METHOD OF | NDUCI NG NUCLEATI ON OF A MATERI AL Cross

Ref erence To Rel ated Applications [0001] This
wappl7icesusikon clains priority to United States PCT/US2007/003282

provi sional patent application serial nunber

60/ 771,868 filed on February 10, 2006. Field of the

I nvention [00023 The present invention relates to a

nucl eati on process, and nore particularly, to a method

of inducing nucleation of a phase transition in a

material wherein the material is initially brought to

a tenperature near or below a phase transition
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I nvention [0003] Controlling the generally random
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pharmaceutical freeze-drying process, nultiple vials
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of the material.

Background of the Invention

[0003] Controlling the generally random process of
nucleation in the freezing stage of a lyophilization or
freeze-drying process to both decrease processing time
necessary to complete freeze-drying and to increase the
product uniformity from vial-to-vial in the finished
product would be highly desirable in the art. In a
typical pharmaceutical freeze-drying process, multiple
vials containing a common aqueous solution are placed
on shelves that are cooled, generally at a controlled
rate, to low temperatures. The aqueous solution in each
vial is <cooled below the thermodynamic freezing
temperature of the solution and remains in a sub-cooled
metastable liquid state until nucleation occurs.

(00041 The range of nucleation temperatures across

the vials is distributed randomly between a temperature



di stribution of nucleation tenperatures causes

vial-tovial variation in ice crystal structure and
wabkdo7meioad y t he physical properties of the |yopdi/ub2ed003282

product. Furthernore, the drying stage of the

freeze-drying process nust be excessively long to

accommodate the range of ice crystal sizes and

structures produced by the natural stochastic

nucl eati on phenonenon. [0005] Additives have been used

to increase the nucleation tenperature of sub-cool ed

sol utions. These additives can take many forns. It is
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aygheEeshkel paldteidenienthedp nucleate ice formation in
sub-cooled agueous sclutions. Either the bacteria or
their isolated proteins can be added to solutions to
increase the nucleation temperature. Several inorganic
additives also demonstrate a nucleating effect; the
most common such additive is silver iodide, AgI. In
general, any additive or contaminant has the potential
to serve as a nucleating agent. Lyophilization vials
prepared in environments containing high particulate
levels will generally nucleate and freeze at a lower
degree of sub-cooling than vials prepared in low
particulate environments.

[0006] All the nucleating agents described above are
labeled “additives,” because they change the
composition of the medium in which they nucleate a
phase transition. These additives are not typically

acceptable for FDA regulated and approved freeze-dried



of the vials. [0007] Ice crystals can thensel ves act

as nucleating agents for ice formation in sub-cool ed
waeuwene®3sol utions. In the "ice fog" nethod, ap¢mOEm07/003282
freezedryer is filled with a cold gas to produce a

vapor suspension of small ice particles. The ice
particles are transported into the vials and initiate

nucl eati on when they contact the fluid interface.

[0008] The "ice fog" nmethod does not control the

nucl eation of nmultiple vials sinultaneously at a
controlled tinme and tenperature. In other words, the

nucl eati on .event_d t oc 0 T @fizso do not
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controlled time and temperature. In other words, the
nucleation event does not occur concurrently or
instantaneously within all vials upon introduction of
the cold vapor into the freeze-dryer. The ice crystals
will take some time to work their way into each of the
viale to initiate nucleation, and transport times are
likely to be different for vials in different locations
within the freeze-dryer. For large scale industrial
freeze-dryers, implementation of the “ice fog” method
would require system design changes as internal
convection devices may be required to asgist a more
uniform distribution of the “ice fog” throughout the
freeze-dryer. When the freeze-dryer shelves are
continually cooled, the time difference between when
the first vial freezes and the last vial freezes will
create a temperature difference between the wvials,
which will increase the vial-to-vial non-uniformity in

freeze-dried products.



I mpart any degree of control over the tinme and
t enperature when the individual vials nucleate and

WO e@a/peso3but instead only increases the averageCT/Us2007/003282
nucl eation tenperature of all vials. [0010] Vibration
has al so been used to nucleate a phase transition in a
met astabl e material. Vibration sufficient to induce
nucl eati on occurs at frequenci es above 10 kHz and can
be produced using a variety of equipment . Oten
vibrations in this frequency range are terned
"ultrasonic," although frequencies in the range 10 kHz
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Bl elbzedehpebubbies dhaillexhidis. st abl e vol ume or
shape oscillations w thout collapse. U S. _Patent
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sofution or dissolving a volatile fluid in_the

scangeoh0 kHz to 20 kHz are typically within the audible
range of humans. Ultrasonic vibration often produces
cavitation, or the formation of small gas bubbles, in a
sub-cooled solution. In the transient or inertial
cavitation regime, the gas bubbles rapidly grow and
collapse, causing very high localized pressure and
temperature fluctuations. The ability of ultrasonic
vibration to induce nucleation in a metastable material
is often attributed to the disturbances caused by
transient cavitation. The other cavitation regime,
termed stable or non-inertial, is characterized by
bubbles that exhibit stable volume or shape
oscillations without collapse. U.S. Patent Application
20020031577 Al discloses that ultrasonic vibration can
induce nucleation even in the stable cavitation regime,
but no explanation of the phenomenon is offered. GB
Patent Application 2400901A also discloses that the

likelihood of causing cavitation, and hence nucleation,



[0011] An electrof reezing method has al so been used
in the past to induce nucleation in sub-cooled
WO papaioew34 El ectrof reezing is generally acconpPCEH8m001§03282

delivering relatively high electric fields (~ 1 V/inm

in a continuous or pulsed manner between narrowy

spaced el ectrodes imrersed in a sub- cooled |iquid or

sol ution. Drawbacks associated with an el ectrofreezing

process in typical lyophilization applications include

the relative conplexity and cost to inplenment and

na!ntaln,tpa{tlcylﬁrly for lyophilization applications
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ontrol of the nucl eatl on process

multiple vials or containers. Also, electrofreezing
cannot be directly applied to solutions containing
ionic species (e.g., NaCl).

[0012] Recently, there are studies that examine the
concept of ‘vacuum-induced surface freezing’ (See e.g.,
U.S Patent No. 6,684,524). In such ‘vacuum induced
gurface freezing’, vials containing an aqueous solution
are loaded on a temperature controlled shelf in a
freeze-dryer and held initially at about 10 degrees
Celsius. The freeze-drying chamber is then evacuated
to near vacuum pressure (e.g., 1 mbar) which causes
surface freezing of the aqueous solutions to depths of
a few millimeters. Subsequent release of vacuum and
decrease of shelf temperature below the solution
freezing point allows growth of ice crystals from the
pre-frozen surface layer through the remainder of the
solution. A major drawback for implementing this

vacuum induced surface freezing’ process in a typical



can enable the freezing of all unfrozen pharnmaceutica

solution vials in a freeze-dryer to occur within a
wWOrRe0e/09sB4 ow t enperature and time range, ther ebgI/US2007/003282

yielding a |yophilized product with greater uniformty

fromvialto- vial. Controlling the m ni mrum nucl eati on

tenperature can affect the ice crystal structure

formed within the vial and allow for a greatly

accel erated freeze-drying process . [0014] Therefore,

a need exists for controlling the random process of

nucl eation in various freezing processes including the

freezing stage of a fr.eezedryin r phili zati qgn;
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uniformty fromvial-to-vial in the finished product.
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characteristics. Summary of _t I nvention [0015] T .
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material, the nethod conprising the steps of brin .@@11 a
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trarei al onCrnterd ligte g M1H048] Ph ePE&é’ﬁ‘t TG ture
als0 herchar agieri zedegystatetidiadiufOnEbenbangiltiein the
freezing process of asolution conprising the steps

of : .
cothl ngncha ket £oR at IFXSRtdst rabealessrrAy ik ,e‘érylng
Lgap%ﬁggsdecreasi ng the pressure to induce nucleation

e solution; and continuing cooling of the )
niedt4él ed sGheredionen A pRESEr [BEFHT ng‘Prt srperaliigg the

téﬁﬁéggzeﬂgg%é§EUt$Pn'nucleation in wvarious freezing
processes including the freezing stage of a freeze-
drying or lyophilization process to both decrease
processing time necessary to complete freeze-drying and
improve the product uniformity f£rom vial-to-vial in the
finished product. It would therefore be desirable to
provide a process that possesses some, Or preferably

all, of the above characteristics.

Summary of the Invention

[0015] The present invention may be characterized as
a method for inducing nucleation of a phase transition
in a material, the method comprising the steps of
bringing the material to a temperature near or below a
phase transition temperature of the material and
decreasing the pressure to induce nucleation of the
phase transition in the material.

[0016] The invention may also be characterized as a

method of controlling the freezing process of a



Depressurization is initiated when the sol ution

attains a desired nucleation tenperature or at a
waele®roe3s i me after initiation of the cooling BCEPS2007/003282

[0017] The invention may be further characterized as a

solidification process conprising the steps of:

cooling a material to a tenperature near or bel ow a

phase transition tenperature; rapidly decreasing the

pressure proximte the material to induce nucleation

of the material; and continuing cooling of the

nucl eated material to a prescribed final tenperature

to.facilitate solidificati rial . 0 ;
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[ 0019] The above and ot her aspects, features, ,and
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the material; and continuing cooling of the nucleated
material to a prescribed final temperature to
facilitate solidification of the material.

[o018] Finally, the invention may be characterized
as a method of controlling the condensation process of
a gas comprising the steps of: cooling the gas to a
temperature near or below a phase transition
temperature; rapidly decreasing the pressure to induce
nucleation within the gas; and continuing cooling of
the nucleated gas to a prescribed final temperature to

condense the gas.

Brief Description of the Drawings

{oo19] The above and other aspects, features, and
advantages of the present invention will be more
apparent from the following, more detailed description
thereof, presented in conjunction wi'th the following

drawings, wherein:



nucl eation in accordance with the present nethods; and
[0022] Fig. 3 is a graph depicting the tenperature
WO 2003095084 me pl ot of a sol ution undergoi ng a JdREEDEI07/003282
cool ing process with depressurized nucleation in
accordance with the present nethods. Detail ed
Description of the Invention [0023] Nucleation is the
onset of a phase transition in a small region of a
materi al. For exanple, the phase transition can be the
formation of a crystal froma liquid. The
crystallization process (i.e., formation of solid
[ s froma sol.ufion k aLe i t Pemperature
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saturation, etc. and can vary from.one sa e of
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[0023] Nucleation is the onset of a phase transition

in a small region of a mat:eri}al. For example, the phase
transition can be the formation of a crystal from a
liquid. The crystallization process (i.e., formation of
solid crystals from a solution) often associated with
freezing of a solution starts with a nucleation event
followed by crystal growth.

[0024] In the crystallization process, nucleation is
the step where selected molecules dispersed in the
solution or other material start to gather to create
clusters in the nanometer scale as to become stable
under the current operating conditions. These stable
clusters constitute the nuclei. The clusters need to
reach a critical size in order to become stable nuclei.
Such critical size is usually dictated by the operating
conditions such as temperature, contaminants, degree of
supersaturation, etc. and can vary from one sample of

the solution to another. It is during the nucleation



and shapes are obtained. Control of crystal size and
shape constitutes one of the nmain challenges in

w0 paaseodal manufacturing, such as for phar maceCt/USBEDT003282
[0026] The present nmethod relates to a process for
controlling the tine and/or tenperature at which a

nucl eat ed phase transition occurs in a material In
freezing applications, the probability that a nateri al
wi | | spontaneously nucl eate and begi n changi ng phase

is related to the degree of sub-cooling of the

materi al and the absence or presence of contam nants,

addi tives, structures, or,di b t hat j ;
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PRITMEEWER i on tenperature differences across a

elotzigqude oézyg@u Yrhedh aiiker she Thwbsegheati growth of
temperature differences tend to proﬂuce.a nonyuni form, .4
e u ETB R arFkéa}("ces%f%‘F?gl ohg dPGPAGVERRe. “The
gwggygrrmg{§g$, $¥pdhei Agheapbandthpr ovbtdia ilkirgherither
egree of process control in batch solidjfication the
prsderteton e OF.  CHYHerk- GEPMTG) BRY PRERTEE-E YT oQUET
Wikl 70T 6 NI fOr M SEEUEUT ecBPgr RLBPWiltIesdi Ehkrket sizes
some of the prior art techniques toinduce nucl ationé 4
el pebePss NEFPoePLAdRaG € gPﬁitﬁ’éal e‘d’gi Frft3ngstze an
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freezing applications, the probability that a material
will spontaneously nucleate and begin changing phase is
related to the degree of sub-cooling of the material
and the absence or presence of contaminants, additives,
structures, or disturbances that provide a site oxr
surface for nucleation.

[0027] The freezing or solidification step is
particularly important in the freeze-dxrying process
where existing techniques result in nucleation
temperature differences across a multitude of vials or
containers. The nucleation temperature differences tend
to produce a non-uniform product and an excessively
long drying time. The present methods, on the other
hand, provide a higher degree of process control in
batch solidification processes (e.g., freeze-drying)
and produce a product with more uniform structure and

properties. Unlike some of the prior art techniques to



crystallization of proteins, artificial snow
production, deposition of ice fromvapor, food

wo e@epdogs freeze concentration, fractional PCT/US2007/003282
crystallization, cryopreservation, or condensation of
vapors to liquids. Froma conceptual standpoint, the
present methods may al so be applied to phase
transitions such as nelting and boiling. [0029] The
presently di scl osed nethod represents an inprovenent
to current pharmaceutical |yophilization processes.
For exanpl e, mﬁthin a | arge industrial freeze- dryer

there can b er 000_vials.c g

SR aRE S oY et bl BeC 2B mininad
Hdpeom&Ht r antl ppaartamemai tdtmngessfoy implemesdiatinn.
solution to_a ver degr e S0 t hat_.th 0
at49%8h| s ancoﬂFg’r’lﬁég S (S f PESTe o ygrrlégjrlééﬁé "cafl be

gﬁﬂéﬁﬂé&edotanyr&at&rlémupﬁmwégﬁingfsea@hbhaﬂ igrvolves a
cont ai ner, however, freezes ran

MNP LPAE BFe BRBEEL W TARS H @i ng ﬁa ﬁtlg\égr&fa l?suecr}???xoécesses

el £AELOR HY 0888 Zhhiguneentd ol ligtid,003pystaldirgtimm of
to the Figures, and in particular Fig

dE%?ctédCH‘téﬁber%@ﬁ?@u§enﬁﬂﬁqq+ﬁpploFrXFgéﬁi%ﬁ%ﬁ¥9n of

Oéofgmég'geoﬂﬁdsoinéﬁbﬂ% URgr00ad t7s COBBt &Ml zation of
stic nucl eatjon process show ng thetypical f“glons

oinﬂugaeaﬂ oMateaier b® ur EXOFF  tFRPSHFRFHGA hi §°
?#gtgiim%t]l%rﬂ-df 13f and ke Ass seen dheieidialhe snow
I a

contents have a thernodynam c free2|n g
tenpépstap@,of depasibaeryetOfhe %Eﬁtﬂlﬂﬁ?mw t KBRO&ach £o°

VEQL D3 ?’éér al l'y ngeleates oveiohbenbraadohenper at eif&ctional
range of “about -7C to -200C or nore, as highlighted b

aCERSL811Rizet it 1 cOFYOPNES MR EIRRf (FpEPRfgRFation of

I ngpg% N dof &Q%Ag.c%f yi 990W@bgonc[%1 CopweigRidht, the

present methods may also be applied to phase
transitions such as melting and boiling.

[0029] The presently disclosed method represents an
improvement to current pharmaceutical lyophilization
processes. For example, within a large industrial
freeze-dryer there can be over 100,000 vials containing
a pharmaceutical product that needs to be frozen and
dried. Current practice in the industry is to cool the
solution to a very high degree so that the solution in
all +vials or containers in the freeze-dryer are
guaranteed to freeze. The content of each vial or
container, however, freezes randomly over a range of
temperatures below the freezing point, because the
nucleation process is uncontrolled.

