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The present invention relates generally to

shipping and/or storage of thermally sensitive materials

and more particularly to freeze protective units
suitable for use in the transport and storage of
products such as those biologically active proteins

alteration upon freezing.

~which may be susceptible to irreversible physicochemical

The art is rich in proposal for the
development of insulated storage and transport
containers adapted to protect various thermosensitive

products such as foodstuffs, medicaments, acrylic
and the like from damage.
developments has been the protection of thermosensitive

While a major focus of

such

products from the adverse effects of elevated
temperatures {see, e.g., U.S. Letters Patent No.
4,903,493), devices have also been developed which
function to inhibit product freezing and still other
shipping and storage units have besn devised for the
ourpese of insulating products from exposure to both

nigh and low temperature ex:iremes.

Nc. 4,738,364, for example, proposes to address the

problems associated with safegua

rding medicines from

reaching either high or low temperacure thresholds.
Desp.te the continuous development of increasingly

efficient insulating containers f£or shipment of

thermosens

-

cive products, the costs of highly efficier:

thermal protection are most often balanced aga.ast the

statistical likelihood of exposure to temperature

extremes. The result is that such products are
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shi ppi ng and storage units have been devised for the purpose of
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temperature gé&tremes are manifest, this presents little
risk to the ultimate consumer. Where such effects
cannot be readily ascertained, as is frequently the case
with medicaments, the risks associated with consumer use
of thermélly damaged products are significantly
increased.

With the recent development of recombinant DNA
technologies, increasing numbers of biologically active
materials such as peptides, proteins and glycoproteins
have become available for research and therapeutic
use. Because these products have a significant potency
even when administered in minute quantities, they are
frequently supplied as dilute aqueous solutions of the
active ingredient combined with small quantities of
pharmaceutically acceptable adjuvant and carrier
substances such as serum albumin. Studies of the
effects of temperature extremes on these compositions
have surprisingly revealed that freezing can generate
physicochemical alterations which are not spontaneously
reversible upon thawing. More specifically, the
freezing of dilute solutions of biologically active
human proteins has been seen to give rise to the
formation of both lower and higher molecular weight
species of the proteins. These observations have
expectedly prompted concern regarding the maintenance cf
biological potency of the products which have been
subjec;ed to freezing. They have also generated
significant concerns in an immunological context. To
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= 1t species of proteins is reflective of
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the formation of aggregates of either the projected

_ therapeutic protein with other protein molecules or with

non-protein components of the formulation, there is a
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The result is that such produc{s_are -2- transported and
ed in a manner providing protection tor nost, but certainly not all
uct “shi pnents. Where the adverse effects of product exposure to
r?ture exgsd@ém&@x eri@lﬂltft%&t tﬁéﬂlﬁecpzrgeﬁ@:m Smd} tddFafop ddPkcd® the
mat e consuner

protection are nost often bal anced

fuch ef f ect
mmunologlca responses. Such potential risks are, of

course, exacerbated by the fact that visual inspection
of, e.g., a unit dosage vial containing a solution of a
therapeutic protein is insufficient to reveal that the
product has undergone freezing at some time during its
transport or storage and may therefore contain undesireé
protein fragments or aggregates.

Consistent with the above, there can be seen
to exist a need in the art for new freeze protective
packaging units useful in the transport and storage of
biologically active products such as those protein
solutions which can be susceptible to visually occult
physicochemical alteration upon freezing. Ideally, such
packaging would allow for the protected transport of
therapeutic proteins in the unit decsage glass vials
ordinarily employed as containers for therapeutic
agents. Desirably, such packaging would facilitate
transport in a refrigerated, but not frczea, state and
would insulate the contents of the wvials against
freezing when exposed to extreme cold temperatures such
as might occasionally be encouncered in the projected
distribution environment. The packaging should be ccs:
effective to the extent that it would allow freeze
protection in most ordinary transport and storage
circumstances. When extraordinarily cold temperatures
are nonetheless encountered, the freeze protective
packaging would ideally provide means for an afcer-the-
fact determination that the containers have been exposed
to the extreme conditions which might cause irreversible
physicochemical alteration.
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™ bwO 820 ascertained, as is frequently the case wi t RCTEUS22Y00T89s,
ri sks associated with consunmer use of thermally damaged products are
ficantly increased. US-A-4250998 discloses an insul ated contai ner

ng 10 an inner container, with closyre, which receives a bottle in a
y formed in an inner side-wall and filled with a phase change materi al
en'the inner and outer side walls. Wth the recent devel opnent of

i nant DNA technol ogi es, increasi 84MMARNers of biologically active 15
ials such as peptides, proteins and gl ycoproteins have becone

able for research and therapeutic use. Because these products have a

i fi cant potency everAogadintite dthe aresent dmvenduian, MoseL t hey are

ently suppld&sfh asestiddt S WMDY UdPtHadd@nits are
5 provided which both insulate containers of liquids from
exposure to freezing temperatures and provide for a
visual signal indicating that the cold insulative
capacity of the devices has been exceeded and the
liguids in the containers have been placed at risk of
10 freezing. In preferred embodiments, container holders
are provided which are readily and inexpensively
thermoformed cf plastic materials. The container
holders have inner and outer sidewalls. The double
walled construction allows container-accommodating
cavities to be formed in the inner sidewall and also
allows for the development of an enclosed space between
the walls and adjacent the cavities. A phase change
~material is disposed in the enclosed space and operates
to insulate liquid filled containers accommodated in the

[
w

20 cavities against freezing. Transport and shipment units
are also provided with a freeze indicator which signals
that liquids in the containers have encountered
temperatures at least approaching those at which the
contained liquids may freeze.

25 Presently preferred units according to the

' invention include a freeze protective phase change
material such as a carboxymethylcellulose cel whose
compbsition'is predetermined in a manner allowing its
freezing temperature (or temperature range) to be

30 reached upon exposure to temperatures higher than the
nucleation temperature of liquid within the
containers. The included freeze indicator device is
similarly selected so that a signal is provided when it
is exposed to a temperature which is no lower than (and

35 preferably higher than) the nucleation temperature of
the conrtained liquid but which is also lower than the
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granulocyte colony stimulating factor, the container
holder has one or more cavities or wells into which uniz
dose glass vials are disposed. When so disposed, the

" glass vials are protected from external forces and from

iateral movement into contact with other similarly
disposed vials. The typical nucleation temperature
(i.e., ice nucleating temperature) of agueous
therapeutic solutions of this protein is less than

-10°® C.and the phase change gel material enclosed
between the sidewalls (external to the cavities or
wells) is formulated such that its freezing temperature
is about -1° C. The freeze indicator provided in the
unit would typically be disposed in a caéity or well
adjacent to the cavity where vials are inserted and :the
indicator would be so fashioned as to provide an
irreversible signal when it is exposed to a temperature
which lower than -1° C but equal to or higher than

-10° C. Suitable freeze indicators include those
comprising a liquid dyestuff in a frangible container.
A lid is optionally provided to enclose the space where
the containers and freeze indicator are positioned.
Wnen the unit encounters exposure to the cold, the phase
change material insulates the liguid protein composicion
up to the point where the phase change macerial itsel:
freezes and can no longer insulate. If the temperature
in the unit continues to drop, the freeze indicator is
"activated" to provide a signal that the ice nuclezating
temperature of the aqueous therapeutic composition i=
the vials has been approached, if not surpassed. This
ned sequence of events allows the dispenser cr

ultimate consumer of the therapeutic solution to make an
informed decision concerning use of the product.
—_—
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ective of the formati on of aggregates of either the projected
 apeutic protein with other protein polecules or with non-protein
i@onents of the fornmulation, there is a Substitute sheet - 2 August
% -3- potential risk that the recipient may devel op adverse '

@ nol ogi cal
he fact that visual 1ns

[ eSPonses. yped Q! adbldt s’ bAKSa8VEntaheCOESEneeXacer bat ed
invention WLIere apparent upon consideration of the
following‘detalled description of preferred embodimerts
thereof, reference being made to the drawing wherein:

FIG. 1 is a perspective view of a transport
and/or storage unit according to the invention showing
the typical positioning of vials and freeze indicator;

FIG. 2 is a top blan view of 2 unit as
illustrated in FIG. 1;

FIG. 3 is a sectional view taken along line
3-3 of PIG. 2; .

