; e3e2f2 6Tfyw. o~ M~~, PROCESS FOR THE MA NPNDRPHOUS
PRODUCTS BY MEANS OF CONVECTI ON DRYI NG The inven ld and

readi ly reproduci bl e process for producing dry, anDrph s producﬁ&f
besi des biologically active, in particular therapeutlc Iy active,

material, contain substance m xtures J.] 5 for s by means of
convection drying. The invention also relates to mﬂk
m croscopi cal | y honbgeneous products which are o i'S process,

are in the formof powders and have a uniform geonet t9%%2*i n parti cul ar

spherical p S
Ubst ance TROMI £k @%NW@”M@%@ TROBVEAR Y M ANS
particul ar proteins by neans 3? 5 wel | known t hat
proteins, especially human 15 proteins, can be stabilized in solid
preparations by aTharfeventben oélsubst ancesyrapief enablryeal lsugars or

conbi nati ugars [ pr a ations
for proddg % 3 Qgé %gg %§$Lg$f35%§8Pﬁ¥ﬁ pgg?| g %§%§§®Fv§9'6@£r|a|s are
descrlbedwhfwhdr?eaade5|hi@legecﬁbéhtasgb§EanGesp§ﬁ¢l§wﬂgﬁance m xt ures
whi ch havﬁ:xé‘réﬁéh?k'?glfp' SEUL e ¢ Ok 8L 1 80! eesﬁ%qhngu%%tegfc@ mrae.r&ﬁeersabl y

not excee ? articularly preferably mot exceeding 20.
Freeze5dr§?ﬁ9526bh 6Ea540R BY eMGRRRI §LuSeBVEEL R GHYIIRY - s@ﬁ?‘fornulatlons

[Zg BSF ?Qgﬁnv&&t’goiﬁealso1&ﬁ188eé190 {:Hx@ﬁ@hor%dho&sSF’H%@r,os?go@ﬁng RJ%IJJmel?; (9%(
ora a sear ¢ - . . F. Franks,

Tap. 3 FPTRRCERS: REPTRe s AEeR 168, PpERt ey (S RRRaE A2

di sadvant ageshef fbrmegé BOwdeys ngndTheyecensonéokar geometwits din ener gy,

require tﬁgrygsu%rf sbaLoscant sshégge 8heBLGBARS SoC LI UER,AL |y har nf ul

(frigens) t1e-consumn ecause It is often necessary to renove
rel at Vel yelakge w6l Ghesuse PéeSB9S§EEFFnﬂ%F6Hreﬁhé°Fré&ﬁhﬁ}%ﬁ%ﬁgnecessary

for freeZEIngﬂaan% geyibe gdesbabhli ziAgphetiaularderiddiels Oy means
subst ances geC| for proteins. This process is therefore not

appl i cabl ®f afP5F ﬁe biol ogical materials. 0 z M~.r ~o~~ 5
Alternatives to freeze drying for producing dry protein preparations are

processes which dglllte Wi eﬁhgﬁnblh3§'BQo@%thQn@@Béd%?%&ﬁ“ﬂdﬁaf*anks, R

M H Hatley: Sta an l1zation o von den
Teel , 1A PEPHBLNSR CRRP BatﬁﬁaPllEF§@viL§r sgdid Pefﬁparmynsp;?y B Yrae sy

B. Roser , nBnBeRabm sdbkhincédE; S8rei82ablyJ byl suganie nirelcombird t Xdrsveo £
Cryobi ol . 2§a §59 -, 470 g19§8éL Exanpl es which nmay be nentioned in this
connect i on-are v?@uun1ary|ng Wth or without use of el evated tenperature,
spray-drying processes in a wide variety of 15 nodifications, including

conbi ned use of V@ﬁ%ﬂ@h@”ﬁré@é§¥b99ahacBB&%MQ%tf@M%(¥d¥“§¥dﬂﬁﬁhﬁﬁmhf§her
t hin- f|| cesses nter, . Bi ochem stry 28,

016260 0m 50T oBs R IR oS e R e Rancu SERRIY. SRELNR, HAAE L RIS Doy m

dgscrlbed By dry materials are meant substances and
substance mixtures which have a residual moisture content not
exceeding 8% (g/g), preferably not exceeding 4% (g/g),
particularly preferably not exceeding 2%. Freeze-drying

25 processes are widely used for producing such formulations
[F. Franks, Cryo Lett. 11, 93-110, (1990); M. J. Pikal,
Biopharm. 3 (9), 26-30 (1990); M. Ilora, Pharm. Research §
(3), 285-291 (1992); F. Franks, Jap. J. Freezing Drying 38,
15-16, (1992)] but have the specific disadvantages of freeze-

30 drying. They consume large amounts of energy, require the use
of refrigerants, some of which are environmentally harmful
(frigens), and are time-consuming because it is often
necessary to remove relatively large volumes of ice by

sublimation. The freezing step necessary for freeze-drying



Bull. 39 (5), 10-94 (1991), DE 35 20 228, EP 0 229 810, WD 91/18091, EP O
383 569 and US 5, 290, 765 descri be preparati ons which contain sugars or
sugar -1 i ke substances. However, the produgtion of dry, 02 MAY 20m
car bohydr at e- contalnlng preparatlons by 25 neans of freeze or vacuum

dryi ng, especially r . r epar a tions assqci a

i Sadvant ageer e oo et B aing LTS TaheSohvhBeRagt PRPECAACES, ni gh

ener gy consasmpddpanl I@r et yphgténan ahteppabtesse$sduaéréﬁbsbunetcontent

ext ended proces s t.i t r nperagu 3o.formati on of highly

vi scous, vwﬁ%ﬁ g% ﬁ #gsg%sg?%%l o?ﬁ%% m§t8fla?§ssy nel ts whose

gl ass tranS|t|on tenperatures are belom/roonltenperature The di sadvant ages

descr b ebove ol apliy i yci i) epspiecsial ol pnolgnienl

materials in such preparations. ent ronlt
cited aboverxdtgimprepeparsbhensrraPeotefsss athithi AgypEbeemasesnadl Byhave

gl assy) tf“ﬂsiﬁbthé@Vaﬁ@PéP“@&éuuﬁt[#Ctﬁfgﬁkﬂhoﬁe gl ags fpanaption
tenperature_is above the intended stora 2 NAY 2002 tenperature. The

gl ass treuuﬁ???ﬁﬂ%%ﬁp%?%t%F%b{#%ﬁaF%°¥h ft%ﬂﬁ%@%ﬁur@ St Whi €h dn 4RBr PRBus

]glr pgrtl al !".E’e@I,ySAaHEafl@e:ngd MS E@ﬂy@d_ﬁi_i’ﬁdEié@ﬁlébesghaSSMb&tﬁﬂ.99l3nt gpt he
ul or Vvi ous e n VI C Sa | nv \Y C changes I N

t he vis%%sifi %E gé dg?%?ﬁd ?ﬁ%ﬁ%ﬁf?h ¥ §9 eEZFggugﬁgﬁa doefficient and

t he kineticjnﬁ$llcaypemtehe bldmogerWenBCByohiel Physi ¢aP ehaf7acteri stics

such as har Y, g ar
thernndynanﬁ% unctldﬁgﬂ%# ?ﬁ @ﬂaﬁé %b@ééﬁﬁggﬁ %H tﬂiﬁ CgPéggti
tnansiticn1aﬁﬁwﬂﬁQEWHHﬂxwlngcwl@&am®I@ltbpggga$ec©ﬁtalﬁVﬁgedonp05|t|on and

its reSiC“Eﬂeﬂﬁgfﬁtﬁf@te@&ré&£ﬁf§&§¢C@%&&eééégeﬂnt99@&88rv591§99ho§ way
that increasing. residual amounts. of water |ead to deciining glass

tranS|t?§n1WQﬁﬁﬁ&%ﬁE&%%sanHHQ}%@F%%r%%mb+?e¢su%ﬁu§fpB@EPBWeaFQ SRF&Yirg
f rom measuresEitii @ied heargd agsurh ré@ngitd cand esplesat then- £ ol medayphe by
differential scannlng calorinmetry (DSC), whether a preparation has a
resi dual water“Tontent suitable for stabilization or, as stated above, a
drying process is successful or not. Besides deternlnlng the gl ass

transition 20 temes sl o ypdpans, of O8C cLbfe P ESERAEnok.AIDDRNONS 6

structures can al so be FOVE ans of raction |nvest|gat|ons

opti cal2&nd EHect¥H’ h cIf= os%?ﬁ}éa exXbni Fatiédns. K 25Mivajhhsats hehemer @harm.
desirabl e tg,provige sl | yoa0mr phoars) | @@CB$|@@y2§9bsﬁﬁn992§§r9@burﬂg for

bi ol ogi cal or p naceut Y. ctlv hat the enbedded
blologlcalqﬁﬁ¥§] s B éﬁgg %%a 1%8Qt7$§ PEhpRRaPUPRALAGIBTEr a
| ong pen(Mkhfﬂhaewmnéimusugatst@mcgu@mrslih@tmmBStshoebd hHawevarl, ovhe

resi dual c tept s uhi c ! t] : ve a
glass t rarr:?rtsl on &pe(%gt u’yg \/\%1]a ?kﬁéh)gc? %%Sg%hg%ggi %?gg Ia%té%l %5928
descri bfs angsot ex’s e%@a@rl\r%mgna@rmmogqémecmwi afssbgameans of

© dnying proGasses-aMidioit {4 eesddith 2 Mbd he Wi ;s PaELERELY2MDRPRARS sAck! | ary
subst ance structures are obtajned. The, drying.was carried out as vacuum

drying (at i Eﬂﬁl%F?ﬂeREﬁ%ﬁi%Qﬁ&%ﬁ%ﬂLﬁ%&eE %b{ﬁ %thoﬁ@ﬁrgﬁhonogeneous

product s arerohimpttesh fofd drWRAPOE324D6aclesstabes hespgaatonsisdugper si bl e
powd prote| car.bohydrat es.and/ or 5 substance [ inhahation 2¥ it has

f
orer ged 1 hatPHrBHph e BHIE D PR PS5 anpTes o f hhoBr CHGERF o EBPeA2E T Sihi oh
cont ai n® a fomeet iaom mof deigsland etdwes, anetélacgnneansnof mspsey drpilihgd

However, pr,&qﬂ%esr‘a)r eof‘%lé’@é@rﬁ@f’té Nyhose glass transition temperatures
are below room temperature. The disadvantages described above
significantly influence the stability of biological materials
in such preparations.