[0030] Turning now to the Figures, and in particular
Fig. 1, there is depicted a temperature versus time
plot of six vials of an aqueous solution undergoing a

conventional stochastic nucleation process showing the

10



tenperature versus tinme plots of a solution undergoing

a freezing process with depressurized nucleation in
wa@ewonegkarce with the present nethods. | n partiPCI/E82007/003282

Fig. 2 shows the tenperature versus tinme plot of six

vials of an aqueous sol uti on undergoi ng an

equi |l i brated cooling process (See Exanple 2 ) with

nucl eati on i nduced via depressurization of the chanber

(21, 22, 23, 24,25, and 26) . The vial contents have a

t her nodynam ¢ freezing tenperature of about 00C yet

the solution within each vial nucleates at the sane

time, upon depressurjzat] Wt hi ro
CEBLTRL T ERge OF o n RS clrp it | D cne
2810t 0bn2@itRahesan sviadsshallf, temierkd Uk, | ABAd46) . As
the freeze -, dryi chanber_and depi ¢ts _an .
RRFTI B T e'éggngvjpggcézsosn,q:%nﬂ%gvﬁgyg {fie FRETMOdynamic
tepREL ahyr e ShpbbSarabel veg | apbelkd Bore wicl esise st@aliyrion

prior to depressurization. [0032] Simlarly, Fig.. 3
shbwbinheadnporialur saferalsly | mECHeRtel PRESe bRl sbroad
of an aqueous sol ution under goi nar 00l.i
p?%@8§§g(:§§8 BENT e )ag\ﬂl% nﬂ%lcgagixoﬁ@loﬁgﬁc‘g% \?‘?)are’ as
depgAssyhiczat i akethelrghaiest (32, 3Zprewe3Bs . the shelf

Again, the vial contents have a thernmodynam.c freezing
t BRPRREBGME Sof tg'b% %??ﬁ%‘ oY ot F’o%:%vﬁﬂhﬁ%' each
viiab3anycl eaienvairddlgy sanwild me gporam@pr ésisyr i zat | odepict

at a tenperature range,of ahout -7C to -10Q0C as seen .
| REBPEX 2FB TSP VRTSIP r BpPEs T " sfefP ug:r%pon figraoing

erature

i psi fpethent’ 6828cesdr Ywhghchagpeesangdigederabbjeation in
depicts a dynam ¢ cool i ng gr ocess, ogedvvherf t he ticular
t BRFEESRHCE oVitRe tREI vRESPE Yt PIEPY Poner Bd RBAF AT ’

Ok iBli O LAcWePass utkiperaitudd038ksiss timeispllatedof six
in The Figures, the present nethods provide i n%)r ovrfdb ted
cyABlsl aff AThEGHRIGA PRAVEREEe LR SIS i Hy TRE-HOTaEe

fE%%%LiiQﬂ_; grdggéﬁ%éiﬁﬁbmple 2) with nucleation induced
via depressurization of the chamber (21,22,23,24,25,
and 26). The wvial contents have a thermodynamic
freezing temperature of about 0°C yet the solution
within each +vial nucleates at the same time upon
depressurization and within a very narrow temperature
range (i.e., -4°C to -5°C) as seen in area 28. Plot 29
represents the shelf temperature inside the freeze-
drying chamber and depicts an equilibrated freezing
process, one where the temperature of the shelves is
held more or less steady prior to depressurization.

fo032] Similarly, Fig. 3 shows the temperature
versus time plot of three vials of an aqueous solution
undergoing a dynamic cooling process (See Example 7)
with nucleation induced wvia depressurization of the
chamber (31,32, and 33). Again, the vial contents have

a thermodynamic freezing temperature of about 0°C vet
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solutions in a freeze-dryer to occur within a nore

narrow tenperature range (e.g., about 00C to -100C)
wa@na/ovsoaoncurrently, thereby yielding a | yophtdT/E82807/003282

product with greater uniformty fromvial-to-vial.

Wil e not denonstrated, it is foreseeable that the

i nduced nucl eation tenperature range may even extend

slightly above the phase transition tenperature and

may al so extend to about 400C of sub-cooling. [0034]

Anot her benefit associated wth the present nethods is

that by controlling the | owest nucleation tenperature

and/ or the.precise, tine nygcl eat | N af f

R | 88&8%}5{1 al w%? Pﬁ%t u?%é?osﬁleag wi tg%il%&tq;hé‘esaf r gz eﬁﬁé same

\Hidkes QpotondepnessurIbetiom caysteal tempagrafuas srange of

vari abl e t;hat affectos the time it takes for Fhe iclgltg 19

abithard CThte, b0 @nDl BesG « A8 | BESEr y2Pal ©

o b t N i
é{/éeg#ﬂ%%é!??s' thS RASSI Pl @ dnpHpALLY aGee! @& attthé hefreeze

eeze-drying process. [0035] In a _broad .
sbrising t thapbesemiid; IPBerased MERHGHS 1dr WRANGhFooLling

%‘&%c‘?@éé? nofe ayRBase di@ngkhberathitl NoRBltHd akhelves is
onprise the steps of: (1) cooling the material to a
teempival yr boweredoduydingy ar (Preke¥ r gAsHepgfssurization.

gg&@fggt ure of the TAlEridla gﬂd thld )r{&REE5Y the present

creasi ng the pressure to I nduce nucleation of the _
rme¢ehbds . pEavhdef fheseviedorceatrak emsf witthe pgrucleation

di scussed jn npr i |l o iRgl oL NmdE Rt ical
NRTRRF AP [BﬁSg?nsF?gisj rati \%e \rﬁrlgteeé;%gagg l?seful. i'n the ree
psebenionet hixl iancliugegrrdrwebsttancescygaswgthin a wore

suspensions, gels, liquids, solutions,, mxtuLgs, .0 .o
CRABEAENt SSHPERR R UE s of B'FGN g?'ﬁi‘)’(t u?%‘.’ugui acgl ge 1070

nBh&rbal scbAbubsenitn v he tHeassy REldiatimgy anclydshilized
for exanple, pharmaceutical materials, . .
WE@ﬁH?ﬁac@&F?’calgm*ﬁFm g{llformlty from vial-to-vial.

While not demonstrated, it is foreseeable that the
induced nucleation temperature range may even extend

slightly above the phase transition temperature and may

also extend to about 40°C of sub-cooling.

[0034] Another benefit associated with the present
methods is that by controlling the lowest nucleation
temperature and/or the precise time of nucleation one
can affect the ice crystal structure formed within the
frozen vials or containers. The ice crystal structure
is a variable that affects the time it takes for the
ice to sublimate. Thus, by controlling the ice crystal
structure, it is possible to greatly accelerate the
overall freeze-drying process.

[0035] In a broad sense, the presently disclosed
methods for inducing nucleation of a phase transition
within material comprise the steps of: (i) cooling the

material to a temperature near oxr below a phase
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foodstuffs, chem cal materials, and may include

products such as wound-care products, cosnetics,

W@ 2102093084 y products and in vivo/ in vitro di apCDES100%003282
rel ated products and the like. Wen the material is a
liquid, it may be desirable to dissolve gases into the
liquid. Liquids in a controlled gas environnent w ||
general |y have gases dissolved in them [0037] O her
illustrative materials useful in the present nethod

i ncl ude bi ol ogi cal or biopharmaceutical material such

as tissues, organs and nmulti -cellular structures .

For certain d ar eu . {4
atpﬁrl‘%’a‘f’r%?\s FH%’ %t%eurrlaenal (ﬁgy ggga gﬁ{@tﬂlﬁéﬁlor and  (i1)
ma@mryt@atreashngeshea griesswre at¢ ehndtieg Wudission of

nucl ei c aci d nmpno | antibodies; C

4% bBFEE L onBPE %\J g tq'heo%%eﬁ‘t o tga(r%g oé%e% s will be
Red ddesedi NEl mereg deddaifede se, peptide m netics and
nodi fi ed peptides; proteins, including fusion and

nodi fi ed proteins; RNA DNA and subcl asses thereof;
oéTgpnycLe@bbﬂ,QggG vipmlMpargixl.es; and simlar such
Mareriars or _components thereof %OOSSAE%‘?ar maceut i cal e
oF0®36bhar @éé&ﬁt&é‘lt’s‘ﬁﬁ PRBREIRY gpresen

%@Eﬁbaern?né%dér epaee dEnbREamids] bgasgnod exapaheions,
a material that would benefit fromthe present

n@ﬂa@d Tiaugslan | oRQLHFACRSst | YW HETEFSEnd Qe COMPORents

SHPt?ﬁi‘ﬂt 2l d 1 hPEGAPIAS ShPk€ursuch @I@Eﬂﬁméuﬁﬂaﬁﬁrﬁls for
bi ophar maceutical solutions are alsq highly pure an

geser ain y theeePBESPREL | BEFRPEs M4t 1Ry Y5 m §Ptrese¥?ﬂ‘ple'
n#%é?ﬁgbgﬁtlg@lf aharaveheat, i af &eIRehatete ichl materials,
ortant to creating a consistent and uniformice
cEgedakuEfsuct uckericmlyi amaterdedis or 886t ai MBY t oinclude
’?géﬁ“% Theah ce & ys;vehnﬁt-rclégeur epgeuakered aksS8metics,
g

affects the time required for
veterinary products and in vivo/in wvitro diagnostics

related products and the like. When the material is a
liquid, it may be desirable to dissolve gases into the
ligquid. Liquids in a controlled gas environment will
generally have gases dissolved in them.

[0037] Other illustrative materials useful in the
present method include biological or biopharmaceutical
material such as tissues, organs and multi-cellular
structures. For certain biological and pharmaceutical
applications, the material may be a solution or mixture
that includes: a 1live or attenuated viruses; nucleic
acids; monoclonal antibodies; polyclonal antibodies;
biomolecules; nonpeptide analogues; peptides, including
polypeptides, peptide mimetics and modified peptides;
proteins, including fusion and modified proteins; RNA, '
DNA and subclasses thereof; oligonucleotides; +viral
particles; and similar such materials or components

thereof.

13



drying . [0039] A s applied to a freeze-drying

process, the material is preferably placed in a
w@eb@moei34 such as a freeze-drying chanber. PreP@r/akio97/003282

the chanber is configured so as to allow control of

the tenperature, pressure, and gas atnosphere within

t he chanber. The gas atnosphere may include, but is

not limted to: argon, nitrogen, helium air, water

vapor, oxygen, carbon di oxi de, carbon nonoxi de,

nitrous oxide, nitric oxide, neon, xenon, Kkrypton,

met hane, hydrogen, propane, butane, and the liKke,

i ncl udi ng perm ssible, m ture r T e
42938 mosptk %ﬁ¥?ﬁﬁﬁﬁ?§%§ af’i %3r %é%ﬁa%ﬁ% %gia%Q%%?§ons
abne RHRSs UM betiwaen akoutcohtaimdost &0rpsfgeere-drying

nore. Tenperatures within_the freeze- d ha L a
wbudsl dbet aPedIByPSt hE*PFBdFe- Blyi Ag B oces?ﬁang%% Would

2asieltk tCORLER! | e Vigkd dentis eedfhatl heat The ansflest fdns d are
that cools or warns the shelves w thin the, chanber

tQ
mqap;xruqummer%néreaéﬁ t IFRA Y ntéFﬁ@P?rgﬁglble

@ﬁéfﬂéc%wbﬁﬁw Misbnarmaeeidiinell [ 9640tibas are
accordance wth the present nethods, the erial .is lat
edeicedhtighd vt eRpEeat and anevrlbe| ¥ T sr‘%lt‘nag’értlcu ates

ttrhaan:s'x% NeLeRP 5 ?é% efolNnlke easS®Of @Lﬂlﬁﬁﬁﬁowﬁlcleatlon
based s utlon undergoli ng a freeze -dry rocess,

udmpqﬂﬁﬁmr¢raﬁylm@mrFéﬁEeﬁﬁLﬁ%@?glPﬂeﬁr1?ﬂﬁﬂ?ﬁgﬁF and
furneieéélgm &Qzlept Q‘&gthéﬁl Syt i g, rdN et heisal UtboNvial or

reaches tenperatudres bel ow the thernodynam c freezin
poimita Diex heesolanieminer-is SHR tiFPe TR gFricture

Vz%%\geed&g #egltsooa LeRELN0, PEQEESS e AR iaRUEPHGuUired for

utiron e présent nethod is effective when
tdveythegr ee of sub- cool ing ranges from near or bel ow

{SRRsS (ABNSLBb PRGOS 3 U FollBelardely B00CeSE, the

material is preferably placed in a chamber, such as a
freeze-drying chamber. Preferably, the chambexr is
configured so as to allow control of the temperature,
pressure, and gas atmosphere within the chamber. The
gas a{:mosphere may include, but is mnot limited to:
argon, nitrogen, helium, air, water vapor, oxygen,
carbon dioxide, carbon wonoxide, nitrous oxide, nitric
oxide, neon, xenon, krypton, methane, hydrogen,
propane, but:aﬁe, and the 1like, including permissible
mixtures thereof. The preferred gas atmosphere
comprises an inert gas, such as argon, at a pressure
between about 7 to about 50 psig or more. Temperatures
within the freeze-dryer chamber are often dictated by
the freeze-drying process and are easily controlled via
the use of a heat transfer fluid that cools or warms
the shelves within the chamber to drive the temperature
of the vials or containers and the material within each

vial or container.
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and nore preferably between about 3C of subcooling and
100C of sub -cool ing. In some of the exanples
waelemciodoed bel ow, the present method of i nduciPgr/us2007/003282
nucl eati on works desirably even where the solution has
only about 1C of sub -cool ing belowits thernodynanic
freezing point . [0041] Were the material is at a
tenperature below its phase transition tenperature, it

is often referred to as being in a netastable state .

A netastable state is an unstable and transient, but
relatively longlived, state of a chem cal or

bi ol ogi cal system net ast apl e terial

40044 i n I PhESES ecewiLE{1 rHa 8? glste tél%ggﬁ‘%‘?ﬁ%n am”
Raaes-i1 siat eodled h'eo ahsmmq:e:xfamyeclmaagesor nbehew its
material or its environnment e H%

S JortLat F oty EREPERET ra it SR CEgh,PE B aguecus

equl rru

gégéathlﬁ§1%ﬁWdﬂdHf§5ﬂﬁ§a&efrﬁédéﬁdfyimg process,_the
met ast abl e material-s i nclude su sat ul[lat e

FHART onSTARE SHT oot BEPFFRERES . (60421 DA ¢ g&egg\odynamlc

e e 9f Bo ikt asd AblinhdmiRyial iawul diherd | aihel watlartion
at atnospheric pressure and a tenperature_of -

Wedrhe o AP TRET ey PSLAY ofReocH elF‘P%Y’aa%?e%reezmg
?Bgﬂ'x@ pet ther mgiynandsal lix exkstsatdt kics benpeitatdsEled.

pressure, but it can exist in the absence of a
m@a@ppgléﬁemoa Erpagtafe HEOIRRF noF hamy ggueous-based

f\S {;h%attﬁa Pévféséﬁt Exiexaal Y:Lﬁur@fi\@b@ivéanwlb@n the
coo 0 very tenperatures (-3 00C to -400C)

3%65\3?5%8'@1% ﬁmg?smlg?ﬁi FeRges eﬁﬁPﬁ‘ i BERFe 9% qBFEiOW the
state ch s cool e liinb

SRR RS AT i neReraRrans At Y Gpfik, Mot LRd sub-
NUSLERLE0N BNENhot e ?%HS%rbeyJE&ﬁméehh&b@h&58°c of sub-

transitron whereby it will refurn to equilibrium
cooling and 10°C of sub-cooling. In some of the
examples described below, the present method of

inducing nucleation: works desirably even where the
solution has only about 1°C of sub-cooling below its
thermodynamic freezing point.

[0041] Where the material is at a temperature below
its phase transition temperature, it is often referred
to as being in a metastable state. A metastable state
is an unstable and transient, but relatively long-
lived, state of a cheﬁical or biological system. A
metastable material temporarily exists in a phase or
state that is not its equilibrium phase or state. In
the absence of any changes in the material or its
environment, a metastable material will eventually
transition from its non-equilibrium state to its
equilibrium state. Tllustrative metastable materials
include super-saturated solutions and sub-cooled

liquids.
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[0043] As discussed above, the present nethods of

i nduci ng nucl eation of a phase transition within a
woraioenysB4 or freezing a material can be utili zedI/vb1007/003282

various cooling profiles, including, for exanple, an

equi |l i brated cooling environment or a dynam c cooling

environnent (See Figs. 2 and 3 ) . STEP 2 - RAPIDLY

DECREASI NG THE PRESSURE [ 0044] Wen the material has

reached the desired tenperature near or below the

phase transition tenperature, the chanber is quickly

or rapidly depressurized. This depressurization

ri rs the nucl.eatio h t.r apsi-ti fo th8terial

3B0HRTon wik neipiRa  SraREaBIoaF arsthRaRe th

poeher red enbpdi dentatechaaberadepspbeyicz apreasyse and a

acconpl i shed by opening or partiall peni ng a |
Q;@nme(ﬂa'c\)a#@/@%hagos%par igdh t%enﬂ?fé‘ﬁ(ipffg%es%ﬁjen% ﬁéﬁgrel}: of
fpam ei,t her. t he anbj ny.i k.o SividathP¥el 1 ist at
ﬁrgssgﬁ'@u&%%%e%rélgﬁéllrao%ﬁrgnt .The el evat ed p}[,e:;{ljre

e i@ dchyer avared almd nmasssshow, obugas tatqris phdt8tod the

o f the chanber. The _depressurizati n tob ; he
PRARFS R ?on}‘ﬁlﬁéglf‘%e Nitea |0%Qr]+§§g§e BoPBegin t
defr essyistaal ieacibaulghkdiseds ni sEat demeslay apare s¥asds can
or less, preferably 40 seconds or |ess, n?)gé _40°C) at
freefepabed Y@ serEidioyr BERETAHIGDst PPeFeFSoly %6

¥ O LeSSred HQAS] driya t Wijaal fregezer diji Nghe ligquid
applicatrons, e pressure difference between the.l,b ced
istidteal Suarbesulpressled afmFshelfiddt hIFPeSIUL1OTALE

%heesxsr}i%g g&&‘él’alq_%prﬁéég'éitéi‘atlié)nst%ﬁ@ﬂ drke ghegt elacks a
than a o%jt'l psi, “al t hough smal |l er pressure drops may n
imstceanioheaeventi n tsonecaiseat $bnstomp e a|phase

L eezes dXer Sredlead Ly AECAIPRAA! 80! BEuIANE itin.
p?%%%%%gléso%g%nee egq.'lt 0 lcont rol nucl eat f%on. Many
f [@@23} dr yeRs adiésdessghedrbove, the present methods of

inducing nucleation of a phase transition within a
material or freezing a material can be utilized with
various cooling profiles, including, £for example, an
equilibrated cooling environment or a dynamic cooling

environment (See Figs. 2 and 3).