FIG. 4 is a sectional view taken along line
4-4 of FIG. 2; .

FIG. 5 is a2 sectional view taken along line
5-5 of FIG. 2;

FIG. 6 is a secticaal view taken along line
6-6 of FIG. 2; and,

: FIG. 7 is a rear elevational view of a unit as

illustrated in FIG..l with a portion cut away.
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problems in the technology associated with the shipment
5 and storage of products which are susceptible to damage
upon freezing and more particularly problems encountered
in the shipment of liquid compositions which can undergo
physicochemical alteration when frozen. Typical
compositions of this type include dilute aqueous
10 solutions of proteins such as biologically active
proteins intended for scientific research and
therapeutic uses. Such substances are commonly s 3:lied
in small volume (e.g., 2-3 c.c.) glass vials. Th
aqueous solutions of proteins commonly include di .2nts,
15 adjuvants, carriers and a variety of chemical
compositions. In certain instances the active
ingredient has been noted to undergo physicochemical
alteration upon the occurrence of freezing of the
aqueous solutions. The alterations are characterized by
20 the presence of higher and lower molecular weight
species of the proteins as revealed by chromatographic
analysis. These species have not been seen to revert to
the original protein species upon warming.
Shipping units according to the invention are
25 designed to protect containers such as glass vials from
external forces during transport and correspondingly
include one or more cavities or wells into which the
cylindrical glass vials may be disposed. The shipping
container holders also operate to insulate the vials

i 30 from the adverse effects of exposure to cold
temperatures and for this purpose the container holders
re manufactured to provide a double walled conformation
with the peripheries of the walls joined to provide an
enclosed space around the cavities in which vials are
35 placed. The containers are readily fabricated from
- thermoplastic materials such as high impact polystyrene,
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number of vials. The outer and inner sidewalls are so
dimensioned and shaped that the inner sidewall componenc
can be nested within the outer tray and the upper edges
can be solvent or heat sealed together, providing an
enclosed space (external to the inner sidewall and
internal to the outer sidewall) which surrounds at leas:
part of each cavity or well.

Within the enclosed space between sidewalls,
container holders of the invention have a phase change
material which, in the most highly preferred
embodiments, has a high heat of fusion. While water carnr
serve as the phase change material, the potential for
leakage can be problematic so gelled materials such
starch gels, agarose gels, gelatin, and especially
aqueous carboxymethylcelluiose gels are presently
preferred. Such gels are also preferred because they
have a lesser risk of leakage and provide structural
integrity to the units, _

The container holders have disposed in them a
freeze indicator which will provide visual signal upon
exposure to a preselected temperature. Typically, the
freeze indicator is positioned adjacent the containers
or vials being shiﬁped (i.e., internal to the inner
sidewall) and to this énd_a sepérate well or cavity may
be provided to accommodate the freez2 indicator. A 1i:
may be provided to enclose the internal space oI the
inner sidewall and present the vials and Zreeze
indicator from falling out of the holider is tilted cor
inverted. 1If degired, the lid.may be double walled and
may be provided with an insulatiﬁg phase change material
between walls.

The freeze indicator may have a variety of
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ion as mainly clained in Cdaim1l divided into two parts
, disclosure of US-A-4 250 998, novel freeze protective transport and
e units are 5 provi ded whi ch both,insulate containers of |iquids
‘exposure to freezing tenperatures and provide for a visual signa
atirng that the cold insul ative

Pl Peasy

conformations and its only operational constraint is
that it provide'an irreversible visual signal indicative
that a particular low temperature has been reached in
the space where the vials are disposed. Thus, while
thermocouple devices of varying kinds méy be employed,
simple devices such as the freeze indicators described
in U.S. Letters Patent No. 4,191,125 quite suitable.
Briefly déscribed these devices include a frangible
ampoule a solution which freezes at a predetermined
temperature, causing the ampoule to rupture. The
solution, upon warming, is wicked out onto an absorbent
paper to provide an easily visible signal.

FIGS. 1-7 illustrate a presently preferred
embodiment of a transport and/or storage unit according
to the invention wherein container holder 10 is adapted
for use in storage of ten cylindrical glass vials 11.
Container holder 10 is seen to be constructed from an
outer sidewall element 12 an inner sidewall element
i3. Outer sidewall 12 has the shape of an open
rectangular tray. Inner sidewall 13 is formed with ten
cylindrical cavities or wells 14 dimensioned to
accommodate disposition of vials 11. In the embodiment
illustrated, inner sidewall 13 also includes a centrally
disposed rectangular well 15 which accommodates
disposition of freeze indicater 16 at a location
adjacent wells 14 and vials 11 disposed therein. ZEach
of the sidewalls is provided with an outwardly extending
lip or flange 17 dimensioned to allcw the nesting of
inner sidewall 13 in outer sidewall 12. Flanges 17 mav
be solvent or heat sealed together so that a space 18 is
enclosed between the sidewalls and around (external t3)
the wells formed in inner sidewall 13.

In the embodiment illustrated, viali-
accommodating wells 14 are positioned in an array
allowing easy insertion and removal of wvials. More

particularly, the wells are formed with an elevated
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5 vials.

Space 18 between sidewalls 12 and 13 is filled
at least partially with phase change material 22. &
quantity of phase change material is employed such that
the space external to wells 14 is filled with the

10 material and a "head space” may be provided, e.g., at
either the bottom or top of the container to allow for
expansicn in the volume of the material upon freezing.

” To'provide head space at the bottom of the container, a
cross-linkable liquid gel material is disposed in and

15 partially fills outer sidewall 12, inner sidewall 13 is
then nested in the outer sidewall. The two sidewalls
are sealed together and the unit is inverted allowing a
head space to be formed at the bottom of the unit when
the gel solidifies.

20 Freeze indicator 16 illustrated in this
embodiment includes a frangible aﬁpoule filled with a
colored aqueous material. The ampoule is surrounded by
an absorbent material (such as filter paper) and
supported between a rigid backing member and a rigid

25 transport cover member. When the liquid in the ampoule
freezes, the ampoule ruptures and upon return to a
higher temperature (e.g., room temperature) the liguid
is wicked into the absorbent material providing a color
signal.

30 In devices accoréding to the present ianvertion
a particular relationship is maintained between the
freezing temperature of the liquid transported, the
freezing temperature of the phase change material and
the temperature at which the freeze indicator will

35 generate a visual signal. More particularly, the
freezing temperature of the phase change material is
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correspondingly selected to be lower than the freezing
temperature of the phase change material and equal to or.
higher than the nucleation temperature of the liquid to
be transported.

The following is a description of a preséntly
preferred embodiment cZ the invention adapted for use in
the transportation and storage of glass vials containing
dilute aqueous solutions of recombinant human
granulocyte colony stimulating factor which have an ice
nucleating temperature of about -10° C to -16° C.

Each container holder is manufactured from
white colored virgin polyvinyl chloride sheet stock
having a 0.040 (*#10%) inch guage. The container holder
inner sidewall is thermoformed to provide ten
cylindrical wells to accommodate insertion of ten 2 c.c.
sealed glass vials and a rectangular well to accommodate
insertion of the freeze indicator device. The
rectangular (about 4 3/4 by 2 3/4 inch) outer sidewall
tray has an overall depth of about 1 7/8 inches. The
inner sidewall is nested in the outer sidewall and radio
frequency sealed to provide an enclosed inner space with
an approximately 3/8 inch clearance of the bottom of the
wells from the bottom of the trayz.

Prior to the nesting and sealing of the outer
and inner sidewalls, the outer sidewall tray is filled
with about 140 grams a freshly prepared mixture of water:
and 2 percent by weight self-gelling
carboxymethylcellulose. This quantity of gel material
leaves about 5-10% of the enclosed volume of the
container holder as head space. The self gelling
material is formulated by P.P.A. Inc., Minneapolis,
Minnesota as a variant of their Unigel 18-C product
which contains 7.5% by weight methyl paraben. The
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vials are di sposed. Wien so di sposed,

ﬁnt ' %gyiid but which is also Lower than the Subst i sheet
. -ust%}@g%/% - freezing tenperature of the phase change né%%%.z’quﬁs’%se
M@ he transport and storage of, e.g., therapeutic doses of

bi nant - produced hurman granul ocyte col ony stinmulating factor, the

hol der has one or nore cavit4es or wells into which unit dose
the glass vials are protected

forces and from | ateral. gpyement .into contagt. . with other
freezing temperaturé of the gél is abouc =I¥ C.

