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WD 2004/ 099234 PCT/ GB2004/ 001992 ASSAY The present
invention relates to a nethod for renoving conponents

wobnramwoao23sur f act ant preparati on, and for assayPa@/GB2004201992

surfactant in a preparation. Particle formation

foll ow ng heat treatnent of protein preparations, such
as 5 human serum al bum nAGR3A) and reconbi nant hunan
albumn (rHA), is a known problem (EP 0 341 103).
Particles are thought to formthrough protein

Thy Be BT ERi G P B MBI O aiovipg Dbty B86n o
B t , 3 |

BB 3on o AP o P RGPy bl
Di abetol ogia, 27, 212-218). Particle formation can be

PaRHIOIFs@shtin foMewiagdiehi geataiens wffprotedn psepianatiibies, such as
protein preparation. It is possible to use polysorbate
hifhaatseaumaibenir G54 anld reoombingntihumary albyia GEA), 1s a

nowepicBlem AP 34k 1083 of Sdissea Hiotbt tBricyi fiiueh

DROPIIC A g e R e ped? ph8 ot s Thidgphobic

caubhsab Patei n anat i gns phehade R.T. (1989),
S e D s oy tiera - (1989,
Ehdpnssanidal | RgetronH6, G93nrns;) Thartvai Hs dbyisen bkt 1984),
at about 0.2ing.nL-1; ActjvaseTM 50 (Cenentech, Inc.,
[Gabetologhy, 20812i218) poPsstistd foanaiiomican ergnpidited iy the
in a total vol une ‘qgfg 50rnL; 20 aE/Je esidTM J 100
additionrof suriaptants 1orthe PrafsIn RISRET ai ns anongst ot her
i ngredi ents 400ng pol ysorbate 80; and NovoSevenTM 240

No ' i 0S: 1 -1
1} Rt 24 e sbhiopaiD S8 dla oMo L0 DAL or
38 dsePlopEaRnt %ﬁ%}gﬂiﬁﬂaﬂ AR heprevnt particl foirgation. EP

preparation including pharmaceutical protein
O3 4P a0 R tlisonsses Ase aschf vararsesurfacmta at eondeatratipns of up to

requirepent to assay for themin the final prqduct.
56h Gngééfgﬁf(&cyﬁt@ﬂh%lﬁﬁ AaEnan | n{?]éﬁwtli éefw- i mpgARY nother

p%grr}lgc?eu i%g p%te?nh aﬂrgﬁé:r% IE)IilSC allnclugg\lglllr%@gﬁtg\l &Y example,
Orthoclone™ OKT3 (Janssen-Cilag GmbH, Germany) contains polysorbate
80 at about O.ng.mL'l; Activase™ 50 (Genentech, Inc., CA., USA)
contains polysorbate 80 at <4mg per vial in a total volume of 50mL;
VepesidTM J 100 (Bristol Laboratories NJ, USA) contains amongst other
ingredients 400mg polysorbate 80; and NovoSeven™ 240 (Novo Nordisk
A/S, Denmark) contains amongst other ingredients 0.65mg polysorbate 80.

Thus, surfactants can represent a significant formulant in a protein
preparation including pharmaceutical protein preparations. As such, there is
a regulatory requirement to assay for them in the final product. The

accuracy of the assay is particularly important in the case of pharmaceutical
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However, it is not possible to assess surfactant

woamid@ae234accurately in the presence of protei RCDEB2UEDH01992

the detection techniques enployed for surfactants,

Feasdratisnss peEomesenpit, ishngh possible mengssebs guifhctant content
chr omat ogr a&gy, interfacial tensionmetry, capillary
asteratelyphotes insesenee a0l Profeyaiiecawse om defeatjon techniques
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o8 Chfitn TOCEHira®bn2 And qUEO¥Ee. PAIRS Fefect platbidNThddthe
protocol teaches, as a first step, the addition of

peoteancontent Bady topdn overeddtimsationooff slrfamtmtt dontentie
addi ti on of ammoni um cobal t ot hi ocyanate (ACT). The
lified by Garewal used an aqueous so

h luti
GHerRE Gt oRiocheros Sur 1 eodtt 1785 vPROGHEACR. Breilied  for
d.f bl ue- d | ex. Ga | . add
b 8 e Bt 81 b R Byl PR Vet
p‘i‘@ﬂo‘éPl {AehéChs T fifsp @teﬁ' 10 8AEBHLE dtRags) t%bc!ligxalp-mﬁicelles,

complex mgrates 15 info the organi ¢ phase and-'the

follgand hyp les addsionephnaidniino MobhRofboeeunate PATSE. The
Finally, the Triton X-100 content of the organic phase

methaéeaemplisied tyyGaeayealdisad anhaqusoes tsolirtiassf of the Triton X-
3 ERE L T v Wb B gt RO RS ol GoKBred complex.
B SRR M Rlaeita, sbRSp RO bpdind el P Aebrggice) in

velih QHé%@T-’M’tl%nr@ 1*0@1(% }Die&t 1OB16hRY  The Ry iel%mi ates

bovi ne serum al bum n (BSA), into the aqueous ‘sol uti®on

imtb theidrganic $ha€DandB8fe orgaarnphael ionepaftdédio66tlgs Mipidous
were investigated. Use of |ower BSA concentrations,
phasg. Deplly, e TritoaaXd68 conterdndithe wrganie phaseie detetmired
effic 0 about 85%. but increasi p ei n
b G oAPoG TUED O o P IRE P RUTE B 0 19 (i e
Lgni.fi t j is rack | .
enbE b ol B o S22 BT D sa B DR blbyriamal v
txhisiehnt Gf D% sudlenthkBnACT reacts, are rare in
bi ol ogi cal conponents (e.g.

Garewal investigated the effect on the efficacy of the method of introducing
a protein, bovine serum albumin (BSA), into the aqueous solution of Triton
X-100. BSA concentrations up to 666 ug.mL™” were investigated . Use of
lower BSA concentrations, e.g. 267ug.ml", caused a reduction in the
extraction efficacy to about 85%, but increasing protein concentration up to
666pg.mL" was found not to cause any further significant reduction in
extraction efficacy. Garewal concluded that, since poly(ethylene oxide)

groups, with which ACT reacts, are rare in biological components (e.g.
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2 WO 2004/ 099234 PCT/ GB2004/ 001992 proteins), a
m ni mum of interference is expected and the nethod

assays. The nethod of Garewal has renmi ned the nethod
mbiedhe)] 8 enfndmusuof antdatence waaxpdca¢d and ithe bhathodideatribed
Ereparations_for the |ast 30 years. Wth mnor 5

i iscairepisate faebioshemwirabps@afewal was presented at
WCBP 2002, 6th Synposiumon the Interface of

B L L 00T, B R
Ly e e A

melfatibad, ethe mEdoMdfaGatwiloe Pré&ped 40 WCBP 2002, 6th
Bi opharmaceuticals by a Direct Colorinetric Method".