STEP 2 - RAPIDLY DECREASING THE PRESSURE

[0044] When the material has reached the desired
temperature near or Dbelow the phase transition
temperature, the chamber is (quickly or rapidly
depressurized. This depressurization triggers the
nucleation and phase transition of the solution within
the vials ox containers. In the preferred embodiment,
chamber depressurization is accomplished by opening or
partially opening a large control valve that separates
the high pressure chamber from either the ambient

environment or a lower pressure chamber or environment .
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with pressure ratings in excess of 25 psig to

W t hst and conventional sterilization procedures
wepprogiosy saturated steamat 121C. Such equi pP@&RUS2007/003282

ratings provide an anple w ndow to induce nucl eation

foll owm ng protocols that depressurize fromstarting

pressures above anbi ent pressure or the pressure in

the surroundi ng environnment . The el evated pressure

and subsequent depressurization can be achieved

t hrough any known neans (e.g., pneumatic, hydraulic,

or mechanical) . In the preferred enbodi nents,

aper alj ng_pressures, for Lhe rieseny TBLBods shpukdss £iow

supercritical pressure of any applied
9¥sS, ajwk subhembiphethe metdri alof o ekbeenmechapber. The

pressures (i.e., about., 1Q mhorr -qt. _| oul d.
Qﬁﬂqﬁﬁf¥ﬁ+?ﬂﬁlﬁﬂcngﬂﬁﬁ%%ﬁb hggééggfﬁgéfkgé4éﬁﬁuce the
Whidie 0iomi shithg Beplre saumnicatoi anyspanidcbeafinished in

mechani sm one possi bl e nechani smto expl ai

Esatt e%eﬁaﬁfigaf’fro e&?Seere%eﬁa?g}é %?a%ﬁa ?gtél S Phe eSS
RcBse b SBLPAB1YS 2bhalec@arizs din Bebsii andi moshe preferably
material conme out of solution upon depressurization

At g PRBEbBFed®PRat nucl eate the material . An

i(?idtis"i el eyat egypiessur exrbaeEpea@ sa idie appicianitt Rbnsn  the
of dissolved_ gas 1n the solution. Thﬁ rapjd.decieas&mmmber
iBreressar e AFEEPTRBERI ngPFEUTERs thBSgast{otidirli Y]

ek & Heraubsgguentyeel easaadf gaRaibem t heresburepol eaftexr
solution triggers nucleation of the ghazﬁltrangitLog. i

[Bo7$s pHBLREE 158 s| PR c R&ni FhPREST hat"he™ pst.
Eﬁi%ﬁ%@gﬂr%ﬁgiiéﬁsﬁrggddﬂéQEﬁoﬁbmﬁﬁwtEnﬁbeemﬂuﬁiéétion

uring

epressuri zation causes a cold spat on tg%
sin f gomeof sLheakaPBAi-alMetat CPAMSHES nhEPEZE G Yers <an

ﬁpgégfi POl dBcdaphs Mrbsiglhad £ t Bessure drops needed
epressgrlzatlon causes evaporation of some liquid_in,

tthe gehtricdl nmyeleation. Many freeze-dryers are designed
with pressure ratings in excess of 25 psig to withstand

conventional sterilization procedures employing

saturated steam at 121°C. Such equipment ratings
provide an ample window to induce nucleation following
protocols that depressurize from starting pressures
above ambient pressure or the pressure in the
surrounding environment. The elevated pressure and
subsequent depressurization can be achieved through any
known means (e.g., pneumatic, hydraulic, or
mechanical). In the preferred embodiments, operating
pressures for the present methods should remain below
the supercritical pressure of any applied gas, and
subjecting the material to extreme low pressures (i.e.,
about 10 mTorr or less) should be avoided during

nucleation of the material.
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the resultant cooling fromthe endotherm c evaporation

process may initiate the nucleation. Another possible
wore@nayiosm i s that the depressurized col d gas PeDKRIvAT/E3282

the naterial freezes some vapor either in equilibrium

with the material prior to depressurization or

liberated fromthe material by evaporation during

depressuri zation; the resultant solid particles

reenter the material and act as seeds or surfaces to

initiate nucleation. One or nore of these nechani sns

may congr;bute to initiation of nucleation of freezing

ol s ification to dlff L og.extents, de 0

el re BRRe Rter i 4R L Bt ahd the® =Y

Pasei &6 asi ﬁ\éehahesmg mmal gaissii bl §0w8FhThe spy deesxplain

may be carri out e ressure a
aFrﬁﬁ’eﬁP“ﬁFé’&gﬁfje o) i ?/%{' Xr é’?}b ollfgwf)(?eé'glurtg‘{sees%g%rﬁ:i‘:ﬁ%lé of
T eRlrHeBRS UhBLthbar Bxamplag, gas"elsal ighaalertion in the
pressure_can be above anhi ent ressurﬁsand t

ARF®ER 2 br QUG EUtafe® e urP28t Hr%§§¥ﬁ%£%1cﬁ% and

FHLANLUNSESYT @ il hessebhtan the imateatiathandber initial
pressure; the initial chanber pressure can be

BAeEAtefr e RHATWRI  FEEGRACR ha p?%ggﬁpgrggﬁﬁﬁ of

d:F é‘iUEHZ%tésonln Cafeb&thotior b eMe prepsar ele@:rrease in
tIy bel"ow anbi ent pressure. [0049] The ra e

rm?gﬁSﬁuGé S teTe GRRLERE e TRAYSSS & BF s826e P lbe and
%Qhénpgﬁf:@@&uéﬁﬁeckeqfeagée RIS s Mt elS . the sub cooled
perinents "have shown that nucleation will be |nduced

wheletibe prigeens dreplearioni efgrbst hamm b bttt 5on -
pfboqg'fl t Sr R R ﬁggsm@ t udecRbntiBeé Pressuttat the

expressed as an absolute pressure ratio,
—témpétaUMngwﬂqtnea%ﬁlﬁftl&ezﬂﬁ%lBFéxﬁmé§ﬁﬂQP rﬁaFFrlal

| §, 04 ngl l ﬁ%%%%%%%ﬂi%?%ﬂg ddudssbeki eygilgt hdbot on the
nuclea e induced upon depressurization where
surface of the material that initiates nucleation.
Another possible mechanism is that the depressurization
causes evaporation of some liquid in the material and
the resultant cooling from the endothermic evaporation
process may initiate the nucleation. Another possible
mechanism is that the depressurized cold gas proximate
the material freezes some vapor either in equilibrium
with the material prior to depressurization or
liberated from the material by evaporation during
depressurization; the resultant solid particles re-
enter the material and act as seeds or surfaces to
initiate nucleation. one or more of these mechanisms
may contribute to initiation of nucleation of freezing
or solidification to differing extents depending on the
nature of the material, its environment and the phase
transition being nucleated.

[0048] The process may be carried out entirely at a

pressure greater than ambient pressure or over a range
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the absolute pressure ratio, R, is greater than about

1.2 in many practical applications of the present
woreioe®34 The rate of pressure drop al so pl ayBCEIS2007/003282

important role in the present methods . One nethod of

characterizing the rate of pressure drop is through

use of a parameter, A, where A = DP/Dt . Again, it is

surm sed that nucleation will be induced for val ues of

A greater than a prescribed value, such as about 0.2

psi/sec. Enpirical data through experinmentation should

aid one to ascertain the preferred pressure drop and

L Lo BLEES ULt i LROTARCTHE-d oA N0 mxamphatple,

vari ous aspects and features of the
Arasanrtl ltsiséospressursdscat Padgdiove MRPEeRt oRTEFsure

a terial. a re n en 4 Liti . .
Sob R ChauRSe srR A O Rt apfresBiriaacion,
ihe) O &Fe t vbiauenpires ssheullohtbel eles cehgneihgnfipitial

wiith respect to the ¢l ains,,k appen e VP
[FHESHS PTEREHPFds %C?Pﬁg&%ergﬁ%m\ﬂi\é%eb%&sf or medhigﬁ be
agiJOtamscahe YireBssu®l-SREC theezeirdly echamibeng piawsure,

shel ves with approximately 1.0 nP total sh

afc-ath PRPEPRSNTdGTI e . O BBl Fhisirr fpaeue
tldz_ks [g)idpgm)@fyt tba;gowrla&@um Pregstveabout 15 psig. A

. iameter circular qQpening .also was add

rER049% | o??PFhéaf‘:Fee%Squ{g‘t&h‘i%S % rbfshi® arep
di aretars st genkesedst esl Beabidig expendiarg: f aepecite of the
hol e through the rear wall insulation,to emer ge frc¥g .
oresprk BECRAESHr EXPETIMRICS Thove ., BhopRy | afofficteation

aj{ 1 Rchuat gduball wrlnesnergrassacbedrop (R tishiggeater
via sanitary fittings. One ball val ve allowed 3%%é(%f the

ftlwni abeuthd M¥eze- BLFFRGACHARIS . At HBPRY
Fﬁf@égﬁrgoéhkky%my be expressed as an absolute pressure

ratio, R = P;/Pf, where P; is initial absolute pressure
and P¢ is final absolute pressure. It is believed that
nucleation may be induced upon depressurization where
the absolute pressure ratio, R, is greater than about
1.2 in many practical applications of the present
methods. The rate of pressure drop also plays an
important role in the present methods. One method of
characterizing the rate of pressure drop is through use
of a parameter, A, where A = AP/DE. Again, it is
surmised that nucleation will be induced fox values of
A greater than a prescribed value, such as about 0.2
psi/sec. Empirical data through experimentation should
aid one to ascertain the preferred pressure drop and
rate of pressure drop.

[0050] The following examples highlight various
aspects and features of the presently disclosed methods
of inducing nucleation in a material and are not to be

taken in a limiting sense. Rather, these examples are
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pressures up to 15 psig. The second ball valve all owed
gas to flow out of the freeze-dryi ng chanber and

W b@reisp34 educe chanber pressure to at nospheriBCT/US2007/003282
conditions (0 psig) . Al refrigeration of the
freezedryer shelves and condenser was acconplished via
circulation of Dynal ene MV heat transfer fluid cooled
by liquid nitrogen using the Praxair NCool (tn)-HX
system [0052] Al solutions were prepared in a class
100 clean room The freeze-dryer was positioned wth
the door, shelves, and controls all accessible from
the clean roomwhile t ot n S 1 RAIRS:,
rii&%ﬁ%?a%%X?)Oﬁg?é rﬁ@i?%ﬂ“%%nggﬁgﬁ-gﬁéaﬁgfoom on should
Y i dQBEERinedl bnigl whiitdnsrewpecprepatbe wilielmspl @ppended
%ggde wat er (Fi sher Scientific, filtered through 0.10

He®Prane) . The final solutions were filtered

through a 0.22 nm nmenbrane prior to filling the vials
or |lyophilization containers. Al gases were supplied
@Eﬁ@ﬁ&ﬁﬁﬁders and were filtered through 0.22 nm

fgbbgif_to AENO\E A5l é§UHAERS i bEE IdsincCarla Neesformed
(5 nL vials and 60 m | bottles% wer e obtg{ned . £
pi - 3l Raked -FeR Lt Eht Bt BL- $RONT HREF oI orikeing four

Péﬂ%ﬂ%é- wEtd MRGSULE CRkE¥1PCEept aBl ectallr il flespace and
used where appropriate. The above steps were tak%p chi e
eapuda et aht EPPSERSAT netidds WBt EcdRRnEeorgittted to
pha ceut.i cal manu i apdargs, fioris . A 1.5"
p§?§E§HP§f§§Y%Mﬁ§:£€£ g%sgguépeg?ﬁﬁgﬁggents Psf8053]
Agitdmedeliereincul pgharorseeing calby aczepedides cher itdte rear
i ncludes any and all solvents, dis ersionggEQEﬂy, diameter

aneléxidantse shreezecGayiing, CBaFPES: afit

pggggh‘i@tsisv%cté@l JeubfBENExtAnPI@PYExrfm- the hole through
hydr oxybenzoate , sorbicC acid, antibacterial age

abhef megal wagdntiysulagdeBnte SHEFES ATt fack’ of the
r%&%%%gq%ryer. Two 1.5" full-port, air-actuated ball
valves were attached to this tubing via sanitary
fittings. One ball valve allowed gas to flow into the
freeze-drying chamber and thereby provide positive
pressures up to 15 psig. The gsecond ball valve allowed
gas to flow out of the freeze-drying chamber and
thereby reduce chamber  pressure to atmospheric
conditions (0 psig). All refrigeration of the freeze-
dryer shelves and condenser was accomplished wvia

circulation of Dynalene MV heat transfer £fluid cooled
by liquid nitrogen using the Praxair NCool™-HX system.

{o052] All solutions were prepared in a class 100
clean room. The freeze-dryer was positioned with the
door, shelves, and controls all accessible from the
clean room while the other components (pumps, heaters,
etc.) were located in a non-clean room environment.

All solutions were prepared with HPLC grade water
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agents (e.g., paraffin), absorbents (e.g., kaolin
clay, bentonite clay), drug stabilizers (e.g., sodium
wo 2007995031l phate), gels, binders (e.g., syrup,PEDES10a7/003282

gelatin ', sorbitol, tragacanth, polyvinyl
pyrrolidone, carboxynethyl -cellul ose, alginates),
excipients (e.g., lactose, mlk sugar, polyethylene

glycol) , disintegration agent (e.g., agar-agar,
starch, |actose, cal ci um phosphate, cal cium carbonat e,
alginic acid, sorbitol, glycine), wetting agents

(e.g., cetyl alcohol, glycerol nonostearate) ,

| ub t b pt | t
0 CATS DS OLBL! 0B, SPEL S RIS .0 A RERBUne)
gﬁ; hpﬁy sé&%glgﬁ%aﬁ%fgp&ﬂﬂﬂé¥5&9kﬁ&@d@h a 0.22 pm

g agents avoring agents, coloring agents,
hidnifhe (pryox sicarflnllhagtdme vieleser glyessdlization

t ol g’ | ub "
et ()gr%targh gﬂLmosg r#%??ﬁ% 19k f@989§&ﬂﬁbrs and

rice flower,

‘WE%&J rearelens f@irdutial adion (@mg fimensarbon remove
propellarits) , buffering agents, or such

mericubated- coiengiats CRBFRPSTES (ol Biaronna 60
%&cﬁgteiengwgyé’é%&&inéa b&%Jﬂﬂeaﬂ&@5ﬂbrF@aﬂdﬁbulates

experinental conditions described herein and all N 11
I@mmmlIlﬁhtabnnforﬁmhﬁﬂQQu;sﬁ%ﬁ@%ﬂtsstocﬁ§§FW?ceu ically

Con? ag?{néﬂf Was, J YL £81 Lk abs akwed ;,geggwpﬁopmte The

er enperatures bet ween about -80C and -2 E
aatsboe catieprl [Wwerss Walaras tosCensHESc ohP | ferseEbarg and
g,g erakLly ,%et hfe_l gw%tnttl WS S WB] 4 DaRaBOG 0lring

peri ods o nme Wt hout "nucl eatin The onset of
rkkltﬁdiﬂdarda afidr s upmetienl ategst avhiebw %Ctlu @s nucleating
freezjng) was determ ned by tenperature neasurenent as
tﬁ%eB%Fnt at whi ch the container tenperature_quickly
i poosased |Asresﬁmmsbetelmhe'Bﬁ@@h@@ﬁ?@tﬂﬁﬁéﬁwtﬁﬁ@eB¥able

fggnlrgger-‘rhelncllt tsI Ogr&f farrﬁez'aq.gl. als%img bedlspers1on
media, antioxidants, salts, coatings, surfactants,
preservatives (e.g., methyl or propyl p-
hydroxybenzoate, sorbic acid, antibacterial agents,
antifungal agents), isotonic agents, solution retarding
agents (e.g., paraffin), absorbents (e.g., kaolin clay,
bentonite clay), drug stabilizers (e.g., sodium lauryl
sulphate), gels, binders (e.g., syrup, acacia, gelatin,
sorbitol, tragacanth, polyvinyl pyrrolidone, carboxy -
methyl-cellulose, alginates), excipients (e.g.,
lactose, milk sugar, polyethylene glycol),
disintegration agent (e.g., agar-agar, starch, lactose,
calcium phosphate, calcium carbonate, alginic acid,
sorbitol, glycine), wetting agents (e.g., cetyl
alcohol, glycerol monostearate), lubricants, absorption
‘accelerators (e.g., quaternary ammonium salts), edible

oils (e.g., almond oil, coconut oil, ocily esters ox
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visual ly determ ned through a sight-glass on the
freeze-dryer chanber door. Exanple 1 - Controlling the
wokmegtoson Tenperat ure [ 0055] Four separate vPEI/BES200T/603282
filled with 2.5 nL of 5 wt % mannitol solution. The

predi cted thernodynam c freezing point of the 5 wt%
manni tol solution is approximtely -0.50C . The four
vials were placed on a freeze-dryer shelf in close
proximty to one another. The tenperatures of the four
vial s werenonitored using surface nounted

t hernocoupl es. The freeze-dryer was pressurized with
argon_to 14 psig., [0056]. Th r A ye Shet ,
BEEP¥Y PG 8’&@"&9% N a‘fw?ée%%relrgggu%%%gg 'bgﬂ;lween {ngldgents
aBRLeXhgat elgents 3C #&didlahaut - Pe3G. ( +/ Stenmasur dARERPSE.

accuracy of the thernocoupl.e . The,fr e-dry
EHERCHEPr eHIMTI8E fr G?ﬁrgglotiﬁsi hy pgl‘%& lteg:%glo(']ﬂt Fip¥ieants
ﬁEUB%Qhe&\S.?nE%&%%W etiearaess t Baarkihve gduvowds,tolactose,

i ndice nucleation of the solytion within_ th i.als.
afikcef ofit oveHl s ﬁbéll]-&dt'edCé‘ﬁ&'lﬁggqan\@ﬂreeilnhﬁﬁa ion™ (e.g.,

h?&?@c%&%&h afﬁﬁf JEePLgEsYr i zhEgBriResubbemarss or such
sanmari zed in Tabl13e 1 below. [0057] As seen in Tabl elé be
likdiee wabershled #adl SR HPR? attiFE Ty t RS WU

s s of NbliahaYhalskhanpenatiesirare quite
3%?3&21 tetcét%e p?edi ct edat er nodynam c féﬁezi,n

poi_nt_ of.
{T0@ 56l ut | G ThEBS! hE*PrRESgiiti ot BT b Bon(FgIc 023

of. L8, nuGleation tR,O66H 1 LA $6hut EeRmulbali diaye sxudied,
very Tow degree of subcooling or at_nucleation

tsanperad Lkes nnederim| Yas! i gAY daPSHRIPY nEPr OoCuT
{%ﬁféﬁ%ﬁ%ﬂa%ﬁ%ﬁéﬁtﬁ%g A eV LBBLE -~g°c ana -z20°C

0SS 1Teenmppeerraattuurree |
DERY 6SSMLstoRal 29N Y emadsds OstconeTheOCEohtainers could

generally be held at temperatures warmer than -8°C for
long periods of time without nucleating. The onset of
nucleation and subsequent crystal growth (i.e.,
freezing) was determined by temperature measurement as
the point at which the container temperature quickly
increased in response to the exothermic latent heat of
fusion. The initiation of freezing also could be
visually determined through a sight-glass on the

freeze-dryer chamber door.