35
It is also evident from the literature cited above
that preparations suitable for stabilizing proteins should
have glassy, that is to say amorphous, structures whose glass

transition temperature is above the intended storage



EP G 6E2 944 Al describes |lyophilisates with 10 pharmaceutically acceptabl e

anci |l ary substances, consisting of a phase with the protein in anorphous

manni tol and a second phase with crystalline al anine. However) t hes82 MAY 2002

formul ati ons cannot stabilize the biological materials sufficiently well

over a |l enqt er| od. The i nvention, was based on_the

devel opi ngqlae“%ﬁ) T4 %exi %,ge]r%%%ltqu%b‘?lo%c?%}l%?r‘?ﬁ?ﬁa gﬁésaeﬁﬁn%ﬁ‘?c

dryi ng prom@émtm@diw&@m dro@mmatphat eroal sarespety attyshabhhne

protelns fin b o] hi [OoCcess.
is i ntengﬁdw{ Hat c%%f%%é;g%ﬁ%%%%&? ?%%:‘Eegsil?%g Flfcl) uzf:% %’él B§

am)r phous  aricsdvorm gereiorisaipd odues svawsah ’@nismrswcabvw z@ra:@hl@f changes

bi ol 0gi GAl ARLGId Al e 400 ARKdOheaP dherobl ekl of the anveptign.

providing a i ci'ent process fox producin ous preparations

contain bi mﬁjﬁfcleﬂlemm@@leu%lww&b tﬁwé e clohoLegiealdryi ng, in

particul ar nkaa\,téﬁ%mss Oofpispd Bya drondhctidesc i he sordi 44 qaéréﬁéégdaha t he
fol | ow ng paragr taﬁi]ego wi th the suybstance m xtures sta}a 1r:{the

ol 1 ow g BHGUTDIDE ThAT TMERY GFa Gty DT eutas EBoEmpRERestet or
produci ng diunc tairesp heofll Sy gl ankiC ten tite lody zh@ietesr@@— biThegyTatsmaterial, in
parti cu}zar therapceutl ctal I exaé:t:f' ve nat efl al nfal n subséranggn xtures for
stabili atlor"iEl iCH s AT i Yed W tHE R S0l Tt T o or C %0 pen5|8n of

bi ol ogi cal qmmsnajlcanchrad theiuﬁktw&t@mmmtsemt@ané Baysacally

car bohydr atye ]ﬂ&% ical or
derivati ves% er e% ang'rf %Lm t %Mm%@z%?%%?${§1§ppé%d%% ar or

apol ar r adia®gustex Qfer‘ffévfeﬁ# Vveaad Het é%ﬂ‘Chd’rﬂd’}Q)rgJ(%ﬁ”)S atr3easEiohe zwitterion
with 5 0 t2nddrh 200% Rl @vide AR . radi L2l tidis ppssrl & tyo Oinfer

ZwWitterions w trrll?%ol ar or apq#ar radi cal s or derjvatives thereof

produced® arfd $HE R gt W ¢ FEERFIR Rt 5

rel ative nmexgimple mntcm’ﬁféﬁerft:m@sqmﬁfmgatﬂa/l&ﬂﬁ)@tryn ﬁS@ﬁrtwhdtBér<a
200, in the statl hase t nlet_ air tanper at ure 50 - 300C,
pr ef er abl y J‘?Jm S rranner% olfadqucﬁlylwnagtepl? oves n%)o béé parﬁ cult 3f | y
advant ageomalmlrlelaé;tucrm an tédwe sstading ialowd, thedhyitoghcatesntesials in

the formul aljons A9 ASYES, >ﬁeesld§es> C%J&rréiqlﬂtbe mtéﬂégnérawlgbtmhar or
apol ar radi cals which are preferab I%Srcgrrp oyed are am no carboxylic acids

The sul?dt afEIRFTRATHTE RhpIeRyed of ugr ea)plt%?ﬁﬁCF%eOf p?fé?’éPl&‘B’P? mono- ,
oli 30- ” pO's}é&@‘&@;’ﬂdszfan ailgzld"]dtﬁ prlﬁze&i{iwtméarﬁ@kdﬁ }Ciiéylh%liflﬁra@{:ybﬁm c
aci i sti.di ne acet en e et est er, . al ani ne

cysteine, gfy&S r’fégéscslcﬂneﬁ.lcﬂ? qpagua%ﬁjg ajr'fectrktﬁodhl CTOHERI Al ani ne.

t r ypt ophan exaalinme izmd .or der| vatives thereof. The substance m xtures of
group (b) conprise, preferably, arginine, aspartic acid, 2o citrulline,
glutam c acid, histidine, |ysine, acetylphenylal anine ethyl ester, alanine,
cystei 8, gl ycine, Tits wlagu dihes e fanecides i naklg g L opkdmyial Hni aaorphous

- trypt ophanan\éalma%r\,awbytagﬁré \éaetﬁu\eétsute@rm pildlogikd 1 &5 ons of group (c)
are preferably e ed.in the formaof their salts Prefe%%%%%fﬁz used are

the salts a&?‘@cl‘ﬁ Caddlyn AG T i MP EeH IR 19N PR Ut hi sti di ne,
| ysi ne, acmpllp@&@)allahrmﬂemaemwaresﬂegq ke adpte, statsiei sne, rgdnici ne,

i sol euci ne,_ | elci ani ne, e, valin nd/ or
derivati ves e%&?l eg%ng 0 V&jrl caa a%r\a/ie%#:atrlé}% a‘%gﬁ?gpﬁ gulﬂ?g%lgegof

t he i naént istruatarese séroutst diasishst eimescecﬁflduﬁel roLgsLE m:@temhswhlch

peptides, gLyCoRr Afhited 'Mﬁl@ﬂ?ﬁlfnm%a\%)%‘zdms @Rdh bodi 63,
antibody fragments, "virus 35 constituents, cel Is and cell constituents,

vacci nes, BREPERRAULS HhdGicais @febdsduas RaRFidnosti c agents or
derivatives thereof.

WO 97/15288 describes a process for stabilizing
35 biological materials by means of drying processes without
freezing, with which partially amorphous ancillary substance
structures are obtained. The drying was carried out as wvacuum
drying (at slightly elevated temperatures < 50°C), although

inhomogeneous products are obtained.



6 0 2 MA1" ZQ(~Z It .is possible mhere4appropriate to add to the solution
or suspension of biological material and the substance m xture of groups
(a) and/or (b) anbPof 6¢Sy08EnFercramas dME IDERPYIsHbet avEed from the groups
of buffersem&geHebact aBl $peaRliivAd gaMer | SALOM ChhPg:i a9elt fuman
preservatives. it is possible by spray drying with the_features of the
process REOrEIRg £BFLREVARGERS SRYFISHIFP &t bohyirat es}eanfR6itd aawi ds
or derj vaghwesatbBesgofowhiehacamibe dr edamd hodi biepl dyyiAgSUBBwR VY
that they, can be dried,, or to m x carbohydrates, am no acids or derivatives
t hereof wtt %5sEBEFHﬁéetgFtaagﬁﬁ§%§H€éﬁ%%é%ﬁ%év@ﬁ?ﬁ??ﬁc?%ﬁ@énﬁ ety so
t hat dryiawgy betonrs passiphkee.and the resulting ancillary substance 15
structure is anorphous and is outstandingly suitable for enbeddi ng
bi ol ogi cal materials Vacuum dryi ng of conparable fornulas results in | ower
gl ass transition Eénfefdupdd. aAlt dessidms fwerhihbsates twétbase of
carb dr. - eeghal &S, r su s :

oy Bine £0uE9REEHY gxcr%g%%aes%mma;y sEXD] Lo s SUELASE st ing

fructose, I ndeec rma ous structures after sprayin rom
aqueous otf cr gelREEesEiGhi bhei PEE T8 IR0t i Pkl OBt HavEE P bwaERads |
transiti aedgi@epatyeegitn 200k tand itherforene esgbhevér yi ehdsewhi ch are
extrenely_econom cal |y unfavoura Lﬁ,on %§1dﬁ¥ing and. have | ow stability on
storage tHFTHTEFORH FAPRPEUPEASRT 178 diD P10 I He-F et BAEFOASF anor phous
structuresyEftheidgtly wetleased 0 lmmgthy> p@0)dby addition of zwitterions
or dezivatives thereof that they can be dried in good yield, and the

anor phous structure of the 30 carbohydrates or. of the conplete fornulation
is retained or stBbgl ipwentienhadst AT A5t FPePlgeact sof pPRYFAGPEL S Rat

it is popstid e bycadding zubttiar eRe IS Vel | ¥85: & her@okcbaoad cobt ain
car bohydrates such as, gr exagp%gﬂ naqpi%pl .afrer he.sgrayig fnogl
aqueous O YGrYANPECSEEEt £8R FH-G ARG HH PEH 1 imahSahor phodE St e
as i s nedessar ypfoteshabi bngi nd Fiolddgic#taint b7 3hg. mdtri hessane tahis
good j elgds aa&?iQC?J:s&@gst.h%eli@; i d RS Witad S1 8UBDI hSEBYLIENGR L O Z ~Y
no anor phous structures are obtalnquﬁpen thghﬁrocesg Is carried out

Wi t hout &dtis IRFCBESEWFOL BEPENSE G ltliYe S P RARIEDT t RAERIFBER Found t hat
even 5 zwitd@®id©aswhicHenivatd eeabtindraafi ovhi ch, tlhaét hbohbgtiibe} can be dried
after spraying fyom aquequ r.or i£ solution into a hot air bed, are not
obt ai ned ’?%tea‘%tﬁ%ﬁoﬁggforgmiﬂ gn%t ?Lrsé,dc'are obtained in a fully anorphous
formon addition of carbohydrates or derivatives thereof. 10 Anorphous

strucgisures are al $e08b3kbed MhQMeZ Wirkidd 418, O£ dgFbvalii¥gs abher eof whi ch,
al t hough they can be dried %fter SE%E¥IQ2 from gﬁgous or oraanlc ol ution
into a hdttHis: ¥Rl PEPECASt *65t A& S A FUPT r BhEEET SRt
this, cardeconveibbdghyaduntasis sdani dureshoévedebyrmasns Bﬁpteyions
into a f%%é&@%@ﬂoaﬁﬁ%m 170 Rreduse 4hesRrREBREUS £ SERRaLUR iitnd S

unnecessary to choose only conbinations of zwitterions wth polar radicals
and apol anndadi téles ccorditticoconstargdi ini shel folpesdink ©areaHWYaRa
conbi pat i of.zwi tterions wth onl | ar .or. _on pol.ar radicals. It has
furthé? éﬁ%gﬁe hﬁhéﬁﬁﬁﬁféﬁerﬁ&%t%ﬁf¥tgg?oﬁg %Ptﬁ%%oﬁgﬁlﬁwuéﬁblar radi cal s
or derivapavagreméw.eof which, 25 although they can be spray-dried, are not
obtai ned i n anorphous form can be converted by specific adjustnent of the
pH of the solution or suspension before the convection drying into the

anmor phous state, Phefarasintinn agistenginrorarplcofia?. Bo- a7 fkodespecific

adj ust mento P L BEWRELY dNE amorphous products which, besides

35 biological material, in particular therapeutically

active material, contain substance mixtures

for stabilization, which is characterized in that a solution
or suspension of biological material and a substance mixture
consisting of (a) a carbohydrate and at least one zwitterion
with polar or apolar radical or derivatives thereof, and/or