The freeze indicator includes a bulb shaped
ampoule manufactured by RyMaH Corp., Somerville, New
Jersey, and sold as a component of their FreezeWatch®?
part No. 9800 product bearing the notation of U.S.
Patent No. 4,191,125, The ampoule is covered with
absorbent filter paper and enclosed in a plastic
"blister" packing with a transparent cover. Produc:
specifications call for the ampoule to rupture and
ralease its red colored contents at -4° C. Upon warming
thereafter, the red liquid is absorbed by the filter
paper providing a clear visual signal (as illustrated in
FIG. 7) that a temperature approaching the ice
nucleating temperature of the aqueous protein solution
has been approached.

Numerous modifications and variations of the
invention as disclosed above are expected to occur to
those of ordinary skill in the art and consequently only
the limitations which appear in the apoended claims
should be placed thereon.
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composition susceptible to physicochemical alteractiorn
5 upon freezing, said unit comprising:
a double-sidewalleé container holider
including,
an inner sidewall having formed therein cavizy
means accommodating the disposition of at least one said
10 container in a position secured against movement,
an oucer sidewall, |
said inner and outer sidewalls oZ saigd
’ container holder means defining an enclosed space
therebetween and adjacent at least a parc of said cavicy
15 means;

a phase change material disposed in and
£illing at least a portion cf said enclosed space
adjacent said cavity means, said pnhase change material
having & freezing temperature which is higher than tre

20 nucleation temperature of said liquid composition in
said containerzr; and,

a freeze indicator means for generating an
irreversible visual signal of the attainment, adjacent

- saild cavity means, of a temperature less than the
25 freezing temperature of said phase chang2 material, buz
no less than the nucleation temperature cf said liquid

composition.

30
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temperature of said liquid composition and the freezing
5 temperature said phase change material.

3. A storage unit according to claim 1
further including a cavity means formed in said inner
sidewall and accommodating the disposition therein of

10 said freeze indicator means.

Q . 4. A storage unit according to claim 1
including a plurality of spaced apart cavities formed in
said inner sidewall and accommodating a plurality of
1S said containers.

5. A storage unit according to claim 1,
further including lid closure means for forming, in
combination with inner sidewall, an enclosed space

20 enclosing said cavity means and said freeze indicator

means.

6. A storage unit according to claim 1
wherein the visual signal generated by said freeze
25 indicator means is a color signal.

7. A storage unit according to claim 1
wherein said freeze indicator means comprises a
frangible ampoule containing a ligquid which, upon
30 freezing, expands to rupture said amroule.

8. A storage unit according to claim 1
wherein said phase change material is an agueous
carboxymethylcellulose gel.
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:i t ut é?fﬁ%‘)ﬂ 2 August 1996 -6- Nunerous aspects and advantages of the
tion W € ‘appar ent upon consi deration of the follow nhCHEYe33/A0199
yiption of preferred enbodi nents thereof, reference being nade to the

B ng wherein: 5 FIG 1 is, a perspecti mlm umll-“mlsport
®r storage unit according to the invehti®n showin
ioning of vials and freeze indicator; FIG 2 is a*top ptar view*of a
as illustrated in FI.G i; %O el FLG 3.is 2 sec&ional Vi ew
al ong |ine 9. storage unit according to claim
wherein said gel fills less than the entire enclosec
space between said inner and outer sidewalls.

! 5 10. A storage unit according to claim 1
wherein both said inner and outer sidewalls are composed
of a thermoformed plastic material.

11. A freeze protective storage unit for a

10 plurality of containers of an aqueous solution of a
biologically active protein susceptible to

‘ physicochemical alteration upon freezing, said unit
comprising: |

a double~-sidewall container holder including,

15 an inner sidewall having formed therein a
plurality of cavity means accommodating the disposition
of a plurality of said containers in a position secured
against movement, '

an outer sidewall,

20 said inner and outer sidewalls of said
container holder means defining an enclosed space
therebetween and adjacent said cavity means;

a phase change material disposed in and
£illing at least a portion of said encliosed space

25 adjacent said cavity means, said phase change material
having a freezing temperature which is higher than the
nucleation temperature of the aqueous soluticn in said
containers; and

a freeze indicator means for generating an

30 irreversible visual signal of the attainment, adjaceht
said cavity means, of a temperature intermediate the
freezing temperature of said phase change material and
the ice nucleating temperature of said agueous solution.

35
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of Fbﬁbq%

4 is a sectional view taken along line 4- t.FL ’
B 5 is a sectlginal view taken along |ine 15 5-5 of FIG P%ﬁ'gﬁé/%@'%s a
ional viewtaken along line 6-6 of FIG 2; and, FIG 7 is a rear

'20 aL \?/)be\évSOf a unit aS.I | | ustrat edén FIG 1 mlmlmllﬂ“ Im”“lt

12. A storage unit according to claim 11
wherein said inner sidewall includes an additional
cavity means accommocdating the disposition of said
freeze indicator therein in a position secured against

movement.

13. A storage unit according to claim 11
wherein the ice nucleating temperature of said aqueous
solution is less than -10° C and the freezing
temperature of said phase change material 1s about
-1° C.
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Bvent i&g)eﬁ[ﬁ?ﬂi cally addresses problens in the technol ogyp‘?E@o{’ls‘Z%a’w th
e shi pren and storage of prq?u 2% whi ch are susceptible to damage :

®on freezing and nore particularly df | ens encountered in the shipnent of

g qui d conpositions which can undergo physi cochem cal alteration when

3 ozen. Typical conpositions of this type include dilute aqueous 10

3| utions of proteins such as biologically active proteins intended for

Mientific research and

S !
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:Qntlon are 25

Such substances are commonly supplied in small
AR The aqueous sol utions of protei RETOSHHRHMIIPI
| J-ude diluents, 15 adj uvant s, cargéifg and a variety of chem ca
d@bositions. In certain instances th o

Er go physi cochem ca
bous solutions. The alterations are characterized by 20
)i gher and | ower nol ecul ar wei ght spﬁﬁles of the proteins as reveal ed by

pat ogr aphi ¢ anal ysis. These speci es
protei n species upon marn1ng Shlpplng units according to the
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alteration upon the occurrence of freezing of the
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awve not been seen to revert to the
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external forces during transport and correspondi ngly include one or nore
cavities or wells into which the cylindrical glass vials may be di sposed.
The.- shi ppi ng contai ner holders al so operate to insulate the vials 30 from
t he adverse effects of exposure to cold tenperatures and for this purpose
the container holders are manufactured to provide a double walled
conformation with the peripheries of the walls joined to provide an

encl osed space around the cavities | ABgTRACYi als are 35 placed. The
containers are readily fabricated from thernoplastic materials such as high

| npact pol ystyrene,
FREEZE PROTECTIVE SHIPPING UNITS

Disclosed are shipping and/or storage units (10) for containers (11) of
liquid compositions, such as solutions of biologically active proteins, which are
susceptible to physicochemical change upon freezing. Preferred container
holders have double sidewalls (12, 13) and a freeze indicator (16) adjacent a
container-accommodating cavity (14). A phase change material (22) such as a
carboxymethylcellulose gel is disposed in the enclosed space between sidewalls
(18) and freezes at a temperature higher than the nucleation temperature of the
composition. A freeze indicator (16) provides an irreversible visual signal upon
reaching a temperature”jntermedlatethenucleation ,téh;ﬁ;erature of the liquid
composition and thée: freezmg%emperatureof thephase f:ﬁ_ange material (22).

Figure (3) _ TR SO
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-8- glycol nodified polyethylene teraphthal ate,

chloride. Typic
tray andthe in
nunber of vials.

shaped that the inner sidewall

tray and the upper edges can be solvent or
sidewal | and 10 inte

and preferably polyvihyl

ally, the outer wall takes the shape of a rectangul ar open

ner sidewall has a nunber

of wells to accomrmbdate a 5

The outer and inner sidewal | Substituse sheeen?i Augdsth896

an encl osed space (external to the inner
outer sidewal ) which surrofiRBEZEt PROTECTERE SEIPRENG ATy or well.

