal foil with low
concentration CPA (Al+DP6) greater than when using either foam with VS55 (Foam+VSS55) or
foil with VS55 (Al+VS55). This demonstrates the potential for higher heating rates to work with

lower concentrations of cryoprotectant agents, thereby reducing toxicity.



10

15

20

25

30

WO 2017/143162 PCT/US2017/018331

While described in detail herein in the context of an exemplary embodiment, alternative
metal foams, metal foils, or metal seeds, alternative RF fields, alternative cryoprotective agents,
alternative cryoprotectant concentrations, and alternative tissues are possible.

Conventional “nanowarming” methods (e.g., those described in (Etheridge et al., 2014,
Technology 2(03):229-242) are carried out with commercially available magnetic nanoparticles
at 10 mgFe/mL (~15 mg metal oxide/mL). This approach is capable of inducing specific
absorption rate (SAR) around 1.6-2.5 W/cm®. In contrast, warming methods that use a metal
foam, a metal foil, or a metal seed can achieve up to 370 W/g in copper foam geometry and 416
W/g in aluminum foil geometry with cryoprotective solutions. These metal foams and metal foils
can generate 89-233 W/cm® SAR. Thus, both the SAR and the corresponding rewarming rate,
which is directly proportional to SAR, can be improved by at least two orders of magnitude—
i.e., from 100°C/min using conventional “nanowarming” methods to 1,000°C/min or even
10,000°C/min by using a metal foam, metal foil, or metal seed. By heating at such high rates,
one can reduce the concentrations of the cryoprotective agent and thus reduce the toxicity
associated with these chemicals.

Thus, in certain embodiments, the method can involve rewarming the tissue at a
minimum rate of at least 100°C/min such as, for example, at least S00°C/min, at least
600°C/min, at least 700°C/min, at least 800°C/min, at least 900°C/min, at least 1000°C/min, at
least 1200°C/min, at least 1400°C/min, at least 1600°C/min, at least 1800°C/min, at least
2000°C/min, at least 2500°C/min, or at least S000°C/min. In one embodiment, the method
involves rewarming the tissue at a rate of at least 1000°C/min. In another embodiment, the
method involves rewarming the tissue at a rate of 10,000°C/min.

In addition, rewarming tissues using a metal foam, metal foil, or metal seed can allow one
to completely avoid the use of magnetic nanoparticles, any concerns with their use in the
cryoprotective agent, and/or their removal from the tissue after rewarming. While each tissue
(e.g., artery, skin, cartilage, heart valve etc.) is expected to present with several sizes and shapes,
one can easily select and/or modify a metal foam to fit the tissue. For instance, one can tailor
foams, foils, or seeds to fit different sizes (i.e., S, M and L and/or curved) for each potential
tissue type. The metal foam will be simply removed from the lumen or surface of the tissue after
use and the tissue can be further unloaded of cryoprotective agent and/or used directly. The foil

is particularly easy to shape to fit numerous geometries at the time of deployment in a tissue.
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Warming rates and, therefore, foam or foil conditions may vary depending on the
cryoprotective agent used. Thus, the method can involve tailoring conditions for a given tissue,
cryoprotective agent, and foam or foil in a specific inductive and resistive heating field in order
to achieve the least cryoprotective agent toxicity and the maximum viability outcome post
vitrification.

In the preceding description and following claims, the term “and/or” means one or all of
the listed elements or a combination of any two or more of the listed elements; the terms

2%

“comprises,” “comprising,” and variations thereof are to be construed as open ended—i.e.,

additional elements or steps are optional and may or may not be present; unless otherwise

(13 29 CC
a

specified, an,” “the,” and “at least one” are used interchangeably and mean one or more
than one; and the recitations of numerical ranges by endpoints include all numbers subsumed
within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

In the preceding description, particular embodiments may be described in isolation for
clarity. Unless otherwise expressly specified that the features of a particular embodiment are
incompatible with the features of another embodiment, certain embodiments can include a
combination of compatible features described herein in connection with one or more
embodiments.

For any method disclosed herein that includes discrete steps, the steps may be conducted
in any feasible order. And, as appropriate, any combination of two or more steps may be
conducted simultaneously.

The present invention is illustrated by the following examples. It is to be understood that
the particular examples, materials, amounts, and procedures are to be interpreted broadly in

accordance with the scope and spirit of the invention as set forth herein.

EXAMPLES
EXAMPLE 1
Cryoprotectant solutions
DP6 is a cocktail of 234.4 g/l DMSO (3M), 228.3 g/l propylene glycol (3M), and 2.4 g/
HEPES in EuroCollins solution (Fahy et al., 1984, Cryobiology 21(4):407-426; Mehl, P.M.,
1993, Cryobiology 30(5):509-518). VS55 is a cocktail of 242.14 g/l DMSO (3.1M), 168.38 g/l
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propylene glycol (2.2M), 139.56 g/l formamide (3.1M), and 2.4 g/l HEPES in EuroCollins
solution.