Ssheppasmepn theshrtetfas ah Remdgtofy ramblArsbytie] eSd@6nees for
é’i??l upder__t he &)&a enmar k "Tweiﬁ 80") in a nonocl onal
Go58alP ey Epalita cig (puggy AY7130, 20079 dyghanigigne, D. &
b i, st at.e t hat I ' “high',.
KRBT 1 LA LSRR P A Sl e
“C@Jﬁ%@ﬁﬁ%aﬁétérﬁgﬁ%ﬂ' PP QYEbrBateC TPt SRd 115ré)tt8n-B ased
ef1mnate possible interfefrence by the active drug

Biebhtmnaeititdls ebyby Dieect pCAGiimbirid-aMeth@d’® & The poster
Kobayashi address this by ethanol precipitation of the
desatiledsnan rssaypfappoelasombate 86vebld ngdey timnirgiemark “Tween

I ncybation of the sanmple at mnus 30 C (plys )
8(92&1%%‘ Hﬁﬁiﬂc{%‘agﬁ&u Q6Y ALPRAABPN tqtie%s %Fﬁabaﬂt%tﬂgﬂe &
' -0 0 ex] t fac t by .the dition of
Ol b e Sk a5 AR, Yl AR BRoS of

. : i ) . il
g o s AR PR gyal sep
t @lintinbieatossibha intarfyrehoe biyhthkractieaatruggabstahes” (i.e. by the

Lant ei Ene & Koba]%ashi met hod does not provide an
naelsimal enigigne & flopbayashisaddresstthin by etitamol precipitasiaei of the

sol uti.ons. The accuracy. of this nethpd, an | so of
PRSI 4R (O PRGN et qibine Petthigh Beanlign dogne sarmmlegat

ia8S PPoe (B S RLEER D sqtiin BEIRR sboafitapg, prior to
RIS thGaheHRtanda%e 1HE SHERRLNGE TACH L extraction of the

ACT-surfactant complex using dichloromethane as an organic liquid phase.

However, following investigations, we surprisingly found that, contrary to
their teachings, the Lanteigne & Kobayashi method does not provide an
accurate assay for the surfactant content of protein solutions. The accuracy
of this method, and also of the basic Garewal method, is particularly poor at
a higher protein concentration. For example, as described below (see
Comparative Example 1), the method of Garewal gave misleading results
when a sample was tested in which the protein content of a surfactant

solution was greater than 50 mg.mL”. The method of Garewal is not

therein is appropriate for bi ochenPCalGB2004/001992



10

15

20

25

when a sanple was tested in which the protein content
of a surfactant solution was greater than 50 ny. niL-1.

woharmesdzad of Garewal is not 3 WO 2004/ 099238#CT/GB2004/001992

PCT/ GB2004/ 001992 expected to provi de an accurate
aupetedt t@nproakhﬁgtn weccuratcoswrfdcdmy assay avith rsglutmnstcmMaianing
200 ng.nL"1. This, |s,5ﬁlgcause t hese net hods f

profain it HHGmRI-Aleo MSsDGayss theses mﬁxh@d%?al to remove

iR o iooBhis, A5y it Vepfile S mBictins ' the PE %ﬁv_gnalysi&
6P ?dvé We@éﬁ%ﬁa@é@ tHY the RkIdN ead‘&ﬁﬁ?lg g’bég rogosed

result in unacceptably high Tlosses of sur

Isp (}Hrewabl endrielliaabdigne & dobigyashy eehlls on lﬂﬁﬂwptabl@zt @ikh
that renoving the prote| n content of a surfactant
lossepapht stufactaré,acm t 60 uprayedptupebaklar ﬂatat anWe daasees also

en extr the surfactant u
cﬁféwrmtr@rﬁ ?rﬁaﬂ@gp P &Qefqr%@é %911@%%@%@ J@W@a@ﬂon

s T S R AP i

tﬁE @@Tﬂ%ﬂ&%@tﬁaﬁé ﬁx’@cés%sfsﬁﬁé@ Bl Tidhtél gﬁb\?@Kob%%HEl‘ue
thereby to provide a nore conpleté& surfactant

preparati on which, when analysed, provides a result
Tdaveicenmothés unq:mtmlt @obleen ofvet ey caddwisdd a sienf actthod for
content of the ori |naI sanmple fromwhich it was
searahng 15t oieiRe averotheh commonsatsofrommea prstett n a given

G AT CUBRV T ROTE SCBIeLe PR B BT PRparain aviich,
VQ‘E%% gftl%ggag éJ?BVic%eg:x geaﬁﬁ #hf i€ hﬁﬁ% é%%c%gﬂtah% RS 1 Rtual

Cri Lantel g

shefaefadt Nedrtentl dfattd rox Iﬁaﬁpgsﬁqp@é frbf PFBRANGt was taken.
i nvention, there is prOV|ded a 20 nmethod for renDV|ng

Mpmoe’sr;atdneansthodmfoﬂmrpxssén‘tauwenﬂwm KﬂlOdS ploasequire the time-
surfactant preparation, copprising pr.ovi di n

qu@fHPngp RigBeok oV eaghimncpbaien & %ﬁaew d rTAgT go “remove
irﬁ'%ﬁ‘@‘léggsgg THorere ‘%g]meg @ﬁ%g‘ (ghg%o%mctﬂng £ J2A888 Yy
Lante1gne & Kobayashi.

_)

Accordingly, in a first aspect of the present invention, there is provided a
method for removing proteinaceous components from a liquid-phase

surfactant preparation comprising —

(a) providing a liquid-phase surfactant preparation containing a

proteinaceous component;

(b)  adding a complexing agent to the preparation of step (a) and
allowing the complexing agent to form a complex with the

surfactant;
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25 allow ng the conpl exing agent to forma conpl ex
wth the surfactant; 4 WO 2004/099234

or subsequently, adding a m scible precipitating agent

t o t he)pr epardianeousdy withp ste) (b), drheubseodently,ofadslieg a
(b), respectively, to.forma |iquid-phase . reaction

mi xture andissrbleiagPHABLS AgsPbIR the PETRFTERL ) ShgRA®) or
5 to precipitate the.protginaceau omponent w-t hi.n

the I qui degRegact BESlPob sl &Y Slindd (G st i igse
the said . . el i o\ ]

conponent Cﬁ%ﬁ?ﬂ%ﬁﬂén{s{co uE:a{ta&cE)l%1 63?%%%1‘2%?&%33%}%‘3' Ee ﬁg@ue?gent
purified |foopredipifats thesproteinhedtius pdoppedraint @rithincthe liquid-
wherein the conplex remains in solution within the

| i qui d- phastese seastioormixtise; aré, and wherein step (d)
retains the conplex in the liquid phase. Any

surfactant t . can be purjfied a pethod, accordin

to tH&fi r%epgpaz%‘ﬁec Nyt sp ﬁPE&g%’E iggf@nti . mec1p19ated
surfactant, i s.: : 0 e t .
Surt act ant iR Sihoh A iR Aelylor AE5HOF Hbvide
force act I@gu@ﬁeéﬁqﬁiae%mefsa@ﬁc%t Brdgagitich; tending to
mnimse the area of the surface; "quantitatively, it

is the force that appears to act across a |line of unit
whergirh theo nomptexs terhzne 1n Hodutsorr fratieant thadiqndgthasatreaction
is 72 dyne/ cm when asured. at roomtenperature (200)
m5iig, and shergrstar (d) sotamsithe campleam thedigad phiase.
value, typically to a surface tension of no nore than