Wthin the encl osed space between sidewalls, container holders

i nventi on have

a phase change

conponent -cgn-be nested wthin the outer
heat seal ed together,

provi di ng
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shipping and/or storage of thermally sensitive materials
10 and more particularly to freeze protective units
suitable for use in the transport and storage of
products such as those biologically active proteins
which may be susceptible to irreversible physicochemical

alteration upon freezing.

15 The art is rich in proposal for the
development of insulated storage and transport

containers adapted to protect various thermosensitive

products such as foodstuffs, medicaments, acrylic paints

and the like from damage.

While a major focus of such

20 developments has been the protection of thermosensxtzve
products from the adverse effects of elevated
temperatures (see, e.g., U.S. Letters Patent No.
4,903,493), devices have also been developed which
function to inhibit product freezing and still other

25 shipping and storage units have been devised for the
purpose of insulating products from exposure to both
high and low temperature extremes. U.S. Letters Patent

"No. 4,738,364, for example, proposes to address the
problems associated with safeguarding medicines from

30 reaching either high or low temperature thresholds.
Desp.te the continuous development of increasingly
efficient insulating containers for shipment of
thermosensitive products, the costs of highly efficient
thermal proﬁectiqn'are'most often balanced aga.ast the

35 statistical likelihood of exposure to temperature
extremes. The result is that such products are
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mat eri al whi ch, H+ﬁ+mbﬁﬁsk4ﬂ1¥#ﬁhpreferred 15 . enbodi nents, has a high

heat of fusion Wﬂ rve as the phase change naterlal t he
pogentihl for Ieakal§&£¥h;ﬂ natlc so gelled materials such st ar ch
gel’s, agarose gels, l especi al |y e&umhete:ehéﬁb(yzmmgﬂlstm 9@6ose
gels are- presently Such gel s are gksacprererrEt DoCquUse

they have a | esser. ri sk of Ieakage and pI’OVI de strctmsaHEEﬂiﬂgﬁ‘E%Nt 0 the
units. The container hol ders have di sposed in the la freREE & cat or’ whi ch

bl cEL Py, o tlper eaapan e (ponirnas ommaeorotetetyy o e

vial's bely,ng sHipdePgh . Sut Iqﬁm1%’3{0[%%’}191“r;%dd%c%”ghtlpﬁe%‘?;gt aLners or
Where the adverse effects of product exposure to
temperature extremes are manifest, this presents little

5 risk to the ultimate consumer. Where such effects

cannot be readily ascertained, as is frequently the case
with medicaments, the risks associated with consumer use
of thermally damaged products are significantly
increased. :

10 With the recent development of recombinant DNA
technologies, increasing numbers of biologically active
materials such as peptides, proteins and glycoproteins
have become available for research and therapeutic
use. Becduse these products have a significant potency

15 even when ad@iniste:ed in minute quantities, they are
frequently suppliéd'as dilute aqueous solutions of the
‘active ingredient combined with small quantities of
pharmaceutically acceptable adjuvant and carrier
substances such as serum albumin. Studies of the

20 ° effects of temperature extremes on these compositions
have surprisingly revealed that freezing can generate

" physicochemical alterations which are not spontaneously
reversible upon thawing. More specifically, the
freezing of dilute solutions of biologically active

25 human proteiﬁs has been seen to give rise to the
formation of both lower and higher molecular weight
species of the proteins. These observations have
expectedly prompted concern regarding the maintenance of
biological potency of the products which have been '

30 subjected to freezing. They have also generated
significant concerns in an immunological context. To
the extent that the observed formation of higher
molecular weight species of proteins is reflective of
the formation of aggregates of either the projected

35 therapeutic protein with other protein molecules or with
non-protein components of the formulation, there is a

This is the replacement sheet
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sidewall) and to this end a separate well or cavity may be provided to
accommodate the freeze indicator. Alid 30 may be provided to enclol se
the internal space of the inner sidewall and prevent the vials and freeze
indicator fromfalling out if the holder is tiSubmsditote sher+ 2Augistdes96ed,
the lid may be double walled and may be prdwt ded with an insul ati ng phase
change material 35 between walls. The freeze indicator may have a variety

of Substitute sheet - 2 August 1996 -9-
' potential risk that the recipient may develop adverse

immunological responses. Such potential risks are, of
course, exacerbated by the fact that visual inspection
of, e.g., a unit dosage vial containing a solution of a
5 therapeutic protein is insufficient to reveal that the
product has undergone freezing at some time during its
transport or storage and may therefore contain undesired
protein fragments or aggregates.
Consistent with the above, there can be seen
10 to exist a need in the art for new freeze protective
packaging units useful in the transport and storage of
biologically active products such as those protein
solutions which can be susceptible to visually occult
physicochemical alteration upon freezing. Ideally, such
15 packaging would allow for the protected transport of
therapeutic proteins in the unit dosage glass vials
ordinarily employed as containers for therapeutic
agents. Desirably, such packaging would facilitate
transport in a refrigerated, but not frozen, state and
20 would insulate the contents of the vials against
freezing when exposed to extreme cold temperatures such
as might occasionally be encountered in the projected:
distribution environment. The packaging should be cost’
effective to the extent that it would allow freeze
25 protection  in most ordinafy transport and storage
circumstances. When extraordinarily cold temperatures
are nonetheless encountered, the freeze protective
packaging Qould ideally provide means for an after-the-
fact determination that the containers have been exposed
30 to the extreme conditions which might cause irreversible
physicochemical'alteration.

35
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conformations and its only operational constraint is that it provide an

i rreversible visual signal indicative that a particular |ow tenperature has
been reached in the space where the vials are disposed. Thus, while 5

t hermocoupl e devi ces of varying kinds may be cSybstitats shéetpd ) Megmstewsach
as the freeze indicators described in US.4 Letters Patent No. 191 125
quite suitable. Briefly described these deV|ces I ncl udeg2 g Al
a solution which freezes at a predeterm ned 10 t enper @t
anpoul e to rupture. The solution, uponsymMAR®g, IS W C )
absorbent paper to provide an easily visible signal. FIG=ZI-7 illustrate a
presently preferred enbodi nent of a transport and/or storage unit according

According to the present invention, novel

freeze protective transport and storage units are

S provided which both insulate containers of liquids from
exposure to freezing temperatures and provide for a
visual signal indicating that the cold insulative
capacity of the devices has been exceeded and the
liquids in the containers have been placed at risk of

10 freezing. In preferred embodiments, container holders
are provided which are readily and inexpensively
thermoformed of plastic materials. The container
holders have inner and outer sidewalls. The double
walled construction allows container-accommodating

15 cavities to be formed in the inner sidewall and also
allows for the development of an enclosed space between
the walls and adjacent the cavities. A phase change
material is disposed in the enclosed space and operates
to insulate liquid filled containers accommodated in the

20 cavities against freezing. Transport and shipment units
are also provided with a freeze indicator which signals
that liquids in the containers have encountered '
temperatures at least approaching those at which the
contained liquids may freeze. '

25 _ Presently preferred units according to the
invention include a freeze protective phase change
material such as a carboxymethylcellulose gel whose
composition is predetermined in a manner allowing its
freezing temperature (or tempétature range) to be

30 reached upon exposure to temperatures higher than the
nucleation temperature of liquid within the
containers. The included freeze indicator device is

" similarly selected so that a signal is provided when it
is exposed to a temperature which is no lower than (and

35 preferably higher than) the nucleation temperature of
the contained liquid but which is also lower than the

This Sheet Has Been Replaced This is the replacement shast
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15 to the invention wherein container holder 10 is adapted for use in
storage of ten cylindrical glass vials 11. Container holder 10 is seen to
be constructed froman outer sidewall elenment 12 an inner sidewall elenent
13. Quter sidewall 12 has the shape of an opensaﬁbﬁum@%héeguQaAu?ﬁqu996

I nner sidewall 13 is fornmed with ten cylimgirical cavities or wells 14

di nensi oned to accommodate disposition of vials 11. In the enbodi nent
illustrated, inner sidewall 13 also includes a centrally disposed :
rect angul ar wel frdézivhgchempenatwratiet @fe plhsposhdngm mEtdrisdze i ndi cat or

e Bovar T 00 oehaCeTLNELLS S e ML RO e, o ©
di mensi oned to thepspenbiacdesey of recombinant-produced human
granulocyte colony stimulating factor, the container
5 holder has one or more cavities or wells into which unit
dose glass vials are disposed. When so disposed, the
"‘glass vials are protected from external forces and £rom
lateral movement into contact with other similarly
disposed vials. The typical nucleation temperature

10 (i.e., ice nucleating temperature) of agueous
therapeutic solutions of this protein is less than
-10° C and the phase éhange gel material enclosed
between the sidewalls (external to the cavities or
wells) is formulated such that its freezing temperature

15 is about -1° C.  The freeze indicator provided in the
unit would typically be disposed in a cavity or well
adjacent to_thé'cavity where vials are inserted and the
indicator would be so fashioned as to provide an
irreversible signal when it is exposed to a temperature

20 which lower than -1° C but equal to or higher than
-10° C. Suitable freeze indicators include those
comprising a liquid dyestuff in a frangible container:

A lid is optionally provided to enclose the space where
the containers and freeze indicator are positioned.