(b) at least two zwitterions with polar or apolar radicals or

derivatives thereof, and/or (¢c) at least one zwitterion with



30 solution before the spray drying can also be worthwhile in those cases
(variants a and b) where, although anorphous structures are obtained, the
stability of the protein in the anorphoussstructure is to be furtheﬂ?hMYﬂmz
i mproved or the annrphous structure of the sprayed products is to be
further 3s S e ary
for phyS|oF%g|caI reé%ons ﬁ%dﬁgif + e?é%%ffgykéfa¥wg£§8rP8n% weeh

conbi nat i orPdfan e \awre kait sraa@maxbﬁe@r or i vk taee %hgﬁﬁ@ﬁcahﬁl prpd\dtzﬁdr

8 0 2 MAY 20 tdie & fige e dthd e@f’Yc@z@@é@ﬁ’f&'n Jﬁﬁlﬁgaﬁbmgaeﬁugeﬁeﬁét 8at 5

allows himto select a zmtterion with_polar or apolar_radical so ,that the
dried substeficEiMs e Hase Loatere of a§s79?ar¥%¥?f%ﬁa}9%}?péréparelﬁnd/or an

amrphou&dsgarw:%%ultmbk 52@199[71)@43"@1@@ N%?l@l&ﬁbb%ﬁ%@@ artxzmr@nmeth@ufda
correspondi addi tion oduct s obt a Wi r ss accordin

t he inventlQé% 6H5E§3 dﬂ#$ 0§56% Vi yyhﬁn%ggngo 58 PORAEFs© ?n
partl_l_(r:]I e s@@mq&d\rmﬁb Gﬁ)@a_oafmtim]tlam qirlﬁﬁzemac_béguérmm PpeDOtiom to O. 1
mm € praQgess cordin ef er y a
particles ?%l ga%flgilné’dqfén a earjt (?% és%elﬁ\%%égg\%am%i%ﬁ ?fs?éa ?g@ﬁ %?eg%ﬁd
can be repﬁﬁdh@@$umﬁqny¥ﬂ11ﬁ3Pv&@% The resultlng products have 25 a gl ass
transitﬁpn tenperature > 20C, preferably > 40C, and a residual nopisture
content < 8% (g/g), preferably < 496%%% The anorphous structure is
furthermore retai nddieoViTL S SFERRS tW laf 9eRROIPT nREhsaleoharhd

wi th | yophidyies s et d1s1 praicd e dayees admﬂwaéaemoﬂynﬁd:tacy\ﬂschmé 20

hi gher by at .| east a factor of 1.15 %& % t han Iy fhlllsates and, conpared
wi th productPFaRNG Miedtei urs \/%{P*R&Lﬁ’ﬁ Vng@T iR e 31 gt TPTanE y | over
crystalIln@nyﬂuﬁanrnyMnthe xmﬂgd{urpbry$anbhéﬁhdé® aapg phbns, product s,
wh oh =2 Al con A Rrabeineae Diolagleal cBb ey ales cdne, Produged
accordlng to e i hventd'on y convect i rcurar’ by

drying or §¢ﬁﬁwkmhﬁnﬁkﬂlan1n¢nﬁqhxkhﬁﬁ¢gréiQ&ﬂﬂﬂﬂ@n @YSE@S@@nsgbﬁcomethe

bi ol ogi cal i®1€RIAIN é”"iéJEiﬁ%“ﬁﬁé¥H¥bﬁ¥hé">§H€ﬁyléiﬁh£ﬁérYtPﬁpQHﬁhSHe
convection drying at_an inlet air tenperature of 50 300C, preferably <

200C, it hIAMGeRAYRF 1901 ol voF dth % Noi he Samiante Risheres of

stationary qaage (B)stcdapraididlstmek torabIAP0, azﬂ_:hﬁ‘fﬂli@-ma/sﬁaﬂﬂﬂc aaa_@rder to
obtain def%ngﬂ roduct |sture content_o he 35 $rgc§aﬁ Eordlng
to the Fnvértit ﬂﬁﬁﬁrﬁf% quir e %ﬂﬁd sﬁ%?St% BEEORTEWY “Tn the

final produediesiitne mahmﬂlﬂﬂuﬁrArakanlnnuﬂdgstelmbz P2 Dsdieusine,

ossible a r i o V.en ony, i t ace
o heans. of oL, S GESAHE Moy A UG ORI Y PaLife 248/ 8
fluidized @@dfld'ra;hlnf@s §h@q%ulﬂaﬁ VEVPir tef @ el sy %@r@&ok@n n@r@o the 5
i nvention. ﬂﬁéﬂéﬂéﬁmyﬁémﬂidyéﬁJ1ﬂfEhéﬁﬂd¥miﬁft&héﬁkcﬁéﬁﬂslSP§@£@¥§Elyn a

manner known per se as sol.ution_ or sSUspensit on throug CJO<$ZZ es O

Or a1 A8 QISP PP et o b P e (TSI ACHE. dF bTeL S 5e tho
udper end @ﬂu&amumaaqﬂdruhnsnﬂdunﬁneﬂynﬂne'Hurém¥ﬂ@hem¥ﬂmiamlmé dthplets

S om Xed MOt Alnidle AL AL ML a1 Paseade ar Ul e
atom zi ng zone |nto e dl’ an ion i's a oni zed' under of herw se
i dentical owidiionsms, bphmlﬁn:mq G- XD teamhpane e hoze | andfodi sc,

al though t b Raklicled Siks-dlistribution of the spray embedding is narrower
with disc atom zation than with nozzle atom zation, it is shifted into the

coarseﬁpreglon 20 Suitable atom zing devices are SwWirl pressure nozzl es,
pneunatic nozzl es (Hlmmwmqmtdddwwmmmm Mzﬁl(ﬂé)p@fpﬁgétbffugé|
at om zers. % pneunmati c_nozzles require th great est ener gy

consunpt i or:i'anS’P &t%&nafft B B 8 S INHAE % hoe% m%z%ﬁf%lép%r%
parti cul ar prosgitnah| @dpedaiese glycoproteins, lipoproteins, enzymes,

coenzymes, antibodies, antibody fragments, virus
35 constituents, cells and cell constituents, wvaccines, DNA,
RNA, biological therapeutic and diagnostic agents or

derivatives thereof.



25 of their flexibility, for exanple for achieving particular particle size
ranges or particular particle shapes. Theg process can al so be car(? MY gi02
by means of the use of a t hree- conponent nozzle technlque It is possible

t hereby to atom zemt_vxﬁ)s %ﬁg :cLiB%%l %IGt %%ﬁl%?{?érﬁégﬁ kes two variants

of the atom zati on poSSi arately
and, shortﬂ@llst&@ef@r esmme:asmnnzatfl bmplmxedWaMt@iaﬁlat&Tﬁ zatk This

variant i s gafgrably: Usede gpgl >gtzrg§ld? \éﬁ) n%inent(sJare stabl e

for only a short tine in one has ~~ ~c~ The
two |iqui @W@WW%%M@%bl@rryaEDhEZédcsapélrameIt%ea@ddmpeecbfbedmﬁrﬂaers,

enteri ng e NOAZ S OF | 41 €€ox T éﬁt¥arEQQEoﬁéglggn#S%%en%r two i nm scibl e

solutions or where the 5 stability of the conponefts=is Erisur ed only in the
solid staP&eS3 VRdsl fR%sible to use these specific types of atonization for
the invention just as well as classical tw1l0 conponent atom zation. A

process according{0; dnyent bg sﬁlsa@atrym{; Wdrh 80 bl @lral bet egperature
in the range between 100C and 180C. Since there is also a risk of

deconposi Pronesf adrerESng pray-hanBaUeR FPras ot Red A saTaPRY EehiRsafliteo
I ncregges, highgr éde@msemg Q5167 300Gh Ate 3ar BRI di 30t,1 PR OGLER i M@ thutn can

certainly be considered for specific applications. It _is surprising that
t he stabi Bty afwarhahBicoFbgy can et 8F i & s 9T WP HBLY arbraYisRses s very good

al though bhenkotdids Wsediekoi-aLenrdl Ngnépeb by pyent ls‘aBsft%rncteh%vdraY' ng
pr ef er abl ?\ﬁerature of > 100C. The spraying of the solution after

as ate
the dryi né Eég’&f“tc? e rEm sl }Ii‘/c’é?ﬁ%‘?l ] barFPchétl FT¥HD&j ust abl e
and 25 r eprodueisbipe sxaitlie|andiee roagel c Spheahcal 1abgpespaidandeavour abl e

flo“’@EOngEh@%u?%d %Van oz Jdgul.an P@r5¥8£§a§5%58% %ﬁé%%&ﬁ@éﬁglsely

those particul ar eous for
appl i cat i %ﬁbeéélﬂlﬁeh}ﬂh%qawtvﬁﬂﬁ%%e W@@@@sdaﬁcogdprﬁg coopE@ble

i nventi onfagguNel FRYsR IR ONLWENU Easd trisnat 80cR08 8Bk 23¢edi ng to
the invention to produce granules by spraying the solution of biological 35

mat eri al and substance m xture onto a carrier with a particle size range
fromO0.010 Mmto I8 mns presherfxbind OtHat olrl the tésesofhusrpedsiddze-eas t h

t het pf@Ceéén@EEQﬁ.dkrnQub%ztsh%ddH’ea[E | Ofbr DY USh DG, T BEcShaked ssuhstance
m xtures, hlckngkgegd form amorphous structures after spraying from

agqueous or organic solution into a hot air bed, but have low
glass transition temperatures (< 20°C) and therefore result
in yields which are extremely economically unfavourable on

25 drying, and have low stability on storage, the latter in
particular in relation to the retention of amorphous
structures, the Tg is increased so much (= Z0°C) by addition
of zwitterions or derivatives thereof that they can be dried
in good yield, and the amorphous structure of the

30 carbohydrates or of the complete formulation is retained or
stabilized.