A 5x Euro-Collins stock solution was prepared starting with 0.5 L of water, to which the
following components were added in order with stirring: 174.76 g dextrose, 10.2 g KHz POq,
36.5 g Ko HPO4, 5.6 g KCI, and 4.2 g NaHCO3. Additional water was added to bring the total
volume up to 1 L, then filtered.

Fresh cryoprotectant solutions were prepared for each day of experiments

Metal foam and cryovials

Physical study

The metal copper foams (Pores per inch (PPI): 20, porosity: 0.89, 0.94, and 0.97) were
cut into cylinder shape, which had the diameter of 9.8 mm and height of 23 mm. To avoid the
thermocouple contact with the metal foam, a 1 mm hole was drilled in the center axis of metal
foam/foil. The metal foams were put into 2 mL cryovials (NUNC, Thermo Fisher Scientific,
Waltham, MA) while the CPA was added later to fill the voids until reaching the 1.8 mL line of
cryovials. One 1 mm hole was drilled in the center cryovials lid for putting the thermocouple in,
and the thermocouples were located in the center axis of cryovials, while the vertical position

was 30 mm from the top of cryovials with the lid of cryovials).

Viability study

For the rewarming of vitrified carotid artery using foam metal seed, the foam is trimmed
to fit the artery inner diameter while the outside was exposed only to CPA. The foil heating has
been pre-formed by wrapping aluminum foil from inner and outer side of the carotid segments

(sandwich) and the rest area was filled with the CPA.

Cooling Approaches

Direct cooling

For direct cooling in liquid nitrogen, a 50 mm diameter of cylinder shaped container was
used. The cryovials were directly immersed into container. The whole liquid nitrogen container
transferred into the liquid nitrogen bottle (196 °C). A temperature recorder (LR8431, Hioki
USA Corp., Cranbury, NJ) and thermocouples (T type, Omega Engineering, Inc., Norwalk, CT)
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were used to measure the temperature variation, which started to monitor the temperature when

cryovials were placed into liquid nitrogen container.

Controlled cooling

To achieve controlled cooling rates, the multi-flask cooling technology for 1 mL system
was utilized as described in detail in our previous studies (Etheridge et al., 2014. Technology
2:229-242). The cryovials were first placed in a series of containers thus the system has several
plastic and air barriers. This has two major benefits as this approach decreases the effective
convective heat coefficient of liquid nitrogen and also lowers the chance of contamination during
viability assessments. The temperature was monitored by thermocouples during cooling process.
To lower the chance of cracking due to the dramatic viscosity changes around glass transition,
annealing was applied (few seconds) around -115°C just before reaching the glass transition
temperature (—123 °C) of VS55. Then the frost on cryovials were wiped, and returned to the
cooling container. The annealing process helps the inner structure to balance with the outer
boundary temperature and release some of the accumulated thermal stresses. Then the samples
were held at sub-glass-transition-temperature, approximately -140°C, monitored for any crack
and if successfully vitrified then placed either in RF system or convective water bath for

rewarming process.

Warming Approaches

Convective warming

The vitrified samples were transferred from liquid nitrogen container and immersed into
37°C water bath while the temperature variation was recorded using prepositioned fine T type
thermocouples (40-gauge) in the middle of sample. The experiments were suspended at -20°C
above the melting temperature of DP6 (-34°C) and VS55 (-38°C) to lower the toxicity effect of

CPA at high temperatures for viability assessments.

RF warming
VS55 solutions with and without foam were heated in 1 kW Hotshot inductive heating
systems with 2.5-turn, water-cooled copper coil (Ameritherm Inc., Scottsville, NY) with

magnetic field at 10-25 kA/m (peak, volume-averaged field strength) and 190-360 kHz. The

10
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cryoprotectant solutions were cooled down using a multiflask controlled approach (Etheridge et
al., 2014, Technology 2(03):229-242) to below the glass transition temperature (Tg:-123°C for
VS 55) ~-140°C, at sufficient rates to produce vitrification and then quickly transferred into the
inductive coil for immediate heating inside a sealed styrofoam, to lessen direct losses to the
environment. Fine thermocouples (40-gauge) were embedded in the middle of sample prior to
cooling and provided continuous temperature monitoring in conjunction with a Fluke 52 digital
theromometer system (Fluke Inc., Plymouth, MMN). RF fields are expected to produce
interference in metallic thermocouples, but this was characterized and found to be negligible
(around 0.2°C to 0.3°C) in the ultrafine gauge thermocouples used (Etheridge et al., 2014,
Technology 2(03):229-242). The sample temperature data from the control and RF heated
samples were used to calculate the heating rate and estimate the SAR generated from foam/foil.
The sample temperature was acquired at a frequency of 1 Hz, so the heating rate was calculated
from the temperature difference between each measurement point, divided by the elapsed time;

and the temperature was then taken as the average between those two points.