Example 1 - Controlling the Nucleation Temperature

[0055] Four separate vials were filled with 2.5 mL
of 5 wt% mannitol solution. The predicted
thermodynamic freezing point of the 5 wt$ mannitol
solution is approximately -0.5°C. The four vials were
placed on a freeze-dryer shelf in close proximity to

one another. The temperatures of the four vials were
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1 25inLof 5 w%nmannitol AArrggoonn --22..33 14
Nucl eation 2 2.5 mL o f 5 wt% manni tol AArrggoonn

W0 207/09934 14 Nucleation 3 2.5 mL o f 5 wt % napei/Us1007/003282
AArrggoonn --22..11 14 Nucleation 4 25 mL o f 5 w%
manni tol AArrggoonn --11..77 14 Nucleation Table 1 .
Controlling the Nucl eation Tenperature. Exanple 2 -
Controlling the Nucleation Tenperature [0058] In this
exanple, ninety-five vials were filled with 2.5 nL of
5 wt % manni tol solution. The thernodynani c freezing
point of the 5 wt% mannitol solution is approximately
- RoP@Coree Wit} Vel AlohiiRlE Ell‘l%%é)&r% s, The
freeze-dryer shelT™ in close proximty to one a Tt .
Theeeefpelatar e of psegehaligedosiitihomeent dof Lérpatg.
I ieqns i e e S e cont inuousl|y .
ngg?Isg?ed ugllqﬁné]g g%rE g‘céeq%ﬁ egﬁ%ag\pﬁ&&s’ouﬁfgg%.e%ﬁ%o obtain
f véede-tteyperaanrpeessiil beetiddh afpprofAmAlt@sSpPhe; e3t@ ang
about 14 psig. The freezedryer shelf was then cool ed
t 8PeMtai n‘%i:gﬁcteﬁwéréfGre@e@meen%C. afomracy of the
f EBBZRx t sutized bout 14 psig.
L er o0 ERLERR U RS TR BepteBBudizea
sEEBMdsAlPeut ndift e PRl etibi arbwit t ke meaphidohe wigdigsure in

thes¥i ali§anAl §3PLneL v vi al re visually .
obsgrved To nuc %atéeé(%%%a%egt%oﬁ ?‘P\éﬁglzclengni“rﬁéﬁse(#ta]t%‘?yOf the
afpéntdepr esbuhninattilon. vikésnocoaple flava faaldenteleated

MOALt & Vi £jrd he vjsual. _observation. The |
resul tée%%rne %ﬁ%%?ggjedl Wy a%eehQ afFGgssienkesgghization.
tResuilhs eowt =oinrexir hziedl edhi Tablenpebatldwes in this

exgpghs (i & [tial Vi %Tnp atures e somewhat
bg?ow ?he pres’diéc%geﬁd ?ﬁe’%[%g ?ngm SE‘Fr &ER a]EJ]o‘?‘itnB‘Fleatlon
themperatiugmes Thus t haipr eseimpiat hodiakl.ows GO THl  vial
of. %ES Qgglg_%%ti on_tg occur in solutions that have a _.
nodar af e "dEgrde of Subc®dt Frig. % ex&thl etheso predicted
dehermsbdghemiscfmdutiny ©bint of the solution. Thus the
present method allows control of the nucleation to
occur in solutions that have a very low degree of sub-
cooling or at nucleation temperatures near or only

slightly colder than their freezing points.

Initial Vial ..
Vial # Solution Atmos  Temperature Pressure. Depressurization
°C] Drop [psi] Outcome
1 2.5 mL of 5 wit% mannitol Argon -23 14 Nucleation
2 2.5 mL of 5 wt% mannitol Argon -1.3 14 Nucleation
3 2.5 mL of 5 wt% mannitol Argon -2.1 14 Nucleation
4 2.5 mL of 5.wt% mannitol Argon -1.7 14 Nucleation
Table 1. Controlling the Nucleation Temperature.
Example 2 - Controlling the Nucleation Temperature
[0058] In this example, ninety-five vials were
filled with 2.5 mL of 5 wt% mannitol solution. The

thermodynamic freezing point of the 5 wt% mannitol

solution is approximately -0.5°C. The ninety-five
vials were placed on a freeze-dryer shelf in close

proximity to one another. The temperatures of six
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the present nethod to a nultiple vial application.
Initial Vial Vial# Solution Atnos Tenperature Pressure
wOeEreswess i zation Drop [psi] Qutconme [C] 1 2. 5P¢T/U82001/003282

5 wt% mannitol Argon -4.2 14 Nucleation 2 2.5 nL of 5
wt % manni tol Argon -4.4 14 Nucleation 3 2.5 nL of 5
wt % manni tol Argon -4.6 14 Nucleation 4 2.5 nL of 5
wt % mannitol Argon -4.4 14 Nucleation 5 2.5 nL of 5
wt % manni tol Argon -4.6 14 Nucleation 6 2.5 nL of 5

wt % mannitol Argon -5.1 14 Nucl eation Table 2.
Controlling the Nucl eation Tenperature. Exanple 3 -

Control ling the pres ation ni_t.ude [.006

t K& L& RPT - T RFY B e%\L; a’izer%\’}é‘i ey%%gﬁl FEETR ' 2~ 0% mrflreeze‘
oﬁr§éM9éM@DﬂlM@rémtdhtmﬁuoﬂymy1mbhﬁtcte&(ngxhg surface
t her nody c freez | t he 5wt %mannit ol

SBRUoH G  y B, SRE e e e BoPrPERuTZed
the \dr2l Sry6he aﬁh@%}l&fé atbr e@zamdr yer pshel.f ithél gseeze-

proximty to one another. As with the earljer

d8FEEh sthebda AR st heReCPaifel fURREFIN WiRY hefperatures
it USbAg a n er.anc s

PR s share e {REePRACHEY Sl MR oo Pegguriacd

tcﬁndmffebong prespeigs tied abeutr eszecsplyerishafesmere in

oI ed obtain vi erat ur a n
eaéahsst es?‘ar unleﬁe %%%Igggdréér %g% %%e%‘q?éale%mll of the
d esprlegsiom zxenltl@inethel viladlss. t had lf mnmesawﬁdxse) friams were

the selecte ressure at npspheric press i n

ef PS5t ajte"'(}’ ugl eét:tl onn%(f"f?ﬁe ®sold l?tdlsonub‘\a/\?%ﬁl n trﬁemng

viiain&da}%esany saﬂtersdmmregmmh:imaﬁ'abhe 3 Théﬂ&ﬁ&q:ulé\le data
' t he, cont.r ol nucle i on

Tabl e ,
TRere T o o bR kS S SeR P Re Aok BE S sual

t Bbsislaaiomn tEnperasules(iare sunmdirbted in Table 2.
[0059] As seen therein, controlled nucleation
temperatures in this example (i.e., Initial Vial
Temperatures) are somewhat below the predicted
thermodynamic freezing point of the solution. Thus the
present method allows control of the nucleation to
occur in solutions that have a moderate degree of sub-
cooling. This example also demonstrates scalability of

the present method to a multiple vial application.

Initial Vial Pressure Depressurization
Vial # Solution Atmos Temgcg;ture Drop [psi] Outcome
I 2.5 mL of 5 wt% mannitol Argon -4.2 14 Nucleation
2 2.5 mL of 5 wt% mannitol Argon -4.4 14 Nucleation
3 2.5 mL of 5 wit% mannitol Argon -4.6 14 Nucleation
4 * 2.5 mL of 5 wt% mannitol Argon 4.4 14 Nucleation
5 2.5 mL of 5 wt% mannitol Argon -4.6 14 Nucleation
6 2.5 mL of 5 wt% mannitol Argon -5.1 14 Nucleation

Table 2. Controlling the Nucleation Temperature.

Example 3 - Controlling the Depregssurization Magnitude
[0060] In this example, multiple vials were filled
with 2.5 mL of 5 wt% mannitol solution. Again, the

predicted thermodynamic freezing point of the 5 wtd
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vial tenperature) was between about -4.7C and -5. 8C.

Initial Vial Pressure ial # Solution Atnos Tenperature
woe@p/od§oapr essupzatio: [C] [psi] Qutcome 1 2. 5pei/UusfooB003282

wt % mannitol Argon -4.7 7 Nucleation 2 2.5 nL of 5 W%

mannitol Argon -5.1 7 Nucleation 3 2.5 nL of 5 wt%

manni tol Argon -5.3 7 Nucleation 4 2.5 nL of 5 w%

mannitol Argon -5.6 7 No Nucleation 5 2.5 nL of 5 W%

mannitol Argon -5.6 7 Nucleation 6 2.5 nL of 5 wt%

mannitol Argon -5.8 7 Nucleation 7 2.5 nL of 5 wt%

manni tol Argon - 46NoNucIeation825rrLof 5vvt%
6.

manni_t ol No Nucl eati o wt %

TR oy %aﬁ%qg* SiRo ERFeRiranety 28 ot s oseach

Myt otukdy goRe-%id18 Nerdugleadtd®od 4 Bréelb- afry%r shelf
wt.% mannitol Argon -5.4 5 No Nucleation 12 2.5 of 5

wt’% (e PTAFGBALYSES £ FRRFRRY | onPE3WathH ?ﬂbeofeasfller

Wbdmnihé@l aapied, 7 ¢nbo Pug F@@ieﬂt%e]é %0 %aqf S were
wt % manni t ol Argon-5. 4 No Nucleation 15 2.5 of 5

WMRTHe P eS| YiHigish Shrfaceo M i d?hel'%l"mcéo‘?sples The

Efhfdn of e ReRpRESHT | AaLHQN dYagnid anplg egsurized to
Control ling the Depressur ization Rates [006 ]r

tmﬂsffe%me PYRgsupEe vanfls Weee ﬁrpew-\ﬁmxab@helf was
f o_nanni t o ol ution havin
t ﬁe%ro%ﬁ nam \c/:wl?éraelélzl ‘ﬁjgaﬁpoﬁ:r?tmpo? AP o%i %gﬁe%m%. 5¢: I

Feracdachtéest run of tharylﬂa@e:l&mm@f | waki OBRhknMe rapidly

I ced on.a freeze- er _shelf in close
p%%ﬁvﬁl'ﬁa?%/u%ﬂgr%ﬂ @'mﬁ'h’er A Eh egfLT"Ferseconds§ from

deses | bed exx@tp| preskhed caperatuobephel-ivi apsewBhee in an

R A c Hod BB B Rhont RE HMorP ok HbLpRerathin the

th&él@ezmﬂéuﬁtsvﬁﬁepéﬁﬁﬁ&&iﬂzﬁéﬁtﬂl amylelﬁ psig and

tW%d%%?f mﬁgscggéﬁdlgofggfgIE)Hé%etgggggg&%;SSnggleatlon
occurred where the pressure drop was about 7 psi or
greater and the nucleation temperature (i.e., initial

vial temperature) was between about -4.7°C and -5.8°C.

Initial Vial  Pressure

Vial# - Solution Atmos Temperature Drop Depressurization
o . Outcome
[°cl [psi]
1 2.5 mL of 5 wt% mannitol Argon -4.7 7 Nucleation
2 2.5 mL of 5 wt% mannitol Argon -5.1 7 Nucleation
3 2.5 mL of 5 wt% mannitol Argon -5.3 7 Nucleation
4 2.5 mL of 5 wt% mannitol Argon -5.6 7 No Nucleation
5 2.5 mL of 5 wt% mannitol Argon -5.6 7 Nucleation
6 2.5 mL of 5 wi% mannitol Argon -5.8 7 Nucleation
7 2.5 mL of 5 wt% mannitol Argon 5.4 6 No Nucleation
8 2.5 mL of 5 wt% mannitol Argon -5.7 6 No Nucleation
9 2.5 mL of 5 wt% mannitol Argon -5.8 6 No Nucleation
10 2.5 mL of 5 wt% mannitol Argon -5.1 5 No Nucleation
11 2.5 mL of 5 wt% mannitol Argon -5.4 5 No Nucleation
12 2.5 mL of 5 wt% mannitol Argon -5.5 5 No Nucleation
13 2.5 mL of 5§ wt% mannitol Argon 4.7 4 No Nucleation
14 2.5 mL of 5 wt% mannitol Argon -5.1 4 No Nucleation
15 2.5 mL of 5 wt% mannitol Argon -5.3 4 No Nucleation

Table 3. Effect of Depressurization Magnitude
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approximately -5C. In each test run, the freeze-dryer
was then depressurized at different depressurization

WO 210289308o0m 14 psig to atnospheric pressure i NPERUS2007/003282

effort to induce nucleation of the solution within the
vials. [0063] To study the effect of depressurization
rate or depressurization tine, a restricting bal

val ve was placed on the outlet of the depressurization
control valve at the rear of the freeze-dryer. Wen
the restricting valve is conpletely open
depressurization fromabout 14 psig to about O psig is

g%i@h@d_i EoRPRE9Y L B Ehe %%éeegﬁﬁfz?@xoanhgtes
pd9hdile to Pari alblliys ienEmaabe, thalchaﬂiﬁ;arvials were filled
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seVeral” tes r Ohs “wefe® per
f Ip&:&’ﬂia:aﬂrq@r theambdyndepre $3wd ziath apotht f 6Fi Bgpirakdmately
to ascertain or deternine the effect of _ _
defr-esSuri ZBPFofaCh &5 ntiere&fi oRryiHed r depressard zation

SWIRY | Zedei 9i1aR! e BB LA B!nal \éx.aéefé e&fyfsec]helf in

At nos Ti ne Depressurizati Tenp psi
0 1Qfi® oRECK ML I tof oBenwt 3Rkl ﬁrt ol Psgerithl ghesearlier

3 X 5 f l were
- gﬁ'd%%%%eaék%ﬁ%%ggf i oﬂﬁ%o t;ém#%é’a?%?@é ‘?/o rffgml ?ﬁo s

APger tared 1us3ng RyrRackemausited 2t Benhoopuples® Like the

| | f.
B adapegoed, bl JCONE RN R a8 ohe
off IR eges et vRsARKEEsSBrizéd 200 Noohkcléatpsig 7and the
f 5 w9 jtql  Ar 4.6 14 1100_No
Nggég%ft |Oon§§ Zé’g@'&@ OJ5D %ﬁ{rgrgﬁm tolla&r gon em%e’éali}fres of

1@1@)p|&kb)£§lmi1961y0n5%2 Sifleg@bhb v M| t ehe AFgRR ze -dryer
-5.2 14100 No Nucleation 10 2.5 nL of 5 wt % nannitol
AP"’@&n then (depyeRsuii@ccat fbn 4iffersny depregsyrization

MR | £ A6 H004 - PsiglécbB e dNHd et i PRessure in an effort
to induce nucleation of the solution within the vials.
[0063] To study the effect of depressurization rate
or depressurization time, a restricting ball valve was
placed on the outlet of the depressurization control
valve at the rear of the freeze-dryer. When the
restricting valve is completely open, depressurization
from about 14 psig to about 0 psig is accomplished in
approximately 2.5 seconds. By only partially closing
the restricting wvalve, it is possible to wvariably
increase the chamber depressurization time. Using the
restricting ball wvalve, several test runs were
performed with the freeze-dryer chamber depressurized
at differing rates to ascertain or determine the effect
of depressurization rate on nucleation. The results

are summarized in Table 4.
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12 2.5 nL of 5 wt% mannitol Argon -5.1 14 60 No
Nucl eation 13 2.5 nL of 5 wt% nmannitol Argon -5.1 14

wGo07MksoBlcl eation 14 2.5 nL of 5 w % nmanni t ol PEY/YS007/003282

-5.3 14 50 No Nucleation 15 2.5 nL of 5 wt % mannit ol

Argon -4.9 14 50 No Nucleation 16 2.5 nL of 5 WMt %

manni tol Argon -5.4 14 42 No Nucleation 17 2.5 nL of 5

wt % mannitol Argon -5.5 14 42 No Nucleation 18 2.5 nL

of 5 wt% mannitol Argon -5.0 14 42 No Nucl eation 19

2.5 nm of 5 wt% mannitol Argon -5.1 14 32 Nucl eation

20 2.5 nL of 5 % mannitol Argon -5.7 14 32

Nucleation 2 1 2.5 nL of 5 wt % mannitol Argon -5.6 14

32 Nucleation 22 2.5 nL of 5 wt% mannitol Argon -4.7

Iviall3 Nucl %ﬁ]tu on 23 2.5, of InBialW b maBresdus] Arigon Depressurizati

_5:3 14 13°Ricleation 24°2 5 HtmpCE \ifrop frsiini fses) on Outcome
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re%é%%é%%ﬁ@’?ﬁk [8%4] Asgeen in Tpble 4 o Nucleation