Sy RGP 8 P RELTD, B E A e i
Jo%?éé&tn&f A8 PHREIREeht Ay dMoRRif digningas Pgﬂé’é{ﬁe tFXCER 88t to

non-ionic surfactants i1 nclude surfactants having a
edhod diclsyifaoe tensidedf gtiquid. Sudhcatensianak the fhnkeréing on

oxi de) group, an al cohol group or another polar group.

thoi swbice abre ilspiid, tending to minimise the area of the surface;
quantitatively, it is the force that appears to act across a line of unit length
on the surface. The surface tension of water is 72 dyne/cm when measured
at room temperature (20°) using a tensiometer; a surfactant can reduce this

value, typically to a surface tension of no more than 50 dyne/cm, for

example about 30-50 dyne/cm.

Typically, the surfactant will be non-ionic, i.e. having an uncharged
hydrophilic head group. Examples of non-ionic surfactants include
surfactants having a poly(alkylene oxide) group, such as a poly(ethylene
oxide) group, an alcohol group or another polar group. Suitable non-ionic
surfactants may have a hydrophobic group and a reactive hydrogen atom,
for example aliphatic alcohols, acids, amides or alkyl phenols with alkylene

oxides, especially ethylene oxide either alone or with propylene oxide.

(c) simultaneously w th stepT/(EBR004/001992
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25 surfactants may have a hydrophobi c group and a
reacti ve hydrogen atom for exanple aliphatic

wabhkow@hods4 aci ds, am des or al kyl phenol s w t hrariGH2er3901992

oxi des, especially ethylene oxide either alone or with
Thuepkt aoe-ioxicderfactnimaobd a0gedensachetpzaoar abadphenol
Thus the non-ioni ¢ surfactant H‘?’.‘(K be a %gnden ate

apdt waeralkileap k@xpfenct PAN@XAALYIGaH FREDHR g@leafe; or a

~ pol yoxyal kyl ene sorbitan ol eate; or a polyoxyal kyl ene
P@Eﬁéﬁ?ﬁ“@ﬁé@ﬁVFgﬁnon-ionic surfactant conpounds
i ncl ude al kyl (C6-C22) phenol s- 5 ethyl ene oxide

sgagg&i‘gfl‘g 8Snict ARFALAAENTADHRMsPIRIMES STISf @GL@%Z?ECMS_

primary or secondary |inear or branc

et yleRb8idvidohdetidaydse tiee condbasatiom prqahuetiucf slipleatec (s-Cig)
condensati on of ethylene oxide with the reaction

prinoaty cirssecofdarydipydasos tagnehedarlaokelnyvidh etidsme @xide, and
oo RRNR bodrn Bt AR Sl BB Cr oY PORs P Prpdpcs
FoRRISHRS L5 SR s fuitle, S RRETRSIonfly surfugtant
Fapfafal yasghoc oian Lacuosghuge grsgl Kb e
phbeplitig akidesiandsdialitys sulphextides. 14Snép-d08icgiafaciitanay also

typi cal surfactants of this type_ include I|gepal DM
be30, sugge paridenvssdo as | 3 @edysapsharids, apydpapudtnaggene of the

RS A0Bo  5 LSS58 3 Ry i
SO RN SIR O | Al b mtuc
A0 et 0, el oo i o
5800 pobaixyethybernglpruds,f actudiag icdnegamds, saldoingtirngle Trade
B et S b M UL e
BRI EO Ry BRG0P st B "By polifRoRymdRae 20
sfeégg%l @g%@@W%%gtgﬁlﬁ{@?ﬁg@@ﬁ@&@%leﬂp&wm?ﬁ haph e g d
polyoxyethylene fatty acid esters, including compounds sold under the
Trade Mark Myrj (such as Myrj 51). Typical non-ionic surfactants include
polyoxyethylene  octyl  phenol  (such as  Trton  X-100);
alkylphenoxypolyethoxy (3) ethanol, polyoxyethylene (20) sorbitan
monolaurate (Tween 20), polyoxyethylene (20) sorbitan monopalmitate
(Tween 40), polyoxyethylene (20) sorbitan monostearate (Tween 60),
polyoxyethylene (20) sorbitan tristearate (Tween 65), polyoxyethylene (20)

sorbitan monooleate (Tween 80), polyoxyethylene (20) sorbitan trioleate

(Tweeh 85), polyoxyethylene (20) palmitate (G2079), polyoxyethylene (20)

ﬂ lauryl ether; polyoxyethylene (23), polyoxyethylene (25) hydrogenated
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wonrbeHessat e ( Tween 65),

(Tween 40), pol yoxyethylene (20) sorbitan nonostearate
(Tween 60), 25 pol yoxyethyl ene (20) sorbitan
pol yoxyet hyl ene (20) PEDIGB20@101992

nonool eat e ( Tween 803 pol yoxyet hyl ene (20) sorbitan
castel edt §3129Pheand 8Blyoxethytenge(2H) exigpropplenpainoinoatearate

bg%ﬁ%g pol yoxyet hyl ene (20) |auryl ether;
yet hyl ene (23), polyoxyethyl ene (25)
hydrogenated 6 WD 2004/ 099234 PCT/ GB2004/ 001992

@)%l’?ér%ﬁrﬁ}:{anﬁs%t%g e ﬁ)?%s?% M%ﬁég%kgc&%ﬁg@ the ﬂrs% aspect of |

propyl ené ‘nonost eara surfac
ﬁjéllhaéﬂtﬁ)rfﬁg pee in a nethod according to the first
aspect of Xe invention may be: s anionic, with
negati vely charged head groups. Exanpl es of anionic
s urhaotigntvithi negately chgrgeldahend grdypsacikamples of anionic
sul phosucc:| nates, al kyl sul phates, phosphates and
%u Wﬁ%i udesionig-chai &Waﬁldw@&@hosygcmmseal ybasulphates,
deo chol at e, d choI at
Likes S ReRiCiole e sl ol aurachol A5,
I ude
pr o%ﬁghat e I%%%&%%tﬁ z%lfr?ﬁi%bj@lﬂﬂ %?E&%ld-lg%ai n quaternary
anmoni um conpounds, such as hexadecyl trimet hyl
QTR ) e l SN,
br om dﬂgm bﬁ ﬁlgxggzgg?[ﬂ&e/?l%ﬁa% %ﬁrgdpghr?rxladé) : EttBnic
anfHctints 1rrc1udm priotansited Emigectiain heddegand psng-Exasinngeseiary
anphoteric 15 surfactants include betaines and
FERORIHN | QURPHIKES, STple 3§uh@€?¢i‘3§ﬁ]¢§m@ﬁyﬂhm@1@ngﬂo tbromide

