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Field of the Invention

Embodiments of the present invention generally broadly
relate to living mammalian ‘cells including blood platelets. More
specifically, embodiments of the present invention generally
proﬁide for the preéervation and survival of blood platelets and

cells, especialiy human cells.

Embodiments of the oresent invention also generally broadly
relate to the therapeutic uses of platelets and cells; and more
particularly to manipulations or modifications of platelets and
cells, such as.loading‘plateletshand cells with solutes ‘and in
preparing dried compositions (e.g., freeze-dried, vacuum dried,
air dried, etc.) that can be: re-hydrated ,at the time of
application. When platelets and'cells for various embodiments of
the present invention are re-hydrated, they are immediately

restored to wviability.

The compositions and methods for embodiments of the present
invention are useful in many applications, such as in medicine,
pharmaceutioals, biotechnology, and agriculture, and including

transfusion therapy, as hemostasis aids and for drug delivery.

Statemeént Regarding\Federal Sponsored.Researoh and Development

Embodiments of this invention were made with Government
support . under Grant No. N6600}—02—C—8055,‘ awarded Dby the
Departmeht of DefeosoxAdvanced Reséarch Projocts Agency (DARPA).
Thé Government has . certain rights to embodiments - of this

invention.
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Background of the Invention

A biological sample includes cells and blood platelets. A
cell is ‘fypicaliy' broadly regarded in the art as a small,
typicélly microscopic, mass of protoplasm bounded externally by
a semi-permeable membrane, usually including one or more nuclei
and various other organelles with their products. A cell is
capable either alone or interacting with other cells of
performing all the fuhdqmental function(s) of life, and forming
the smallest structural wunit of 1living matter capable of

functioning independently.

Blood platelets, or thrbmbocytes, are cells formed from
megakaryocytes in bone marrow. Platelets enter the blood
circulation system by fragmentation of the megakaryocytes and
survive in the blood circulation system for a number of days.
Thus, blood platelets are a fraction of huﬁan, blood and are
involved in the biood coagulation piocess by béing important
contributors to6 hemostasis . by causing‘ the promotion of
vasoconstriction and platelet aggregation, all of which
stimulate bloed coagulation and an arresting of bleeding in

daﬁaged blood vessels.

It is known .that blood platelets, aré generally oval to
spherical in shape and have a diameter of 2-4 um, and comprisé
about 60% protein, about 15% lipid; and about 8.5% carbohydrate.
Included in the chemical compdsition: of blood platelets are
serotonin, epinephrine, and nor- epinephrine, each of which aids
in promofing the constriction. of blood vessels at a site of
injury. ABlood platelets  also coﬁtain platelet factors,
including platelet thromboplastin, which 1is a ceﬁhalin—type
phosphastide, and adenosine diphosphate, both of which are
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important in blood coagulation. = The maintenance of functional
platelets is important in preserving whole blood for storage in

blocd banks, and in preserving concentrated platelet fractions:

Blood banks are under considerable pressure to produce
platelet concentrates for transfusion. The enormous quest for
platelets necessitates storage of this blood component,’ since as
indicated platelets are important contributors to hemostasis.
Today platelét rich plasma concentrates are stored in blood'bags
at 22°-24° C; however, the shelf life under these conditions 1is
limited to five days. The rapid loss of platelet function during
storage and risk gf bacterial contamination complicates
distribution and .a%ailability of 'platelet concentrates.
Platelets tend to become activated at low temperatures. When
activated they are substantially useless for han' application,

such as transfusion-the;apy.

Cells and platelets may be transported and transplanted;
however, this requires cryopreservation which includes freezing
and subsequent reconstitution (e.g., thawing, re-hydration,
etc.) after transportation. Unfortunately, a very low percentage
of platelets and cells retain their functionality after
undergoinﬁ freezing - and thawing. While some cryoprotectants,
such as dimethyl sulfoxide, tepd to lessen the damage to
platelets and cells, they still do not prevent some loss of

'platelgt and cell functionality. ;

' Trehaiose " has been founé to be suitable \in the
cryopreservation. of cells and platelets. Trehalose 1is a
disaccharidé found at high concentrations in a wide variety of
organisms that are capable ,of‘ surviving almost complete
dehydration. =~ Trehalose has’been shown to stabilize membraﬁes,

proteins, and certain cells during freezing and drying in vitro.
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Spargo et al., U.S. Patent No. 5,736,313, issued April 7,
1998, . have described a method in which platelets are loaded
overnight with an égent, preferably glucose, and éubsequently
lyophiliged. The platelets are preincubated in a buffer and then
are loaded with carbohydrate,. preferably glucose, having a
concentration in the range of about 100 mM to about 1.5 M. The
incubation is taught to be conducted at about 10°C to about
37°C, most preferably about 25° C.

U.S. Patent No. 5,827,741} Béattie et al:, 1issued October
27, 1998, discloses cryoprotectants for human cells and
platelets, such as dimethylsulfoxide.and trehalose. The cells or
platelets may be suspended, for example, in a solution
coﬁtaining a cryoprotectant at a«temperature'of about 22°C and
then cooled to below 15°C. . This incorporates éqme
cryoprotectant into the cells or platelets, but not enough to
prevent hemolysis of a large percentége of the «cells or

platelets.

Accordingly, a need exists for the effective and efficient
preservation of platelets and. cells. More specifically, and
accordingly furthér, a need also exists for the effective and
efficient presgrvatibn of platelets and cellé (e.qg.,
erythrocytic cells, eukaryotic cells, orx ény other. cells, and
the like) and for efficient recovery of drieéd ﬁlafelets and
cells, such that the preserved platelets ahd cells respectively
méint;in their biological properties and may readily become

viablé after storage.
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Summary of Embodiments of the Invention

In one aspect of the present invention, a solute solution
is provided for protecting platelets and cells, 'particularly
during recovery of dehydrated platelets and cells. In an
embodiment of the invention, biological materials are treated
with an amphiphilic agent (e.g., a sutfactant, pluronic orx
‘arbutin, etc.) to stabilizé the biological materials,

particularly for dehydratidén purposes.

In another embodiment of the invention, the solute solution
comprises arbutin and ‘a ‘carbohydrate, such as an
oligosaccharide. The oligosaccharide may be a disaccharide, such
as trehalose and/or sucrose. In another embodiment of the"
invention, the solute solution comprises arbutin and a mixture
of oligosaccharides, sach as a mixture of disaccharides (e.qg.,

trehalose and sucrose).

In a further aspect of the present invention, a method is
provided for protecting platelets or cells. Embodiments of the
invention include treating plateléts or cells with any
embodiments of the solute solution for the present invention.
The platelets or cells are Vdisposed in the solute solution
havingd a solute concentration of .sufficient ‘magnitude for
transfetring (e.g., via fluid phase endocytosis) a solute (e.qg.,
arbutin and trehalose; or arbutin, trehalose and sacrose) fromn
the solute solution into ‘the platelets or cells. .