It has furthermore emerged, surprisingly, that it is
possible by adding zwitterions or derivatives thereof to
35 obtain carbohydrates such as, for example, mannitol, afterx
the sprayving from agqueous or organic solution into a hot air
bed, in an amorphous structure as is necesszary for
stabilizing biological materials. At the same time, good

vields are achieved therein. This result is surprising since



11 0 2 MAY zaa2 crucially the drying of carbohydrate-containing
canpositions. The fornul ati ons according to the invention contain as main
conponent a carbohydrate, preferably sugas, and one or nore zwitteDiZoW 20
with polar or apolar radicals or derivatives 5 thereof, with the glass

transition tenperature of the sugar being distinctly increased by this
2w tter | on BRIGIRGERIOD FHR S RS | 3 S ChA ReC e coRpoREnRteaFels

zwi tteri ongawdtiedpahad Witlapot adddogh 6l S oswietéyadbhyes 1o thereof can be
converted into stable anorphous forns by addition of carbohydrates. It is
al so possible as an alternative to the carbohydrates to use zwitterions

W th polar or apol @an lithe asliloat shaord dei t viad s Viesenh hEoendl that gtvenes

th f.. T : ti f it i
or | vat (e Trar Sort e (7 nar e s e £ DPeEfo P e P38} ofdh LALLOBERC!
derivati vede eriest afitér aqtarinadioeh sagreots aor | enganofesohirtieni ontei t h

pol ar and apg|ar agiflgikg‘egﬂ,- 2L A 1 R0 O YahOr gL Rt | pHsmCap Al s8R ke

obt ai ned by specifi. justment of the pH of the solution of zw tterions
with pol ar a© &dteEimedditd Sorlanephves feerer, 2afbhionrofn

conmbi nat i Olka e HSHS K & AT ddriRRs: W £ e isaebe. pref erably enpl oyed
according to the invention consist of at |east two substances selected from

sucrose-’ L- argi ni ne, L-phenylal anine, Laspartic acid, L-isoleucine and
derivatives thereofamc¥piBesi des-ddtencapnse tabes olida ta¢@dwhant he exanpl es,

the fol | owing Subsiance madures fave also.peayed.pardd cilahvesdltable as

matrix for 'ne Tormati on o sprayeaepro Uct s accordi ng o the rnventron: 35
M xture (fdemidmed afSier easavinay dirmmer@aneots phenyt gdah neolutionpigteny

2002 M xt ure HJior L A AN s aSPALtd crafid ahdr-brbso! sy NE,

M xture (fgr rrultg) . :%)Sed’LZ'- Ar g%b\nrgjnﬂ; da}%ldail:r}f)éﬁenyl alcfani n§ej, , M]>r< ure fgr mul a) 4:
L- Ar gi ni®ne XIOnmp Ky al il e ARNUSEFARY cSwtiPl AP ient #HnCal S8Sr eFat es

to the usemfre heyila AN AU PrORUCE Sy PiRsksIEsh ACESF ] Mo t Oréfi@cenyrBt i ON
for producing di,agnostic aor therapeutic conpositions bg furt hJe_r processi ng
t hem wher eaéﬂ%ﬁlp S S A o Vet SHEICERRTH1%4r P sTBLeERceR %nd

exci pi ent scotfbinations of zwitterions with polar radicals and apolar
radicals; on the contrary it is also possible to employ
20 combinations of zwitterions with only polar or only apolar

radicals.

It has further emerged that one or more zwitterions
with polar or apolar radicals or derivatives thereof which,
25 although they can be spray-dried, are not obtained in
) amorphous form, can be converted by specific adjustment of
the pH of the solution or suspension before the convection
drying into the amorphous state, preferably by adjusting to a
pH of 7.0 -~ 7.5. A specific adjustment of the pH of the
30 solution before the spray drying can also be worthwhile in
those cases (variants a and b) where, although amorphous
structures are obtained, the stability of the protein in the
amorphous structure is to be further improved or the
amorphous structure of the sprayed products is to be further
35 increased. Such an adjustment of the pH may also be necessary

for physiological reasons.

The skilled person is able, by suitable combination

of the variants mentioned, to increase significantly further



Exanpl e 1 The carbohydrate and the am no acid (AA) were dissolved in water
at RT. Adjustnent of the pH nay be necessary dependi ng on the biol ogical
material used. This 2o solution is then sgray dried. It is evident (f7 MM 200
followi ng table that, for exanple, sucrose or fructose cannot be dried in

econor cal | y.g0gd s 4LeLds begaysent Lua | aweolassrbransid ion temerature 25

(1.1 and 1. reas t e utions wth itron resu ter the
drying as fahéowarhimléodﬁylséﬁdér§Wﬁﬁtgéé@nyWé¢@sP@iaZ or] apdit 1.6). It

I's further eyhdenty EBOEhEIEeth@bli?1Etiatsu5§'fzg9i@l€dﬁﬁ5&§tr%u@ﬁsa% Qi anpl e,
mannitol, which after the drying normally do not form aporphous structures

30 and resuftapR Eé@ﬁﬁﬁFéﬁPl eWQ@EGFHEFeaFﬁéPHSaPla?Prp@ﬁuédﬁqﬁqﬁFqﬁe by

zwi tterienscempdel byat wies bhetuBetaheemartamer phelsust bUcldire syhdiesy| t
i n good yI6|g§ s are necessary for the stabilization of biological
materials (398}*°"p 2 MAY 2002 13 Carbohydrates with addition of
ZzZwWitterions with polar/apolar Exanpl eCar bo- Am no aci dResi dual d ass

tran5|t|onhydrateng&ﬂ1 Liepper %&ggggggggggggggfg&%&g@%ﬂaég fgyﬁ?,q§tate

of aggregatlonSucroseE rglnlne( Z anor phoustack
massSucr osethar gnvenef on2pr¢0882rnha0exandymicroscopically homogeneous

amor phoysPoydes ﬁg% %’Q?Eﬂ:l%' an,pe(1,3L10032 828065 LAY to 1 mm,

i
armrphousPowder?%g f z
anor phous PoBef £¥ak ﬁsézomhenwlaman fef1lsyp75Ghe3rFOCRSFaR CAPBIAIRSGLStAcky

mass( 1. 6) I 0915& Qﬁ@&@&5ﬁya@mewsh_@yéf’@ma@nylvaﬁﬂetr@bau PaGitRicN /s to be
L- phenyl al stal l.ine

a 1 72 g 81 h rg
200 Xt oy TG PosceR: 5 eL g FadpusrRaS, Bh3<8 18 FBRARAS Srte A no
acid and thbecaebﬁhﬁdcaﬁesmep31dnﬁgmyveélnn ThewatenlatngT paodususathadrd ed.

d |
crystal L ne cpyafal Poaafir P PlreBpatetnt S08CP ReBOEBTY B2 AR s
are obt ai ned D@Séddalimnietucarbghyanaté B2. 29/2)3, pZedpraiivt terions with

pol ar/apol ar jadi g;;s opnad fn&i:BHons 2t £AELAYRY dLatgs  BXRMRLRAPNR 1 neqg
aci dCar bo- R55|du assng/ m hyd ratematertran5|t|onng/n1contenttengfrature
CCrystaIstr%%?ﬁr%E@%%@e times of at least 12 months. Compared wit

?f ?lg_gr egat | Djﬂd;pl&[ Qi2 %igég/etz gbéé Pydaosysprapyl aﬁehbph@éﬁz9 a%%lkm%l.@rz 1852 %' S
alline [ g neSucr
4>20CX—E§mqﬂb$ dg oWder £2P eﬁy a%ﬁ%?ogga?aﬁg ?ééﬁ %68 i %@ﬁ ﬁq
er(2.5)2044aﬁd20ﬂmﬂpayednwpth§podUets ftdmofzekhie @@oyaEmaangyanﬁhe anlno
act ds wer & (losolyads kDYRLEY 8byET BRYsERI RN keflechbsl $ogvid gl%ntsg fgom t he

tabl e t hat t e pur S 1n crystalline structure (
anmor phous formulation.

25 The amorphous products, which preferably contain
) proteins as biological materials, are produced according to

the invention by convection drying, in particular by spray
drying or spray granulation, by producing a solution or
suspension of the biological material and the substance

30 mixture, and carrying out the convection drying at an inlet
alr temperature of 50 - 300°C, preferably < 200°C, it having
emerged that the relative moisture content in the stationary
phase must be adjusted to < 70%, preferably < 40%, in order
to obtain a defined product moisture content of < 4%. The

35 process according to the invention thus permits the required
residual moisture content in the final products to be

adjusted intentionally.



structures are obtained on addition of a second A A (3.5-3.8). In Exanples
3.9-3.11, the Tg values of vacuumdryings are indicated. The Tg va@geﬁmom
vacuum drying of conparable formulas are glistinctly bel ow the valu in t
process 10 according to the invention. Zmtterions wth pol ar/apol ar

radi cal s on further_addition %‘ zwitterions with gol ar/ apol ar rad| cal S
ExaaneAnlno aci dAithgs possible according to the invention for

aci dResi dU@'oﬁv%&ﬁimfriﬂdﬂifﬂﬂgf\/aicﬁrﬂd@%ﬁd@@@ﬂhﬁé‘éﬁ@@.ﬂﬁlxui@lzed drying,
CCrystal str. ur eSt

of ayar ogat Fols Agh APNERS Bsdiss: ARG 1 | SREAcRF LETSHAEERArRES. 2)21. 70
0. 4- cr yst aldryrieyovide idarRhienyll ardl yapreef{edr 3) Hp 0 &d caysdadil ngepowdee

L- Aspar t5| C ﬁﬁ'v%(n% 6.70

0. 3-crystalTi népowder L- Phenyl - L- I sol euci neal ani ne(3.5) 204
1. 2>20CX- r ayanor phouspowder L- Ar gi ni neL- Phenyl - 16 n ~ MAY 2002

al ani ne(3.6) 204 5.77>20Q(X AN powgler. p, ackd(3.7)
420 5. 5>ZOCX-rayam)Ir}l;housps{)V\derL rgjllbfn nelL- A%%%%%/lﬁélgﬁigﬁc?%e(s 8)