R - . No Nucleation
nucl e @mfew%&ﬁﬁurregg ere Liie depregsuri z38] OMve nucleation

tiqre Wasil 28k Rabnih? SEEQNdS, e pressyfe dr o Wago Nucleation
abput 23hipFis Wik nghal era@sd t he-saucl eat i on t enper at Né Bucleation
(17 e. 2.5imkidf 5 % maaditol erdoeerat ur ejd.6ras bet Ween ab@ut No Nucleation
- 8 6C2&md Aol maBnigl, AFE‘S.’Se redd ts inditate d¢fht Fglg:gi::ggﬁ
djggr eé%ﬁﬂllgét“it 2 man 1‘§{js ﬁ:éo:'be aCfCZC%T'p! I She{f rel atlé)OQ/elgoNucleation
g ckES s HRLIbd Aifobe ef fgetive . 1 Jxampl@ 5 moNuctcaion
Capt r okt st nisamitof MRgpNer e [P065] Agad n, Mot i PhENucleation
viial s 28Ief8akds nianhitoed Avebd abouwti 2.5 nmLiof 5 wib% No Nucleation
MEANi 2Simisglswtrteamnaitoll phreoed on-5%B3 freezeldr yer 3hel Fo Nucleation
i A5cl 8g@mipf §xittyimapnitoh ofvgomnot hek® As wi th ear|30er NoNucleation

ggéﬂ' ‘ﬁ?@i'm“&“ﬁo heE¥hper atiff e of t hif test i al Fo Reeeaton
e n ffs v Unitgh SULLACE MOWE ed thejjocoupses. g, Nucleation
FQb t B8 nfil Irls QiR MankiRpt gs, the gas at npgpher i Nt Rcleation

f neezeseaiIyd’s wifaSnardifol €dargbivays s ntaini gy a poi ti VEucleation
pressasenloff SalBuiandithl psAgon | N t .6 exanpl4e, the2 = Nucleation

f RRez@Sayas wthanapmitghs Aigen ed t of-7 14 13 Nucleation
23 2.5mL of S wt% mannitol  Argon -5.3 14 13 Nucleation
24  2.5mL of 5 wt% mannitol  Argon -5.5, 14 13 Nucleation

Table 4. Effect of Depressurization Time

[0064] As seen in Table 4, nucleation only occurred
where the depressurization time was less than 42
seconds, the pressure drop was about 14 psi or greater
and the nucleation temperature (i.e., initial wvial
temperature) was between about -4.6°C and about -5.8°C.
These results indicate that the depressurization needs
to be accomplished relatively quickly for the method to

be effective.

Example 5 - Controlling the Gas Atmosphere

[0065] Again, multiple wvials were each filled with
about 2.5 mL of 5 wt% mannitol solution and placed on a
freeze-dryer shelf in close proximity to one another.

As with earlier described examples, the temperature of

27



obtain vial tenperatures of approximtely -5Cto -7C
In each test run, the freeze-dryer was then rapidly

walepreswss i zed from about 14 psig to at nospherPCI/US2007/003282

pressure in an effort to induce nucleation of the

solution within the vials. The results are sunmari zed

in Table 5 . [0066] As seen therein, controlled

nucl eation occurred in all gas atnospheres except for

hel i um gas at nosphere where the pressure drop was

about 14 psi and the nucleation tenperature (i.e.,

initial vial tenperature) was between about -4.7C and

a C oygh -got Q.-
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Vi_al | uton trms e ature .
?roeﬁﬁru%grs}éh] % eus %%‘gogn;'zeat "SiF 1 BREIRE oplways

5 mati%treaimmirtap | aApgxsltndvéa ﬁx#ehlsulreatdﬁanaﬁoﬁtS 1 p&i§. In

| 14 Nuc t f 5
B T s T HP LA E AL oSSR
Wehmai+ 041 Nebhpaed turek 14 l’\%[g%ﬁékhﬁatél%' 5 gﬂe cho S_7°¢.

wt % manni tol Xenon -4.8 14 Nuc ion 6 2.
Wi naaaht dlestengmn 5. gheq fpeeeatilower zvgsthnwapldly

r 14 eat4ion 5 of
Wﬁg}%&dﬁzeﬁ% Zf%d?%Nuc?ggﬁzon lép 2. S%% ?j:% vvtaoi/m\éﬁtsé)herlc

mRFRKSITHe litumarns. @ffemp Mgl daduee 10uwlRattiof £ the
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Effect of Gas At nosphere Conposition
VélukaksS@ Jii ons [0067] In this exanple, SI X

| VioRfdyi zat 'Spggngc%éﬁs( P&lﬁapa%wgréﬁ& f"h%%leamn

w th about grenni t ol I on havi ng
prsdivarEfl t her mddy rems c atmespheg gsoi except for hellum gas

a%QHEQﬂH§f§3hﬁé%éoghe Eg%s§d§e drop was about 14 psi and

the nucleation temperature (i.e., initial vial
temperature) was between about -4.7°C and about -7.4°C.
Although not shown in the examples, it is believed that
alternate conditions will 1likely enable controlled

nucleation in a helium atmosphere.

Vial Initial Vial Pressure Depressurization
# Solution Atmos Tem[;:,té:r;ature Drop [psi] Outcome
1 2.5 mL of 5 wt% mannitol Argon -4.9 14 Nucleation
2 2.5 mL of 5 wt% mannitol Argon -5.2 14 Nucleation
3 2.5 mL of 5 wt% mannitol  Nitrogen -4.7 14 Nucleation
4 2.5 mL of 5 wt% mannitol  Nitrogen -5.1 14 Nucleation
5 2.5 mL of 5 wt% mannitol Xenon -4.8 14 Nucleation
6 2.5 mL of 5 wit% mannitol Xenon -5.0 14 Nucleation
7 2.5 mL of 5 wt% mannitol Air -74 14 Nucleation
8 2.5 mL of 5 wt% mannitol Air 7.2 14 Nucleation
9 2.5 mL of 5 wt% mannitol Helium -5.8 14 No Nucleation
10 2.5 mL of 5 wt% mannitol Helium -5.5 14 No Nucleation
Table 5. Effect of Gas Atmosphere Composition
Example 6 - Large Volume Solutions
[0067] In this example, six lyophilization bottles

(60 mL capacity) were filled with about 30 wmlL of 5 wt%
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| yophilization bottles were placed on a freeze-dryer
shelf in close proximty to one another. The

wao esopevssur e of six bottles positioned at di ffBCENS2007/003282
| ocations in the freeze-dryer shelf was nonitored
usi ng surface nounted thernocouples. The freeze-dryer
was pressurized in an argon atnosphere to about 14
psig. The freeze-dryer shelf was then cooled to obtain
bottl e tenperatures of near -5C. The freeze-dryer was
then depressurized from 14 psig to about atnospheric
pressure in less than five seconds to induce

NuERatdoN ofo1heisal th@@. t I'H n ﬂﬂf%%@%&%iesthggﬁlodynamlc
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NedessliziZde finheeze- di ﬁ% V@@m&@ﬁﬂeg@prt?ésﬂﬁbﬁﬁ:d 140@319
eri

14 pSI to about atnns C pressure in |ess
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' t he abqve

yaft r_depressurization. so ljk
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[0068] In a separate experiment, a plastic bulk
freeze-drying tray (Gore LYOGUARD, 1800 mL capacity)
was filled with about 1000 mL of 5 wt% mannitol
solution. The tray was obtained pre-cleaned to meet
USP low particulate requirements. The tray was placed
on a freeze-dryer shelf, and the temperature of the
tray was monitored by a thermocouple mounted on the
exterior surface of the tray near the center of one
side. The freeze-dryer shelf was then cooled to obtain
a tray temperature of near -7°C. The freeze-dryer was
then depressurized from 14 psig to about atmospineric
pressure in less than five seconds to induce nucleation
of the solution within the tray. The results are also
summarized in Table 6. -

[0069] Like the above-described examples, all

containers nucleated and began freezing immediately
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freezing tenperature of the solution. Mre

inportantly, this exanple illustrates that the present
woredonoegsoad | ows control of the nucleation to oOCRCF/UBI907/003282

| arger vol une sol utions and various container formats.

It should be noted that one woul d expect the efficacy

of the depressurization nethod to i nprove as

formul ati on vol ume i ncreases, because the nucl eation

event is nore likely to occur when nore nol ecul es are

present to aggregate and formcritical nuclei.

Cbntainer Pressure uepressu pzati Container Solution

s _Tepperature.Dr Qut c ChL Ip _ .
EEE LTSS RRAATED oPnArd§g§?5q§JT£ cleq%%%% Hedcribed
Béktah@l?é% 30t aficieatlomnnetpérdtgeas- il dA Container
Nucl eati on Bottle #3 30 .mL of 5 w % nmanni t ol
BB r bR | o TBor (1%, S HIBHF b WESEmanieLy, much
Ae80R roa. 12 Nud eadd osdidvh £t #nefr Meiné 5tMé5}’modynam1c
manni tol Argon -5.9 14 Nucleation Bottle #6 30
WEYEREINS d%ewegla%tmee 1°% 4 Refc PO P é“fﬁ%obmﬁersﬁntly'

StWHY B d A D08cr8t8sl4nbicier! i dabt enfthod allows
Ef fect of Solution Volunme and Contai ner Type Exfg¥le 7

- cpphaRlc ebol iRy TIICleRfin bR eGCELS |+fg LEEFEST THeLume
PEeIeti JTRS Nods PAr£o0Er ebhiad nilicI Rt Dfs can Be BHedld be
in various nodes. Exanples 1-6, described above, each
demsest r &ttt heon8petPUbf cEFDESY i id'e heehfitFRGYi oRE the
t QERS AL Mt forh YORBENWZAL 1D SOhpbeR thad | gormulation
essentially equilibrated at a tenperature belowits
th@ﬂwmuynam¢€e¢$@é2|hgqaﬂ%ﬁ the enucleafigrpgyent is more
ch LRTPEEALY! Slnen MhSr&X HPI ScdLORNYLA! Ghrdditic to

nic Sath o can sl'so occur At a tenperat ure bel ow t
th@gnﬁgﬁﬁﬂniﬂdrﬁ@zmngrp§nﬁﬁllWQ¥MEMan1C cool i ng

environnent (i.e., the solution |scggg%;gob@@mkapkg
Container Solution Atmos Temperature Drop epgzssunzanon
. utcome
[°C] [psi}
Bottle #1 30 mL of 5 wt% mannito} Argon -5.3 14 Nucleation
Bottle #2 30 mL of 5 wt% mannitol Argon -5.1 14 Nucleation
Bottle #3 30 mL of 5 wi% mannitol Argon -5.9 14 Nucleation
Bottie #4 30 mL of 5 wt% mannitol Argon 5.2 14 Nucleation
Bottle #5 30 mL of 5 wt% mannitol Argon -59 14 Nugcleation
Bottle #6 30 mL of 5 wt% mannitol Argon -6.1 14 Nucleation
Tray 1000 mL of 5 wt% mannitol Argon -6.9 14 Nucleation

Table 6. Effect of Solution Volume and Container Type

Example 7 - Dynamic Cooling vs. Equilibrated Cooling

[0070] The present methods of controlling nucleation
can be used in various modes. Examples 1-6, described
above, each demonstrate the aspect of controlling the
nucleation temperature of a lyophilization solution
that is essentially equilibrated at a temperature below
-its thermodynamic freezing point (i.e., very slowly
changing temperature) . This example demonstrates that
nucleation can also occur at a temperature below the
thermodynamic freezing point in a dynamic cooling
environment (i.e., the solution is undergoing rapid

changes in temperature) .
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changes in tenperature) .[0071] In this exanple, vials
1 through 6 represent the sanples described above with
WO edogngsde to Exanple 2 . In addition, three SPOHDS1087/003282

vials (Vials 7-9) were also filled with 2.5 nL of 5

wt % mannitol solution. In a separate test run, the

three additional vials were placed on a freeze-dryer

shelf in close proximty to one another. The _

freeze-dryer shelf was cooled rapidly towards a fi nal

shel f tenperature of -45C. Wen one of the vials

reached a tenperature of about -5C, as neasured by the
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Tebheed behow ¥rabkzSebuyean shdLE| daf | GDoEéegﬁtH;&mlty to
re surlzatlo LA Tenp p Qut cone

Dggerr% NGRS 0 %nf’f%?zﬁthl’eﬁr ??‘té'ious i‘]""k‘s 1‘3f°°led rapidly

Ndelwaaidsorm 2f Znd1 NEhel £5 Wit Ao ogquhg"’@r R9n one of
-4.4 14 Nucleation 3 2.5 nL of 5 wt % nmanni t ol

Eghel | vialed reaghedl Nacl bemperat 2:d mf ofakut %-5 as
5 2.5 nL

RO F Ol o A0 Meleal on 8 2 S ot S L
of reemeXdmmer t shsEqdepirdésatiedzed 1rzlﬁ18|m9| eptd@N about 14
2o @ ST DA €0 S udt MESELIEN )
2tbrek ovislut huwelwhted Ryanbegah 9fiédeblelealhf8diately
after depressurization. The vial temperatures decreased
significantly to between -6.8°C and -9.9°C prior to
nucleation as a result of the dynamic cooling
environment. Comparative results are summarized in
Table 7 below.

Vial . Nucleation Pressure Depressurization
# Solution Mode Temp[°C]  Drop [psi] Outcome
1 2.5 mL of 5 wi% mannitol Equilibrated -4.2 14 Nugcleation
2 2.5 mL of 5 wt% mannitol Equilibrated 4.4 14 Nucleation
3 2.5 mL of 5 wt% mannitol Equilibrated -4.6 14 Nucleation
4 2.5 mL of 5 wt% mannitol Equilibrated -4.4 14 Nucleation
5 2.5 mL of 5 wt% mannitol Equilibrated -4.6 14 Nucleation
6 2.5 mL of 5 wt% mannitol Equilibrated -5.1 14 Nucleation
7 2.5 mL of 5 wt% mannitol Dynamic -6.8 14 Nucleation
8 2.5 mL of 5 wt% mannitol Dynamic -7.2 14 Nucleation
9 2.5 mL of 5 wt% mannitol Dynamic -9.9 14 Nucleation

Table 7. Test Results — Effect of Dynamic Cooling on Nucleation

[0072] The efficacy of the present methods for
controlling nucleation in 1lyophilization solutions
equilibrated in a given temperature range oxr
lyophilization solutions being dynamically cooled,

provides the end-user with two potential modes of
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Table 7. Test Results - Effect of Dynam c Cooling on
Nucl eation [0072] The efficacy of the present nethods

wo 2007023084 ol | i ng nucl eation in |yophilization BOI/US100TI603282

equilibrated in a given tenperature range or

| yophi li zation sol utions being dynam cally cool ed,
provi des the end-user with two potential nodes

of application with different benefits and trade-offs.
Byal | owi ng the Iyophilization solutions to

equi librate, the range of nucleation tenperatures wl|
be narrow or mni m'zed to the performance linmts of

t he ree dryer e [
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across all vials or ntainers as well as realization
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cept LRiHildAg the) Areleatbobcheprlidind e of haatlterrekezing
[0073] Alternatively, if equilibrati, n% the materi al

oPIPFOSIHYS 74RPER S FBAmPERp gt u?’é stemperatures are
uﬁ@%@?e@lteo fQSSWlﬁaﬁ g@o\ﬁt' I”mi tgg However,

urizatton step at an approprlate tF ne
tbmpi@lyla-lgfrterwl r@q@xlnﬂynamoncostepg phouded| ar'leld much

Dg%r%%%%dzatlc%e “ng gn9¥8? % ogtlcr%%véﬁn \glll vfials or
produce a w der spr ea nuc on tenper atures or
t kenatieraad aufathémlt he trysapmdatz:am ovf cohetaptées, bDemefits
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SO offE T R QAT hECHRLan B4 ; BgLeacion
Sttlenpealdtigre EXAMphe Batekfikact of Di fferent

cipients [O 744__ The esent nmet hog. f o.ntroHain ro_.
TRGAATG. nuch BEF BRSNS mt ey | SFUCkA ALY Foe Maverial
Coit NGlogHiEl ization solution temperatures is undesirable,
one may simply implement the depressurization step at
an appropriate time during the mnormal freezing orxr
dynamic cooling protocol. Depressurization during a
dynamic cool down will produce a wider spread in
nucleation temperatures for the material within the
lyophilization containers, but will add minimal time to
the freezing protocol and still allow one to mitigate

the problems of extreme sub-cooling.:

Example 8 — Effect of Different Excipients

[0074] The present method of controlling or inducing
nucleation in a material can be used to control the
nucleation temperature of sub-cooled solutions
containing different lyophilization excipients. This
example demonstrates the use of the present methods

with the following excipients: mannitol; hydroxyethyl
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nucl eati on tenperature of sub-cool ed sol utions

containing different lyophiliZ2ation excipients. This
wex@ampdw3idenonstrates the use of the present nRCTOSR07/003282

with the follow ng excipients: mannitol;

hydr oxyet hyl starch (HES) ; pol yethyl ene glycol (PEQ ;

pol yvi nyl pyrrolidone (PVP); dextran; glycine;

sorbitol; sucrose; and trehal ose. For each excipient,

two vials were filled with 2.5 iaL of a solution

containing 5 wt % of the excipient. The vials were

pl aced on a freeze- dryer shelf in close proximty to

on hefyrghhe f S Jr. ri

aPGed el romsl'e | RSERECPYIpntcs VIR €880} DRolyviny)

speirfm/lasiane)l eRVPD; oBeakmawi; alghyenipaatsmeblneén sBCrose;

and epr ssurlzdra yto nducencleatlo

RES t ggggs%mmrl ze alcd% SHPIPIFAF | n ‘i’l al¥ rhasf were

PtEésswde wiGal @t. |SothExmfp|&ntsoAum.@nTemmtaliuﬁagDrmpwt% of

ressurjzati on C] Qut co nmL_of
e TR - 3 5184 RedPe ey B ardd sl op Fraede” drver.
MR 1A\ mese3 prdAimliey eabl ¥had nbthkxQf STHeEYfreeze-
HES Argon -3.1 14 Nucleation 4 2.5 nlLof5 Wt%-IES Ar%