Embodiments of the present invention include a solution for
treatlng a- biological material comprising an amphiphilic agent
and a carbohydrate The solution may comprise one of the
following mixing proportions: (i) from about 1.0 $% lnf wt. to

about 40 % by weight of the carbohydrate, and from about 0.01 to
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about 40 % by weight of the amphiphilic agent; (ii) freom about
2.0 % by wt. to about 12 %.by weight of the carbohydrate,. and
from about 0.1 to about 20 $ by weight of the amphiphilic agent;
(iii) from about 4.0 % by wt. to about 8 % by weight of‘the
carbohydrate, and from about 0.5 to about 10 % by weight of the
amphiphilic agent; (iv) from about 4.0 % by wt. to about 6 % by
wt. (e.g., ébouf 5.7:% by wt.) of the carbohydrate, and from
by
wt.) of the amphiphilic agent; (v) from about 0.01 %.by wt. to

oe

about 1.0 % by wt. to about 5.0 % by wt. (e.g., about 2

about 60 % by weight of the carbohydrate; and from about 0.01 to
about 30 % by weight of the amphiphilic agent; (Vi).from about
0.02 % by wt. to about 40 % by weight of the cafbohydrate, and
from about 0.01 to about 20 % by weight of the amphiphilic
agent; (vii)'from about 0.20 % by wt. to about 20 % by weight of
- the carbohydrate, and from about 0.10 to about 10 % by weight of -
the amphiphilic agent; (viii) from about 1.5 % by wt. to about 6
% by weight of the carbohydrate (e.g., about 0.8 % by wt.

trehalose and about 1.0 % by wt. sucrose), and from about 1 to

o\

about 5 % by weight of the amphiphilic agent 6 (e.g., about 1.6
by wt. "arbutin).

Embodiments of the present invention provide a process fér
loading a biological sample comprising loading a biological
sample with an amphiphilic agent and a solute (é.g., trehalose)
by fluid phase. endocytosis to produce an internally loaded
biological sample. The loading of a biological sample by fluid
ﬁhase endocytosis comprises fusing within the biological sample
& first matter .(e.g., . a vesicle) with a second matter (a
lysoéome) to produce a fused matter. Thé fused matter preferably
rcomprises the amphiphilic agent and the solute. The loading of a
biological sample by fluid phaée endocytosis additionally
comprises transferring the soluté and the aﬁphiphiiic agent‘from

- the fused matter into a cytoplasm within the biological sample.
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The fused matter may comprise a lower pH than a pH of the first
matter. The fused matter preferably comprises ath of less than
about:6.5, such as from about 3.0 to about 6.0. The biological
sample may include a biological sample selected from a group of
"biological samples comprising a platelet and a cell.

Embodiments of the present invention also further provide a
process for preparing a dehydrated biological sample'comprising
providing a biological sample selected from a mammalian species,
loading the biological sample with a solute and an amphiphilic
agent by fluid phase endocytosis to.produce a loaded biological
sample, and drying (e.g., vacuum drying, air drying, freeze-
drying, etc.) the loaded bioclogical sample to produce a
dehydrated biological sample.

These provisions, together with the wvarious ancillary
provisions and. features thch will .become a?parent to those
skilled in the art as the following " description proceeds, are
attained by the processes and cells of the present invention,
preferred embodiments thereof being shown with reference to the

accompanying drawings, by way of examplé only, wherein:
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Brief Description of the Drawings

In the drawings:

Figure 1 1s an exemplary diagram of a biological sample
having a plasma membrane with an internal protein coating and

encapsulating a cytoplasm having lysosomes and a nucleus.

Figure 2 1s an elevational view of the plasma membrane in
contact’ with a solute solution having a solute which is to be

loaded into the biological sample.

Figure 3 is an elevational view of the plasma membrane in

the process of being loaded with a solute.

Figure 4 is an elevational view 6f a vesicle containing a

solute and connected to the plasma membrane.

Figure 5 1s a diagram of the cytoplasm having a lysosome
and a vesicle containing a solute and which “budded off” or

released from the plasma membrane.

Figure 6 is a diagram of a lysosome fused with a vesicle to

produce fused matter or material containing a solute.

Figure 7 is a diagram of thé fused matter or material
contaiﬁing a sqlute which is in the proéess ‘of passing in
direction of the arrow from the fused matter or material .into
thé,cytoplasm of the biological sample to effectively load the

“bioclogical sample with the solute.

10
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Figure 8 is an enlarged chemical structural, chain formula
diagram of trehalose, a non-reducing disaccharide of glucose,

with an arrow péinting to a glycosidic bond.

Figure 9 is an enlarged chemical structural, chain formula
diagram of sucrose, a non—redgcing disaccharide of glucose and
fructose, with an arrow pointing to a glycosidic bond which is’
much more susceptible to hydrolysis than the glycosidic bond in

trehalose.

Figure 10 is a graph of solute concentration vs. %
retention CF for the solute trehalose, for the solute arbutin,
and for SAT (the solutes sucrose and trehalose plus arbutin at a

3:2:1 mass ratio).

Figure 11 is a picture of MSCs which were treated with

arbutin and trehalose.

Figure 12 is a picture of MSCs which were treated with

arbutin and trehalose.

Figure 13 is a picture of MSCs which were treated with only

trehalose, and not arbutin.
Figure 14 is a graph of number of colonies formed in the
samﬁles not treéated with arbutin and in the(samples treated with

arbutiﬁ.

Figure 15 is a graph of viability (%) of 293H cells vs.

exterhal arbutin concentration in.the loading solute solution.

11
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Figure 16 is: a graph.\of total 1live cells of MSCs. vs.
‘external arbutin concentration in the loading solute solution.

Figure 17 is a graph of survival ($ control) after freeze-
drying vs. g Hp0/g dry wt. for MSCs and 293H cells.

Figure 18 1is a graph of % viability vs. external trehalose
concentration (mM), and internal trehalose conc. (me vS.
external trehalose concéntration (mM) , for trehalose loading by
fluid phase endocytosis.

Figure 19 a gréph of water content vs. $% viability' for

vacuum-drying of MSC in the presence and the absence of arbutin.

Figure 20 is a graph of the fluorescence of alamarBlue as a
function of the water content when MSC cells were vacuum—dried

with and without arbutin.

Figure 21 is a graph illustrating line plots indicating the
total number of cells'in [for fields of view for] each sample
(square for arbutin-containing samples, and triangle for
controls), and a histogram indicating the percentage of those

cells that were positively stained for BrdU..

12
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Detailed Description of Preferred Embodiments of the Invention

Embodiments of the present invention broadly include
biological samples, preferably mammalian biological samples.
Embodiments of fhe present invention further broadly include
methods for preserving biological samples, as well as bielqgical
samplea that have been manipulated (e.g., by drying, such as by
vacuum drying, to produce dehydrated biological aamples) or
modified (e.g., loaded with a chemical or drug) in accordance
with methods of the present invention. Embodiments of the
present invention also further broadly include methods for
increasing the survival of biological samples, especially during

drying and foilowing drying, storing and rehydrating.

"Biological samples for various embodiments of the present
invention comprise any suitable bioclogical sample, such as blood
platelets and cells. The <cells may be  any type of cell
including, not .by way of limitation, erythrocytic cells,
eukaryotic cells or any other cell, whether nucleated or non-

nucleated.

The term "erythrocytic cell" is used to‘mean any red blood
cell. Mammalian, particularly human}‘erythrocytes are preferred.
Suitable mammalian species for providing erythrocytic cells
include by way of example only, not only human, but also egquine,

canine, feline, or endangered species.