25 When the unit encounters exposure to the cold, the phase
change material insulates the liquid protein composition
up to the point where the phase change material itself
freezes and can no longer insulate. If the temperature
in the unit continues to drop, the freeze indicator is

30 "activated" to provide a signal that the ice nucleating
temperature of the aqueous therapeutic composition in
the vials has been approached, if not surpassed. This
predetermined sequence of events allows the dispenser or
ultimate consumer of the therapeutic solution to make an

35 informed decision concerning use of the product.

This is the replacement sM.
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enbodi ment il
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particul arly,

13 in outer

ustr at ed,

si dewal |

all owi ng easy insertion and re
the wells are formed with an el evat ed

12. Flanges 17 may 30

13. In the

of vials. Mor e

val
Substitute sheet

August 1996 - 10 - outer shoulder 19 and a (relatively) depressed inner
Numerous aspects and advantages of the

invention will be apparent upon consideration of the
following detailed description of preferred embodiments
thereof, reference being made to the drawing wherein:
FIG. 1 is a perspective view of a transport
and/or storage unit according to the invention showing
the typical positioning of vials and freeze indicator;

10

15

20

25

30

35

FIG.
illustrated in
FIG.
3-3 of FIG. 2;
FIG.
4-4 of FIG. 2;
FIG.
5-5 of FIG. 2;
FIG.
6-6 of FIG. 2;
FIG.
illustrated in

2 is
FIG.
3l is
4 is
5 is

6 is
and,

7 is a

FIG.

a top plan view of a unit as
1;

a sectional view taken along line

a sectional view taken along line
a sectional view taken along line
a sectional view taken along line

rear elevational'view of a unit as
1 with a portion cut away.
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shoul der 20 al l.ow ng space for easy grasp of vials. Alid (not illustrated)
may be provided and may rest on step flange 21 to encl ose the space
surrounding the 5 = vials. Space 18 between sidewalls 12 and, 13 iﬁ éé%led
at. least partially wth phase change nateriaSUQsﬂﬂ$@Gb§ﬁ¥rE§Angﬁ d

change material is enployed such that the space external to wells 14 is
filled wth the 10 materi al and a "heae Space" may be provided, e.g., at-
either the bottomor top of the container to allow for expansion in the

vol une of the material upon freezing. To provide head space at the bottom
of the container, a cross-linkablEEEE&&EE.&EEEEEEEEQEI i s disposed in and
15 partially fills outer sidewall 12, inner sidewall 13 is
The present invention specifically addresses
problems in the technology associated with the shipment.
5 and storage of products which are susceétible ta damage
upon freezing and more particularly problems encountered
in the shipment of liquid compositions which can undergo
physicocheﬁical alteration when frozen. Tyﬁical
compositions of this type include dilute aqueous
10 solutions of proteins such as biologically active
proteins intended for scientific research and
therapeutic uses. Such substances are commonly supplied
in small volume (e.g., 2-3 c.c.) glass vials. The
~agueocus solutions of proteins commonly include diluents,
15 adjuvants, carriers and a variety of chemical
compositions. 1In certain instances the active
ingredient has been noted to undergo physicochemical
alteration upon the occurrence of freezing of the
aqueousléolutions. The alterations are characterized by
20 the presence of higher and lower molecular weight
 species of the proteins as revealed by chromatographic
analysis. These species have not been seen to revert to
~ the original protein speéies upon warming.
Shipping units according to the invention are
25 designed to protect containers such as glass vials from
external forces during transport and correspondingly
include one or more cavities or wells into which the
cyiindrical'glass vials may be disposed. The shipping
container holders also operate to insulate the vials
30 from the adverse effects of exposure to cold
temperatures and for this purpose the contairer holders
are manufactured to provide a double walled conformation
with the peripheries of the walls joined to provide an
enclosed space around the cavities in which vials are
35 placed. The containers are readily fabricated from
thermoplastic materials such as high impact polystycene,

This is the replacement shest
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then nested in the outer sidewall. The two sidewal |{§
and the unit is |nverted allomrng a head space to bL_

[) e
___________
of the unit when ﬂ‘ : geze | ndicator 16
illustrated in this cI udes a fr abgbbtitutargheete 2 Augedt Q96 a
col ored aqueous nat oul e is.sgrrounded by an absorbent

mat eri al (such as f||ter paper) and supported between a rigid backing
menber and a rigid 25 transport cover menber. Wen the liquid in the

anpoul e freezesglybsl AMPPLE Bed WS élp.ﬁé"rdgﬂ{ﬂﬂdlatt@,aam@her
Cemer e (o8, et ST L CEAALAL oo L1 i B
wall takes the shape of a rectangular open tray and the
inner sidewall has a number of wells to accommodate a
5 number of vials. The outer and inner sidewalls are so
dimensioned and shaped that the inner sidewall componentc
can be nested within the outer tray and the upper edges
can be solvent or heat sealed together, providing an
enclosed space (external to the inner sidewall and
10 internal to the outer sidewall) which surrounds at least
part of each cavity or well.

Within the enclosed space between sidewalls,
container holders of the invention have a phase change
material which, in the most highly preferred

15 embodiments, has a high heat of fusion. While water can _
serve as the phase change material, the potential for
leakage can be problematic so gelled materials such
starch gels, agarose gels, gelatin, and especially
-aqueous carboxymethylcellulose gels are presently

20 preferred. Such gels are also preferred because they
have a lesser risk of leakage and provide structural
integrity to the units. :

_ The container holders have disposed in them a
freeze indicator which will provide visual signal upon

25 exposure to a preselected temperature. Typically, the
freeze indicator is positioned adjacent the containers
or vials being shipped (i.e., internal to the inner
sidewall) and to this end a separate well or cavity may
be provided to accommodate the freez= indicator. A 1li.i

30 may be provided to enclose the internal space of the
inner sidewall and present the vials and freeze
indicator from falling out of the holder is tilted or
inverted. If desired, the 1id may be double walled and
may be provided with an Lnsulatlng phase change material

35 between walls.

