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25 Current technologies for producing dried
biologically active materials include primarily spray-
drying (see U.S. Patent No. 5,565,318 directed to a variant
of this) and fluidized bed drying, inasmuch as simple
drying is virtually impossible to scale up to anything

30 resembling a commercially useful scale. Reduced
temperature preservation methods which may include a
dehydration aspect include freeze—drying and/or cryogenic
freezing. Freeze-drying is not well suited for the
preservation of sensitive biologically active materials

35 because ice crystal formation causes freeze-induced
cryoinjury and is very costly.

Among the various protocols in which blologlcally
active materials are transmuted to dry but still reversible
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Summary of the Invention

In order to meet this need, the present invention

is a method of preserving sensitive biological suspensions

25 and solutions by forming stable foams from fluid materials
to be dried, as an aid both to the drying of one or more
biologically active substrates in the fluid and as an aid

in preparing an easily soluble dried product suitable for
further commercial use. The stable foams are formed by

30 partially removing water in the bioclogically active sample
to form a viscous liquid and by further subjecting the
reduced liquid to wvacuum to cause it to "boil" during
further drying at temperatures substantially lower than 100
degrees C. 1In other words, reduced pressure is applied to

35 viscous solutions or suspensions of biologically active

materials to cause the solution or suspension to foam
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Det ai | ed Description of the Invention The present invention
is a met hoowofspeagerving 10 sensitive biol ogi cal dispersi oRET/USI/12156
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renoval causes the ultimate production of a stable open-cell or
closed-cell 25 foam * Such foans are easily divisibl e by cuttl ng, mlling
or other dividing technDetadleshdes g : ' enhances

wat er renmoval by ”ax'n1?h89p£égéh€ @ﬁ@éﬂﬁidﬁe¥b a méﬂﬁbﬁagke pre¥erving
evaporatlon Egéé gener al l.ﬁ:&%eé'lvent fraction of the material™s to
be driedt®il I8 Jaﬁh%%u iodeg vErSPPESIRBS d FHERANRRI DB 0d SRS 1oms -
present rr:at fduahd sr?ll@&d&% &i}mﬁcﬂdniﬂgsﬁtﬂblénﬁoaﬁé Eﬂéﬁeﬂiuﬂﬂsnﬁfte\ﬂla:cl%us )
types includin ose.contai nin a u S Or m xture of suc
sol vents.) £ 5°8%4 %{1 ‘?lﬁe vaﬁﬁ’ ?f rf%"l'yrﬁ’?‘% F yPR§ PFofSEs s
35 by boili mwd;gucatlllyedcpnessamaterammematm flvidegnfeas ansedd . -
that inits s v

rmﬂr%?ar SHD |s y“al'v'l\é%tlb Bried product suitable for

- 3- conbi nat 1 on of a vacuum punp wth a
t enper at+f e fd%ﬁﬁh@ﬂl@@‘“mﬁéﬁﬂé&at‘%ﬁe devihes stable fopmpomyie formedt bives

of such a copretdPIyi pehsden ge&her wdtdr to ﬁ@fﬁw avis€ousNBaguignama
and heat ro%/ %ont rol m cro oces?ig‘r& &ﬁcaj ulatin Eg ot her '
process param¥ ef¥rthen, guhighting, | &8 ‘I‘P‘ée LoV ITYEP: sé&fsor s
and ~etc. caunde aigevioc e b ilowsdusphgninirehetn dfyimngioxel tewperatures

i rensi onal | VAGHKOLARGSL POPSLRRY SHRIP! 2601 abGELY N0 1n other words!M®

bi ol ogi cal |iqui |s vacuu 'ng-"f oant f orm
i nnovat id® eduded gppessdreards appiliedal kp ewrdsegys epilutdlong aey

sol ution or HHERGH hs ofcemo!ne?éemqrﬁt&thw Rk Y A PE UL eghkab.nehe

procedure of the I nventi on hough t he nethod has_¢lear a nt a%gs

(i.e., d 1R85 d’&'n@é‘s@&é‘st‘ﬁnﬁo Egapy ﬁgr%e&p@a%ap@s) aP
preservat i on theof foakii®lpgpeatels BEPShérVaoliRids | 2défoval causes the

ultimate production of a stable open-cell or closed-cell

25 foam. Such foams are easily divisible by cutting, milling

or other dividing techniques, and the foaming action itself

enhances water removal by maximizing liquid surface area

available for evaporation. (In general, the solvent

fraction of the materials to be dried will be agqueous,

30 however, it should be understood that the present method

may be applied to solutions and suspensions of various

types including those containing nonaqueous solvents or
mixture of such solvents.)