The term "eukaryotic cell" is used to mean any nucleated
cell, i.e., a cell that possesses a nucleits surrounded by a’
nuclear .membrane, as well as any cell that is derived by
* terminal differentiation from‘a nucleated cell, even though the
derived cell  is not nucleated. Examples. of the latter are

terminally differentiated human red blood cells. Mammalian, and

13
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particularly human, eukaryotes are preferred. Suitable mammalian
species include by way of example only, not only human, but also

equine, canine, feline, or endangered species.

The source of  the eukaryotic cells may be any suitable
source such that the eukaryotic cells may be cultivated in
accordance with well known procedures, ~such as incubating the
eukaryotic cells with a suitable serum (e.g., fetal bovine-
serum). After the eukaryotic cells are cultufed, they are
subsequently harvested by any.conventional procedure, such ashby
trypsinization, in order to be 1loaded with a protective
preservative. The eukaryotic cells are preferably loaded by
greowing the eukaryotic cells in a liquid.tissue culture medium.
The preservative (e;é.; an oligosaccharide, such as trehalose)
is preferably dissolved in the liquid tissue culture medium,
which includes any liquid solution capable of preserving living
cells and tissue. Many. types of mammalian tissue culturé media
are known in the .literature and available: from commercial
suppliers, such as Sigma Chemical Company, St. Louis, Mo., USA:
Aldrich Chemical Company, Inc., Milwaukee, Wis., USA; and Gibco
BRL Life Technologies,‘Incf, Grand Island, N.Y., USA. Examples
of media that are commercially évailable are Basal Medium Eagle,
CRCM-30 Medium, CMRL Medium-1066, bulbecco's Modified Eagle's
Medium, Fischer's Medium, Glasgow Minimum‘"Essential Medium,
Ham's F-10 Medium,'Ham's F-12 Medium, High Cell Density Medium,
Iscove's Modified Dulbecco's Medium, Leibovitz's L-15 Mé@ium;
McCoy's 5A Medium (modified), Medium 199, Minimum Essentiél
Medium FEagle, Alpha Minimum Eésential .Medium, Earle's Minimum
Essential Medium, Medium NCTC 109, Medium NCTC 135, RPMMI-1640
Medium, William's Medium E, ‘Waymouth's MB 752/1: "Medium, and
Waymouth's MB 705/1,Medium. ~

14
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Molarity; or millimolarity, mM, is the number of moles (or
millimoles) of a solute per liter of solution and isia measure
of the concentration. Osmolarity (Osm), or milliosmolarity
(mOsm), 1is a count of the number of dissolved particles per
liter of solution and 'ls a measure of the osmotic pressure
exerted by solutes. Bidlogical membranes, such as platelet or
cell membranes, can be semi-permeable because they allow water
and some small molecules to pass, but block the passage of
proteins or macromolecules. Since the osmolarity of a solution
is equal to the molarity times the number of particles. per
molecule, 600 mM trehalose is equal to 600 mOsm trehalose
because trelalose does not dissociate in water. 'Houever, with |
respect to compounds that dissociate in water, such as NaCl, 1
mM NaCl is equal to 2 mOsm NaCl because it has two particles.
Similarly, lOOamM NaCl is equal to 200 mOsm NaCl. Thus, for a
300 mOsm PBS buffer (100 mM NaCl, 9.4 mM Na,HPO;, 0.6 mm KH;POy,
pH 7.4), 300 mOsm refers to all of. the .osmotically active
particles in the PBS solution, with 200 mOsm of the 300 mOsm
stemming from NaCl. |

Broadly, the preparation of solute-loaded biological
sample(sl (e.g., platelets and» cells) in accordance with.
embodiments of the invention comprises the steps of loading one
or more biological samples with a solute by pla01ng the
blologlcal samples in a solute solutlon for transferrlng (e.g.,
~ by fluid phase endocyt051s) the sQlute and an amphlphlllc agent
from the solution into the biological sample(‘). For increasing
- the transfer or uptake of the solute and the amphlphlllc agent
from the solute solutlon,. the solute solution temperature, or
incubation temperature;‘may have a temperature above about 25°C,.
more preferably above 30°'C, such as from about 30° C to about

40° c.

15
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The solute sclution for various embodiments of the present
invention may be used for loading and/or washing and/or dryiﬁg
(e.g., freeze-drying, alr drying, vacuum drying) and/or
fehydration, or for any other suitable purposé. When the solute
solution is employed for loading a solute into platelets or
cells, the solute solution may be any suitable physiologically
acceptable solution (e.g., cell growth medium) in an amount and
under conditions effective to cause uptake or “introduction” of
the solute from the solute solution into the platelets or cells.
A physiologically ‘acceptable solution 1s a suitable solute-
loading buffer( such as any of the buffers stated in the
previously mentioned related patéent applications, all having
been incorp@rated herein by reference thereto.. The soiute
solution may also be any suitable physiologically dcceptable
solutiop in an amount and under.conditions effective fof washing
and/or drying and/or rehydration. Therefore, the solute
solution may be used as a washing buffer for washing loaded
cells and/or as a drying Dbuffer (e.g., freeze-drying, air-
drying, vacuum dryiné, etc) for freeze-drying loaded:  cells
and/or as a rehydration buffer for rehydrating dried cells or
reconstituting cells. Thus, any of the” solute solutions for
eﬁbodiments of the present— inventioﬁ may be wused for any
suitable' purpose, including loading, wéshing, drying (e.g.,
freeze-drying, air drying, vacuum drying, etc.) and rehydration.
The following recipes have been found to be effective fo;
various embodiments of the present invention: (i)HEPES 10 .mM,
KC1 5 mM, NaCl 105 mM, BSA 5.7 % by wt., trehalose 150 mM, and
arbutin 70 mM; and (ii) TES 10 mM, 0.1 mM EDTA, and up to 50
mg/ml total of sucrose, érbutin and trehalose in a 3/2/1 mass

ratio.

16
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The solute solution for treating a biological material in
accordance with various embodiments of the present invention
broadly comorisés an amphiphilic agent and a soiute.

The solute may be a carbohydrate (e.g., an oligosaacharide)
selected from the following groups ‘ of carbohydrates: a
monosaccharide, an oligosaccharide (e.g., bioses, trioses,
tetroses, pentoses, hexoses, heptoses, etc), a disaccharide
(e.g., lactose, maltose, sucrose, melibilose, trehalose, etc), a
trisaccharide (e.qg., raffincse, melezitose, etc), or
tetrasaccharides . (e.g., lupeose, ‘stachyose, etc), and a
polysaccharide (e.g., dextrins, starch groups, celluiose'groups[
etc). More preferably, the solute: is a disaccharide, with
trehalose and/or- sucrose being the preferred} particularly since
it has been discovered that trehalose and/or sucrose do/does not
degrade or reduce in coﬁplexity upon being loaded. Thus, in the
practice of various embodimeénts of the invention, the solute
(e.g.,trehalose and/or sucrose) and the amphiphilic agent are
transferred from a solution into the cells without degradation
of the Solgte.l

The amphiphilic agent may be any suitable agent or
compound, preferably one comprising molectles having a polar
water—solﬁble group attached to a water-insoluble hydrocarbon
chain. The amphiphilic agent comprises a molecule having both
hydrophobic and hydrophilic portions and..includes, by way of
exomple only, surfactants, including pluronic. The amphiphilic
agent may also comprise arbutin. - '