N T i e N R A e

iNg. butylene oxide and the like. Ethylene oxide
groups are common in comercially avail abl e
surfact ants. Miultiple al kyl ene oxi de groups may be 20
Qﬁl?hbte@ﬁs WM'M!%HGﬁrcgheéﬁ ReHBRO! YERRmpIes- (ﬂ‘)bﬁ{@otenc
block co- polyner), i.e. as a poly(a kyI ene oxli
aylrfaotmmssmc}udasbatdmemmtbp@{@méemﬂuns

The surfactants may have one or more alkylene oxide groups. Any alkylene
oxide group may be present, such as ethylene oxide, propylene oxide,
butylene oxide and the like. FEthylene oxide groups are common in
commercially available surfactants. Multiple alkylene oxide groups may be
present as a polymer (e.g. a homopolymer, co-polymer or block co-
polymer), i.e. as a poly(alkylene oxide) group, such as the homopolymeric
poly(ethylene oxide) group. It is common for a surfactant to contain six or
more alkylene oxide groups, although it is possible for this method to work
with surfactants having fewer, such as 5, 4, 3, 2 or 1 alkylene oxide
group(s). The surfactant may be a non-ionic surfactant having one or more
poly(ethylene oxide) groups, such as polysorbates, octylphenol ethylene
oxide condensate, ethylene oxide/polypropylene oxide block copolymers,
7
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pol y(et hyl ene oxide) group. It is common for a
surfactant to contain six or nore al kylene oxide

work wth surfactants having fewer, such as 5, 4,
pumxyhn@ﬂaw englyomlsde pelygrueibyione TH@ré%nerdactwomayoﬂ
non-ioni ¢ surf ct antbﬁaw ng

sdy st eLiserde Jabs B6HL coieto AL LishB Y cthers

;gﬁ %@P/eggﬁm w%éﬁﬁ%gy%?g %96%%2*&[%%&%@”511@1 allyl

ﬁ&é/ Bg%@ﬂ PCT/ GB2004/ 001992 pol yoxyal kyl ene
gl'ycol's po yoxyet hyl ene hardened castor oil,

pol yoxyet hyl ene gl ycerol fatty acid esters,
pmmg (el taonisiad pflwbEY?thylmﬁl s;hwbaml yftEEsRa@s Slolld Iunder
yoxypr opyl ene gl yco ol yoxyet hyl en Y
tht HRagistered Tiade | Viaek Tavqos) VED n@ﬁﬂ@%lc( s @fﬁé\ﬂ?’fﬁ’s@d from

Dolg{oxyetgyﬁﬁ%g@s*/gbl“ ?%@Zﬁé'“@‘fdéa lﬁo P@@ﬁ‘%f”&? ?ms
S A 88 Do gk, L.
g8 e Yoo s oot o
%9;3?& Jﬁnhé?t@g?zztégf?gf]msgﬁ ‘E:B %(Z()waﬁ)ferrfd pol};slorbagfsé) iiclude
polgsarbiate Pl J5ofBabB, @Q; 89 8)14 3 %sdhlg@ yfglpa ! afarly
S0 ubiting  BAPEh S o B RS et A5RAYE 15

Ow(QoH OCH 0y 0\_ ~O Cl7H ~ 33 0 (I) Sum of w,
X, y and z is 20

wot™ o, [0 T
o ) OH
O y
O O C17H33
\-JW
0

Sum of w, X, y and z is 20 )

Octylphenoxy polyethoxyethanol (also known as octoxynol, and sold under
the Trade Marks of Triton X, Igepal CA and Polytergent G) is a non-ionic
surfactant that may be prepared by reacting isooctylphenol with an alkylene
oxide, such as ethylene oxide. The average number of ethylene oxide units
(n) per molecule of common commercially available octoxynol typically
varies between 5 and 15. The general formula is represented by formula (II)

below —

is possible for this met thTmzoo4/001992
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octoxynol, and sold under 15 the Trade Marks of

wonod4m92d4 | gepal CA and Pol ytergent G is a neaTiGB20@/001992

surfactant that may be prepared by reacting

I sooctyl phenol with an al kyl ene; oxi dS’ l_;uch as
et hyl ene oxi de. The averdayge %UM it yl ene oxi de
n co

units (n) per nol ecul ¢ 0 hcially

avai | abl e oct typ y varies between 5 and

15. The generg Ml a 1I'S representeetibby fornmula (11)
20 below 8 W 09234 PCT/ GB2004/ 001992 O~ /O~I—&
n=5to0l5 (Il1). 1In a typical such surfactant, sold as II).

Triton X-100, n is about 9.5. Polyethyl ene

B G HLE Fpde el SN R R OB are

series of nonionic surfactants 5 with the general

r@m rree;@m aipyeehdd gl Foolaidigo (Mnlown Belploxamers and sold
CH20) a CH3) CH20) b(CH2CH2O)cH (I11)  where b
uidentthe zegdstertd trats aHERHMP@)ia)aneCGHTEOL, nonienigairadtants

fr 20 to 0% by wei ght. The nole r _wei ght ranges
VBt Zesel formplsprestd by R PmHe LD TP evi o of
pol oxanmers, see Schnolka, |I.R (1967) Am 1o Perfuner

Cosre! - BORLEn S Ry Ermetepgtaptiiopar . qm

=30, ¢c =7; "Pluronic F68" mherein a=75 b =30, c
whéie: b angt leRsturPahé (GI—QCHZM’)?F ¢CRL,EIH0), i9variéd froh 20 to

Surfactants for use with a nethod according to the
90%<y weihtt The nmdlecplar senght rafgesnfrent i H90rtayl 6,000 g.mol™!
additionally contain onf or nore |inear _or branched

Hy BrBear Boh ackeie . ofpetaamiasnseeh achmalkai BRI | (190G Lndrm.
Lh comrenci al.ly ai e rfacgtants include fatt
bErGEET ity RO AT s T RE oS péfoicdmers
include “Pluronic L62LF”, wherein a = 7, b = 30, ¢ = 7; “Pluronic F68”
wherein a = 75, b = 30, ¢ = 75; and “Pluronic L101” wherein a =7, b = 54,

c=17.