The freeze indicator may have a variety of

This is the replacement sheet
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30 : In devices according to the present invention a particul ar
relationship is maintained between the freezing tenperature of the liquid
transported, the freezing tenperature of the phase change material and the
tenmperature at which the freeze indicator wilISubstitutgesimieat-2 Augusalo96
signal. Mre particularly, the freezing geaperature of the phase change
material is Substitute sheet - 2 August 1996 - 11 - selected to be

hi gher than the nucleation tenperature of the liquid naterial to be
transported. Thentoimatdbnscand its only operational constraint is

that it provide an irreversible visual signal indicative
that a particular low temperature has been reached in
the space where the vials are disposed. Thus, while
5 thermocouple devices of varying kinds may be employed,
simple devices such as the freeze indicators described
in U.S. Letters Patent No. 4,191,125 quite suitable.
Briefly described these devices include a frangible
ampoule a solution which freezes at a predetermined
10 temperature, causing the ampoule to rupture. The
~ solution, upon warming, is wicked out onto an absorbent
paper to provide an easily visible signél.
FIGS. 1-7 illustrate a presently preferred
embodiment of a transport and/or storage unit according
15 to the invention wherein container holder 10 is adapted
for use in storage of ten cylindrical glass wvials l1l.
Container holder 10 is seen to be constructed from an
outer sidewall element 12 an inner sidewall element
13. Outer sidewall 12 has the shape of an open
20 rectangular tray. Inner sidewall 13 is formed with ten
cylindrical cavities or wells 14 dimensioned to
accommodate disposition of vials 11. In the embodiment
illustrated, inner sidewall 13 also includes a centrally
disposed rectangular well 15 which accommodates
25 disposition of freeze indicator 16 at a location .
adjacent wells 14 and vials 11 disposed therein. Each
of the sidewalls is provided with an outwardly extending
lip or flange 17 dimensioned to allcw the nesting of
inner sidewall 13 in outer sidewall 12. Flanges 17 may
30 be solvent or heat sealed together so that a space 18 is
enclosed between the sidewalls and around (external to)
the wells formed in inner sidewall 13.
In the embodiment illustrated, vial-
accommodating wells 14 are positioned in an array
35 allowing easy insertion and removal of wvials. More
particularly, the wells are formed with an elevated

This is the replacement sheet
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at which the freeze indicator generates its signal is correspondi ngly
selected to be |l ower than the freezing 5 tenperature of the phase change
mat eri al and equal to or higher than the nucl eation tenperature of the
liquid to be transported. The followi ng is a Gubstitutlel sheedf- 2 AUgERMIYB
preferred enbodi nent of the invention adapbed for use in 10 t he
transportati on and storage of glass vials containing dilute aqueous

sol utions of reconbi nant human granul ocyte col ony stimulating factor which
have an ice nucivkar haudden duandfa drelatively): deprepsed]| inageh

- container hol degjpd szoa%tmra%ﬁin?% Jz'é Ed’ih'eta%yCQ'rQE?do‘f' bqafi sRol Wi nyl
chl ori de sheet stoc avi.n I nch he cont ai ner hol der
- 1id (not xllustrated) e provz ed and may rest on
_ step flange 21 to enclose the space surrounding the
S5 vials.,
Space 18 between sidewalls 12 and 13 is filled
at least partially with phase change material 22. A
quantity of phase change material is employed such that
the space external to wells 14 is filled with the

10 material and a "head space" may be provided, e.g., at
either the bottom or top of the container to allow for
expansion in the volume of the material upon freezing.
To provide head space at the bottom of the container, a
cross-linkable'liquid gel material is disposed in and

15 partially £ills outer sidewall 12, inner sidewall 13 is
then nested in the outer sidewall. The two sidewalls

) are sealed together and the unit is inverted allowing a
head space to be formed at the bottom of the unit when
the gel solidifies.

20 Freeze indicator 16 illustrated in this
embodiment includes a frangible ampouie filled with a
colored aqueous material. The ampoule is surrounded by
an absorbent material (such as filter paper) and
supported between a rigid backing member and a rigid

25 transport cover member. When the liquid in the ampoule
freezes, the ampoule ruptures and upon return to a
higher temperature (e.g., room temperature) the liquid
is wicked into the absorbent material providing a color
signal. )

30 . In devices according to the present invention
a particular relationship is maintained between the
freezing temperature of the liquid transported, the
freezing temperature of the phase change material and
the temperature at which the freeze indicator will

35 generate a visual signal. More particularly, the
freezing temperature of the phase change material is

This is the replacement shest
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inner sidewall is thernoformed to provide ten cylindrical wells to
accommodate insertion of ten 2 c.c. sealed glass vials and a rectangul ar

wel | 'to accommodat e 20 insertion of the freeze indicator device. The
rectangul ar (about 4 3/4 by 2 3/4 inch) outerSghstitued bhéetay 2hasgast H986al |
depth of about 1 7/8 inches. The inner gidewall is nested in the outer

si dewal | and radio frequency sealed to provide an enclosed inner space with
25 an approximately 3/8 inch clearance of the bottomof the wells from
the bottom of &ktettad Eoi be highée tlani biye amucbeation temperatugerofind

frosniy prepar SienisRate BrERbFA b BELkantot i R P e [ ng
at which the freeze indicator generates its signal is
correspondingly selected to be lower than the freezing
5 temperature of the phase change material and equal to or
higher than the nucleation temperature of the liquid to
be transported.

The following is a description of a presently
preferred embodiment cZ the invention adapted for use in

10 the transportation and storage of glass vials containing
dilute aqueous solutions of recombinant human
granulocyte colony stimulating factor which have an ice
nucleating temperature of about -10° C to -16° C.

Each container holder is manufactured from

15 white colored virgin polyvinyl chloride sheet stock
having a 0.040 (£10%) inch guage. The container holder )

N inner sidewall is thermoformed to provide ten
cylindrical wells to accommodate insertion of ten 2 c.c.
sealed glass vials and a rectangular well to accommodate:

20 insertion of the freeze indicator device. The
rectangular (about 4 3/4 by 2 3/4 inch) outer sidewall
tray has an overall depth of about 1 7/8 inches. The-
inner sidewall is nested in the outer sidewall and radio
frequency sealed to provide an enclosed inner space with

25 an apprbximately 3/8 inch clearance of the bottom of the
wells from the bottom of the tray.

Prior to the nesting and sealing of the outer
and inner sidewalls, the outer sidewall tray is filled
with about 140 grams a freshly prepared mixture of water

30 and 2 percent by weight self-gelling
carboxymethylcellulose. This quantity of gel material
leaves about 5-10% of the enclosed volume of the
container holder as head space. The self gelling

- material is formulated by P.P.A. Inc., Minneapolis,

35 Minnesota as a variant of their Unigel 18-C product

which contains 7.5% by weight methyl paraben. The
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car boxymet hyl cel  ul ose. This quantity of gel material |eaves about 5-10% of
t he encl osed vol une of the container holder as.head spdce. The self gelling
material is formulated by P.P.A Inc., Mnneapolis, 35 M nnesota as a '
variant of their Unigel 18-C product which coBubstitsitg sbeeby 2/ugust H80Ay |
par aben. The Substitute sheet - 2 AugugR #2996 - 12 - freezing
tenperature of the gel is about -1[err]. The freeze indicator includes a
bul b shaped anpoul e nanuf actured by MaH Corp., Sonerville, New
freezing temperature of the gel is about -1° C.

The freeze indicator includes a bulb shaped
ampoule manufactured by ByMaH Corp., Somerville, New
Jersey, and sold as a component of their FreezeWatch?®

5 part No. 9800 product bearing the notation of U.S.
Patent No. 4,191,125. The ampoule is covered with
absorbent filter paper and enclosed in a plastic
"blister" packing with a transparent cover. Product
specifications call for the ampoule to rupture and

10 release its red colored contents at -4° C. Upon warming
thereafter, the red liquid is absorbed by the filter
paper providing a clear visual signal (as illustrated in
FIG. 7) that a temperéture approaching the ice
nucleating temperature of the aqueous protein solution
15 has been approached. '
| Numerous'modifications'and variations of the
* invention as disclosed above are expected to occur to
those of ordinary skill in the art and consequently only
the limitations which appear in the appended claims
20 should be placed thereon. ' '

25
30

35
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9800
S

Jersey, and sa+d—as—a—toﬁp0ﬂeﬂf—of their FreezeWatd F

product bearing the notation.ef-U S. Patent No. 4,1 S Do
covered with absorbent filter paper and encl osed i nSEprasT C bllster

packing with a transparent cover.: Product speSulistitute ehset:aQIAﬂgust h896
anmpoul e to rupture.-and 10 release its-rled <ol ored contents at -4[err].
Upon warm ng thereafter, the red liquid is absorbed by the filter paper

provi ding a clear vi sual signal (as illustrate
t enperature appNoRBRi REALIME i ce nucleating te FIII'“I Iﬂllﬂ““"‘ll‘nﬂgﬂuqueous
protein solution 15 has been approached. Nunefou% nodi% i dat ifons and

variations of the invention gs gisclosgy; ghRye Lge§IRErs et ® PG 0

composxtlon susceptible to physicochemical alteration
5 upon freezing, said unit comprising:
a double-sidewalled container holder
including,
_ an inner sidewall having formed therein cavity
means accommodating the disposition of at least one said
10 container in a position secured against movement,
. an outer sidewall, '
said inner and outer sidewalls of said
container holder means defining an enclosed space
therebetween and adjacent at least a part of said cavity
15 means;

a phase change material disposed in and
filling at least a portion of said enclosed space
adjacent said cavity means, said phase changé material
having a freezing temperature which is higher than the

20 nucleation temperature of said liquid composition in
said container; and,

a freeze indicator means for generating an
irreversible visual signal of the attainment, adjacent
said cavity means, of a temperature less than the

25 freezing temperature of said phase change material, but
no less than the nucleation temperature of said liquid
composition.