As.indicated embodiments of the present invention 1nclude
a solute solution for treating a blologlcal material compr1s1ng
oan. amphlphlllc agent and a solute, such as a carbohydrate - The
" solute solution may broadly comprlse one of the follow1ng mixing
proportions: (i) from‘about 1.0 % by wt. to about 40 3 by weight
. of the carbohydrate, and from about 0.0l to about 40 % by weight
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of. the amphiphilic agent; (ii1) from about 2.0 % by wt. to about
12 % by weilght of the carbohydrate, and from about 0.1 to about

o\

20" % by weight of the amphiphilic agent; (iii) from about 4.0
by wt. to about 8 % by weight of the carbohydrate, and from
about 0.5 to about 10 % by weight of the amphiphilic agent; (iv)

o\®

from about 4.0 % by wt. to about 6 % by wt. (e.g., about 5.7
by wt.) of the carbohydrate, and from about 1.0 % by wt. to
about 5.0 % by wt. (e.g., about 2.0 % by wt.) of the amphiphilic

o

agent; (v) from about 0.01 % by wt. to about 60 % by weight of
the carbohydrate, and from about 0.01 to about 30 % by weight of
the amphiphilic agent; (vi) from about 0.02 % by wt. to about 40
% by weight of the carbohydrate, and from about 0.0l to about 20
%.by weight of the amphiphilic'égenf; (vii) from about 0.20 % by
wt. to about 20 % by weight of the carbohydfate, and from about
0.10 to about 10 % by weight of the amphiphilic' agent; (viii)
from about 1.5 % by wt. to about 6 % by wgight of the
carbohydrate (e.g., about 0.8 % by wt. trehalose and about 2.4 %
by wt. sucrose), and from about 1 to about 5 % by weight of the
amphiphilic agent (e.g., about 1.6 ¢ by wt. arbutin).

The solute SOiution may more specifically comprise one of
the following mixing proportions: (i) from about 1.0. % by wt.- to
about 40 % by weight of trehalose, and from about 0.01 to about
40
12

oe

by weight of arbutin; (ii) from about 2.0 % by wt. to about
by weight of the trehalose, and from about 0.1 to about 20

oo

% by weight of arbutin; (1ii) from about 4.0 % by wt. to about 8

\

E by weight .of trehalose, and from abouF 0.50 to about 10 % by
weight arbutin; (iv) from about 4.0 % by wt. to about 6 % by wt.
(e.é., abouf 5.7 % by wt.) of.trehalose, and from about 1.0 % by
wt. to about SLO $ by wt. (e.g., about 2% by wt.) of arbutin;
(v} from about 0.01 % by wt. to about 60 % by weight of
trehalose and/or sucrose (e.g,, from about 0.01 $% by wt. tq
"about 30 % by wt. trehalose and from about O:Ol $ by wt. to

-
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(o}

about 30 % by wt. sucrose), and from about 0.01 to about 30 % by
weight of arbutin; (vi) from about 0.02 % by wt. to about 40 %

by weight of trehalose and/or sucrose (e.g., from about 0.01 %

\C

by wt. to about 20 % bj wt. trehalose and from about 0.01 % by
wt.Ato about 20 % by wt. sucfose), and from aboutMO:Ol fo about
20
20

% by wt. to about 10 % by wt. trehalose and from about 0.1 % by

by weight arbutin; (vii) from about 0.20 % by wt. to about

o\®

o

by weight of trehalose and/or sucrose (e.g., from about 0.1

wt. to about 10 % by wt. sucrose), and from about 0.10 to about
10 %'by weight of arbutin ; (viii) froﬁ about 1.5 % by wt. to
about 6 % by weight of trehalose and/or sucrose (e.g., about 0.8
% by wt. trehalose and about 2.4 % by wt. sucrose), and from
about 1 to about'5 % by weight of the amphiphilic ageht (e.g.,
about 1.6 % by wt. arbutin).

Loading of the solute and the amphiphilic aéent from the
solute solution into the biological sample (s) broadly includes
producing and/or forming at least 'a portion of a biological
membrane of the microbiological sample(s) to entrap and include
a solute and the amphiphilic agent; and fusing, cOmmingling,‘or
- otherwise combining in any suitablé manner, the produced and/or
formed solute-containing/amphiphilic-containing portion of the
biologiéal membrane_with a lysésome to produce fused matter f£rom
which the solute and the amphiphilic agent is transferred into
the pytoplasm of the biological membrane (e.g.; "a cell).
Producing aﬁd/or forming af least a pértion of the biolbgical
membrane to include the solute and théf amphiphilic agent
comprises transferfing or passing tﬁe solute and the amphiphilic i
agent. from the sOlufe'éolution against and/or into a pbrtion of-
the biblogiéa; membrane for préducing an&/or fépming a vesicle
(1.e., an'endosbmal,Aphagocyfic.vesicle) containing the solute
and the amphiphilic agent. The vesicleé after & period of time,

which depends on the residence time of the biological sample in
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the solute solution, subsequently breaks or severs (i.e., “buds
off”) from the Dbiological membrane into the cytoplaSHL of the
biological sample(s) to.fuée with lysosome (s). )

' The fudsing or combining of the vesicle &ith a lysosome 1s
caused by recognition sites on both membranes fhat promote
fdsion or the combining. The: produced fused matter
subsequently breaks down or degrades, with the lysosomal
membranes being recycled and reloaded in the Golgi. Most sugars
are degraded in the lysosome to monosaccharides, which are then
transferred to the cytoplasm for further degradation. It is
suggested that the mechanism of transfer includes the magnitude
of the internal pH in the lysosomes which leads to. leakage
across the bilayers. The lysosome(s) has/have a low pH, such as
a pH ranging from about from aboﬁt 3.0 to about 5.0. In addition
there is the presence of acidic hydrolases in the lysosomes. The
vesicle, especially when the vesicle contains the solute, has a
higher pH than the pH of the lysosome(s). The vesicle typically
has a pH ranging from about 7.0 to about 8.0. Thus, the
internal, engulfed material within the fused matter contains a
reduced pH, a pH léwer than the pH of the vesicle (e.g., a pH
less than about 6.5, such as a pPH ranging from about 3.5 to
about 6.0).

The reduced pH, an acidic pH, causes the membrane of the
produced fused matter to have an increased pérmeability.' Stated
alternatively, loﬁering the pH of thé internal, engulfed
material through the fusing of lysosome énd vesicles produces an
acidic engulfe& material within the  fused matter, which
concomitantly ~J;aises or increases the permeability of the
membrane of the fused matter. With an increase in permeability,
the solute '(6£- any low molecular weight molecules) and thé
amphiphilic agént leak dr‘pass thﬁough the membrané of the fused

matter and into the cytoplasm.
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When the solute is a sugar, most sugars hydrolyze within
the fused matter. An éiception is trehalose, which escapes
degradation due to the stability of its associated glycosidic
linkage. The broken down components of the lysosome and the
vesicles are released into the cytoplasm for further metabolism.
The components of sucrose would include glycose and fructose,
which are Adegraded by the well %nown glycolytic pathway and the
TCA cycle to CO; and H,0. Because trehalose remains intact for
effecting the transferring and the loading of the 'solute into
thé cytoplasm of .the biological sample(s), and does not degrade
in conditions found in the lysome-endosome, trehalose is a
preferréd solute. "However, it is to be understood that while
trehalose is a preferred solute, the spirit and scope of the
preﬂsent invention includes any solute comprising one or more
molecules that survive the environmental conditions within the
fused matter. More specifically, the solute for various
embodiments of the present invention cdmpris\es one or more of
any molecule(s) that does not degr‘éde uﬁder the transferring or
loading conditions, or within the environmental conditions
within the fused matter resulting from the fusing of lysosome
and the vesicle. After the solute (and the amphiphilic agent)
is/are transferred out of the fused .matter ~and into the
cytoplasm, stability is conferred on the biological sample for

further treatment or processing, such as drying.