RF field characterization

To characterize the RF field, the radiofrequency module in the COMSOL software
(Comsol, Inc., Burlington, MA) was used to simulate the magnetic field in the RF coil based on
the applied alternative current. The coil has 2.5 turns having geometric parameters mimicking
the RF system being used in experiments. The material of coil was set as copper and the other
spaces were set as air. The electric current in the coil was set as 280 A. The model was
developed to understand the extent of the homogenous magnetic field or volume of interest
(VOI). The fields were verified by direct measurement with a commercial 2D magnetic field

probe (Fluxtrol) at the center of the coil for 360 kHz at different power levels.

Viability Assessment

Porcine arteries were removed half an hour after death, placed in growth media and
carried out on ice to lab. Upon receipt, arteries were dissected to reproducible segments of
approximately 1 cm in height. The viability of rewarmed arteries by ultrarapid rewarming or fast
convective warming were assessed by ALAMARBLUE assay (Thermo Fisher Scientific, Inc.,
Waltham, MA). The artery vessels were incubated with 10% ALAMARBLUE (Thermo Fisher

11
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Scientific, Inc., Waltham, MA) media solution at 37°C for three hours before any rewarming
experiments. Fluorescence was read on a plate reader (Synergy HT, BioTek Instruments, Inc.,
Winooski, VT) at 590 nm from an aliquot of the media to establish a baseline. The tissues were
loaded with CPA in a stepwise manner. All samples were successfully vitrified and transferred to
rewarming apparatus when they reached -140°C. Then samples were then rewarmed either by RF
coil (20 kA/m, 360 kHz) or by convective rewarming (gold standard for samples <3mL) using
37°C water bath immersion. After the removal of the CPA, the tissue segments were sectioned
into small pieces and incubated with fresh media at 37°C for one hour (recovery procedure) and
then incubated with 10% ALAMARBLUE for three hours. The viability of each tissue piece was
calculated by comparing the fluorescence readings before and after cooling and rewarming and
normalized to fresh control. All the results are presented as the mean + standard error of relative

fluorescence units (RFU) after correction to RFU/mg dry weight results as a percent of control.

EXAMPLE 2

Commercial household aluminum foil was rolled into hollow cylinder shape having the
same diameter and height as the foam cylinder and the rest volume was loaded with VS55 to
reach 1.8 mL. The physical study of the performance of the aluminum foil was performed as
described in EXAMPLE 1.

For biological study, the aluminum foil was cut and shaped to fit the inside and outside

surface of the artery segments. All other details are the same as given in EXAMPLE 1.

The complete disclosure of all patents, patent applications, and publications, and
electronically available material cited herein are incorporated by reference in their entirety. In the
event that any inconsistency exists between the disclosure of the present application and the
disclosure(s) of any document incorporated herein by reference, the disclosure of the present
application shall govern. The foregoing detailed description and examples have been given for
clarity of understanding only. No unnecessary limitations are to be understood therefrom. The
invention is not limited to the exact details shown and described, for variations obvious to one
skilled in the art will be included within the invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of components,

molecular weights, and so forth used in the specification and claims are to be understood as

12
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being modified in all instances by the term “about.” Accordingly, unless otherwise indicated
to the contrary, the numerical parameters set forth in the specification and claims are
approximations that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. All numerical values, however, inherently
contain a range necessarily resulting from the standard deviation found in their respective
testing measurements.

All headings are for the convenience of the reader and should not be used to limit the

meaning of the text that follows the heading, unless so specified.

13
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What is claimed is:
1. A composition comprising:
a cryoprotective agent; and

a metal component comprising a metal foam, a metal foil, or a metal seed.

2. The composition of claim 1 further comprising a biological tissue.

3. The composition of claim 1 or claim 2 wherein the metal component comprises a copper
foam.

4. The composition of claim 1 or claim 2 wherein the metal component comprises an

aluminum foil.

5. The composition of claim 1 or claim 2 wherein the metal comprises a copper seed, an

aluminum seed, or an iron seed.

6. The composition of any one of claims 1-3 wherein the metal foam comprises at least 10
pores per inch (PPI).
7. The composition of any one of claims 1-3 wherein the metal foam comprises a porosity

of from 0.89 t0 0.97.

8. The composition of any one of claims 1, 2, or 4 wherein the metal foil has a thickness at

least four times the skin depth of the metal.

9. A method comprising:
contacting a biological tissue with the composition of any preceding claim;
freezing the tissue; and

rewarming the tissue.

10. The method of claim 9 wherein the tissue is rewarmed at a rate of at least 100°C/min.

14
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