4022 4. 2>2GCFFNSChyhsr FIRSSFORRT IV RIIUMAr3F P Exah eXfi FisSRERERRT N0

aci dResi duah@RsHTH0H AMH I HaLSS thadlisd td PNE ol eI 1 e PeE 8t 1@ atomizer
CL- Ar gi ni nel.- Phen

1- al anitfei §1§53 %’7 BYDE T stoPf SEPLEH. 3. 18522225197 91°8 8 wdfple 4
The ami no agnldmh&aﬂﬂsmﬂnwiner wattey mwdsHIE ang sigayofirdedplétsi $sevi dent

fromthe follown that an X-r.a r hous structurelsf r

speci fic adjdt uset\grre“%t o?‘cf 1o PHA . Jf}/ear% C-% I e S P2 ?ﬁ‘eg arouné{
crystalli n@hst _FeMizd Tigs Zotiteai imgd (he2 cnee. 4J)f a éﬂlmwmex:a oasomi ghd
pol ar/apol g géymdﬁﬂé%d@ggnyd%ﬂgfy%f“%dyﬁﬂEEbns by means of a two-

aci dResi dual G ass m ng/_m wat ertransi ti oncont entt enper at ure
CCr yst dist FORPAESIta O 27 ey e ghits On LA Uit h e DSHEoEC 48 29The

7. 2X-r ayadjgustredaymriphowsvidHe sp ray embedding is narrower with disc
I—13P04PowderL Ar.gi ni ne(4 55010. 2-cr stal I i nepowder L- Aspartl ca |d&4 3) 8. 300
. 5>20CpH 72 Rnp éﬁ%ﬁﬂ?ﬁﬁb tomiZation, it shitfte o
NaO%PomderlthéspmamS@acmﬂgdLo@.G. 700. 3- crystal | i nepowder Exanple 5 1 5 The
carbohydrate, the AA and other ancillary substances were dissolved in water
at RT, adjusted to pH 7.3 0.2 and spray dried. 10 The followi ng table
shows @ptini zed actSwidadyhgy ftomidiay asoitRh@ae I brivcessunecording to

the invent @B (1eel- %n@uma%lm %f‘cf‘z%ésm(f%@-c(énﬂan AR/ 1ipesle L ObmSORBAE T SON.

No deconposition products were by any of the farnulas after the

drying, it neélz&gsao% ﬁeélttr&fd@aéctaqﬂr@%% ettt oY RS tHMApoZ 2 Les
aggr egat es ranfh i kRO theRyr® ats te X RN G dh L0ngd 1 10T Bl st dmZz &t Hon THe s

‘5’,3'3;19 Is ngL 9488984 £VLAL Yo AMULLd Yark MRILNS | SO0V BXBIRL Se
25 of their flexibility, for example for achieving particular
) particle size ranges or particular particle shapes. The
process can also be carried out by means of the use of a
three-component nozzle technique. It is possible thereby to
atomize two liquids simultaneously.
30

This makes two variants of the atomization possible:

Variant 1
The two liquids are fed separately and, shortly
35 before the atomization, mixed and then atomized. This variant
is preferably used when the mixtures of two components are

stable for only a short time in one liquid phase.



18 0 2 MAY 2002 By contrast, a fornula not according to the invention shows
a very high content of high nolecular weight (H ~N~) aggregates and EPO
dimers even imediately after the drying,;§5.7) . 5 Exanpl eEPQAM nB.z MEAY 7602
aci ds/ Residual @ ass transitionU ancillar yvvat ertenperature

CCar bohydr at esubst ancecont ent Cryst al ng/ M ng/ M ~structureState

of aggr egat V8E1BIAr i ni ne/ Sucr oseL- Phenyl - al ani ne/ Tween 20(5. 1) - 20/ 2. 8_>
20010020/X-ray The two liquids are fed separately, atomized

h 02 - A henyl - al
2005. 2) 7008FROFS 51y IOERTIGR L) HorGS: Boict (8 A0 10 1019 4 Thie

20C5010/X—Way1ant ‘can be used for two immiscible solutions or where the
am)rpho r EPQL - roselL- i Twee

20( 5. 4) f%%gmﬁg g g% 5®fg % S éﬁyﬂ}éd‘%ﬁﬁv'¥% MEho1ia

anor phous0s2poeder EPQ/ L- Ar gi ni ne/ L asparticaci d/ L-iso-1euci ne/ Tween

20(5. 5) 5010/ 30/ 4. 3_> 20C 10/ X-ray

anor phous10/ powder 0. 1EPQ L- Ar gi ni ne/ - L- asparti caci d/ L- phenyl - al ani ne/ Tween
20(5. 6) 5010/ 30/ 4. 4% Y86 POSRLRAP &FoMSifolNEspEReTiEir tyes @f 2 MAY 2D02

St orage st alab{nhtzﬁt%nE&@&plt@leB 13vich thhl Heerat®d weatll Rl ahdied Drivo-
nont hs HM/\ag %)et esEPO di ner sFri dgeRT 40CFri dgeRT (20-220)

40C( 4- 6€) (28" Pk BEPELZATIOMN) <0. 1~<0. 1~After 2<0.1~<0. 1~

<0. 1~<0. 1~<0. 1~ <0. 1~nmont hsAfter 3<0.1~<0.1~ <0. 1~ <0 1~<0. 1~ 0. 1~nont hs
Cont ent of HMNagg ates and EPO d| nens | riula nat accor rdiing tg the
i nvention i mredi at arcer |°r¥§11 arrpl eeElf"a%e uzﬂ E N a1 ch

di.mer sU waeer aggleegat-te‘s (t&nb@r(a@rmtrentmk tydr aeenay ﬂﬂ@@/elradt(lﬁtq -be'e]
7010/ 3. 49 230040 BYapRl %h@r-gh%sf ah lsewizng s ExangH %%c@nfjﬁ?:s]lzc idd Yt r@l—ﬁ& the

effect of the chosen conditions in the process accor to the invention
on t he 1fi n8PYBYo8TREsdinge aﬁolth&mlﬁéeltolaﬁﬁl %@ecr@tweﬁl WSEedsRest i gat ed:

M xture (faigHea) témps,@t@rtqees b- angicni B eand rhelNeNHA Fidtidivie Iu20
M xture (fornul a%l t[ i ni ng, -a%ﬁ%rtl c _aci,d .and L-i.,sol euci nerIJ(eB: 1:1)
0 2 MAY 2062“266‘ FRETHY PRoFrufdfiesed IRY SRSt Thtd AIHGRA i et (5 1)
M xture (feuppkasidg BhetAtpenisnepillipley] ahenivie land dalasgEarddicalaciih
(3:1:1) the formulations is very good although the hot air used

20 according to the invention for the drying preferably has a

temperature of > 100°C.

The spraving of the solution after the drying results
in preferentially spherical particles in an adjustable and
25 reproducible particle size range. Spherical shapes with
' favourable flow properties and a particular particle size
range are precisely those particularly advantageous for many

types of pharmaceutical application.

30 The drying times with the process according to the

invention are not more than one minute.

It is also possible according to the invention to
produce granules by spraying the solution of biological
35 material and substance mixture onto a carrier with a particle

size range from 0.010 mm to 10 mm, preferably 0.1 to 1 mm.

It is thus possible with the process according to the

invention, by using the stated substance mixtures, to improve



Spray drying of substance mxtures 1 to 4: StartingConpositionof the

sol utionmaterial sM xturel234Sucrose50 ng/ m L- Argi ninel0 ng/ mM 30 ng/ m 20
ng/ mM 30 ng/ m L- Phenyl - 10 nmg/ m 20 ng/ m 101ag/ n al ani neL- Asparti C]{?Z MY g O
nmg/ m aci dL- 10 ng/ m | sol euci ne 10 Exanple 7 Spray drying with difterent

inlet air tenperatur The four nixture re spray dried at three .

't ferant B T POrT At TR S G B A S EBEon
very i npor Tt fpatariettdrorisn ddweoshiray wy e drsvdrinel ol combash uae mahhent
in the stat] [ hase t.h ay j e i onary a i

regar ded as oﬁ‘g)%rrll)gé n&h% é:ra%bnoghﬁgdergﬁnﬁredn p%é/efre khly]_psf ég}s’s %ﬁéd?lglgnégtljﬁére
sprayed parwiitites liogsconpiretm 2y @l adwl srmdadimaksper aderevatiess on the
dried sprayed Rt ] Glies, ithd GAChEd ol el ol el lire ontgolshgathe
stationary_phase determ nes the noisture content of the product after the
dryi ng. Th&el8iGaGivd iRGtdMuria SRR Do W T oS- ¢ ehi 3dehsECdepends on
the conposition of the 25 fornulation. The relative noisture content in the
stationary phase for the faur m Xxtures . was chosen accordi ng to the

i nvention to be very¥BwaH s s W Aok e | RSP Ebo1 @800 in this
case). Thi gswastakliicshed iwietdrdrars prmyaptrldmgadicald dt dertvédt26Esn Xt ures

1 - 4is still in fact.possible, r.ay. dryil of_the .four mxtures was
possi bl@ s% SEFREL &N euﬁ(%lrvﬁrhtee%;bl({%//teon%tﬁr%lﬁeecﬁ "&%rrP&???%négr’P% 13¥I cases,
fi ne- powderdsiprtayne mife ddings(@3Btaser e obt ai ned in good yield (> 900).
There 5 were no deposits on the tower cone and the pipelines, and discharge

of the products was possible satisfactorily despite the |ow dust/air ratios
( 50 g/ NmB (STP)). IReligt diE nBloRid @t @t a0EIR Biagpre Bh9ests on the

spray enbeggir-Bghl &S toSRIsel Tt i HRNSHIDh YelLF $PNdEHtarosnol ality
M xturelnlet air

E . . .
wat er PEBenEPEYEENS Y Rrditdraias &EHeST 196 MHaHTHI T aFrer $9 5t sTrEEF onsol u

tion/sol utfemhlations can be composed of at least 2 zwitterions or
SESESECS$g/ gnBnosnl. kgaM xt ur el 27 441 270/ 27211, O xt ur el403. 07.
217, 441 02EF2FOPLIOTE é%fﬁ%fggg’é%bg{oé‘?%ﬁ?%%{f 5%2‘%&?7%‘?25 020M xt ur €100
3.97.4/7. 44wi®1¢tr2@z/szm2ﬁeazimt>dmﬁseme@ﬁ Miﬁmmﬂlﬂ mm@@&: OP20f Xt u
101002, 47. 44714310132 GAALEL B Gl Gho 12t BRla. BT £IEL 450 |