Referring now to Figures 1-7 for more specifically
describing an'efnbodiméﬁt of - a z_nechanism for loading by fluid.
phase endoéytosis a solute and an amphiphilic.agént from a
solpte solution into a biological sample (e.g., pléteiet(s),
cell(s), etc.), there 4is seen 1in Figure 1 a biological sample
100 which is exemplarily represented as an intact cell 102

having a plasma membrane 104 internally coated with a protein
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(e.g., clathrin) 105. The plasma membrane 104 encapsulates
cytoplasm 108 having lysosomes 112. The plasma membrane 104 may
also  encapsulate a nucleus 116 contained within the cytoplasm
108. The biological sample 100 is diéposed in a solﬁte solution
126 having a solute T (e.g., trehalose) and an amphiphilic
agent. As shown in Figure 2, the solute T and the amphiphilic
agent 1s transferred or passed in direction of the arrow A from
the solute solution 126 against. and/or into a portion of the
membrane 104. As previously indicated, the solute solution 126
may be heated to an elevated témperature (e.g., a temperature
from about 30° C to about 40° C) to'assist in transferring the
solute T énd the amphiphilic agent out of the solute solution
126 énd against .and/or into a portion of the membrane 104,
causing the plasma membrane 104 including its associated
protein coat 105 to bulge and/or concave inwardlyi(as best shown
in Figure 3) to begin the formation of a portion of the membrane
104 having the solute T and the amphiphilic agent; that is, a
vesicle 120 (see Figure 4) begins to form. Referring now to
Figure 5 these is seen 'a partial plan view of the biological
sample 100 after the subséquent release or “budding off” of the
 vesicle 120 into the cytoplasm 108. The‘vegicle 120 is coated
with -the  protein 105 and contains .the éolute T and the
amphiphilic agent. As exemplarily shdﬁn in Figure 6, the vesicle
120 fuses with lysosome 112 to prodice and/or form fused matter

124 which is also.coated with the protein 105.

-

‘ The internal, engulfed material within the fusgd‘maﬁter 124
. ¢ontéins a reduced fﬂi.(e;g,, a pH raﬁging from about 3.5 to
about 6.0) due to ion pumps in ﬁhe membrane. The acid hydrolases
are activated by Fhe low pH. The ;educed pH of the internal,

engulfed material causes the outer skin or membrane of the

produced fused matter - 124 to havé. an increased permeability
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which facilitates the leakage or passage of the solute (or any
low molecular weight molecules) and the amphiphilic agent
through the outer skin or membrane of the fused matter 124, as
illustrated in Figure 7. As previously indicated, when . the
solute is trehalose or any other low molecular Qeight molecule
that i1s immune to the acidic engulfed material within the fused
matter 124, trehalose escapes degradation due to the. stability
of its associated glycosidic linkage énd freely passes intact

through the increased-permeability membrane of the fused matter.

'As previously suggested, the remaining broken down components of

the lysosome and the vesicle are released into the cytoplasm for
further metabolism. Thus, the solute T and the amphiphilic agent
are transferred out of the fuéed matter 124, as represented by
arrow B in Figure 7, when thée permeability of the nﬁmbréne of
the fused matter 124 1is increased, and when the engulfed
material within the fused matter 124 breaks down or degrades'for
further metabolism within the ‘cytoplasmd As previously
indicated, the solute T and the amphiphilic agent preferably
remain intact during the loading and/or solute trarnsferring
process and within thelinternal environment of the fused matter
124. Thus, the solute T and the amphiphilic agent remaip
éssentially'intact and whole when transferred out of the fpsed
matter 124 and into the cytoplasm 108.- The solute T and the
amphiphilic agent survive conditions found in the lysosome-
endosome and the intﬁct solute T and the amphiphilic agent leak
through. the outer membrane of the fuéed matter 124 and into the

cytoplasm. The biological sample 100 is rnow ready for further

processing,. such as drjing, freezing, and subsequent

‘rehydration, etc.

A preferred. solute for embodiments of the present.invention

comprises trehalose. Most sugars gegrade' in fused lysosome-
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endosome due to the reduced pH and presence of acid hydrolases.
Trehalose 1s the only non-reducing disaccharide. of glusose.
Figﬁre 8 1s an _enlargéd chemical structural, chain formula
diagram of trehalose, a non-reducing disaccharide of glucose,
with an arrow pointing to a glycosidic bond. Severing of the
glycosidic bond produces glucose which is -ineffective in
stabilizing dry bioclogical materials. Sucrose, on the other
hand, is a non-reducing disaccharide of glucose and fructose.
Figure 9 1is an enlarged chemical . structural, chain formula
diagram of sucrose, a non-reducing disacchar;ae of glucose and
fructose, with an arrﬁw pointing: to a glycosidic bond which is
much more susceptible to hydrolysis than the §lycosidic bond in
trehalose. Trehalose survives conditions found in the lysosome:
endosome and intact trehalose leaks into the cytosol of living
cells. ' |

Embodiments of the present invention will be illustrated by
the following set forth examples which are being given to set
forth the presently known best mode and by way of illustration
only and not by way of any limitation. It is to be understood
that all materials, chemical compositions and procedures
referred to below, but éot explained, ére well documented in
published literature and known té those artisans possessing
skill in the art. All materials and chemical compositions whose
source(s) are not stated below are readily available from
commercial suppliefs, who are also' known to those artisans
pdssessing skili . in the art. All parameters such as
concentrations, A mi%ing propprtioﬁs, temperatures, rates,
compbunds, etc., subﬁitted' in tﬁese examples are not to bg
conétrued 'to-'unduly limit the scopé "of the invention.
Abbreviations' used in the - examples and/or 1in the foregoing

discussion, if used, are as follows:
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DMSO =