Surfactants for use with a method according to the first aspect of the present
imvention may additionally contain one or more linear or branched
hydrocarbon chains. Hydrocarbon chains typically found in commercially
available surfactants include fatty acids. A fatty acid usually has at least six
carbon atoms in the hydrocarbon backbone, and larger backbones are
common, such as Ci¢ and Cg. Accordingly, the hydrocarbon chain may be
an oleic acid (i.e. Cy¢ fatty acid) group. The surfactant may contain both a
poly(alkylene oxide) group and a hydrocarbon chain. For example,
polysorbates contain both poly(ethylene oxide) groups and an oleic acid
group; octoxynol comprises a branched hydrocarbon chain and

poly(ethylene oxide) groups.
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waeomrodd2igl vy,

carbon atons in the hydrocarbon backbone, and | arger
backbones are comon, such as Cl16 and C18.
t he hydrocarbon chain my be 20 aaTmiB20@/001992

acid (i.e. Cle fatty acid) group, The surfactant may
cldwt piateibaedoua cosepgr(eat kpie semptisdednyy pootgimasdoas molecule

rocar,bon chain. Fo xanpl e, ol ysor bat es cont ai_n
A SO o oo G et gy Taner AR Ahel 18 Pepared from
S I i he rocar .
SO AERIID! 15 ARLASE IS0 B
206HHAREBNCT 5 INB RIED Yer fadkBft RIRHHARBROMScomponent
conponent may conprise any protei naceous nol ecul e
iharotemavedesift #dcompesss purdohisists sfirdf peptadd, polypeptide or

preparation that is prepared from the starting
REQtEH). alhe phragar peptide POl¥REPEE RS PenteinTainchedes oyt pelymer

oBPiind AT, eth RO SR SR S laPretorably joined
B PO RRNS  oreraORT TP BRe hoSBRRNA} Br drofbin will e at

Relst p620,080,010, 00681, 170, BOCHOGESI (UN¥mRR U8R indbngfH. "The
aci ds, whether naturally occurring or artificial,
préteeadiug ¢onpentnt opapdp detallysocdreihgr abrgcanbinantly
Eep igg, pol ypeptide or protein will be at |east 10,
Tduged proteizosuep as7albugnn, 9o albumpp SHisiew prefeis such as

The prQt.ei eQus conponent may, be a
lﬁl}?& %&5\?‘? ynbc%tl)r |0ﬁéﬁolgaif e %Wﬂ%?$yﬂe§§}%dhge&eference), a
ﬁ{' , .
el B Ao % ST BT (e R P BB Plgttine
bctoryf entited), tiak amivoegwlaat paptiddadyaneioNeost Reored of the
serum protein (such as a blood clotting factor),
albuimdn aupiont patnernt idisdgsddam Wépt(1dé7 b3 7,amy amnéndividual
nore of the éS al ﬁurri.n “fusion partners" disclosed in
RSt Soparete from alRumiRyi vi dual  protein separate from

al bum n. Unlike prior art methods, the nethod of the

fé]ﬂi.ﬁ% ipgﬁ? %}‘x;tt m%{hédgetﬂenﬂq%ﬂ{c%cf; Q{” 'g}f]et ﬁ?s?gaﬁgécech&;ﬁheyinvenﬁon is

separat i ng sur _
CBRNOT 3¢ fidienfly Ok 8hHAGRE Unr ERERANER AMMiSyf Bbncentrated
exanple, may be present in the liquid
protemaceous component, which for example, may be present in the liquid-
phase surfactant preparation of step (a) at a concentration of at least 50, 75,
100, 150, 200 mg/ml, where component levels are measured in weight per

volume of surfactant preparation.

It may be appropriate to measure the ratio of surfactant to proteinaceous
component in the liquid-phase surfactant preparation of step (a).
Accordingly, the ratio of surfactant to proteinaceous component, when
expressed as mass of surfactant molecules per mass of proteinaceous
component molecules (i.e. ppm) present in the liquid-phase surfactant

preparation of step (a) may be less than 4,800 ppm, such as less than 4,500
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wauHossier e conponent

20 phase surfactant preparation of step (a) at a
concentration of at l|least 50, 75, 100, 150, 200

per volune of surfactant preparation. It nmay be
ppps dgitappm, B,58@ e, 3/060rppho 20500 ppiac2.8R0 prm, 1,500

E@& 32&@‘55815?@@; RSt 3 s SaF RS 500, gpyn, 400
5,58 bRuS 208 hAC A0byhe 10D Fh AP BRHE SLPRE 78 o, 70
FR5 60 prRi, SURFHACED Bom, BOTRRETY piR, 98 bifE, {7 pBm. I Ypm,

Il quid- phase surfactant =~ preparati o

$5 epm( d¥ pray, Weppasd 2tgran, W, B, ABmpaye ppas 3 ppm, hgpim,
4,500 10 WD 2004/099234 PCT/ GB2004/ 001992 ppm 4, 000

ppRM, 3 1500 OpfAFE. 3, 000 ppm 2, 500 ppm 2,000 ppm 1, 500
ppm 1,000 ppm 900 ppm 800 ppm 700 ppm 600 ppm

S BB B 00 A AR 1 e
o Pt g Sl T B i w9 B ogougny”
7 ppm 6 ppm 5 ppmor less. The term"li qui d-phase

Byr fmovahihg’hr Bpahat ¢aneéxti o€l prdesdiapyal liguiddplipsas eurfactant
preparation conprising a surfactant. The preparation
prepatabiongueoinsludy takmngai viholg' sample, en ebgeeixfroof a larger
providing a |iqui d-phase surfactan 1o preparati.on,
RIEPTREPDAY e iRteh ﬁ&@p@ém@méﬁm&n tlefusms pagiedot.

| arger preparation, or one of batch of sanples

p d 4 S si Gr.d1Ql - h
PR R RRe B e  anf o SolHioligo mgpte of
IﬁBﬂifﬁfﬂl'tgn&et}%rW@ ipkiasterRAE A £5hnTFhtanOfhr8ugh its ability
surfactant through its ability to form weak bonds
toi fiolmoweals bomdsewstlhr 61 of amdre - Eactdng snolacsles f Acsafictast as
15 defi ned above under the condjtjons of the process.
defpiedarebgve nendezoihg esansitiensernt \the | preess.co aally the

R R R e B S0 e on
Ri8h%s Y FHition metal ion. For example, the metal ion may be a group
VI, VII, VIII, IX or X transition metal ion, such as yttrium, zirconium,
niobium, molybdenum, technetium, ruthenium, rhodium, palladium, silver,
cadmium, hafnium, tantalum, tungsten, rhenium, osmium, iridium,
platinum, gold, mercury, although preferred transition metal ions are 3d
transition metal ions such as cobalt, iron, copper, zinc, nickel, manganese,
chromium, vanadium, titanium énd scandium. Cobalt compounds may be
used as the complexing agent. Accordingly, the complexing agent may be
ammonium cobaltothiocyanate (ACT). >ACT is an appropriate complexing
agent to use in order to complex a surfactant having an alkylene oxide or

poly(alkylene oxide) (e.g. ethylene oxide or poly(ethylene oxide)) group.