) T‘)‘?li‘iiﬂ‘fiiiiﬁﬂinﬂiu
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those of ordinary skill in the art and consequent | B'HF%/SF f‘B\EtEﬂv 4ns
" whi ch appear i s 20 shoul d be|placed® 30 35

-13- IN THE CL unit for containers of a I1quid conp05|tion
susceptible to p Hﬂ’l ﬂml teration 5 Sulpstitute ebeeﬂngz Aagastuh996
conpri si ng: O - 14 - _

v

2. A storage unit according to claim 1
wherein the visual signal is generated upon attainment
of a temperature intermediate the respective nucleation
temperature of said liquid composition and the freezing

5 temperature said phase change material.

3. A storage unit according to claim 1
further including a cavity means formed in said inner
sidewall and accommodating the_dispoéition therein of

10 said freeze indicator means. |

4. a storage unit according to claim 1
including a plurality of spaced apart cavities formed in
said inner sidewall and accommodating a plurality of

15 said containers.

) 5. A storage unit according to claim 1,
further including lid closure means for forming, in
combination with inner sidewall, an enclosed space

20 enclosing said cavity means and said freeze indicator
means.

- 6. A storage unit according to claim 1
wherein the visual signal generated by said freeze
25 indicator means is a color signal. '

7. A storage unit according to claim 1
wherein said freeze indicator means comprises a
frangible ampoule containing a liquid which, upon
30 freezing, expands to rupture said ampoule.

8. A storage unit accotding to claim 1
wherein said phase change material is an aqueous
carboxymethylcellulose gel.

35
;__—__—____/__
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a doubl e-sidewal | ed ¢ —tot der (10) i ncl udi ng, FHI’S SHEET HAS BEEN
(13) (14) caviREPLARE

accomodat i ng tmmmm\m

pOSI tion SECUI’

mow-. ~emarae

at | east one said 1U container in a

an i nner sidew mthaw ng forned therei
, an outer shSulestituté she¢tl22 August 1998 13)

said inner and outer &idéwalls/of  sai d=cd8teiner hol der neans/ defining an
encl osed space (18) therebetween and adjacent at |east a part of said

caV|ty 15

nmeans; (22) a phase change

mat eri al / di sposed in and{i |8 iskprage amit Aqaandiag &P sdrdmefc| osed
space(18) charatdediseshid ddiaieiad200Ys BHfh G htiRaNahcidsdcPhase

change naterlm
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space between saxd inner and outer sidewalls.
10. A storage unit according to claim 1
wherein both said inner and outer sidewalls are composed

of a thermoformed plastic material.

11. A freeze protective storage unit for a

- plurality of containers of an aqueous solution of a

biologically active protein susceptible to
physicochemical alteration upon freezing, said unit

‘comprising:

a double-sidewall container holder including,

an inner sidewall having formed therein a
plurality of cavity means accommodating the disposition
of a plurality of said containers in a position secured
against movement, '

an outer sidewall,

said inner and outer sidewalls of said
container holder means defining an enclosed space
therebetween and adjacent said cavity means;

a phase change material disposed in and
filling at least a portion of said enclosed space
adjacent said cavity means, said phase change material
having a freezing temperature which is higher than the
nucleation temperature of the aqueous solution in said
containers; and _

a freeze indicator means for generating an
irreversible visual signal of the attainment, adjacent
said cavity means, of a temperature intermediate the
freezing temperature of said phase change material and
the ice nucleating temperature of said aqueous solution.

' ThlS ﬂheet Has Been Rep
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THIS SHEET HAS BEEN
t he REPLAGRR| eat i

(22) has a freezing tenperature which is higher thaj

t enper at ure of S&Td‘ffﬁﬂ%d—@@ﬂpﬂSLlLQn In said conta
further conprises e i ndi cat or nmeans/ for generatlng an |rrever5|ble
vi sual signal of t H 'MH"P acent sai Substitute sheehs 2 Afigast 1996

-~ tenperature less t freeziég-tenperature of said phase
change material/, but no Iess than the nucl eation tenperature of said

liquid conp05|t|on 30 35
12. A storage unit according to claim 11

wherein said inner sidewall includes an additional

cavity means accommodating the disposition of said

freeze indicator therein in a position secured against
5 movement.

13. A storage unit according to claim 11
wherein the ice nucleating temperature of said aqueous
solution is less than -10° C and the freezing

10 temperature of said phase change material is about
-1° C.

il
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14 2. A storage unit according to claim1 wherein the visual signal is.
generated upon attainment of a tenperature internediate the respective
nuc| eat’i on tenperature of said |liquid conposition and the freezing 5

t enperature sai d phase change material/. (22) 3. A storage unit according
to claim1 further including a cavitly2means/ $abstitdte Bheéét d2i Angust 1996
sidewal | /and accommodating the disposition therein of 10 said freeze

i ndi cator nmeans/. (16) 4. A storage uni ording to claim1 including a
plurality of spaced apart cavities /fo n said inner sidewall and
accomodating a plurality of 15 said Tai ners.

ihe rep\acemen-t shet
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5. A storage unit according to claim11, further including lid closure means
for formng, in conbination with inner sidewall/ an encl osed space 20

encl osi'ng said cavity means and said freeze indicator neans/. (16) 6. A
storage unit according to claim1l wherein the visual si gnal -generated by
said freeze (16) 25 i ndi cat or me‘ans/2 'bs a Colisstitbite)Bhbet V2 Adgeéto1996
unit accordi'ng to claiml wherein said freeze indicator neans /conprises a
frangi bl e anpoul e containing a liquid rgps upon 30 freezing, expands to
rupture said anpoule. 8. A storage unit dsdonding to claim1l

This is the replacement shmet
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wherei n said phase ehange material/ is an agueous

e eaLLy| ose
gel'.. 35 -15-'9. A storage unit accoding to cl ai ﬁﬂﬁﬁﬁﬁﬁﬁﬂLS 35
fills less than the entire encl osed space between

sidewal I s/. (13,12) 5 10. A storage
1 wherein both said inner and outer sidngILs/are

thernofornmed plastic material. storage unit accordi
a

aild 'nner and ot gr .
[ RIEHAREER ) Yios

tcanspocted and stored in a mannec pt
foc most, but certalaly not all proddet shipments.
whece the adverse effects of product exposuce bO
tempecrature extremes are manifest, this praseants little
5 risk to the ultimate consumer. Where such eEEec§s
cannot be readily ascertained, as is frequently the case
" with medicaments, the risks associated with consumec use
of thermally damaged products are significantly ,
increased. |S-A-4250998 discloses an insulated container having
10  an _inner container, with closure, which receives a bottle in a -
cavity formed in an inner side-wall and filled with a phase change
material between the inner and outer side walls.

With the recent development of recombinant DNA
technologies, increasing numbers of bioclogically active
15 paterials such as peptides, proteins and glycoproteins
have become available for research and therapeutic
use. Becduse these products have a significant potency
even when administered in minute quantities, they arce
frequently supplied as dilute aqueous sclutions of the
.20  ceive ingredient combined with small quantities of
ptarmaceutically acceptable adjuvant and carrier )
substances such as serum albumin. Studies of the o
effects of temperature extremes on these compositicns_ 
have surprisinély revealed that freezing can generate
25 - physicochemical alterations which are aot spcqtaneousiy
» reversible upon thawing. More specifically, the '
'freezing of dilute solutions of biologically active
. human proteins has beea seen to give rise to the
formaktion of both lower and highér molecular welght
30 species of the proteins. These obsecrvations have
expectedly prompted coagern regarding the mainktenance of
biological potency of the producks which have been
subjected to freezing. They have also generated
significant concerns in an immunological context. To
3s the extent that the obsecrved formation of higher
moleculac weight species of proteins iLs reflective of
the formation of aggregates of eithec the projected
thecapeutic protein with othec protein molecules or with
anon-pcatein components of the formulation, thece is a .