Once the invention of combining drying protocols

35 Dby boiling with reduced pressure is appreciated, it may be

seen that in its simplest embodiments the inventive
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Sol utions incorporating vitrifying enhancers and ot her protectants, as

well as s of virtually any type, w || undergo enhanced drying
when subj &’(}/g‘g&% sub- at mospheric pressure and foam f of zﬁi ng
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' the biologically active material to withstand drying and
25 storage' and does not interfere with the particular
biological activity.

l

In an important embodiment of the invention, the

foam forming process includes two steps: (a) an intensive

- dehydration of the solution or dispersion containing the

30 Dbiologically active agent by boiling under vacuum, to form

a stable, non-collapsing foam and (b) subsequent secondary

drying of the foams, to the extent that the foams are
stable and do not collapse during storage.

As noted above, the invention provides a scalable

35 method for preserving sensitive biologically active

materials (proteins, enzymes, serums, vaccines, viruses,

liposomes and cell suspensions) with a uniquely engineered
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prepared according to the present invention nmay be stored whol e or
subdi vi ded wpp og2246d, and when they are to be used 25 need mdTyUSPF/12156
rehydrated in order to restore their original bi ol ogic activity.
The follomnng Exanples are_illustrative,

Exanple 1 ~ 9¥ying methefieousU8aREg| FRLFOIMGthRA . r dte dBHYRPIFLRLE e BV
sol ution fromeﬁtmaﬁhelﬂfhealsaﬁplwnwatnl ReatzT otinkdseshs solatiiowst \eger

m . di al S.

The "act it etetse, 2t Bootded b IR E“%glgnlas%%igéﬁcaép%??ﬁ%t@r Kel
sol ution aft &heli amgthod mayas s applledunfos ptheni prepeavasdion t £
decrease gas p%?anﬂééeﬁt%s@ lgﬁd Qﬁcr\?ff&zaii‘ytgﬁy SBRETE bl%fl%@au%} on

because of di'lution during e hundred-
(100) microl ﬁcé-'r-"s"%fplé'ﬂéuﬁf-ﬁt GFeS°1Ut@§nt aining 50 microliters of 50% by

wei ght sucrose sol utionin thérndeéﬁom stotheeiavehtiba,i selaitidledy large
dehydrogenase suspe TRI S . HC pH:7 ) Was | aced

gS on #' gl b:iffer
in 5 1.5 m 2PPWRES: Phpelig ﬁgﬁFég' ¥ve @y VEr yith r 00fC utfond” or
t enperature. dﬁspénsidms)samﬂ aehyrdmtdd &y zbolidtlng undetr vacuumvteadiomn

hydr ost 2 , .
(e ostablc AR Fodiad. 2 P Mlac P8ROBE, eblihy 19 AMRRERHCLEMdPdna
stable dry foiaﬁpm@swmf@h@edrahet hef t Hemperathived, anfe \eaa@mmes omre}es

stored duri nggy,y 3 ét d@dﬁné’&’f&n%?“ﬁ%“'&%‘m Véﬁuuﬁéﬂ rOMRIP ALY,

After the days o or age, the sanpl es were drated wth 500
mcroliters \WARGENYEARAAH EWh Gompasition ofishessebHEAPRI P Wpﬁ@m%s

an easy proceﬁﬁ:ﬁdmln@a:h@ b 1@5aq<1w\natdtllﬁresQubéabnéecon@%ablhty of

Reconst i e for activi in Jlty
reduce I\%P T %@é‘lﬁ eﬁ‘aé’peﬁ?rg%?i%r%%t r‘?’@ﬁr?‘igda éﬁ% aqdl‘ﬁlgt’r%’écto
m X i ncl uded:surfactants 1ol TRiIteHHCsyhtuhétic phﬂ:'bxbl@.cal proﬁ:ymérseras of-

0.5% by wei QQT ,@%DPH-?% 119h€b%r°'aiécﬁrt%wpés 18d 0 ngiM {PME'&}:EQ:- Mgkt ¢

mcroliters I socl trate; O mcro ers O an ISOCItI‘ate'
dehydr ogenas®isiegieal activibya®fi Wihe selute sintended fart SOMVergiosn

nmeans there to AR5 fira Osssééoﬁ&éi:y | ¥y dHg! Qﬂddéiétﬂgnémdc&él?ﬁ?@ll@ft the

e “Furth ea FEiR) Siic BEEEALY Gy £9RUR Y Pe CORBIPRFRGUBoassure
mcroliters aftdili®ity wi diHe stwamsdusbhygt sborage. andoblingcmalyi ber siseld an-
i ce nucleati Y b@&ﬁ@éfﬁ‘ EHEP%B%%'& material to the glass state. Foams
prepared according to the present invention may be stored
whole or subdivided or milled, and when they are to be used
25 need only be rehydrated in order to restore their original
biologic activity.
The following Examples are illustrative.