(fromt enperat urecontent, vapori zati on7~
st rengt®fst at i onar yr at esol ut i on) phaseC~Appr ox. g/ happr ox.
g/ h60101007. 51001068845hd1:40 LA @45 .£3rmiBRE] dnlkd M0 R ¥so 122 do2a M3 2002

M xture 1802.7 7.4/.7.43 .1.013/ 216/ 31.011 ure 1003.6 7.4/7.38 1.018/
Syal 95441, GY3RPREGEEC1B63 P EReY O, i Y %%%fﬂ.‘b"z?%%f spray
enbeddi ngs zdisselriedsi winkdt golgayver dentliecalradilasls far déeipdfitdée density
and the OSEBEi?leUfY as ohQr e 4 ddAhn=3ald4t i on. The water content of the
Spray .
) Substance mixtures which can be preferably employed
according to the invention consist of at least two substances
selected from sucrose, L-arginine, L-phenylalanine, L-
aspartic acid, L-iscleucine and derivatives thereof.
30
Besides the compositions indicated in the examples,
the following substance mixtures have also proved
particularly suitable as matrix for the formation of sprayed
products according to the invention:
35

Mixture (formula) 1:

Sucrose, L-arginine and L-phenylalanine,



5 enbeddi ngs decreased slightly as the inlet air tenperature increased,

al though the rel. noisture content in the stationary phase was kept
constant. In particular, mxture 1 showed;an al nost constant water fg@ﬂqﬁm
at all inlet air tenperatures. 10 b) Crystal structure Irrespectiv% t'he

inlet air teggeraturgs, ail tEe spray enbeddi ngs are X-ray anorphous by
conpari son Y (38TMuL A, ~m xtures. c) Electron m crographs The

el ectron m orhggaphseof Lthepapray entdddnigs-fisoieRaimext ure 1 show t hat

the SE particles are in the formof alnost ideal conplete spheres, with the

surface changing froma texture resenbling a golf ball to a snooth

appear ance Mixhuracr€asinmgyai nBet air tenperature. To denonstrate that

conpl et e. sphe .ake_p ept .n 1SPLAYnenbeddi ngs were 25 ground. The

conpletefypgp%gé%%% eséggeﬂcgnggg %eéucgg'unanbiguously fromthe fragnents.

The node ofM g or disc atom zation, has no effect

what soever goathenshaper,obhthe1SEapanti 6hesr-38pdrthar bicglee size

distribution MXture 1 was used to denonstrate that the particle size

di stribution remains approximately constant at different spraying rates.

23 0 2 Mar Zoo2 Inlehe invention also relates to the use of the

ai rRel . Sprayi ngParticlePart]cletenperaturenpi.stureratesi zesi zecontent, d10/d

50/ d90R Bj%ngggﬁ?%ﬁay§8ﬁggéscgao ckd according €5 E%e £ BhTION Fl

hEunN, n100106dQu&ng/ @1 dgBoIELT14010008EpO0L6£5c8MPR 66160801 455 t0@x7/ 4. 0

/11.96.3 It e | N I i.d i, RaLyi Sl

distributid%%@g?gé%%?af%gﬁ 3§§ﬁgt%§ﬁ§8§%£%g e%¥§ha?§ht%ﬁ%é?gFUrghgﬁglégy

appr oxi mat e$yos trneafeaR@r eyFhpLeREE: | nl et

airRel . Sprayi ngParticl eParticl et enper at ur enoi st ur er at esi zesi zecont ent, d10/d

50/ d90RRSB- d' st at i onar yphase C~G /

hEun~, mt®010566. 00. 7/ 4. 0/ 10. 55. 8100105%8™BASgL3 7/ 9. 75. 7140101067. 50. 8/ 4. 0/

11. 66.2140101035.00. 6/5.3/12.66.6 Exanple 9 to Measurenent of the gl ass

transition tenperatlyre (Tg) b ifferential anni ng.cal grimetry (DSC) To

determ ne the glaséﬂ??aégl ?%%%Q% etﬁgad#ﬁgdgééﬁﬁl%gfaaﬁghghger%

crystal | i zadissobneld nehtwagepeakskRTa BSDugtmsnhppér ahaspHr sayPdeki n- El mer

(LI berling ' %&% h@ISNBART ehil 8160851 h1 Wk Rel i 4T dsRkt I aggn

(Messer, (5%%% e% and;Z TAd§7/DX slgnél t%ansduceremas usgd. The wei ghts

of the 3anpieitke botWedh SPERY 991/Y; wei ghed into al umi ni um cruci bl es

(Perkin-Elmer) previously wei ghed using an 20 aut obal ance AD4 m crobal ance
- . p

(Perkin-E mer). Thgrgryglg$f entofgo%%ghgogélféwing table that, for

example, sucrose or fructose cannot be dried in economically

good yields because of the low glass transition temperature

25 (1.1 and 1.5), whereas the solutions with AA addition result

‘ after the drying as fine-particle dry powders in good yields

(1.2 ~ 1.4 and 1.6). It is further evident from the table
that carbohydrates such as, for example, mannitol, which
after the drying normally do not form amorphous structures

30 and result in economically favourable yields (1.7), on
addition of zwitterions or derivatives thereof form an
amorphous structure and result in good yields as are
necessary for the stabilization of biological

materials (1.8).



were then tightly closed wwth a lid (Cover, Perkin-Elnmer) using a uni Vﬁrﬁﬁl
cl osure press (Perkin-Elner), placed in the neasurenent cell fl ush8ad M&Y
nitrogen and neasured at a heating rate of 10C/mn. 5 The Tg of m xture 1
were determ ned by neans of DSC. Wth a wat er content < 40, the respective
Tg were advantageously far above roomtenperature, which neans that the

m Xt ures ar@ameslyyéuvatabl eithradfiabibnzofigzbioktegioak ti timperlisal/apolar
particul ar human proteins. Inlet air gﬂgﬁéureSE wat er

cont ent TgC$C1003. 257. 61403. 058. 81003. . 7.528.2 Exanple 10 15
Differing rel. noisture content in the stationary state It is shown with
mxture 1fkeundiar theaf@l-. NDrsiAY @cLoNt asiadalt he staidOnasysiphase
influences, with congditbans 20 wWiigh are ofdieew se copsifiRhbruddecproduct

noi st ure ¢ont ent a_nd mth)H§ t he Tg. 0z Masn2QPZ 25 éx@,ls%él Al veture
tenperatureRel. noisture content, stati onary, phase

ter .
cont ent TgC~~C14041. 567. 7140103. 058. 8240255. 931. 7142%%% °f53%9m°9% 15 PRd7. 5
~28. ~ Exafpl e 11 5 Bf¥EEREE of CREEYMFEEal concentration of the solutidn on
the spray|ernbeddi ng Ad7Pncrease i A the init3-& concentratfdiCof the
solution {s possible in principle up to the sol ubili tire¥mimesphersdet gr mi ned
by the ancillary substances and results in al nost the s@msypmsi cal
properties of the spuayosdrbeddingfinasefroma 7a strength solution. THis is
illustratedpy)the follhpw ng table based om mi xture 1. >20°C

X~ray amorphous

Powder
} sSucrose L-Phenyl-
alanine
(1.3) 100 5 2.8 >20°C
X-ray amorphous
Powder
(1.4) 100 20 2.5 >20°C
X-ray amorphous
Powder
Fructose L-Phenyl-
alanine
(1.5) 275 0 2.3 <20°C

X-ray amorphous
tacky mass
(1.6) 100 5 4.0 >20°cC
X-ray amorphous

Powder
| Mannitol L-Arginine/
L-phenyl-
alanine
(1.7) 55 0 0.4 -
crystalline powder
(1.8)" 100 10/ 2.5 >20°C
10 X-ray amorphous
Powder
5 pH adjusted to 7.3 + 0.2
Example 2

The aminc acid and the carbohydrate were dissolved in
10 water at RT and spray dried. It is evident from the following
table that the pure AA results in a crystalline crystal



15 Inlet air tenperatureConcen- tration of the solutionTg/ water content
pHParticle size d10/d50/ d90Particle size

RRSB- d' C~C/ ~wndun1001557. 3/ 3. 6/ 7.50. 8/ 4. 6/ 12. 96. 710015/ 3. 4/ 7. 44 52.80 .7/ 4
.6/ 10.86.01007_ 57.6/3.2/7.38[ _ __ 0.8/3X49.7 15.7~ ~~ ~a~ t~~z 26
Exanpl e 12 a) Testing of various atom zation units (two-conponent nozzle,
atom zer dissjuartirg (B xt wsired 12 54 Thebus eambrphdhier ehtuatarezatiren units has
effects on the .p icle size. distpi i he,spra nbeddi ngs. Inl et
At A L R O R e e o Fongr 208  seof

t het ureuni t pressured10/ d50/ RRSB-d' I i ne i nor speedd90t he RRSBof gridrotation
C~.unBa r [ rpm,: . t WO ; sy

bar 0. 8/ 3. 7/ 5. 7?w011H8En£o£zEzfleE%.%%%%%%ﬁ%?%lar radicals on addition of

bar 0. 6/ 5 3/ 6. 61. 052n0zzl e12. 6180t wsa@kppyhydrates
bar0.7/4.0/6.30.994nozzl ell. 9100di scmax. 1. 7/ 11. 9/ 15. 31. 23823. 3