11. A/freeze protective storage unit for a 10 plurality of containers of
an aqueous solution of a biologically active protein susceptible to
physi cochemi cal alteration upon freezing, [err] 15 (13,12) 20

said inner and outer sidewalls/of said container holgder means defi gi '
encl osed space therebetween are: adj acent said a@sf')tl %e%?ﬁ%& g 2?/9% a
freezing tenperature which is higher than th@_pucleatlon tenperature of the
aqueous solution in said

SUMMARY

According ko the present inventionas mainly

claimed in Claim 1 divided into two parts with -regard to the

disclosure of US-A-4 250 998, novel
fcedze procective transport and storage units ace
S provided which bath insulate containers of liquids .from
exposure to freezing temperakures and provide for a
visual signal indicating that the cold insulative
capacity of the devices has been exceeded and the
liquids in the conkainers havg been placed at risk of
10 freezing. In preferred embodiments, container holders
ace PFGvided which are readily and inexpensively
thermoformed of plastic materials. The coatainer
holders have inner and cuter sidewalls. The double
walled coastruction allows container-accommodating
15 cavities to be formed in kthe inner sidewall and also
allows for the development of an enclosed space between
the walls and adjacent the cavities. A phase change
material is disposed in the enclosed space and operates
- ko insulate liquid £illed containers accommodated’ Ln ‘the.
20 cavities against freezing. Transport and shipment units
are also provided with a freeze indicator which signais
that liquids in the containers have encounte:ed
tempecatures at least approaching those at which the .
coantained liquids may freeze. |
25 Presently preferred units according ko the .
inventioa include a freeze protective phase change
material such as a carboxymethylcellulose gel whose
compasition is predetermined in a manner allowing its
freezing temperature (or Ltemperature raage) to be
309 reached ugon exposure to temperatures higher than the
nucleation temperature of liquid within the
containecs. The included freeze iandicator device is
similacly selected so that a signal is provided whea it
] .is ‘exposed to a tempecrature which is no lower than (and
15 pcefecably highec than) the nucleation tempecatute of
the contained liquid buc which is also lower than the




containers; and, the’ (16) is freeze indicat
an 30 irreversi ble visual signal of the atta

‘internedi ate the
mat eri al / and t he

16 12. A storage unit according toclaim_1
sidewal I /includes an additional cavity neans$ ac¢

of said
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(22) freezing tenperature
i ce nucl eating tenperature of

glycol modified polyethylene ter
pceferably polyvinyl chloride. Typically, the outer
wall takes the shape of a rectangular open tray and the
inner sidewall has a number of wells to accommodate a
number of vials. The outer and inner sidewalls are so
dimensioned and shaped that the inner sidewall compenenc
can be nested within the outer tray and the upper edges
can be solvent or heat sealed together, providing an
enclosed space (external to the inner sidewall and
internal to the ocuter sidewall) which surrounds at least
part of each cavity or well. B . ARG

Within the enclosed space between sidewalls,
container holders of the invention have a phase change
material which, in the most highly preferred
embodiments, has a high heat of fusion. While water can
serve as the phase change material, the potential for
leakage can be problematic so gelled materials such
starch gels, agarose gels, gelatin, and especially
aqueous carboxymethylcellulose gels are presently
preferred. Such gels are also preferred because they
have a lesser risk of leakage and provide structural
integrity to the units.

The container holders have dxsposed in them a’
freeze indicator which.will provide visual signal upon :
exposure to a preselected temperature. Typically, the
freeze indicator is positioned adjacent the containers
or vials being shipped (i.e., internal to the inner
sidewall) and to this end a separate well or cavxty may
be provided to accommodate the freeza Lndxcator. A lid
may be provided to enclo%e the internal space of the
inner sidewall and the vials and Lreeze
indicator from falling out'%@ithe holder is tilkted or .
inverted. If desired, the 1id may be double walled and
may be provided with an insulating phase change material
between walls.

The freeze indicator may have a variety of



freeze indicator théreinin a p05|t|on secur ed agalnst 5 novenent. 13. A
storage unit according-to claim11 wherein the I ce nucleatlng tenperature
aqueous solutlon is |ess than -10[err] and t

‘of said
temper at e of IR E U= or =7 s 2o

‘IN THE CLAIMS

3 1MAR 1998

1. A storage unit for containers of a liquid
composition susceptible to physicochemical alteration
5 upon freezing, said unit comprising:
a double-sidewalled container holder (10)
including, (13)
(14) . an inner sidewaleEEViqg Eormed therein cavity
/means accommodating the disposition of at least one said
10 container in a position secured against movement,
an outer sidewall/, (12) - (12, 13)
said ianer angﬂauter sidewalls/of said
container holder means? ning an enclosed space_(18)
therebetween and adjacent at least a part of said cavity
15 means; . (22)
a phase change material/disposed in and
£illing at least a portion of said enclosed space (18)
aﬁ%acent said cavity meanr: sgg} S 2;;“3 ange material
(22 )héf&ﬁg-a freezing temperature which is higher than the

——

20 nucleation temperature of said liquid composition in

said container; and, t i e mprise
a freeze indicator means/ enerating an -

irreversible visuel signal of the attainment, adjacent
said cavity means, of a temperature less than the (22)
25 freezing temperature of said phase change material, but
/ no less than the nucleation temperature of said liquid
composition.

30
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2. A storage unit according to claim 1
wherein the visual signal is generated upon attainment
of a temperature intermediate the respective nucleation
temperature of said liquid composition and the freezing
temperature said phase change material. (22) '

3. A storage unit according to claim 1
further i c3 uding a cavity means / @d in said inner
sidewall/ accommodating the disposition therein of
said freeze indicator means/ (16)

—

4. A storage unit according to'cléid1h)
including a plurality of spaced apart cavitiesZ%E?ﬁed in
said inner sidewall and accommodating a plurality of
said containers.

. S. A storage unit according to claim 1,
further including 1id closure means for forming, in
combination with inner sidewal !1 enclosed space
enclosing said cavity means and said freeze indicator
means/ (16)

6. A storage unit according to claim 1
wherein the visuatﬂﬁignal generated by said freeze
indicator means color signal.

7. A storage unit acco:diﬁ%lto claim 1
wherein said freeze indicator means/comprises a
frangible ampoule containing a liquid which, upon
freezing, expands to tupture said ampoule.

8. A storage unit accg;ﬁiﬂ? to claim 1
wherein said phase change materia /1s" an aqueous

carboxymethylcellulose gel.
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9. A storage unit accocding to claim 8
wherein said gel £ills less than the entire enclosecd
space between said inner and outer sidewalls/ (13,12)

10. A storage unit according teo ﬁgimml)
wherein both said inner and outer sidewal _aré composed

of a thermoformed plastic material.

storage unit according to Claim 1 compr'lsmg a

1l1. A /Ereeze protective storage unit for a
plurality of containers of an aqueous solution of a

bioclogically active protein susceptible to

. . ] wherein ,,
physicochemical alteration upon freezing,
s e : ; ! ! - g i I l ']
e 1 144 e ig . . fei . 3
an-ocuter -sidewall, (13,12)

said inner and outer sidewalls/of said
container holder means defining an enclosed space
therebetweenﬁ& adjacent said cavj means; '

adjacent-said-cavity -wmeans, said phase change material(22)

—havfﬁ% a freezing temperature which is higher than the

nucleation temperature of the aqueous solution in said

containers; and the (16) s
—a- freeze indicator means/£e¥ generating an

irreversible visual signal of the attainment,—adjaceat-

—gaid-eavity-means, of a temperature intermediate th 5 '

freezing temperature of said phase change material7an
the ice nucleating temperature of said aqueous solution.

-
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12. A storage uni 3 cterding—to—claim—1d
wherein said inner sidewallfinc¢ludes an additional
cavity means accommodating the disposition of said
freeze indicator therein in a position secured against

S movement. ' '

13. A storage unit according to claim 11
wherein the ice nucleating temperature of said agqueous
solution is less than -10° C and the freezi

10 temperature of said phase change material/is about
-1° C. ‘. R T PN LR
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