11
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VI, VII, VIIl, IXor Xtransition netal ion, such as
yttrium zirconium niobium nolybdenum technetium

woubhamadasm rhodi um pal l adium silver, 20 cadRCU/GB2004/001992

haf nium tantal um tungsten, rhenium osmum iridium
pﬁﬂ%ﬂaﬁ]&}’mﬂ(ﬁ’owmp%mé% sPch a5 tirpu gD pihescsienate, mrashSetused as
r[gtal i?ns are 3d transition netal ions such as

coB &P PR R 28 pper, zinc, nickel, nanganese,

chrom um vanadium titani umand scandi um Cobalt
e o 8 PLEShE e HAD docs pot rely
aobahé ofohinatipanaf ea (o&dr. cofapld:s 18N a84RRE ORfrfaRfisht presence.
conpl exi n agent to use in order to conplex a
slthetreforanthehaeinplexing @igkpisensedosi dheopresgut! jnvehkiphede not

SctmhcilyiaShicd J60m cosnsd cpepieBs0al 00l002
Simlarly, iron conpounds, such as i rlon (ren)
O PELOER EmolBY of 1o SER- Tt RO ATNAD RERka-phase

isBMBEGRHhO Préiﬁ@:ﬁidi@t Thebther SorifethbosmBihOBf Qﬁcong)l?fgﬂrngu hgent

conpl ex to assess surfactant presence. 5 There

tfded oppludficient dgentsplas edibstantihBy palesenthe pyvERdthan ilothe
not .  necessarily need to form col oured conpl exes. An
Sapidkphass srisnt grreparetionnpl axraldy ayenedded anésdesso The

he |iqui d-phase surfactant,preparation, |n_ofher
whuet HirETRe Sfudtafsg T Lul: Seeaifly an of te
> : : h .
SHHET ok GRIPRN, NPSLAR) bAUIbA Bl ) etermined by
pipidcadtteging Jy fec@hpleking Sxeat d@ch bA 1BX6REMInARE solution
amount of conpl exi ng ‘agent” required to conpl ex
olifwstamfackdnty all of the surfactant in the
| i qui d- phase surfactant preparation can be determn ned
ing of the conplexing agent with an

B « i.rical tes

e aRIp i dht QOTBI b AL o BTG FPrBe IR b By Factant”
" ol ] ovi i t to f | ex. wit
PRahoit B hRRSOTMERL IR QMexlel S8 Bphioh Witk ot Toast
§611® loPthe Guptefaht.C AR NKS affet Mh@bohfiSling agent is added to

the liquid-phase surfactant preparation, the preparation is mixed to disperse

the complexing agent within the preparation. The optimum conditions to
allow complexing to occur will depend on the nature of the surfactant and
the nature of the complexing agent, and will typically include modification
of temperature, pressure, pH and/or ionic strength of the liquid phase.
Useful conditions for complexing may include neutral pH and low ionic
strength (Crabb & Persinger, 1961, Journal of the American Oil Chemist’s
Society, 41, 752-755). For example, in the case of the surfactant being
polysorbate 80 and the complexing agent being ACT, suitable conditions
for allowing the complexing agent to form a complex with the surfactant are

as set out below in the examples.
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some of the surfactant. Typically, after the
conpl exi ng agent is added to the |iquid-phase

weundimoeamt preparation, the preparation i s m REWGB2004/001992
di sperse the conplexing agent within the preparation.
FoHowitg formetiordi the ccrenplex 2@nedihovn codmpli@x iwithih othechguid-
wi Il depend on the nature of the surfactant and the

phase: etlenca weder dhpcenditignagesd fomaldowing theygomeplerking agent

I % Grelck 7 dB oS RP (1B eER b g proteim),

bt ' [ sraut n
g o O P pam ) o oA be
edidttbeeaR! incelut@did ifChe ah®luns o2 hnbacthet that 4dn be collected in
752-755). For exanple, in the case of the surfactant

tei pellet pol aypecipitate, 8fy eamdrifugatioong tei lnguidgdnse b diaB00 g

ACT, suitable conditions for allow ng the conpl exi ng

Saye bt TiBuic abASCe anrisse tham 2006 RS Vet 0% Bt 2% d %0 5% or
t bel i h les. .12 .2004/ 099234

B chy 0B 981 892 her STTIBwRRG GolleRias dh, theupsHptes after

CETERSR, ALY MR Sp ot ol hsafiase BB Gt

BAORL LbRef PEdbRtage WRIRK aWd pleféred. sur factant (but in
t he absence of any protein), substantially none of

the conplex fornms a precipitate. A conplex can be 5
Aaiptetipitatinpiagent is ahytigent thit cheseameomhpaiens wthercthantthe
that can be collected in . the pellet as a precipitate

BiF et TOfIBEIPIaNS. of N PRECNIEUNG qaeas a1ust be7 reisoible” athin
15, FA ey b oI A AT T m
6@kt 86484, LRAEN S HPRTINBh ARk &S fifef Pre‘gggﬁlfﬂ#g’t“ Egéﬂtoﬂmst not

I
e
when det erm ned using HPLC as ‘desct |

foranpk@sarattdiduedt onsolidpkisethaceitragicibit wath #iediquid-phase
preferred. A "precipitating agent” is any agent that
suiaséantaprepanpbinentPrefdreblytthapretipitating fagentir miscible in an

gciﬁeegg Lflgﬁl%vp}{qggn%rggéfrl}tf g%ggg@%gggt K fﬁh}gp?a\gq;ﬁ-miscible, a
BlebReboded Fa “(onb Bl e Bl gl Toically the
Pre8fifitingt hikhtagent oeahicNlater-miscible solvent. Examples of

water-miscible precipitating agents include polar protic solvents and polar

aprotic solvents such as alcohols, cyanoalkyls, amines, amides, carboxylic
acids, aldehydes, ketones, glycols, ethers, alkylhalides and aromatic
hydrocarbons. Preferred precipitating agents include acetone, acetonitrile,
isopropanol, methanol and ethanol. Acetonitrile provides a good balance
between surfactant yield and contaminant carry-over.  Moreover,

acetonitrile has advantages over acetone including —

(a)  the use of acetone requires the use of glassware for supernatant

manipulation which could be contaminated with detergent from

13



10

15

20

25

15 forma separate liquid or solid phase that is
imm scible with the |iquid-phase surfactant

wonepawesion. Preferably the precipitating ageRCTiGB2004/001992

mscible in an aqueous |iquid-phase surfactant

pr epadledriing, wherdss thatwse- of scetohisrile allpﬂ@cdﬁpﬁﬁﬁhlﬁgplasﬁc
agent wi || comonly a pal ar. regi.on

preci @Iﬂ@ﬂpﬁdoéﬁeﬁﬁedb %ﬁeéﬁb% F&z}ﬁﬁp’él%f nﬁlf Q csp{gn){matmn
sol vent, Exanples of 20 water-m scible precipitating
agent@q ncl ude pol ar protic solvents and pol ar

aprotic solvents such as al cohols, cyanoal kyl s,

@ﬁﬁyggﬁfcetﬁ{g A8 1GRY k%.of‘f}:e{s}lp offt g’g -BEhygRer HRhONYSical

et hérs, al ky es a aronmati c

hy dr agaiRRptiof rﬂlﬁér@tﬂlréﬁ eghdi f@t isafetpointis bettdrude use
acet one, acet onitri i sopropanol , nethanol and

et hangetorAg e owhichiHag apflashi phest af 03U .bal ance 25
bet ween surf act ant yi el d and contam nant carry-over.