Tyer, W@t BXESSNE 2% FT 65 IMIPEGRAMpPery §gq about
Ngal gadi®n 6 Thed fMoLRewtIPEE AHIONF - Rad kbdlkd eabi @btain
7 2.5 m of 5 wt%VP Argon -3.5 14 Nucleation 8 2.5 nL
ofvd adt MR IEres 3 ngaKuct3d®i ownd 2tBenl depFegsWrized

4 10
OSSR 881 sxfnibl oELRLLAN 10525808 oS Willparizea
gliyciTelg gdbn -3.8 14 Nucleation 12 2.5 nL of 5 Wm%

gl yci ne Argon -3 9 14 Nucleation 13 2.5 nL of 5 Mt %
sorbitol Argon -3.6 14 Nucleation 14 2.5 nL of 5 W%

tial Vial  Pressure .
S Ohhl tol éArhglgll;]/Exgplélt 14 NU C | e at I ‘lbgllmperature Drop Depé')essunzatlon
. utcome
[°C) [psi]

1 2.5 mL of 5 wi% mannitol Argon -3.3 14 Nucleation
2 2.5 mL of 5 wit% mannitol Argon -3.0 14 Nucleation
3 2.5 mL of 5 wt% HES Argon -3.1 14 Nucleation
4 2.5 mL of 5 wt% HES Argon -3.7 14 Nucleation
5 2.5 mL of 5§ wt% PEG Argon -3.8 14 Nucleation
6 2.5 mL of 5 wt% PEG Argon -34 14 Nucleation
7 2.5 mL of 5 wt% PVP Argon =35 14 Nucleation
8 2.5 mL of 5 wt% PVP Argon -3.3 14 Nucleation
9 2.5 mL of 5 wt% dextran Argon -4.0 14 Nucleation
10 2.5 mL of 5 wt% dextran Argon -3.1 14 Nucleation
11 2.5 mL of 5 wt% glycine Argon -3.8 14 Nucleation
12 2.5 mL of 5 wt% glycine Argon -3.9 14 Nucleation
13 2.5 mL of S wt% sorbitol Argon -3.6 14 Nucleation
14 2.5 mL of 5 wt% sorbitol Argon -34 14 Nucleation
15 2.5 mL of 5 wt% sucrose Argon -33 14 Nucleation
16 2.5 mL of 5 wt% sucrose Argon -34 14 Nucleation
17 2.5 mL of 5 wt% trehalose Argon -3.7 14 Nucleation
18 2.5 mL of 5§ wit% trehalose Argon -3.1 14 Nucleation

Table 8. Effect of Different Lyophilization Excipients

Example 9 - Controlling Nucleation of Protein Solutions

[0075] The methods disclosed herein can be used to

control the nucleation temperature of sub-cooled
prrotein solutions without negative or adverse effects
on protein solubility or enzymatic activity. Two
proteins, bovine serum albumin (BSA) and lactate

dehydrogenase (LDH) were used in this example.
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15 2.5 nL of 5 wt % sucrose Argon -3.3 14 Nucl eation 16

2.5 nm of 5 w%sucrose Argon -3.4 14 Nucl eation 17
wQ2@®70500f 5 W % trehal ose Argon -3.7 14 Nucl eB€T/082005003282

2.5 nm of 5 ww%trehal ose Argon -3.1 14 Nucl eation

Table 8. Effect of Different Lyophilization Excipients

Exanple 9 - Controlling Nucleation o f Protein

Sol utions [0075] The nethods di scl osed herein can be

used to control the nucleation tenperature of

sub-cool ed protein solutions w thout negative or

adverse effects on protein solubility or enzymatic

a y. protein serum al buwri n nd
széﬁi deh$§¥bggﬁ§seg%ﬁfﬁ§ etllse |"Y'1Thma(;n Hof"Ge
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TQ%gEheegﬁn@éﬂﬁéréh@J %%u%ooilﬁdpts(igom aifheVi flecze-dryer
t enper at ures ‘near - . The freeze-dryer was
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a

|mTE|ateyater depressurlzatlon reC| 1 on
oﬁuﬁl@amzareu n ®ad ovsalsedhipBiAL m\h’glopomlwd and
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sup I'ters and TOr purposes of clarity are designated
apriePHni tat iapH-of ttoheli BrPhRgans Wash@hsgrhdtywper thawing.

beﬁ)%bleﬁ LD'TLl'le Ig' Séf%!:&%,dl.n'sn %e‘#ﬁ/l miﬂédat f@om two

concentration of 1 | yophilization vials
werid feirenad mlpplz@an_aoﬁ t ferLDrpoa@anieb| clarity are
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SRR Bhecaton b1 g6 Vg SR Db EhONhe cuo
pdas@mnqnﬂbaﬁchﬂsargbﬁ at wesplisssaloverboun 94wpsi gannitol

at a concentration of 1 mg/mL. Six lyophilization

solution

vials were filled with 2.5 mL of the LDH-1/mannitol
solution and placed on a freeze-dryer shelf in close
proximity to one another. The freeze-dryer was
pressurized in an argon atmosphere to about 14 psig.
The freeze-dryer shelf was cooled starting from room
temperature to obtain vial temperatures near -4°C. The
freeze-dryer was then depressurized rapidly to induce
nucleation. All wvials nucleated and began freezing
immediately after depressurization. The vials were held
at this state for about 15 minutes. The freeze-dryer
shelf was then cooled at a rate of approximately
1°C/min to obtain vial temperatures near -45°C and held
for an additional 15 minutes to ensure completion of
the freezing process. After the freezing step, the

freeze-dryer shelf was then warmed at a rate of about
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The freeze-dryer shelf was cooled starting fromroom
tenperature to obtain vial tenperatures near -4C. The

w0 e@enesoss yer was then depressurized rapidly tPCT/DS200E003282

nucl eation. Al vials nucleated and began freezing

i medi ately after depressurization. The vials were
held at this state for about 15 m nutes. The
freeze-dryer shelf was then cooled at a rate of
approximately | C/mn to obtain vial tenperatures near
-45 0C and held for an additional 15 m nutes to ensure
conpl etion of the freezing process. After the freezing
S#%EH t.he freeze-dryer shel.f was then warned at a rate
0
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S5 rdeipiest PbhabkoRnef gt i0t@hd ¥BSe2heer V@bRMhwing .
thawi ng, The vial contents were assayed for enzymatic
acii®i Yyalaf@nirete NRY¥S REFBYEShRRdeRBYRaEsdft BGitivity,

saimpd ecalb unldoren LREY /oeaphtel s UL bnd AW 8Lafdie of

part of Exanple 9 , the depressurized nucl eated

saipieazer BRE-LiMapndeedi tsstluolemi on were conpared

t op pd-pshasti gal | cl edﬁ}g%ggﬂ S.gln .
st%c as?ical%y négFgatg sanpl €s %f EDH—Fggthgepressurlzed
f marzd et od o sedwlesnaSfr dfeat BBHwWLY memn ifrads sepl itipon were

a SULI i 1 0 0 spher
SRLAFREERS UL B o M SECHA BV BLEORREPTS B ehe
a Surchkast icadbhyohutlegitidd SimplgopbE| LREHELon thealfreezing
i Ll i 2. t he . ./ manni t ol _sol ut.i on
bifordabed Wb 2 e 00! Nk Rdd TRELEL S 0LHE  and
t depeessotrhrat idhe hndezevidihmut shehé wazgomol etmosphere.

st L ng. ro enmperatyre _at a rate of apout .

;S P aE P NP IR T §ueB8 Hggnicor ac

hel deborebbrakivnesoff olemsgyyimtl. comdied | Dyjophilheation vials

freezing. process. . Af the freezi tep, the ]

e B PRI Vs WBPrad dPe TleTpabHagel solurion

| Grd npllacedi 1 a freeze-dryer shelf in close proximity
to one another. The freeze-dryer shelf was cooled

starting from room temperature at a rate of about

1°C/min to obtain wvial temperatures near -45°C and held
for 15 minutes to ensure completion of the freezing
process. After the freezing step, the freeze-dryer
shelf was warmed at a rate of about 1°C/min to raise
the vial temperatures to near 5°C. No precipitation of
the protein was observed upon thawing. The wvial
contents were assayed for enzymatic activity, and the
results were compared to the same control sample of
unfrozen LDH-1/mannitol solution. Also as part of
Example 9, the experiments described above for LDH-1
were repeated using LDH-2. The only difference was a
nucleation temperature near -3°C for LDH-2 rather than

-4°C for LDH-1.
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the vial tenperatures to near 50C . No precipitation
of the protein was observed upon thawi ng. The via

W@ oo eyo34 wer e assayed for enzymatic activity, P@ntSionz003282
results were conpared to the sane control sanple of
unfrozen LDH I/ mannitol solution. Also as part of
Exanple 9 , the experinents descri bed above for LDHI
were repeated using LDH 2. The only difference was a
nucl eati on tenperature near -3C for LDH 2 rather than
-4 0C for LDH1.[0079] As seen in Table 9 , the
control |l ed nucl eati on and freezing process achieved

Vi a ressurization, clear oes,not_ decr e .
e5992§ ic wﬁ%\ﬁ?%ﬁr%$éf$9£¥tg'a%éﬁhﬁﬁFb é?ié%dﬂ%%}?%tlon
naglearreR Al f ree3tdgs prathieled n-fiact ,ddpeessurization
control |l ed_nucl eati on process achieved via , | .
d%bﬁé§§%ﬂé%??OWQ%xﬂﬁﬁ§e?%eb&ﬂ%¥miﬁ%%e?ﬁg%ﬁkﬁﬁmFelat1ve
agbi Vht Y Wbl radIRAN s2¢cdhddti ¢ 0Sfud@fe@Pi¥nl7a880 f PFeezing
LDH 1 and 2b6.5% for LDH 2 conpared to_the nean .
aBEPEPEP L -0ss 18 B0 FBR I9FRFTahbed 1 PYRlSet {9 process
abLan etkechagtiasc nyeheakisory Zatiildil Mlea¥sdl to  better
Pressure Enzynme ueprcssuxizati Sol ution Attnos
TENBSLIVE cSMPYPe AGOLIVAEYTIWEEE] § jaeqn| gesfofity 2lgss of
nlf':n?.& BSA 89! Wd 0N AROPN avflt 924455 NUGH epbi0B Zctmphad to
of BSA sol ution Argon -4.3 14 Nucleation 3 2.5 nL of
BShes gledrt el gbry - 5ogs1af- 3RuAedianbH 2l sapd 61 -3% for
L .S ' 8 . leation 5 2.5 L
ogﬁﬁbﬁ-%%ﬁﬁ%ﬂ%éﬁé@?ﬁ%ﬁc-2&%;%2?%%?%@yucleation 6 2.5
iy of LDH1 sol ution Argon - ButelYal ] gPrassyg c Eazreonpy, ization
25 nlL of SoBtet sol ut i oA glmReatS 14Df§]@,. 4Aﬁﬁgpjyleat‘i7"§éf§§fm“°
1 (+]

8 2. - sol ugj Arg[)]-S.Qﬁh g5 .
ol a3t ma il O Al 1" SR Von Adgon 4.0 14 Nocenien
24 2 2MNugl sraisiaQBindéh 2. Sadgbn Of LB | sol usi on Ai.r - 10.Mucleation

04 3525 nueAI@®HE-1 @lution  Argon -3.8 14 9.0 Nucleation
5 2.5 mL of LDH-1 solution  Argon -4.0 14 16.2 Nucleation
6 2.5 mL of LDH-1 solution  Argon -3.7 14 184 Nucleation
7 2.5 mL of LDH-1 solution  Argon -4.0 14 234 Nucleation
8 2.5 mL of LDH-1 solution  Argon -3.9 14 18.5 Nucleation
9 2.5 mL of LDH-1 solution  Argon -4.0 14 21.2 Nucleation
10 2.5 mL of LDH-1 solution Air -104 0 357 Nucleation
11 2.5 mL of LDH-1 solution Air -16.5 0 354 Nucleation
12 2.5 mL of LDH-1 solution Air -15.5 0 36.1 Nucleation
13 2.5 mL of LDH-1 solution Air -10.5 0 439 Nucleation
14 2.5 mL of LDH-1 solution Air 9.8 0 24.9 Nucleation
15 2.5 mL of LDH-1 solution Air -11.0 0 39.2 Nucleation
16 2.5 mL of LDH-2 solution  Argon -3.1 14 29.9 Nucleation
17 2.5 mL of LDH-2 solution  Argon -2.9 14 18.9 Nucleation
18 2.5 mL of LDH-2 solution  Argon -3.1 14 233 Nucleation
19 2.5 mL of LDH-2 solution  Argon 2.7 14 19.6 Nucleation

20 2.5 mL of LDH-2 solution  Argon -3.1 14 321 Nucleation
21 2.5 mL of LDH-2 solution = Argon -2.6 14 35.2 Nucleation
22 2.5 mL of LDH-2 solution Air -5.0 0 383 Nucleation
23 2.5 mL of LDH-2 solution Air -5.5 0 40.0 Nucleation
24 2.5 mL of LDH-2 solution Air 23 0 36.5 Nucleation
25 2.5 mL of LDH-2 solution Air -3.8 0 420 Nucleation
26 2.5 mL of LDH-2 solution Air -5.1 0 50.2 Nucleation
27 2.5 mL of LDH-2 solution Air -59 0 40.6 Nucleation

Table 9. Controlling the Nucleation Temperature of Sub-Cooled Protein Solutions

[0080] It should be noted that the stochastic
nucleation temperatures observed for  LDH-2 were

substantially warmer than the stochastic nucleation
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112.5n of LDHI solution Air -16.5 0 35.4
Nucl eation 12 2.5 nL of LDHI| solution Air -15.5 0
W@ 2001/098084 eation 13 2.5 nL of LDH | sol uti on APECT/USDNFH003282
0 43.9 Nucleation 14 2.5 nmL of LDH1l solution Air -9.8
0 24.9 Nucleation 15 2.5 mL of LDH 1| solution Air
-11.0 0 39.2 Nucleation 16 2.5 mL of LDH 2 solution
Argon -3.1 14 29.9 Nucleation 17 2.5 nL of LDH 2
solution Argon -2.9 14 18.9 Nucleation | S 2.5 nL of
LDH 2 solution Argon -3.1 14 23.3 Nucleation 19 2.5 nL
of LDH 2 solution Argon -2.7 14 19.6 Nucleation 20 2.5
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st.ochastic nucl eationtenperatures for LDH 1. This
JAFREIRIETRS be ddE RSk Odnt SHEHERt aEFAN4tHs Gan be
nyelreatd gy agept ri ButBa LBBF 2the Thenstachastisktics of the

nucl eat i enperatures are much closer to the
c&r?c‘}td?‘?&e%uEiué’&tEiadﬁctrénB’é?ﬁ‘FﬁFes“ﬁﬁlf_DHthco]ﬁ%‘F effo the

t @ridddribe@t whthed QYRR Sn i Behle@Ud e 9f oBPEYRRE via
activity obtained via controlled nucleation for LDHI

af PSS 228 i - ar at 18. 1% and 14.8%

respectively. This result suggests that the

i nprovenents in retention of enzyne activity can be
mpls, 10 ¢ 7i Redeging Prdmepar AmeknatTimeof the

CqRiosdlyl ed nuclpatiqn PLAREES1! tSE1heiBA VYS!t dPbdfed by

mixing about 10.01 grams of mannitol with about 190.07

grams of water. Vials were filled with 2.5 mL of the 5
wt% mannitol solution. The vials were weighed empty
and with the solution to determine the mass of water
added to the vials. The twenty vials were placed in a
rack on a freeze-dryer shelf in close proximity to one
another. The temperatures of six vials were monitored
using surface mounted thermocouples; all monitored
vials were surrounded by other wvials to improve
uniformity of vial behavior. The freeze-dryer was
pressurized to about 14 psig in a controlled gas

atmosphere of argon gas. The freeze-dryer shelf was
cooled from room temperature to about -6°C to obtain
vial temperatures of between approximately -1°C and -

2°c. The freeze-dryer was then depressurized from
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prescri bed warner nucleation tenperatures obtained via
depressurization. Exanple 10 - Reducing Primary Drying
warewe/0p0881] A 5 wt % nmannitol sol ution was prepar/es20by003282

m xi ng about 10.01 grams of mannitol w th about 190.07
grans of water. Vials were filled with 2.5 nL of the 5

wt % manni tol solution. The vials were wei ghed enpty

and with the solution to determ ne the nass of water
added to the vials . The twenty vials were placed in a
rack on a freeze-dryer shelf in close proximty to one
anot her. The tenperatures of six vials were nonitored

using . surface nount ed %he mocoupl es; _al | ni.tored
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vial tenperatures o et ween appr oxi mat e -1C and -
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14ops20 to alwt aE@SPhetbRpRHASHHL | WakeSEHAAN lowered

five'seconds to i nduce nucl eation of the sol ution
wireipilidlivhe &9 al gbomt] vi4$E obker vegmplays | ytloe freezing

moni tored via ther oupl es nucl eat ed _and began o
{ PRGSSRE | mOBCR Tyl after depPRSEHTPERE: OfFTs 0akopt -40°C
The shets, t aimer Ereeeavairtiten bhwebed repsdlevd®uated and
about -45C to caomplete the freezing process. Once al

vitae (RTPETEF ulds REFBAREo Y A DoE of - etPY HRation) was

f ieaza-=4lad Ng chaghay WeEisVvaltples Prbddies praqass refeeze-
primary drying (i.e., sublimation) was initiated.
Deeviey t#ielfr Wawy promess,te habppsezel4°@ryea shebhe hour

rgRd GAboul -Jd4G Vi Hr AP 8N AeLE . The
6#%%%3. e

at that tenperature for
condenser was maintained at about -60°C throughout the

drying process. Primary drying was stopped by turning
off the wvacuum pump and backfilling the chamber with
argon to atmospheric pressure. The vials were promptly
removed from the freeze-dryer and weighed to determine
how much water was lost during the primary drying
process.