Example 1

Agueous 50% glycerol isocitrate dehydrogenase
30 solution from Sigma Chemical Co. containing 59.4 units of
activity per ml. was dialyzed for 5 hours in 0.1 M TRIS HCl
buffer (pH=7.4). The activity of the isocitrate
dehydrogenase in the 0.1 M TRIS HCl solution after dialysis
was 26 +/- 1.8 units per ml. The activity decrease was
35 associated with decrease in the enzyme concentration

because of dilution during the dialysis.
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supplied by Genencor International, Inc. were placed in 1.5 30 nl.

plastic tubes and preserved by drying at room t enperat ure. .
First, tOSBMMBs were dried for 4 hours under | ow vadfVSRAIRS6St at i c
pressure P=0.2 atn). Second, t he sanples were boiled during 4 hours

under hi gh vacuum oﬁ5’<%ﬁid§ém (1t efrul?:%tl':.'&@fé“déf eI U R yiedbl €

dry 35 foamwas, forned in the tubes. t he, sanpl es were stored

during 8 dERIRAPISRFERMAET, F?a&fuﬁﬁo&t LYoUﬁf?-ght sucrose sghyEdfnyr e.
After 8 daymdf sbor agaidic el esafverthe 1§@¢‘W‘ldfaiitéd Wehlsyd&%enase

Rehyd
s an cas ey -1 WoBhad 801 B ARR Gecial . Pedlpanned Yoo
t he sanpl est &5 watle apiagsdcf rubes @and eareseruedu byt y dryiognpat i womai t h

control sanpgSe ryéuéeundpa%ﬁ; t hejep Sp I, %&Péf%ﬁQ& 4 hoff %@é&e
betweenth&;;ce nucl eatln%‘gctlwty per 71, eria inthe s es

preserved BYPY hEagRERe {hyREPRERELC R@%ﬁ}k’-'% R=Q oht 2EM) sanfresnd;o the
Al t hough t fﬁmpm@@t werehdspoilead dagehgbad whiFs undeef Q{ﬁj}cekuﬁﬁr tdecul ar

erboul ent s g gE! St 20OMRirslS ppagl et | ALY kS PEoh S
10 formed in the tubes. Third, the samples were stored during
8 days over DRIERITE under vacuum at room temperature.

' After the days of storage, the samples were
rehydrated with 500 microliters water. Rehydration of the
samples containing dry foams was an easy process that was

15 completed within several seconds. Reconstituted sample was
assayed for activity by assaying ability to reduce NADP,
measured spectrophotometrically at 340 nm. The reaction
mix included: 2 ml. 0.1 M TRIS HCl buffer, pH=7.4; 10
microliters of 0.5% by weight NADP+; 10 microliters of 10

20 mM solution of MnSO,; 10 microliters of 50 mM l-isocitrate;

- and 10 microliters of an isocitrate dehydrogenase solution.
The activity was 2.6 +/- 0.2 units/ml. which means there
was no loss of activity during drying and subsequent
storage at room temperature.

25 | Example 2
One Hundred (100) microliters of a mixture
cohtaining 50 microliters of 50% by weight sucrose solution
and 50 microliters of an ice nucleating bacteria suspension
supplied by Genencor International, Inc. were placed in 1.5
30 ml. plastic tubes and preserved by drying at room
temperature. First, the samples were dried for 4 hours
under low vacuum (hydrostatic pressure P=0.2 atm). Second,
the samples were boiled during 4 hours under high vacuum
(P<0.01 atm). After boiling under vacuﬁm, a stable dry
35 foam was formed in the tubes. Third, the samples were
Sstored during 8 days over DRIERITE under vacuum at room
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-7- | CLAI M 1. A nmethod of shel f

pr eservat i 9o 9g/2h40 biologically active materials by dryi ngocrarseraxisag
the step of subjecting a solution, dispersion or suspension
containing a biolo%:cally active agent to a_vacuum 5 corr%%?o ding to the

remai ni ng hyBPBOEEATYNSG essdhidqower days { Rln shPTAge Eher| &% o WEZGse
sai d sol uti opehgdspeedi aith 500 neltantiexts twather | SRehydbatisai efbahleed

L YL S RS By 3ol 5 AR

stabl e foam 88 .
cl ai m 1 wherwhs sompletedywisiiin i zeyersiusedondsst welhed dike 7sempdes.