ADP =

dimethylsulfoxide

adenosine diphosphate

PGEl = prostaglandin E1

HES = hydroxy ethyl starch

FTIR

EGTA

EDTA

TES =

HEPES

PBS =

HSA =

BSA =

ACD =

MRCD =

_RH =

It

i

r

Fourier transform infrared spectroscopy

ethylene glycol-bis(2-aminoethyl ether) N,N,N',N",
tetra-acetic acid

ethylenediaminetetraacetic acid

N-tris (hydroxymethyl) methyl-2-aminoethane-sulfonic

acid

= N-(2-hydroxyl ethyl) piperarine-N'-(2-
ethanesulfonic acid)

phosphate buffered saline

human serum albumin = )

bovine serum albumin

citric acid, citrate, and dextrose

methyl-B-cyclodextrin

elative'humidity

EXAMPLE 1

Lipésomgs wefe" used as a model for biological

membranes to determine if arbutin could, provide a protecfive

effect '~ during

“drying. Extrudéd vesicles containing  the

flﬁorescent dye carboxyfluorescein (CF) were respectively air-

dried in the ©presence of the following respéctive ' solute
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solutions: (i) 10 mM TES (pH 7.4), 0.1 mM EDTA, 50 mM NaCl, 3
_ mg/mL lipid, and trehalose at the concentrations stated in the
Figure 10; (ii) 10 mM TES (pH 7.4), 0.1 mM EDTA, 50 mM NaCl, 3
mg /1L lipid, and arbutin at the concentratiéns stated in the
Figure 10; and (iii) 10 mM TES (pH 7.4), 0.1 mM EDTA, 50 mM
NaCl, 3 mg/mL lipid, and trehalose, sucrose, and arbutin in a
3:2:1 mass ratio at the total concentrations stated in the
Figurg 10. Liﬁosomes were  composed of egg
phosphatidylcholine/monogalactosyl diacylglycerol (60/40 ‘w/w).
Samples (lO'pL) were air dried at 0% relative humidity in the
presence of each oﬁ the solute solutions. CF retention was
measured by fluorescence spectroscopy. fhe results are shown in
Figure 10 which are graphs of solute concentration v;. %
retention CF for each of the solute solutioné. More
particularly, graph 102 is a graph for % retention of. CF in the
samples when air dried in the solute solution having trehalose
in the designated solute concentration in mg./ml. Graph 104 is a
graph for % retention of éF in the samples when air d;ied in the
solute solution having arbutin in the designated.coqcentration
in mg./ml. Graph 106 is a graph for % retention of CF in the
samples when air dried in the solute solution having SAT at a
3:2:1 mass ratio and .in the designated solute concentration in
mg./ml. It is clea: that with a particular lipid combination,
arbutin provides a protective effect to membrane integrity. The
combination of arbutin with the disaccharides trehalose and
sucrose was most effective in retaihing CF, especialiy' at a

solﬁte concentration greater than about 15 mg./ml.f
. EXAMPLE 2

Human mésenchymal stem cells (MSCs) were respectively

treated with a -solute solution having arbutin and trehalose
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(i.e., Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco cat
#11885-046) containing 10% FBS, 80 mM <trehalose and 30 mM
arbutin), and with a solute solution having trehalose alone
(i.e., =~ Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco cat
#11885-046) containing 10% FBS and 100 mM trehalose) prior to
lyophilization under the following loading conditions: 37°.C; 5%
CO,, 90% RH, 24 h. The. MSCs were also respectively lyophilized
following ioading with the solute solution hafingwarbutin and
trehalose (i;e., containing 10 mM HEPES (pH 7.2), 5 mM KC1, 100
mM NaCl, 150 mM trehalose, 75 mM arbutin, 5.7% BSA), and with
the solute solution having trehalose alone (i.e., containing 10
mM HEPES (pH 7.2), 5 mM KCl, 140 mM NaCl, 150 mM trehalose, 5.7%
BSA). The samples were incompletely freeze-dried to an average
residual water content-’of 0.24 g H0/g dry weight, following
which they were . rehydrated with excess medium containing
apoptosis inhibitor. The MSCs were stained with Commassie blue
after growing for 3 weeks in culture. As illustrated in Figures
11, 12 and 13 only the sample dried with the solute solution
having arbutin showed cellular attachment, growth, and colony
formation (colgnies are shown circled in Figure 11). Figure 13
is a picture of the MSCs which were lyophilized with the solute
solution having trehalose and no arbutin. The cellular
morphology in Figures 11 and 12 was normal and the colonies weére

healthy and robust.
EXAMPLE 3

Colony formation following free;e;drying, and ~rehydration
was quantified by staining the samples the samples described in
Example 2 = with Cocmassie blue and counting file~ distinct
colonies in .each flask. Specifically, after loading and freeze

drying to 0.24 g H;O0/g dry weight, as described in Example 2, and
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after rehydration with excess medium, as described in Example 2,
the flasks were incubated at 37 °C, 5% COz, and 90% RH for 3.
weeks, in DMEM containing 10% FBS. For staining purposes, the
medium was removed from each flask. The flasks were washed-
twice with Dulbecco’s phosphate buffered saline (DPBS, Gibco
cat# 141909144);Aand stained with Coomassie Brilliant Blue R250
(2% Coomassie blue, 50% methanol, 10% acetic acid in water) for
10 min.  The samples were then washed with the destaining
solution (5% methanol, 10% acetic acid in water) three times for
10 min each, and the flasks were examined by light microscopy.
The total number of blue-stained colonies was counted in each
flask. Figure 14 illustrates the number of colonies formed

versus samples with arbutin and without arbutin.
EXAMPLE 4

| Arbutin was tested fér toxicity to 293H cells. . In
four flasks of 293H cells, the 293 medium (DMEM, Gibco cat
#11965, with 10% FBS and 100 uM non—esséntial amino acids,
Gibco# 11140) was removed and replaced with the same medium
containing 0, 10, 50, or 100 mM arbutin. The .cells were
incubated at 37 OC; 5% CO0;, and 90% RH for 24)h, after which they
were harvested by4 trypsinization. Briefly, the medium was
removed from the cultures and they were washed one time with 5
mL DPBS. Trypsin (1 mL of 0.05% in 0.53 mM EDTA-4Na) was added
to the culture for ~1 min and the flasks were rapped to dislodge
the cells. Medium (4 mL) was added to stop the reactioﬁ, énd
thexéells.were pelleted by centrifugaﬁion at 176 x g-for 5.min.
The pellet was resuspended in 1 mhL DPBS. Cell counts and
viability were assessed by trypan blue exclusion using fije
counts of 50—100 cells per 1 mm? hemocytometer grid séuare for

each sample. The total number of live cells‘and the % viability
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of all cells are shown in Fig. 15. Both wviability and cell
number had decreased dramatically between 0 and 50 mM arbutin,
and no live cells remained in the lOO'mM arbﬁtin~sample. This
shows that arbutin is toxic to some cell types, such as the 293H.

cells.
EXAMPLE 5

Arbutin was tested for toxicity to MSCs. In three flasks
of MSCs, the MSC medium (Dulbecco’s Modified Eagle’s Medium,
Gibce cat #11885-046) containing 10% FBS) was removed and
replaced with the same medium containing“o, 50, or 100 mM
arbutin. The cells were incubated at 3% °c, 5% COg; and 90% RH
for 24 h, after which they were harvested by trypsinization.
Briefly, the medium was'removed from the cultureé and they were
washed one time with 5 ml DPBS. Trypsin (1 mL of 0.0S% in0.53
mM EDTA-4Na) was added to the culture for ~1 min ahd the flasks
were rapped to dislodge the cells. Medium (4 mL) was added to
stop the reaction, and the cells were pelleted by gentrifugation
at 176 x g for 5 min. The pellet was resuspended in 1 mL DPBS.
"Cell counts and viabiiity were assessed by trypan blue exclusion
using five counts of 50-100 cells per 1 mm? heﬁocytometer grid
square for each sample. The total number of li%e cells and the
% viability of all cells are shown in Fig. 16. Both wviability
and cell number remained high bétwéen 0 and 100 mM arbutin.
" This ‘shows that arbutin is not toxic to some cell types, such as

the mesenchymal steﬁ‘céllsf
EXAMPLE 6.