[0083] In a separate experiment as part of Example
10, other wvials were filled with 2.5 mL of the same 5
wt% mannitol solutidn. The vials were weighed eumpty
and with the solution to determine the mass of water
added to the wvials. The wvials were loaded into the
freeze-dryer in the sgame manner described above, and
the temperatures of six vials were once again monitored
using surface-mounted thermocouples. The freeze-dryer

shelf was cooled rapidly from room temperature to about
-45°C to freeze the +vials. Nucleation occurred

stochastically between about -15°C and about -18°C
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condenser was nai ntai ned at about -600C throughout the
drying process . Primary drying was stopped by turning
w@bdo7od@34/acuum punp and backfilling the chanbeeT/vb1007/003282

argon to atnospheric pressure. The vials were pronptly
renmoved fromthe freeze-dryer and wei ghed to determ ne
how much water was |ost during the primary drying

process . [0083] In a separate experinent as part of
Exanpl e 10, other vials were filled with 2.5 nL of the
same 5 wt % mannitol solution. The vials were wei ghed
enpty and with the solution to determ ne the nmass of

ter. add to the.vials. The vials re.l gaded into
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ot r es _Were a 0C less, . the_vi. re.

af R P Wl TR | e s R b Rkl fvin
alpaweeddgpon concl usion of primary drying, the sanples
were pronptly renoved fromthe freeze-dryer and
wei ghed to determ ne how much water was |ost during

thﬁalpri mary d]ryi ng process . %i@fjl Viam tﬁrqa#ureSp| 'l’bt’ijte‘?n Depressurization
At s Vi al BPIEE8r osupr e ARitSer Toeprepsuri®at i arss%Tenp Outcome

[ OQ] [P§l-n}‘ om rLa%itoQJt CAL 3 1 2'-153 m Of[g W %wni t ok\lucleation

Ar gon 2.4mB oflSwtBGndnibuC| egfdnon 2295 nL o4 5 w842 Nucleation

mardni t 5 mArffow% rianitol 4 86egdd Nuclkaition 342.5 nd7.lof 5 Nucleation

Wi % ma?rﬁ%g g‘m:; “;§° .3 ‘”I§°“87. 1 :Nlhcl eat i“b_n 4 2225‘ mL oﬁ:g}::::g:

5 % g‘l’é Io 9:.&% ﬁﬁrﬁl - 2'2{ $4 88'% Nucl eé}l on 58 . 5 m‘Nucleation
ar

“gon 81 14585.0 Nu

of 75 Wb 5B Wb eat i ogk.7 -
8 2.5 mL of 5 wt% mannitol Air -16.7 0 66.9 -
9 2.5 mL of 5 wt% mannitol Air -14.5 0 64.6 -
10 2.5 mL of 5 wt% mannitol Air -15.6 0 64.7 -
11 2.5 mL of 5 wi% mannitol Air -16.5 0 64.1 -
12 2.5 mL of 5 wt% mannitol Air -17.9 0 65.7 -

Table 10. Increasing the Nucleation Temperature Improves Primary Drying

[0084] Results of the freeze-drying process with
controlled nucleation and stochastic nucleation are
summarized in Table 10. It should be noted that these
two experiments only differ in the addition of the
controlled nucleation via depressurization step to one
experiment. As seen in Table 10, the controlled
nucleation process achieved via depressurization allows

nucleation at very low degrees of sub-cooling, between

about -1.1°C and -2.3°C in this example. The much
warmer nucleation temperatures for the controlled
nucleation case compared to the stochastic nucleation
case yields an ice structure and resultant lyophilized
cake with dramatically improved drying properties. For

the same amount of drying time, the wvials nucleated
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6 2.5 nL of 5 wt% mannitol Argon -1.1 14 80.7
Nucleation 7 2.5 nL of 5 ww% nannitol Air -15.7 0 65.7
WO 287898341 of 5 W% mannitol Air -16.7 0 66. 9PCT/BSD05003282
m. of 5 w%mannitol Air -14.5 0 64.6 10 2.5 nL of 5
w% mannitol Air -15.6 0 64.7 11 2.5 nL of 5 wt%
mannitol Air -16.5 0 64.1 12 2.5 nmL of 5 wt % nanni t ol
Air -17.9 0 65.7 Table 10. Increasing the Nucl eation
Tenperature I nproves Primary Drying [0084] Results of
the freeze-drying process with controll ed nucl eation
and stochastic nucleation are summari zed in Tabl e 10.
I eri rrent
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c @il theexeli sRNNEhAl ﬁhéCQ@Jr@@iCQacW:é§1 dheepr et esistance
di sclt&sed thods The i nprovenment in tinme is

verage
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Industrial Applicability

[0085] The present method provides an improved
method for controlling the temperature and/or time at
which sub-cooled materials, namely liquids or
solutions, nucleate and then freeze. Although this
application focuses in part on freeze-drying, a similar
problem occurs for any material processing step that
involves a nucleated phase transition. Examples of
such processes include the crystallization of polymers
and metals from melts, crystallization of materials
from supersaturated solutions, crystallization of
proteins, artificial snow production, food freezing,
freeze concentration, fractional crystallization, cryo-
preservation, or condensation of vapors to liquids.

[00861 The most immediate benefit of controlling the

nucleation temperature of a liguid or solution is the
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crystal s at warnmer nucl eation tenperatures. These

| arger ice crystals | eave behind | arger pores upon
wa@ariosmsd on, and the |arger pores offer |ess PCT/US2007/003282

resistance to the flow of water vapor during further

sublimation. Industrial Applicability [0085] The

present mnethod provides an inproved nethod for

controlling the tenperature and/or time at which

sub-cool ed materials, nanely |iquids or solutions,

nucl eate and then freeze. Al though this application

focuses in part on freeze -drying, a simlar problem

O%%‘iﬁ]siéa\frg%”ycgmgéia't Oﬁﬁﬁ-@e@g h§P d Al LOvolyes oo 44
a nucleat ed phase transition. anmpl'es o Such
pdaresises protludedt by dihsstplhdseatiremsgft ipmh ynela &Metezing

metals fromnelts, ;crystallization, of terials fr
smégezﬁtl%fe8x§8P&Froﬁ§? & %ﬁ%%%%tF%WPSFabPEFe%ﬁ§F0t1Y
alcidrid 100 b me@iﬁdua‘ﬁnidiJmmhbeﬁl }‘dﬁeab@g,cfy@eﬂs formed.
concentration, fractional crystallization, : .
oGty ot spreR o contBne At Fan GEYPARUS P fewer in
| nfiiistsr [ G@RO] Thega®st inmediale beRshit e nucleation

controlling the nucleation tenperature of a liquid or
sGISHRSIR T ST BhaEbPRFT$ Tt 0 control the nunber and size

offddwey 50l | dTHENMBLAS i PHOGUC @b herREasBmbEaNahH @ze of
In free2|n%.mater, for exanple, the nucleation

t &Mfer 5PLAE APBRITY BFRIGIRE t R¥Y & zBhasE rumdesibion may

| g rded al addtBshalenelald s speaking, the iF¢Reze-drying
crystals are fewer in nunber and |arger in size when _
t BEIiRIBat COF tLRPEPLE ur Ehies Namker. IWHEPLzFheof the ice

akidjdeal® SRMUIHRILS hfnflyﬂgﬁee@n%ﬁézaxe,fin@epfaﬁéégties of
domai ns produced by a phase transition fay provide
addne i raphbéAerpdt saken a haraes- dof mrysebssprpduced by

XA F%cﬂé%?&nangegn%ﬁ‘acguf@se if@a@éyfsi)@&n‘ind larger

strongly influences th I ng properties o
pores upon sublimation, and the larger pores offer less

resistance to the flow of water vapor during subsequent
sublimation. Hence, the present methods provide a
means of increasing primary drying (i.e., sublimation)
rates 1in freeze-drying processes by increasing the
nucleation temperature.

[o088] Another possible benefit may be realized in
applications where sensitive materials are preserved
via freezing processes (i.e., cryopreserved). For
example, a biological material including but not
limited to, mammalian tissue samples (e.g., cord blood,
tissue biopsy, egg and sperm cells, etc.), cell lines
(e.g., mammalian, yeast, prokaryotic, ﬁungal, etc.) and
bioclogical molecules (e.g., proteins, DNA, RNA and
subclasses thereof) frozen in an aqueous solution may
experience various stresses during the freezing process
that may impair the function or activity of the

material. Ice formation may physically disrupt the
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the |l yophilized cake. Larger ice crystals produced by
war mer nucl eation tenperatures | eave behind | arger

w@oroemopon sublimation, and the | arger pores PET/E82007/003282

| ess resistance to the flow of water vapor during
subsequent sublimation. Hence, the present nethods
provi de a neans of increasing primary drying (i.e
sublimation) rates in freeze-drying processes by

i ncreasi ng the nucl eation tenperature. [0088] Another
possi bl e benefit may be realized in applications where
sensitive materials are preserved via freezing

bi % 5qi ?I[ (or ¢r81£¥8pr esvgén_yeed%hanﬁ%{ ei‘%”tp% t lnterfaclal

ot eF1 ar -1 ncl
méooed diregn, tmamﬂtﬁanmo&;dazgsphuum bbm@@nﬂr&ﬁimns, etc.
bi ops nd S rnic I ls, etc (e.q.
ehﬁhIPﬁﬁgg?2a3¥ QEFOWS votied - fd%ﬁ% . %PS fagﬁ%n ontrols
bltmieogscahcmnlxei:uhﬁa (le:.Iget;:L@sotcei ns.,ceDNéoerléla:Ehd it can
subcl%éﬁgs t hereqf ) _frozen |n an agueous sol utj on
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pm@em:gétat maahoa@paﬂfexteife)féinpfbomders acthiigMeOleans of
the .materjal . Ice formation nagﬁph ysi.cal |l y di srupt

t FeFetS 5 109 orSir @288° s RARFRCLABRRHes Wikt hEryopreservation

| pirydetdad el Baha0IRld Cther cescodhYt Eof Ffunction or
concentrations, etc. experienced by the naterial.

SATEE U eat FOR cERYPBrESEREes 1 (A ERELAKE - ki AbE cPresent

Olndtdd ST BAHON reldretintS| hbrRamdnt | RiVdeNeS i Re]S onal
stresses. The presently disclosed nmet hods therefore

pF’é\ﬂltPe?stJaPr&iniqﬁﬂé:F@an@eGP%Sti 48t Png sPpeddBy or contact

assed at&tlaWshh reldLnr 658Ly at bOR nA0GRSS €8x 8Pdcellular ice
enhanci ng the recovery of function or activity from

cEPePIRESR N ed ifat eFVEFSEePhe PrESPRESSRTVRIUCR| sglgorithms

rg@g%qﬂgdifggoygggﬂb eUgR sconventi onal nucl eation
contro nmet hods {e.g., seeding or contact with cold

s U0r0Rs ) us’@@et@n%qmat wegkedscehayl drei edso applied to
complex solutions or wmixtures containing several

constituents both in cryopreservation and
lyophilization applications. These formulations are
often solutions with an aqueous, organic, or mixed
aqueous-organic sgolvent containing a pharmaceutically
active ingredient (e.g., a synthetic chemical, protein,
peptide, or <vaccine) and optionally, one or more
mitigating constituents, including bulking agents that
help prevent physical loss of the active ingredient
during drying (e.g.., dextrose, glucose, glycine,
lactose, maltose, mannitol, polyvinyl pyrrolidone,
sodium chloride, and sorbitol); buffering agents or
toxicity modifiers that help maintain the appropriate
environmental pH oxr toxicity for the active constituent
(e.g., acetic acid, benzoic acid, citric acid,
hydrochloric acid, lactic acid, maleic acid, phosphoric

acid, tartaric acid, and the sodium salts of the
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formation in two-step cryopreservation al gorithns

designed for living cells. [0089] The present nethods
worean7/0e508d so applied to conpl ex sol utions or nPEL/USEE7/003282

cont ai ni ng several constituents both in

cryopreservation and | yophilization applications.

These fornul ations are often solutions wth an

aqueous, organic, or m xed aqueous -organic sol vent

contai ning a pharmaceutically active ingredient (e.g.,

a synthetic chem cal, protein, peptide, or vaccine)

and optionally, one or nore mtigating constituents,

i ncl udi ng bul ki.ng agents that  hel revent si cal
QRN R T A S A C L e
dsxb5880e OLHEOSSLrglofeirke, drlt GithctBbh 0S6f  the active
manni tol, polyvinyl pyrrolidone, sodiumchloride,_ and,
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toxicity for thé active constituent (e.g., acetic
a@licinenzohemad d, SREWRi caherai nhy dPeeSoiEl ere d, 9lycol,

| 6L fiedCl U AC1 or PHISPNOBLE A, diil L @fékalose) ;
actd, and’t sodium sal ts_of t heaf or enent i oned aci ds)
ragenbs| thiatg megkifiy thetohesp prasedrdamdehayvtdrret the

a I fo e i nshit SAurd
p?ggé{s@%%égglr o(len (‘:rt'sa%s n%?tﬁlgq%i d g’? @T&ri edarggrsr;#%%.r? ; and
abmhinexidiamsishythatl perkeet dileererlivgl wanrtitigmn from
Sg% XL QH@HL(@O Y?tg¥£%&%é¥é¢x%odkﬁﬁ'%%sulfite, sodium
pol'ysorbate, sorbitol, sucrose,” and trehal ose); agents

t harmaddiehydehe gadiumr anstabésuddlide or s¥diwe sulfite,

;%éggga hon (e. %;%ﬁéﬁg%g%%gg?)glycol and sugars),

an -oxi'dan the active constituent
f fooBddgr ada&tiirere (engcleasdarbat &g soimbedl vl f ia e, random

ST I ey SO D BB b OB <o
identical processing conditions wight nucleate at
different temperatures. As a result, the properties of
those materials that depend on nucleation behavior will
likely differ despite the identical processing
conditions. The disclosed methods provide a means for
controlling the nucleation temperatures of a plurality
of materials simultaneously and thereby offers a way to
increase the uniformity of those product properties
that depend on nucleation behavior. In a typical
freeze-drying process, for example, the same solution
in separate vials may nucleate stochastically over a
wide range of temperatures, and as a result, the final
freeze-dried products may possess gsignificant
variability in critical properties 1like residual
moisture, activity and reconstitution time. By
controlling the nucleation temperature via the

presently disclosed process, the vial-to-vial
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[0090] Since nucleation is typically a random process,
a plurality of the sanme material subjected to

WO d@nnymad processi ng condi tions m ght nucl eat BCEHUS2007/003282
different tenperatures. A s a result, the properties
of those materials that depend on nucl eation behavior
will likely differ despite the identical processing
conditions. The discl osed nmethods provide a neans for
controlling the nucleation tenperatures of a plurality
of materials sinmultaneously and thereby offers a way
to i ncrease the uniformty of those product properti es
that J;}iy on_nucl e ti.on_behavi or

n
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noi sture, activity and reconstitution tinme. By
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PriesRMd M £ schesrd dy ocessic tPRinges wupon a normally
vial-to-vialuniformty of product propertles froma

f MEERNtHIA ¥R cCBHCBRECESLR cariehE - dr affe¥i eaaple, it often
| RAQME Gha P ORdh e HE € £ 8D lehiat Jp &%é@éséﬁﬁln%le%%@-%ylng

behavior of° a material may al so provide substanti al
beyetlig thaiae@@éa e t hecompd ishes siny & grersenrablgn amount

| RS { @l 1%‘1%1%3 488t rBENgSSoMPOD B RYITR! ik within the

uncont_ro fe nucl eati on event. For exarrpl e, It o
t soer ifivgd munt fermptiev ench rrssirrcessf st ficient activity

fr%ez%}%lfyéﬁgl%c' ta%laéé"i‘ﬂ:lbfa 'Ce}S[?%éeé ciNRpe1). By

r easonabl e "anpunt tlne yie roduct
preopseridiasg vik ttheanshefs p@mn‘nceldl g froweed eyt,: igndand thereby

p ot ﬁ’\;f : J(.:Ijn ngg?l Vi k%.lrrgr)} hed ¥e. time, roduct
ar mace I cal gredl e P ding a medns

ofurccfrctmmittyng amudl eAPEEon aa:tcht:t‘l:e;rebythe present methods
should dramatically reduce the time mnecessary to
develop successful freeze-drying protocols.
[0092] In particular, the potential benefits of the
present nucleation process provide increased
flexibility in specifying the composition of the
formulation to be £freeze-dried. Since controlled
nucleation can better preserve the API during the
freezing step, users should be able to minimize the
addition of mitigating constituents (e.g., stabilizing
agents) to the formulation or chose simpler
combinations of formulation constituents to achieve
combined stability and processing goals. Synergistic
benefits may arise in cases where controlled nucleation
minimizes the wuse of stabilizing agents or other
mitigating constituents that inherently lengthen
primary drying times (e.g., by decreasing glass

transition temperatures of agueous solutions).
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potentially inmproving primary drying tinme, product
uniformty, and APl activity, the present nethods