Moreover, acetonitrile has advantages over ace{jé&a
The pmmatmwg@ﬁels sided rsimubpperusiy g mogetgrae qitter,

Sgaioh pedee o xﬁpelagf“ng?‘%t@m TrufRe RS eResesfattim

0 r
SR R SR
f@ath AHeWaB (010 difleand $lanefigeoBs Kobaghildn(op.
and (g[%%lt:iel?one alr(go has(dglgfllg)g% poi ﬁt 1%1?9- 18C, ?owe:@p
¢ihpraddggi & aprecipitating ragenydettonot)ebpeahat w@tamtn Qrefmrratlon
safety it is better to use . acetgnltrlle whi ch has

bafgmwtwmﬁpbxm@gemﬁécﬂ} elé.ﬂéid? t i HYS £38865 Soan, qaCtant

Bobo el FRE shBPtx it i EREcRsint B Hbeipigh! MRlnce, the
Lokt *n% cﬂ{ﬁgﬁfcgﬂ&fl %?ttﬁ%té?rv\fgééc nafl‘ie% eHiMisnt 8 @#Dinaccurate

I mpor erence n e pre ent i nvention 1o

B8t & fPfhle O4m Sirkt: oiBQliﬂﬁa&‘ﬁitema‘che( oprting propaamion. Without
Lant ei gne & Kobayashi (op. Cltdg added a
Y

peing ihoundt b ghengenit i éieihlamﬂl ;hat dding aaxrccamtatlng agent
p{;ﬁ@%&?&ﬁg Q;g%ggeg%{%ga _i)g:? ! émlg 1ot b foge qe complexmg
agent, the efficacy of the proteinaceous component removal is improved.
The complexing agent keeps substantially all of the surfactant in solution

whilst the proteinaceous component is precipitated.

In some cases, the subsequent addition of the precipitating agent may
enhance the effect of the complexing agent and result in a greater degree of
complex formation between the surfactant and the complexing agent.
Without being bound by theory, we believe that this is because the
precipitating agent further separates the surfactant from the proteinaceous
component, thereby allowing improved complexing of the surfactant by the

complexing agent.
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to be lost fromsolution, as it is carried into the
preci pitate. Hence, the resulting quantification of

woheo4musBact ant in the supernatant is an i naccBCatGB20EH/001992

measure of the amount of surfactant in the starti n%j
Wheparalowing \the hmiscibleei prgcipgatiag bpseredey pre¢ipitgle the
bel i eved that by addi.ng a. precipitating agent . ’
psolieinacapieo gsmpogent FHHER JbRHIdyPIase &a,cg%tmh)gpre , the
before, the conplexin eqt, : fi
RS AU oo iRt P gy al o G2 g Rhglihs  that
' iof €8P StheuRséBiacably @mpdifenthBut do not
%ﬁ@agﬁ%%eﬁﬁs&gf}ﬁt i gn 2% whi | st the pr%t ei naceous
SEBSRARAN disubr el inipited THenastuakcarditions ubed will depend
subsequent addition of the precipitating agent .may .
enfhanidentityeofthequirtioflar rempenphis Xy HGE RySteny T ¢igstion.
in a greater_degree of  conpl ex.for i,on .between the
it tReciamn Skaies She 0Bt i FEPaentt S PHGUIE arpgoriate
bound by.t heory oy | S :
csgfioad ot A1 el GoR bt bF St EokpoBRIS b chifirical
té#rﬁganct ant fromthe proteinaceous conponent, thereby
a M ng i nproved conpl exi ng of the surfactant by the
conpl exi ng agent. 14 WO 2004/099234 PCT/ GB2004/ 001992
WMhetorhplexomintegng ire sofution bivighipr thei Jpquidtphage agagiton mixture.

precipitate the proteinaceous conponent, W.thin the
Ini this deqritersie theaeemplexni Qmpas r?@?utﬂ% u%-fgﬁae@ount of

SR ST IR Y.
SRR ' g gL aBch s o o 1

TSR Ys s i T%L 1 5%, a096,BODE15610.5% or O, by
systemin duestion. The person ski fled in the art is

waiphblof bk defrtaitnioipctudpimithé atpernatandi aftamneertoifugation

gi ven conbi nati on_of system conponents by enpiri cal
whet deigrminedTiang SHL s deretibea it theopxaiples ei‘h‘i"n L.gwer
i qui d- phase reactjon m xture. |In this context, the
RGFPIREE VRERRISPIPRTSS ution” i f the anount of

The step of “separating the said complex from the precipitated
proteinaceous component in the product of step (c)” can be effected by any
suitable method known in the art for separating precipitate from a solution,
so long as it “retains the complex in the liquid phase”. Substantially all of
the complex is retained in the liquid-phase product of step (c). For the
avoidance of doubt, the complex is not retained in the liquid phase if it is
partitioned into a separate non-miscible liquid phase. This is another
important difference between the method of the present invention and the
methods of Garewal (op. cit.) and Lanteigne & Kobayashi (op. cit.). The
methods of Garewal (op. cit.) and Lanteigne & Kobayashi (op. cit.) isolate

the complexed surfactant from an aqueous solution by the addition of an
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surfactant that can be collected in the pellet as a
precipitate, by centrifugation of the |iquid-phase

woeemmwe34m xture at 47,800 g for 15 minutes BRCTATB2004801992

l.ess, than 20% 15% 10% 5% 2% 1% 0.5%or 0.1% by
IBpseivlg osganihphase feitheamthyens dietdarife orrdichloromethane).

rnatant .after. centrifugation ep det er.m ne
ARG, PR F et Ay WO iRLoEs i B Baibinn omestactant
s 2 -ar I, The .
PRSI 306 VSRSRUE AL BTN 188 gy camy
[ivet.eiByacentsst,CRBNAN A6t rélf s ehiPBAHCGT SmpleRPisbfation and
can be effected by any 20 suitable nethod known In ?

tchaseguentlyy achegyeragicatpr pemo gl efgtretdinaraoas sohtpidnents. so
long as it "retains the conplex in the |iquid phase".

bstantially all of . the copple s retained in the
ﬁﬁ“ﬁu??ﬁaﬁﬂ%@’e StsPou @Xplﬁ?'l?% tRS’ErPO‘E“EBeé %Br cqaiuging gnteaction

. b t . ined in the,liquid
BhixfRUPuct B SRBCEiId BordRh LS gl foffis @ pellet
AAA- fes ohyfiet | BUirckaRRS S | Sy h -
i mport ant driﬂ?f er encé1 bet wléeir?{yt f}seb%?aﬁ%{(}’ g%ndtzﬁsgpﬁ%usne%}tthe
sup@Enatant fmnd the pellort Dpdienalf cbari BuwakiohOfragicters suH as g
Lant ei gne & Kobayashi (op. cit.). The nethods of

shatiqowill siary deppeding e thynparXof shagirecipitpte formed.