MSCs and 293H cells were ‘incubated in growth medium

containing 100 mM trehalose for 24 h at 37 °C, 5% CO,, and 90%
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RH. The cells were harvested by trypsinization (as described in
Example 5),‘ and resuspended in freeze-drying buffer containing
10 mM HEPES (pH 7.2), 5 mM KCl, 140 mM NaCl, 5.7% BSA, and 150
mM trehalose. Aliquots (50 pL) were placed in Eppendorf
microfuge ‘tubes (without caps) and lyophilized on a Virtis
Freezemobile freeze-dryer for various time points. ~The samples

were rehydrated by the addition of water to a final volume bf 50

pL. Viability was measured by trypan blue exclusion, as described
in Example 5,- and water content was measured by gravimetric
analysis on separate sambles. Briefly,_samples used for water
content analysis were weighed after removal from the freeze-
dryer. They were then heated to 80 °C for 24 h to remove the
residual water and re-weighed. Tﬁese measurements provided the
welght of the water and the dry weight of the éamples after the
tare weight of .the tubes were subtracted. The water contents
are reported in Figure 17 as g H»0/g dry weight, and viabilities

are reported as the percent of the undried controls.
EXAMPLE 7

Trehalose uptake iﬁ MSCs wasv measured as a function of
extracellular trehalose concentration. .FOr these experimehts,
- MSCs were grbwn in MSC medium to 90-95% confluence. For the
concentration series, cells were iqcubated at 37 °C for 24 hours
in.MSC growth medium with the addition of 0, 25, 50, 100, or 125
mM trehalose. Following incubation, fhe cells were washed once
with 10 mL DPBS,‘and:harvested bf trypsinization, as described
above. The cells were then washed an additional three times
" with 10 mL DPBS each and collected by cehtr}fugation (167 x g).
The pellet was resuspended in 1 ml, DPBS. Viabélity~was asseésed

by trypan blue exclusion using five counts of 50-100 cells per 1
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mm® hemocytometer grid square for each sample. The cells were

extracted by incubating in 80% methanol at 80 °C for one hour.
The trehalose enters the supernatant, which was collected after
centrifuging the suspension at 200 x ..g for 10 min. The

supernatant was evaporated under a stream of N, at 40 °C, and the

dry residue. dissolved in 3 mL nano-pure water. For trehalose
quantitation, the anthrone reaction was used. Briefly, the
samples (3‘ mlL) were mixed with 6 mL anthrone reagent (2%

anthrone (Sigma-Aldrich) in sulfuric acid), heated-to 100 °C for
3 min, and allowed to cool. Absorbance at 620 nm was read on an
Amersham-Pharmacia Biotech Ultrospec 3300 pro spectroéhotometer
at room temperature and compared to a standard curve. In
control experiments, the last wash solution was assayed for
residual trehalose. The resulting anthrone absorbance was
negligible and fell within the range of experimental error for
control samples confaining DPBS buffer only without sugar. As
the anthrone method detects all sugars, unioaded control cells
were always. treated in parallel. These values, normalized for
cell count, were subtracted from the trehalose-loaded samples in
order to evaluate trehaiose specifically and to avoid artifact
. due to endogenous sugars. Data are shown in Fidure'l8 for three
independgnf measurements. The finding that trehalose uptake is
linearly dependent on'® the extracellular trehalose conqéntration
suggests that fluid phase endocytosis is the mechanism of
trehalose uptake. The finding that wviability is high at all
trehalose concentrations‘indiCates that the sugar is not toxic

to the cells under°theée conditions.
Example 8

Human mesenchymal® stem cells (MSCs) were loaded with

trehalose and arbutin by incubating the cells in growth medium
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containing, 100 mM trehalose and 30 mM arbutin for 24 h at 37 °C.
Alternatively, MSCs were loaded with trehalose only Dby
incubating them in medium containing 100 mM trehalose. The
cells were then transferred to air-drying buffer containing 10
mM HEPES (pH 7.2), 5 mM KCl, 65 mM NaCl, 150 mM trehaiose, and
5.7% BSA with or without the addition of 70 mM arbutin, aﬁd
with or without the addition of 70 mM arbutin. The cellular
'suspensions‘were aliguotted into 50-ul droplets in the céps-éf
Eppendorf microcentrifuge tubes. The samples were vacuum-dried
by enclosing them in a sealed chamber subjected to a vacuum of
approximately 3 in Hg for 2-3 h. Samples were removed at
various time.points and tested for viability by propidium iodide
exclusion and water content by gravimetric anaiysis. When
viability dimmediately following rehydration was graphed as a
function of residual water content, Figure 19 was obtained.
Note that the viabilities at each water content are extremely
similar for the arbutin-containing saﬁples and controls. This
indicatés that although arbutin does not show an immediate
benefit following rehydraﬁion, it also doés not interfere with

viability as we have seen with other antioxidants tested.

Example 9 .

MSCs were. Jloaded with trehalose only or trehalose and
arbutin and vacuum—dried. in air-drying Dbuffer containing
trehalose only or trehalose and' arbufin as. described above.
Sambles were removed at various time points, and fehydrated with
excess medium. The .rehydrated Sampies were'platéd with fresh
medium containiné 10% alamarBlue and incubated at 37°°C for 24 h.
The reduction of alamarBlue was then gquantitated by measuring
the‘fluorescence (Eﬁ 530, Em 585) on a Perkip Elmer flUOresceﬁce

spectrophotometer. AlamarBlue is a metabolism sensitive dye
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that is reduced by metabolic by-products in the medium.
Therefore, the higher the fluorescence, the more  actively
metabolizing cells are present in the sample. Figure 20 shows
the <fluorescence of alamarBlue as a fuﬁction of the water
content to which the cells were dried. At the higher water
contents, there 1s no difference between the reduction of
alamarBlue in the arbutin-containing sampleé compared to that of
the controls. However, the fluorescence in the control samples
decreases precipitously in the range of 0.4 g HZO/g dry weight.
However, the arbutin;containing samples do not show the same
decrease until they =reach 0.27 g Hy0/g dry weight. This
indicates that arbutin provides some protective effect to the
dried cells that appears over time in the growing rehydrated

samples.'

Example 10

MSCs were loaded with trehalose only or trehalose and
arbutin and vacuum-dried in air-drying buffer containing
trehalose only or trehalose and arbutin as described above.
Samples were removed at various time points, and rehydratéd with
excess mediumJ. The rehydrated samples were plated with fresh
medium containing BxrdU. BrdU is only incorporated into newly
synthesized DNA, and thus can be used as a marker for'.cell
division. The rehydrated samples ‘we;e grown in the BrdU-
containing ﬁédium for 4 days, after which they were washed
Aéxtehéively and stained with  fluorescent 4antibodies to BrdU.
The samples wefé‘mounted on slides and observed micrescopically.
Diﬁferential interference contrast microscoﬁy was used to count
the(téfal number of cells- (in féur separaté fields. of view), and
fludrescence microscopy was used té count the number of cells

that stained for BrdU (in the same cell population). Figure 21
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shows line plots indicating the total number of cells in each
sample (squares foi arbutin—containing samples, and triangles
for controls), and a histogram indicating the percentage of
those cells that were positively stained for BrdU. Although the
total number of cells decreased as the water content decreased
for both conditions, the cell number decreased much more rapidly
in the control samples than in the arbutin-containing samples.
The histogram shows that at 0.36 g H,0O/g dry weight and above,
the percentage of cells staining for BrdU was similar betWeen
the two conditions. However, at the loﬁest water content tested
(0.27 g H30/g dry weight), only the arbutin-containing samﬁles
contained BrdU positive cells, because only in the arbutin-
containing samples were there any cells present. This result
indicates that the arbutin containing samples had a large
advantage in cell survival and- - cell division compared to the

samples containing only trehalose.