W@ boalgsoss amati cal |y reduce the tinme necessar yPeDUS2007/003282

devel op successful freeze-drying protocols. [0092] In
particular, the potential benefits of the present

nucl eation process provide increased flexibility in
speci fying the conposition of the fornulation to be
freeze-dried. Since controlled nucleation can better
preserve the APl during the freezing step, users
shoul d be able to mnimze the addition of mtigating

constituents (e.g., stabili zi ents) to. t.he
f PﬂﬂpétionQﬁg(é%ﬁﬁi%?ﬁgl&g€ﬁ§§?nﬁfFoﬁfﬁﬁ;cularly well-
f ghidledt | @BxCONSkhUeBalled anfidue: Lombided sambihetyring

and processing, goals, Synergjstic benefits nay arise
i APBASES iFer BLESHAL rf | EFThubPedt?Pd uﬁ?ﬁ%ni ?h§§ﬁ§esame

of St pRirtZ | BHA2geRbSe8E AbAPaAmAtEgalt et CQif | WaRillSy be
that inherently l'engthen primary drying tines ée.g.,
bycadefeading 2PRE€d r HR i tTRE_FPBF AL UResVdfCaghgdge ©f

SBEBH&@E@ . [ @023 B gl spl-e3sad St VLS L ALE nucleation of

partlcqlafly wel I suited for large scale production or
naateadals ngstpar at iRFRCSFAcaNareanl be "eaidibkaions can

uﬁEngcéPfiég”%xﬁ:quiig”Pé‘t SANG IR OERRLRE A(BLEL § (Nakreeze-
can easily be scaled or adapted to manufacture a w de
r dnyerof grddvisese The mrmeass peesdastf gieqiHgre use of a

nUgE%. 'O%ég Jat é§£§v8§tn@f%ﬁgﬂ%&ﬁ#{é!%%@rﬁf&eezing or

mani pul dtions can be carried out In a single chanber
( €hg. 1ikd reeZodiyee )naadeadom .t he process does not

38094 USe A BNAUUUR 3P PheadfhibxeSie/] Dilld OBresent
el’ectrof reezing or the like to induce nucl eation.
[ de2dlod n does r asbtt o adee panpthang, tbdee plgenlyophilized

et does ppoto,add Qad g, tenbhe d¥OPRiddAalis, (e.q.,
liquids in the wvials), be held initially'at a specified
pressure under a gas environment and that the pressure
is rapidly reduced to a lower pressure. Any applied
gas will be removed from the wvials during the
lyophilization cycle. The vials or their contents are
not contacted or touched with anything except the gas.
Simple manipulation of the ambient pressure and gas
environment is sufficient on its own to achieve that
goal. By relying only on ambient pressure change to
induce nucleation, the present method disclosed herein
uniformly and simultaneously affects all vials within a
freeze-dryer.

[0095] The bresent embodiment is also less expensive
and easier to implement and maintain than prior art
methods of influencing nucleation in materials in
lyophilization applications. The present method enables
significantly faster primary drying in lyophilization

processes, thereby reducing processing costs for
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product. It only requires that the materials, (e.g.,
liquids in the vials) , be held initially at a

wa@p@ciodioad pressure under a gas environment anPCT/H82007/003282

the pressure is rapidly reduced to a | ower pressure.
Any applied gas will be renoved fromthe vials during
the lyophilization cycle. The vials or their contents
are not contacted or touched with anythi ng except the
gas . Sinple manipul ation of the anbient pressure and
gas environnment is sufficient on its own to achieve

that goal . By relying only on anbi ent pressure change
t%géggg; eat resgnt net di
herei n u%?%%% ybgl%%“gltcjr%u tlt[ianeou'sl y a??%ct §§+$é§?a| énethoa

wiprisiduees r el - woyer uni H006] Itheplpt bteed enbsilicest than
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n&lWé%ﬁé?ﬁ mgé%%%%, her??%dgechPﬁﬁlRﬁégaﬁf Tosses and

an prior ‘art e
naclegatimy ibarmitears alk® | antygphifbirzattrddessors unable to

appl i.cati.ons. The present mnethod enabl es signifjcantl
fﬁ%?gf ﬁﬁéhﬁffiﬂ%ﬁ#1°¥%1F¥opﬁ???%ng8ﬁlﬁP§ges§®§F method
t betalyyveeduehagepr agasst 1gs CostighbRntf r eazec &higdting the
pﬁargﬁﬁlutigﬁ!s. The €resent nmet hod produces nuch _nore
unit LoPhi IRZRUAPE oduCTS2EREN BFPGRSEr t CREERGs, should
t hemeby deduai nginghasiied | ©8S@ScaNdasfeathBgtBaLH €b¥ocess

to.entry for processors unable to neet tighter
ufif%iSi ty specifications. This method achi eves these

begmefdgls W tiesh €88t YNNG | her! ¥eRhilld 288 appreciated
product . Geater process contro|l should Iead to an

i fPPGy et Br RRRISHNd1ENEPE MY BRBEeRF QYIRS . af gugEiod of
Friohidithd 0h8E0eB@idd $RH0Y UnbeeBPRlCGRE A t Balydisoa of
present invention thus provides a nethod of inducing

nfESERTh PACETRaler VAT IORE orodifdcRsdons f rdanggs, and
MRbgfiizA i onV@l beUT HED bt §8hE ORRL HIMNOGS11 2B apparent to
a person skilled in the art and it is to be understood
that such modifications, changes, and variations are
to be included within the purview of this application

and the spirit and scope of the claims.
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variations of the present nethods will be apparent to
a person skilled in the art and it is to be understood
wo baw/ogweh nodi fications, changes, and vari at i BCIEUS2087/003282
to be included within the purview of this application
and the spirit and scope of the clains .C ains Wat:
is clainmed is: 1 . A nmethod of inducing nucleation of
a phase transition in a material conprising the steps
of: bringing the material to a tenperature near or
bel ow a phase transition tenperature; and decreasing
the pressure proximate the material to induce
nucl eati on of the phase tragpnsition in the material . 2
The nmet hod of claim1 whi he material is cool ed

iwhatrratsaaﬂaqlnee&ta&e . 3 . The nmethod of claim1
further conprising the step of continuing the OO|iQ%Fe

of thelnucl éateRtbRt ePf al PAREEPIIEHS 1Pt on?tB

bel-aWsa tfiidiali 4 eANRL 8L KL 81 eAsHPrAS 18IS estbiBs eof :
transition of the material . 4 . The nmethod of claim1l
wher ei PTIASHRS FR2 aFRBATISL| APt Pat&FRAAL 1 near or below

M3 Bhiadle LA L6 follCeLhgdraUGkaal o temperature. 5 .
-The"nmethod of claim 1 wherein depressurization is

i ni ti aderrrazigesthedPrPAEVAP BXPHINGER | e oratREial to
c [ : wWheget t t epkal
i gﬁgg%%w%ﬁ%ﬁ@lm 8rt PRet pRBESLAW K ihe IR ené

ase transition tenperature . 6 .
neeledicgfl claim 1 further conprising the step of
reconstituting the material.7 . The nethod of claim1
wherein the material is selected fromthe group
consi st?.ng dfhgamethofli gfii gdaim 1 wherein the material is

cooled to a metastable state.

3. . The method of claim 1 further comprising the
step of continuing the cooling of the nucleated
material after depresgsurization to or below a final
temperature ensuring complete phase transition of the

material.

4. The method of claim 1 wherein
depressurization is initiated when the material attains

a desired nucleation temperature.

5. The method of claim 1 wherein
depressurization is initiated at a desired time after
initiation of the cooling step and when the temperature
of the material is below the phase transition

temperature.

6. The method of claim 1 further comprising the

step of reconstituting the material.
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sol utions, suspensions, mxtures, or conponents within

a suspension, solution or mxture. 8 . The nethod of
w@b@irovsb3wherein the material is a solution anelCT/i82007/003282

phase transition tenperature is the thernodynan c

freezing point of the solution. 9 . The nethod of

claim1l wherein the material is a solution with one or

nore di ssol ved substances and the phase transition

tenperature is a saturation tenperature at which a

di ssol ved substance will precipitate or crystallize

out of the solution. 10. The nethod of claim7 wherein

the materi al furth es a b| phar.maceut i ca . .
materi dl-, a'pia Peeat; oal i@%@rf‘al g Material is
nakeeicdlked &f@nolagécgfoﬁpt ebhﬁh.stanfgo@ﬁ’stgéée@r liquids,
conmbi nations thereof . 11. The nmethod of claim1l

WHRLBLAODSe HSPERFLiPRS coMtFhEISEn (e PrEvemERtgf within

gassakprerhene, Jd31utTbe 8Bt Aedrofrecl ai m 11 wherein
the gas atnosphere conprises argon, nitrogen, helium
air, water vapor, oxygen, carbon di oxide, neon, Xxenon,

kr ypt 0B, hy 4008He R5AMbEL I 83t HekARIre k3 thghﬁatemal is
met hod of cl'ai m 11 further conprising the step of

pae§9&Mt;§+qrg and HeaoBpAEretsaPFdGidT - eReFotdFpPals the
I{a ﬁ%‘rﬁh[ fechah poher 8ien e JBigEigh,is
I n| t I a C

ooled to a tenperature ranging fromthe
phase transition tenperature to 20 C bel ow the phase

transity on t'@{%’%é‘f:ﬂéﬁ BE Qf 2 h dCRRSSUH Z@ﬂéoﬁaté;—:‘lal is

The met hod laim1l wherein the material 1s cool ed
t & scilavpiamtwitthrangi ay eom diessHasd tswpstaneas and

t%ﬁ%e%ata‘éfee éPaﬁQQHiogoge Lewethe phase LLansLikgn

tenperature prior to depre surlzatlon.
temperature at which a dissolved substance will

precipitate or crystallize out of the solution.

10. The method of claim 7 wherein the material
further comprises a biopharmaceutical material, a
pharmaceutical material, a chemical material, a
biological material, a foodstuff or combinations

thereof.

11. The method of claim 1 wherein the material is

confined in the presence of a gas atmosphere.

12. The wmethod of claim 11 wherein the gas
atmosphere comprises argon, nitrogen, helium, air, water
vapor, oxygen, carbon dioxide, neon, xenon, krypton,

hydrogen, or mixtures thereof.
13. The method of claim 11 further comprising the

step of pressurizing the atmosphere surrounding the

material.
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16. The nmethod of claim 1l wherein the pressure is

decreased by an anobunt equal to or greater than about
wa200p8930347 . The nethod of claim 1l wherein thBCT/US2007/003282

pressure is decreased by an anount greater than about

7 psi . 18. The nethod of claim1l wherein the pressure

i s decreased such that an absolute pressure rati o,

Pi/Pf, is about 1.2 or greater. 19. The nethod of

claim1 wherein the pressure is decreased at a

pressure rate drop, DP/Dt , greater than about 0.2 ps

per second. 20. The nmethod of claim1l wherein the

pressure is decreased in 40 seconds or less. 21. The

nmet hod of claim6 wherein the material contains a

conpongpt CepRr kidtXbd idYE Oladht ENWAkedivi Misematerial is

nucl ei c_aci d; nonocl onal or polgclonalantlbodles

bipkbliatiVesOol@thdiR | A AMREEILRES- TROSIHL S Th Fhe
pﬁﬁégén§ra%%1£HBhrggﬁﬁgkéiuﬁéatBW§b°ﬂh@@idktiﬁh phase

conponent of the reconstituted material exhibits a

f unanpahion ZEMPER3LETe| PHEOCF otPhEePHFES ML FRE 1o -
activity associated with the conponent of the starting
material . 23. The nmethod of claim 21 wherein the )
conponéht offhehaneteedsef t ol admrdt whiexleigk Hilke t9agerial is

fun i n.ar . a 0 r f t r
a% %%I y g%so%%%%%dyaégﬁé %ggggﬁsoﬁgﬂﬁlg?ﬂ%ﬁg%%g?erlm
ntchesatied ost cehastratity. tQ4ab0mhe5mQJhﬁiQW thai phasge

Wgﬁa stlgl%% GQ és?géu% #Jego_rceeenate £, PLLE 1B .

ex a str ure Ssimtar to the Structure
associ at ed MAth t he conponent of the starting
nHterIQ%: The method of claim 1 wherein the pressure is
decreased by an amount equal to or greater than about

14 psi.

17. The method of claim 1 wherein the pressure is

decreased by an amount greater than about 7 psi.

18. The method of claim 1 wherein the pressure is
decreased such that an absolute pressure ratio, P;/Pg,

is about 1.2 or greater.

19. The method of claim 1 wherein the pressure is
decreased at a pressure rate drop, AP/At, greater than

about 0.2 psi per second.

20. The method of claim 1 wherein the pressure is

decreased in 40 seconds or less.
21. The method of claim 6 wherein the material

contains a component comprising live or attenuated

viruses; nucleic acid; monoclonal or polyclonal
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25. The nethod of claim 21 wherein the material is
held in a plurality of containers and the

w0 ewonstods uted material fromall containers exPCDUSE07/003282
uni form properties. 26. A nmethod of controlling the
freezing process of a material conprising the steps
of: cooling the material at a prescribed cooling rate;
rapi dly decreasing the pressure to nucl eate the

mat eri al ; andcontinuing cooling of the nucleated
material to a prescribed final tenperature to
conpletely freeze the material . 27. The nethod of

clai m 26 wherein depressurization i s Jjnitiated when

t RBCAROEHeR: Alomeibes r BARERrESS cﬁ?ﬁa]e‘?%‘é?%t' ure.
28epthec®t bk PFrodifs26 wherein depressurization is
iniFiated a desired tine after initiation of the

cool ing step and when the tenperature of the nmaterial

i s bel g t hepphagsaHe@NSkt E2R i e BREKMH SN 2% e Acomponent
solidification process conprising the steps of:
codl ithg aarmnatidivtedanaEapépdt gFEREs # Harshian or

PLBSS LAYt Ol P CEALUE A AEHERY ikd Dips pyessure

proximaté the materral to i1nduce nucleation of the

massccdlat eshwviddnt t e agmeesengg off thee shatebndd
ri.al_-to a prescribed final tenperature to

?g%?ﬁé%ﬁﬁisolidification of the material. 30. The

solidification process of claim?29 wherein the

”ateri%3_isﬂﬂg§ahgéﬁ8& BaviAg QNG 10h IEL; Ai S5R! ¥8flponent

subst ances an erein the step of decreasing the.

prods siree raistat tuteéd materiall fexhiifmit £ oapiunesion or
activity improved over the function or activity
associated with the component of the material

nucleated stochastically.

24. The method of claim 21 wherein the component
of the reconstituted material exhibits a structure
similar to the structure associated with the component

of the starting material.

25. The method of claim 21 wherein the material
is held in a plurality of containers and the
reconstituted material from all containers exhibits

uniform properties.

26. A method of controlling the freezing process
of a material comprising the steps of:

cooling the material at a prescribed cooling rate;

rapidly decreasing the pressure to nucleate the

material; and
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decreasing the pressure proxinmte the solution to

i nduce nucl eation of the phase transition in one or
woreeoeg/0e§034 he substances in the solution.31. A Per/Osmon603282

controlling the condensati on process of a gas

conprising the steps of: cooling the gas to a

tenperature near or bel ow a phase transition

tenperature; decreasing the pressure to induce

nucl eati on of a phase transition within the gas; and

continui ng cooling of the nucleated gas to a

prescribed final tenperature to condense t he gas. .

A net hod of inducin has anS|t f I
conprlgPﬁﬁlPHén§t&§?%ﬁé) n? PH% q%wzaéqgfgéf to a
t SpESEei Hea E&&blortéhﬁﬁéﬁfampéase toapdidtiedry freeze the
tenperature and decreasing the pressure proxi mate the

na@eeraPrlto i nduce the phase transition of the
material . 33. A method of phase transitioning a

mat eri al r§¥|3|n the steps of: bringin
materi &7 -t oT: d Pk @ %Fmazﬁhﬁgé%Qéhn§%9¥ﬁFSurlzatlon
t EHF’%@EE{ L8 Jd) whdH 655 hZ€E8r9as ALRRSRREIL deditbed

decreasing the pressure to induce the phase transition
ofiutheafaogy tgimperature.

28. The method of claim 26 wherein depressurization
ig initiated a desired time after initiation of the
cooling step and when the temperature of the material is

below the phase transition temperature.

29. A solidification process comprising the
steps of:

cooling a material to a temperature near or below
a phase transition temperature;

decreasing the pressure proximate the material to
induce nucleation of the material; and

continuing cooling of the nucleated material to a
prescribed final temperature to facilitate

solidification of the material.

30. The solidification process of claim 29 wherein
the material is a solution having one or more dissolved
substances and wherein the step of decreasing the
pressure proximate the material further comprises
decreasing the pressure proximate the solution to induce
nucleation of the phase transition in one or more of the

substances in the solution.
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31. A method of controlling the condensation
process of a gas comprising the steps of:

cooling the gas to a temperature near or below a
phase transition temperature;

decreasing the pressure to induce nucleation of a
phase transition within the gas; and

continuing cooling of the nucleated gas to a

prescribed final temperature to condense the gas.

32. A method of inducing a phase trahsition of a
material comprising the steps of:

warming the material to a temperature near or above
a phase transition temperature; and

decreasing the pressure proximate the material to

induce the phase transition of the material.

33. A method of phase transitioning a material
comprising the steps of:

bringing the material to a temperature near a
phase transition temperature in a pressurized gas
atmosphere; and

decreasing the pressure to induce the phase

transition of the material.
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