Example Amino acid Carbo- Residual Glass
mg/ml hydrate water transition
mg/ml content temperature °C
% Crystal
structure
State of
aggregation
L-Arginine Methyl-
hydroxy-
propyl-
cellulose
2910
(2.1) 55 0 10.2 -
crystalline
powder
(2.2) 20 4 7.2 >20¢°C
X~-ray
amorphous
powder
L-Arginine Sucrose
(2.3) 20 4 6.4 >20°C
X-ray
amorphous
powder
L-Phenyl- Sucrose
alanine
(2.4) 55 0 0.4 -
crystalline
powder
(2.5) 20 4 4.6 >20°C
X-ray
amorphous
powder




lo Disc atom zation is unsuitable for pul nonary uses of the SE products,
which require particle sizes < 10 E,Im In addition, the flexibility of the
t wo- conponent nozzle is considerably greater than that of a disc {0l MAY 2002
shifting particle size ranges. A disadvantage is that on sterile 15
operation with two-conponent atom zation it is necessary for the

atom zation nediumto be sterilized } ion. The ot her physi cal
paranmeters of the SE products do not depend on the node of atom zation,
appear ance i ncl ude At omi zati on, medi.a whi ch can. be enpl oyed t he known
nmedi a such as 20 ¢ SIVAY A S Vf‘?{e‘?;,g}gsassoev %&Pa“g?t? ragﬁﬁp?gg nobl e
gases (neosprangdristd. )Itorigarbiaent oikdae.the tdbleheEhe7pbyeDhAf er ent
nozzl e conbi_nati ._The i f4C ._cémpé'n i Or hreezc

nozzl esg\5 g?éegglsle%n%&%eegi ngg}alﬁl atz%énﬁ%zyng_ t wo 1?5531 Zélfs anﬁﬁthﬁgg{dgl y.
The spray efyegtivngs cineikich ach Gotaddidriamtal of seeondrdd- ¢dnpodeht -
nozzl e had iphysial1 LArAMRILIS agReiRg Wi il d ose,Dbulhegspl AYs egpeddi ngs

obtained fromthe tw |0 conponent atom zation, Even the Tg and the

X- 1 ay- anor FRCHS S Mgt THEMIUSR OEXRRRHIEN I Repk ot RIEPBF #PE§ with

i denti cal / didhiimerien el i &l iZRs IS dIAe adfe ivia RS OthiCt e epmbeBsident i cal
or different batgch sizes.as shown by the exanple of mxture 1. The SE
product’? oBE&EF % té’lltki?asjébv%egrbhysi cal 20 parameters of the spray
enbeddi ngs which are within very narrow limts. It is thus possible to
apply the lLts..of th [ [ it o) t .and
hence a pr ézgésl{ste?é%élyst f“%ré}%rpgd&uégia n ;Sasrdar\r/aglléa%]lée.o‘lf #‘%‘[ﬁéhg@ 888&18{1 ot
ai rBat chCryst al Parti cl eParteciedsCwith polar/apolar radicals

Tg/ t enper a- si zestruct uresi zesi zewat ert ur ed10/ d50/ d90RRSB- d' content Clt ens~. u

n~nC/ ~1001000XTay0—87/3: ) : SO 7.1401T00C Ay 0; B/ 6. 658.
8/ 3, Oanor phots tZ2-6180T00YR T ayo. “0anor phous ._514020§0X- ray0
.8/ 4.0/ 6. 958. 8/ 2. 8anor fA6ES11. 61000K r ay/ . 7/ 82675, 857, (F V8P phous10. 5
25 0 2 MAY 2D02 28 Patent Clainms 1. Process SPBFer odUERETITYS dnpr phous
products yhich, besides biologically active matetial, in pgawstaular|5
therapeutically active material, contain substance m xt uresukture
stabilization, characterized in that a solution or suspenstate of bi pl ogi cal
mat eri al and a substance mi xture consisting of (a) a carbhafiedsaeis apd at
| east onejzwitteriongwpthopglar or lo apolar radical or derivatives|
thereof, and{pr,(b) at Tgast two zw fiterions wifhopolar or apolar radicals
or derivatives thereof, and/or .
crystalline
powder
L-Isoleucine
(3.2) 21.7 0 0.4 -
crystalline
powder
L-Phenyl-
alanine
(3.3) 55 0 0.4 -
crystalline
powder
L-Aspartic
acid
(3.4) 6.7 0 0.3 -
crystalline
powder
L-Phenyl- L-Isoleucine
alanine
(3.5) 20 4 1.2 >20°C
X-ray
amorphous
powder
L-Arginine L-Phenyl-




(c) at least one zwitterion with polar or apolar radical or a plurality of
zwitterions with polar or apolar radicals 15 or derivatives thereof, is
produced and dried by nmeans of convectiomglrying wth adjustnment qfy gAY 2002
relative noisture content of < 70a in the stationary phase at an inlet air
t enper at urfe"of 50 - 300C 20 27 PrQg¢gss _according to Crarm I, charagterized
in that the sgl tion or |g_ibjspenm on—pT:le'pared acc%r(y ng to var%oaogt (c) is

adj ust ed tjo specific pH’ preferably a pH of 7.°0’- 7.5, befor the%

convectiorl drying. 25 3. Process according to Claim1 or 2, *t®4racterized
in that anino carboxylic acids are enployed as zwi tteri ongmeustthupol ar or
apol ar radicals. 4. Process according to any of Clains 1 t®oBde30
characterijzed i n thatLsubstiiarce nixdspeesicare enpl oyed of group (a) which
conpri ses (nono-, oligo-, polysacchari-ges, arginine, aspartic acid,
citrulling, ghujjamic acid, histidiney,lysine, agetylphenylalapine efhyl
ester, al dnine, cysteine, glycine, isoleucine, |eucine, met?_ir%gi ne, {35
phenyl al ani ne, tryptophan, valine and/or derivatives thereo 12 Pr ocess
according {to any of Clainms 1 to 3, characterized in that S§UBSt'8hte mixtures
are enpl oyed of group (b) which conprises arginine, aspartipé’w%’? d, 290
2 MAY 20DZ citrul | i nes=2§BiR@8i ¢ aei’#PaR1<t i di ne, |ysi ne,
acetyl pheHyI al ani ne ethyl ester, akaid/Be, cysteine, glycine, isoleugine,

| euci ne, et hi oni ne, phenyl al ani nesolenyipteophan, valine and/ or derivatives
thereof. 9 6.3Rnocess acgording to apy of Claima.2 to 3, charoacterized in
that substjance m xtures are enployed;pf group (c), which coatain thﬁa salts
of the zwitterions. 10 7. Process according to Caim6, charagterized in

t hat substjance m xtures are enpl oyed of group (c) which coggrégres the salts
of argi ni re;—aspartre—actd—ectrtrttire—grutantc—actd—ht—st l—gli—rlu‘ﬁ, +ysi ne,
acetyl phenyl al ani ne ethyl ester, alanine, cysteine, glycine, isoleucine,

| euci ne, nethionine, s5 phenylal aniyge,thYgE9PRgN, valine and/ or
derivatives thereof. 8. Process according to any of Clainms 1 to 7,
characterized in that one or nore substances of the groups of proteins,
pepti des, |gE¥SRAEOt €ixiSno |dREPr Ot BIiRS, 2 &RZY M Res2RaE0ENZY MEGLasgNt | bOdi es,
anti body firagnents, virus constituents, cells and cell constituents
vaccines, |DNA, RNA bi dt%8tcal ther®8utic and "8F&Hnost i c-&GEHES or
derivatives thereof are enployed as biol ogi calcontéet i al tenperSruddr OCESS
according{to any of Clains 1 to 8, characterized_in that conventi onal
anci |l l ary |substances fromthe groups of buffers, surfactants, anti o*gi dant s,
i sotonici zi ng agent $-2Apgiggeevat ilyv@hemrle added to the solution. 30 10.
Process agcording to any of aifyg 1,40 9, characterized in that th¢ drying
takes plag¢e by fluidized drying,_Tift air or flight drying. 35 11. Process
accordi ng|to®any of 3@ 4ins 1 to ™2 characterfZed in that-%he dryi nth akes
pl ace by $pr.ay or flaui. gli zed bed gryi ng. 30172 MAY 20902 12. Anor phous,

mjcroscopifcal |y hom% epeous procgu%ts contasnj hg a biologically activye
mat eri al £ ' i i i '

transition tenperature > 20C and a residual noisture content < 8~ (g!'g) 5

obt ai ned according to any of C ains ]Eié’mife 4

The amino acid was dissolved in water at RT and spray
dried. It is evident from the following table that an X-ray-
amorphous structure is formed by specific adjustment of the

10 pH (4.1 and 4.3), otherwise only a crystalline structure is
obtained (4.2 and 4.4).



13. Anorphous products according to Claim12,
have a glass transition tenperature > 40C and a resi dual

characterized in that

t hey

noi sture content <

A~ 10 (g/g) ., 14. Amorphous products according to Claim 12 or 13)02 MAY 02
characterized in that they are in the formof powders in a particle size

range from0.0005 mmto 1 mm preferably 0.001 15 to 0.1 mn

15.

Use of

anor phous products of AW¥teerePaFn¥ith pelaxn/epplprodaciifgldi agnostic or

t her apeuti

c conpositions. 20 16. Use of substance m xtures consi sti

ng of

(a) a carl

or derivafives
radi cal s or

apol ar

.()E:Ya(?mli:?[e anfi gy JEgSt Qe S L LT T OLL W3t 1L porar ar  apor ar
Rer edf "3Ad70r (B) a

: 2 ['east two_zW teri?__ns wlt,h po
der i%94Ft ves the86P and/ or "2%%( c) at Pt Bhe

a zwitterion with polar or apolar radical or &°p¥ehtal i thp=Bfratdres ©

plurality
t her eof

t her apeut
a relativg
air tenpe
substanti
Exanpl es

PRODUCTS

arapid a
products

t her apeut
stabiliza
t he anorp
this proc
in partic
use of su

1

particul af

AFFA &
9. Ay(. AuU
A5: BCHI hi
{val gb] X]
] ca] ca]ca

of zwitterions with polar or apolar ratlicals or “dErtadativ
or stabilizing biologically active, in particulsuru8pure
cally active material by neans of spray drying stdde a€j us
2 noi sture content of < 705 in the stationary phRsggatican

ature of 50Q_z, 309G 17. Process according to Caiml,

al | her &i descrihed with particular re ce t
Il t%“?i. 02 2002 PFE@ESS FOR THEJNANUFACTU%EB%E AMO
BY MEANS OF ECTION DRYING al , ~r, -~. -r The i nvéafion re

hd readily r@pttidfei bl e process for produci ng dridFeTBM3Spho
5 whi ch, besiides®:BPol ogically active, in particulBgwder

cally acti wedrgmtieeial, contain substance m xtures for

i ort.Ry neans dfs convectionodrying. The.gnvention also rel
hous, m croscopi cally honbgeneous products whi dyryacgl ohkai
pss, are lo in the formof powders and have a unifgQfsa-geon
il ar spheri gal . .shape. The invention furthernore relates t

pst ance mi xTUTES 3 stabilizing biologically active mater
protei ns by Teans of spray drying. .