3. _The,@ﬁthﬂﬂgéCQFéQQEH £QrCi8eMhdcYOSESEA activity!ihOcbRBasi8BnOlith
subj ecting said solut?on,_dispersion or suspension to a high vacuum
sai d sol uti ofoNgxedersamples. We found that there was no significant
difference between the,ige nucleating-aétivity_pe;;l,qoo
bacteria in the samples preserved by the p:esent-method

versus the control samples. L
10 Although the invention has been described :with
reference to particular,embodiments and details above, the
invention is only to be limited insofar as is set forth in.

the accompanying claims.



suspension i s dehydrated Wevaporat I on fromliquid
state at a | ow vacuum cor. ndi ng to . the remai ni ng hydrostatic
pressure WP §¥8249 han 7.6 Torr m poratlon fr om pRFTUSPTR1$4 0zen
state or by concentration “%\‘t“ \\ nosi s or other menbrane

t echnol ogi @s dlaimgduce mhursr ng whi ch said hi gh vacuum nust be

applied and to |ncrease the viscosity of said solution, dispersion or
suspensi on before boiling under high vacuum

- 8- 1. XA, ﬁbehcrdt hodfaccshénﬁg t prebarvativher eofi a
secondary £§S r n f va m or
dry air togsl)gl&g% foaf%lfi‘t?ée eva 1@/ ggp %ll'r‘)g?nug %O%prlmng the

The net hodsélﬂﬂﬁd?ﬁg to claim4 vvherel n after t he secondary dryi ng
procedure the foami sapoolga_gb éctin tegrpers?glq{ﬁc;,hat agsbg\g%rlohhanoghe
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10 "yield a stable foam containing said biologically active
agent. ' '

2. The method according to claim 1 wherein said
vacuum is between 0 and the saturated water vapor pressure
that at 25 degrees C. egquals 24 Torr.

3. The method according to claim 1 wherein
prior to step a) said solution or suspension of at least
one biologically active agent is evaporated to increase its
viscosity and to reduce the time during which the vacuum

5 must be applied. '

4, The "method according to claim 1 wherein
subsequent to step b) a secondary drying process is carried
out under the vacuum. '

5. The method according to claim 4 wherein
after the secondary drying procedure the sample is cooled
to a temperature that is lower than the glass transition
temperature of the dried sample. |

6. The method according to claim 5 wherein at
least one surfactant is added to said solution or

dispersion to enhance foam formation during application of
vacuum.
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i ncludes the step of rehydr ahienthettiod accoialhg teasLAYmCcenwhereis said
foamwith a suitable saLvent.. . 9., The nethod _accordipg to
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rehydrati on. - 12. The nethod according to claim8 wherein the

tenperature in which the fogmwas _stared pri.or to rehydration is.|owei .than
or equal to anbient tefpera met 6%'accgrdl?@.g?hggééwhgdwﬁﬁfﬁ+ﬂiﬁﬁlgo

cl ai m 8 wherpidcess dfapthent inelatdesquteps gl wehydrattioniof) said foam
cryoprot ect . _— 14. The method according to claim7 wherein
sai d sugar ?gﬁgﬁCFggggd. - '

9. The method according to claim 8 wherein said
rehydration is performed at a temperafure higher than the
temperature in which the foam was stored prior to
rehydration. '

10. The method according to claim 9 wherein the
temperature in which the foam was stored prior to
rehydration is at least as high as ambient temperature.

11. The method according to claim 8 wherein said
rehydration is performed at a temperature the same or lower
than the temperature in which the foam was stored prior to
rehydration.

12. The method according to claim 8 wherein the
temperature in which the foam was stored prior to
rehydration is lower than or equal to ambient temperature.

13. The method according to claim 12 wherein
rehydration is effected by contacting the foam with a
concentrated aqueous solution of a cryoprotectant

composition.

14. The method according to claim 7 wherein said
sugar is sucrose.
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