Conclusion

Embodiments of the present invention provide that arbutin
and trehalose, a sugar found at high concentrations in organisﬁs
that 'normally survive dehydration, may be used to protect
biological sampleé during drying and rehydration. Afbutin aids
survival and- recovery of dehydrated biological sampies, such as
lyophilized human éeils. Arbutin is a;coﬁpound found in plaﬁts
that can survive prolonged beriods of drought. Embbdiments of
fhe' present invention also provide treating a biol;gical

material with arbutin,lsucrOSe and trehalose.

Mesénchymal stem cells (MSCs) were treated with arbutin
prior to and during irncomplete lyophilization (to an average’

residual water content of about 0.24 g Hx0/g dry weight).
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Foilowing rehydration with excess medium, the cells treated with

arbutin showed attachment and growth.

The beneficial effects of arbutin in helping biological
samples survive the stresses of drying and rehydration has been
provided. The protective effect of arbutin emerges over time
after rehydration during the growth phase of the cells.

While the present invention has been described herein with
‘reference ' to particular embodiments thereof, a latitude of
modification, various changes and substitutions are intended in
the foregoing dlsclosure, and it will be appre01atedl that in
some instances some features of the invention will be employed
without a corresponding use of other features without departing
from the scope and spirit of the invention as set forth.
Therefore, many modifications may be made to adapt a partlcular
situation or material to the teachings of the invention without
departing from the essential scope and spirit of the present
invention. It is ‘intended that the invention not be limited to
the patticular embodiment discioSed as the best  mode
contemplated for carrying out this invention,‘ but that the
invention will 1nclude all embodiments and equivalents falling

within the scope of the appended claims.
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What Is Claimed Is:

1. A method for stabilizing .a biological material ‘comprising
treating a biological material with an amphiphilié agent to

stabilize the biological material.

2. The method of Claim 1 additionally comprising dehydrating

the bioclogical material.

3. The method of Claim 1 wherein said amphiphilic agent

comprises an amphiphilic compound.

4. The method of Claim 3 wherein said amphiphilic compound

comprises arbutin.

5. A method for protecting a biological material comprising:
disposing: a biological material in a solution having an

amphiphilic agent for transferring the amphiphilic agent from

the solution inté the biological material for protecting the

biological material.

6. The method of Claim 5 wherein said amphiphilic agent

comprises an amphiphilic compound.

7. The method of Claim 6 wherein said amphiphilic compound

comprises arbutin.

8. The method of Claim 5 wherein said biological material is

selected from the group consisting of blood platelets and cells.

9. * The method of Claim 5 wherein said scdlution additionally

comprises a carbohydrate.
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10. The method of Claim 5 wherein said solution additionally

comprises an oligosaccharide.

11. The method of Claim 10 wherein said oligosaccharide

comprises at least one disaccharide.

12. The method of <Claim 11 wherein said disaccharide 1is
selected from the group consisting of trehalose, sucrose, and

mixtures thereof.

13. A biological material produced in accordance with the

method of élaim 1.

14. A biological material produced in accordance with the

method of Claim 5.

15. A solution for treating a biological material comprising an-
amphiphilic agent and a carbohydrate.

16. The solution of Claim 15~compriéing_from about 1.0 % by wt.
to about 40 % by weight of the carbohydrate, and from about 0.01
.to about 40 % by weight of the amphiphilic ageént.

17. The solution of Claim 15 comprising from about 2.0 $-by wt.’
to about 12 % by weight ofithé caibohydréfe;.and from about 0.1
to about 20 % by weight of the amphiphilic agent.

18. The solution of Claifm 15 comprising from .about 4.0° % by wt.

to about 8 % by Weight of the caibohydiaté, and from about 0.50
to-about 10 ¢ by weight of the amphiphilic agent. '
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19. The solution of Claim 15 wherein said carbohydrate

comprises a disaccharide.

20. The solution of. Claim 19 wherein said disaccharide

comprises trehalose.

21. The solution of Claim 15 wherein said amphiphilic agent

comprises arbutin.

oe

22. The solution of Claim 15 comprising from about 0.01 by
wt. to about 60 % by weight of the carbohydrate, and from about

0.01 to about 30 % by weight of the amphiphilic agent.

o\,

by
by weight of the carbohydrate, and from about

23. The solution of Claim 15 comprising from about 0.02

wt. to-about 40

o

0.01 to about 20 % by weight of the amphiphilic aéent.

o\

by
wt. to about 20 $ by weight of the carbohydrate, and from about

24. The solution of Claim 15 comprising from about 0.20
0.10 to about 10 % by weight of the amphiphilic agent..

25. The solution of Claim 15 comprising from about 1.5-% by wt. -
to about 6 % by weight of the carbohydrate, and from about 1 to
about 5 % by weight of the amphiphilic agent.

26. A process for loading a bioldgical sample comprisiﬁg
loading a biological sample with a solute and ~an
amphiphilié agent Dby fluid phase endocytosis to produce an

internally loaded biological sample.

27. The process of Claim 27 wherein said loading a biological

sample by fluid phase endocytosis - comprises fusing within the
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biological sample a first matter with a second matter to produce:

a fusgg matter.

28. The process of Claim 27 wherein said first matter comprises

the solute and the amphiphilic agent.

29. The process of Claim 27 wherein said first matter comprises

a vesicle having the solute and the amphiphilic agent.

Vi

30. The process of Claim 27 wherein said second matter

comprises a lysosome.

31. The process of Claim 29 wherein said second matter

comprises a lysosome.

32. The process of Claim 27 wherein said fused matter comprises

the solute and the amphiphilic agent.

33. The process of Claim 31 wherein said fused matter domprises
the solﬁte and the amphiphilic agent.

34. The process of Claim 27 -wherein said loading a bielogical
sample by fluid phase endocytosis additionally comprises
transferring the solute and the amphiphilic agent from the fused

matter within'the biological sample.

,35, “The process of Claim 33 wherein said loading a biological
sample by fluid phaée endocytosis additionally comprises
transferring the solute and the amphiphilic agent from the fused.-

‘matter. within the biological sample.
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36. The process of Claim 34 wherein the solute and the
amphiphilic agent are transferred from the fused matter into a

cytoplasm within the biological sample.

37. The process of Claim 35 wherein the solute and the
amphipﬁilic agent are transferred from the fused matter

into a cytoplasm within the biological sample.

38. The process of Claim 27 wherein said fused matter comprises

a lower pH than a pH of the first matter.

39. The process of Claim 37 wherein said fused matter comprises

a lower pH than a pH of the first matter.

40. The process of Claim 27 wherein said fused matter comprises

a pH of less than about 6.5.

41. The process of Claim 26 wherein said biological sample
includes a biological sample selected from a group of biological

samples comprising a platelet and a cell.
42. The process of Claim 26 wherein said solute is selected
.from a group of carbohydrates consisting of trehalose, sucrose,

and mixtures thereof.

43. A biological sample produced in accordance with the process

of Claim 26.~
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