A3{{4A%’(ge. A AY, °A A& ASR AysgA[ L. A 0.3 220°¢C

Au. Aur . A. AHPTAH-2A5@. A, 5. A5. Alyy. Al @ A. A. ASS. A, & EBR. Af

rsil K adjusted amorphous
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nl et
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ned by
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0 the

al, in

. AF!

ca] ca] ca

cal] ca] ca] cadspeatx<al)] c<a] c<a!
acid
(4.4) 6.7 0 0.3 -
crystalline
powder

10

15

Example 5

The carbohydrate, the AA and other ancillary

substances were dissolved in water at RT, adjusted to pH

-

0.2 and spray dried.

The following table shows optimized active drug

7.3

formulas according to the process according to the invention

(5.2-5.6). A placebo formula (5.1)

was used for comparison.

No decomposition products were shown by any of the formulas

after the drying,
weight (HMW)
formulas 5.2-5.6.

storage for 3 months

This value is not exceeded even after

(shown by Example 5.3).

aggregates and EPO dimers not exceeding 0.2%

it being possible to detect high molecular

in
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Content of HMW aggregates and EPO dimers in a formula not

according to the invention immediately after drying:

Example EPO Residual HMW EPO dimers
u/ water aggregates %
carbo- content %
hydrate %
mg/ml
EPO/
lactose
(5.7) 7010/ 3.4 9 2
50
10 Example 6

The following Examples 6 to 12 illustrate the effect
of the chosen conditions in the process according to the
invention on the final products. The following formulas 1 to

15 4 were investigated:

Mixture (formula) 1:

Sucrose, L-arginine and L-phenylalanine (5:1:1)

20 Mixture (formula) 2:

L-Arginine, L-aspartic acid and L-isoleucine (3:1:1)
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()-!" L10% L)Phe?quowé I L 10% & ()--vVV\I/%Q\M[w mg/ml
1066! ~ @& 10868419 - ! ° @&' 109ME () - ! @& 10%<x&' ()- F" 109

& ()-!#F" 10% 0%VE& () - YYYZKZS A
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Isoleucine
10 Example 7

Spray drying with different inlet air temperatures

The four mixtures were spray dried at three different

15 inlet air temperatures, namely at 100°C, 140°C and 180°C. A
very important parameter in the spray drying is the rel.
moisture content in the stationary phase of the spray drying.
The stationary phase is regarded as being the drying section
where the process of drying the spraved particles is complete

20 and the maximum temperature stress on the dried sprayed
particles is reached. The relative moisture content in the
stationary phase determines the moisture content of the
product after the drying. The relative moisture content to be
chosen in this case depends on the composition of the

25 formulation. The relative moisture content in the stationary
phase for the four mixtures was chosen according to the
invention to be very low at less than 40% (specifically about

10% in this case). This established whether spray drying of
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Relative moisture content 10%

10
Inlet air Rel. moisture Water Solid (from
temperature content, vaporization 7% strength
stationary rate solution)
phase
°C % Approx. g/h approx. g/h
60 10 100 7.5
100 10 600 45.2
140 10 1000 75.3
180 10 1400 105.4
Example 8
Tests on the spray embedding products (SE)
15 a) pH, density, water content, osmolality
/ Mixture Inlet air SE water PH Density Osmolality
temperature content Initial Initial Initial
solution solution/ solution/
/ SE SE SE
oC % g/cm? mOsm/ kg
Mixture 100 3.2 7.4/7.44 1.025/ 270/272
1 1.023
Mixture 140 3.0 7.4/7.44 1.025/ 270/270
1 1.022
Mixture 180 3.0 7.4/7.43 1.025/ 270/273
1 1.020
Mixture 100 3.9 7.4/7.44 1.017/ 2927270
2 1.021
Mixture 180 2.6 7.4/7.44 1.017/ 292/279
2 1.022
Mixture 100 2.4 7.4/7.43 1.013/ 216/213
3 1.010
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as for the initial solution. The water content of the spray
5 embeddings decreased slightly as the inlet air temperature
increased, although the rel. moisture content in the
stationary phase was kept constant. In particular, mixture 1
showed an almost constant water content at all inlet air
temperatures.
10
b) Crystal structure

Irrespective of the inlet air temperatures, all the
spray embeddings are X-ray amorphous by comparison with the

15 initial mixtures.

c) Electron micrographs

The electron micrographs of the spray embeddings from
20 mixture 1 show that the SE particles are in the form of
| almost ideal complete spheres, with the surface changing from
a texture resembling a golf ball to a smooth appearance with
increasing inlet air temperature. To demonstrate that
complete spheres are present, the spray embeddings were
25 ground. The completely spherical shape can be deduced
unambiguously from the fragments. The mode of atomization,
nozzle or disc atomization, has no effect whatsoever on the

shape of the SE particles.

30 d) Particle size distribution

Mixture 1 was used to demonstrate that the particle
size distribution remains approximately constant at different

spraying rates.
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were then tightly closed with a lid (Cover, Perkin-Elmer)
using a universal closure press (Perkin-Elmer), placed in the
measurement cell flushed with nitrogen and measured at a
heating rate of 10°C/min.
5

The Tg of mixture 1 were determined by means of DSC.
With a water content < 4%, the respective Tg were
advantageously far above room temperature, which means that
the mixtures are very suitable for stabilizing biological

10 material, in particular human proteins.

\ Inlet air SE water Tg
temperature content
oC % °C
100 3.2 57.6
140 3.0 58.8
100 3.8 57.0
140 7.5 28.2
Example 10

15
Differing rel. moisture content in the stationary state

It is shown with mixture 1 how far the rel. moisture
content of the stationary phase influences, with conditions
20 which are otherwise constant, the product moisture content

and thus the Tg.
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100 two-comp. 3 bar 0.8/3.7/ 5.7 1.018
nozzle 9.7
140 two-comp. 3 bar 0.6/5.3/ 6.6 1.052
nozzle 12.6
180 two-comp. 3 bar 0.7/4.0/ 6.3 0.994
nozzle 11.9
100 disc max. 1.7/11.9/ 15.3 1.238
23.3
10 Disc atomization is unsuitable for pulmonary uses of

) the SE products, which require particle sizes < 10 um. In
addition, the flexibility of the two-component nozzle is
considerably greater than that of a disc for shifting
particle size ranges. A disadvantage is that on sterile

15 operation with two-component atomization it is necessary for
the atomization medium to be sterilized by filtration. The
other physical parameters of the SE products do not depend on
the mode of atomization, appearance included. Atomization
media which can be employed are the known media such as

20 compressed air or inert gases such as, for example, noble

gases (neon, argon etc.) or carbon dioxide.
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The spray embeddings obtained with both variants of

the three-component nozzle had physical parameters agreeing

with those of the spray embeddings obtained from the two-

component atomization. Even the Tg and the X-ray-amorphous

form were identical.

Example 13

Reproducibility with identical/different batch sizes

The process 1s reproducible with identical or

different batch sizes as shown by the example of mixture 1.

The SE products obtained in all cases have physical

parameters of the spray embeddings which are within very

narrow limits.

the trial batches directly to larger batches,

process ready for production is available.

It is thus possible to apply the results

of

and hence a

Inlet air Batch Crystal Particle Particle DSC Tg/
tempera- size structure size size water
ture d10/450/d90 RRSB-4’ content
°C Items pm um °C/%
100 1000 X-ray 0.8/3.7/ 5.7 57.6/3.2
amorphous 9.7
140 1000 X-ray 0.6/5.3/ 6.6 58.8/3.0
amorphous 12.6
180 1000 X-ray 0.7/4.0/ 6.3 57.0/3.0
amorphous 11.9
140 2000 X-ray 0.8/4.0/ 6.2 58.8/2.8
amorphous 11.6
100 300 X-ray /.7/4.0/ 5.8 57.0/3.2
amorphous 10.5
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Patent Claims

1. Process for producing dry, amorphous products which,
besides biologically active material, in particular
5 therapeutically active material, contain substance mixtures
for stabilization, characterized in that a solution or
suspension of biological material and a substance mixture
consisting of
(a) a carbohydrate and at least one zwitterion with polar or
10 apolar radical or derivatives thereof, and/or
(b) at least two zwitterions with polar or apolar radicals
or derivatives thereof, and/or
(c) at least one zwitterion with polar or apolar radical or
a plurality of zwitterions with polar or apolar radicals
15 or derivatives thereof,
is produced and dried by means of convection drying with
adjustment of a relative moisture content of < 70% in the

stationary phase at an inlet air temperature of 50 - 300°C.

20 2. Process according to Claim 1, characterized in that
the solution or suspension prepared according to variant (c)
is adjusted to a specific pH, preferakbly a pH of 7.0 - 7.5,

before the convection drying.

25 3. Process according to Claim 1 or 2, characterized in
] that amino carboxylic acids are emploved as zwitterions with

polar or apolar radicals.

4, Process according to any of Claims 1 to 3,

30 characterized in that substance mixtures are employed of
group (a) which comprises mono-, oligo-, polysaccharides,
arginine, aspartic acid, citrulline, glutamic acid,
histidine, lysine, acetylphenylalanine ethyl ester, alanine,
cysteine, glycine, isoleucine, leucine, methionine,

35 phenylalanine, tryptophan, valine and/or derivatives thereof.

5. Process according to any of Claims 1 to 3,
characterized in that substance mixtures are employed of

group (b) which comprises arginine, aspartic acid,
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derivatives thereof are employed as biological material.

25 9. Process according to any of Claims 1 to 8,

; characterized in that conventional ancillary substances from
the groups of buffers, surfactants, antioxidants,
isotonicizing agents, preservatives are added to the
solution.

30
10. Process according to any of Claims 1 to 9,
characterized in that the drying takes place by fluidized
dryving, lift air or flight drying.

35 11. Process according to any of Claims 1 to 9,
characterized in that the drying takes place by spray or
fluidized bed drying.
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25 (c) at least one salt of a zwitterion with polar or apolar
radical or a plurality of salts of a plurality of
zwitterions with polar or apolar radicals or derivatives
thereof,
for stabilizing bioclogically active, in particular
30 therapeutically active material by means of spray drying with
adjustment to a relative molisture content of < 70% in the
stationary phase at an inlet air temperature of 50 - 300°C.

17. Process according to Claim 1, substantially as
hereinbefore described with particular reference to any of

Examples 1 to 11.
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particular spherical, shape. The invention furtherxmore
relates to the use of substance mixtures for stabilizing
bioclogically active material, in particular proteins by means

of spray drying.