(23]

j 1. i sol ate he conpl exed surfactant from an

§d‘&%%1?§ 5 i@i?%ﬁ?ﬁg they &Xﬁm@ﬁﬁso elqy, ahgygh the person
0] 4 1 I . sclbl e.organie...

SRR & PR P et PR B OFBh ey by

¥ihphoed tdxgineg bound by theory, we believe that the

partition of surfactant conplex into a separate

| iquid phase results in a | arge contam nant carry-

Besrevenythe grersamsskillnd idahaatrt mellyboawand shdtomumefous other
' achi eve a

co%dgx i sol, hon nd, 5 consequently, ]

e A% BRPIARIC Eﬂ%r%’t@%é@é@@l phesetrepatagion from a
- At | .S: typically performed by centrifuging

?%gﬁjﬁ%gécgﬁ%igs’eﬁ%@]{?% such that the precipitated

pr ot ei naceous conponent forns a pellet and the

TROPredudtSof el i8n 16 SYRER L 1igf{Ee aratd n

the  supernat ants_glf%r}grln 1tlheé‘l?oel I elp.mﬁgétal %@ﬁf@pﬁ%‘% E&Itflad%m

reparatibng aBy dpurified nedued phase Busfac@nt preparation” is included

the meaning of a liquid-phase surfactant preparation that is substantially
free of precipitated proteinaceous component. In this context, a liquid-
phase surfactant preparation is substantially free of precipitated
proteinaceous component if it can be applied to a hydrophobic solid phase
extraction cartridge under conditions defined in the examples below without
blocking the cartridge or significantly affecting the purity of the surfactant
after SPE purification.

A method according to the first aspect of the present invention may

comprise one or more additional purification steps to further purify the
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10 and duration wll vary depending on the nature of
the precipitate forned. Cuidance can be taken from

woheo4meeaspl es bel ow, al t hough the person ski |l PE@/GB2004/001992

the art is capable of determ ning appropriate )
smofudidnit on shdpuried liquikphessssurfastamaWenEatioph Ap¥ syable
skilled in the art will be aware that numerous other
metheds mesba®davail able in the art to separate a
l'iquid phase preparation froma precipitate, such as
iltration. The,pr ' of e t
{5, Bl coRrBEUeR, MhokBai6RAE SHUORSLERE I resen
R (gﬂ ethrhhihdk diRhaagitpmel asdRsf pospavaldndy” bisding the
Included the nmeaning of a |iquid-phase surfactant
qureplek ahithaptiified liguslsphasermirfictant 30eparadonto a solid phase.
preci pitated protei naceous conponent_. I n this.context,
Ry bicolly a hyshoshoticisoad PAATe f Bisdh 2¢ (bl Asorbs the Furfitint.
bstantjally free .of precipitated r.of eina
Rligpotenb + Toid-SaTne SRT) Plb® Blay BOPSfoREME cagogrs
hase:. e | g8 BaTiguadphaed ktctant
R e e e P e IR i Ag R PhER, e

}gfe Sta@ioh ek itaalih g ahé Borfhdtan hérely allowtirg the surfactant
qu actant 25 after SPE purification. A nethod

dsocsligeted s doheludter st aspect of the present invention
may conprise one or nore additional purification
steps_to further puri{y th 16 2004/ 099234 to the solid
parche dolntolof s complexgisidissociaied REOpIR PXRQRyre to the soh

| i qui d-phase,,surfact a P I QR. j,t :
Wetoad Tapohed WEPTTh BHEREHES Samibis dor Rpbejate the
i i | defdi saéﬁﬁz%ﬁ & tHdBatBfesLtie surfactant and
%@gﬁgﬁ gghécg%%l?lﬁlsafésde?ﬁle addi ti onal set1 ep of )
G@rﬁpm&&i%] gty Foir relhmgld, hechdatimgrpgent may bheispdr i'Fymdally
| i qui d- phase surfactant preparation to a solid ph(ilse.
thepichelakingaagandr vphobompstst vt Hhse sydacignl toabindhite the
adsorps the surfagtant. Alternatively, a Rhydrophilic
polyvalephandalian gk the SOMRIFKER %&%%-r p&“%?éﬁ-ﬁ%%i%&vhefc the
Bl R DR SO i€ AP AR e BohR&14 rhdthBfbnl i FebarPRASStable
method of dissociating the complex is by the addition of a chelating agent
such as ethylenediamine tetra-acetic acid (EDTA) to the purified liquid-

phase surfactant.

In one embodiment, the solid phase used in the additional step is a solid

phase extraction (SPE) cartridge or disk.

The SPE cartridge or disk may be hydrophobic. Examples of hydrophobic
SPE cartridges and disks include a polystyrene divinylbenzene (e.g. the
Bakerbond SDB1 columns exemplified below, the Licrolut EN PDBV
cartridges supplied by Merck, or StrattaX supplied by Phenomenex) or a
C,.4 alkyl cartridge.
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preparation without retaining the surfactant, thereby
allowing the surfactant 1o to be collected as an

wehoatoeo23kt nmay be hel pful if the conplex is PCT/GB2004/001992

di ssoci ated prior to exposure to the solid phase. The
JRri & | mathodr sosordingwés Ithavirse aspeotevhiditie invedtiespoilatre the

the. conpl ex rticular details depend .qn the
Sutiarenbis It%c%‘lﬁi?rg BEHNGtP S aéwanfgeéghﬁtmatﬂt@rmay be

FTBME Syief e g chRP PO Caf b PRl B fRias mmd to
tﬂ@e H&dﬂﬁxtv%ﬂéi‘ @ny F%QJnléﬁﬁhggfrot@ﬁ{a%thQBo& ohb& i%%&éh%'

agent. Accordingly, conpl exi ng agent

Suitablet fensholigquids et well akndvom iinstteolsd thd a&esctbﬂlﬁiﬁr&ally
nmet hod of dissoci ati ng t he con‘pl ex is by the addition
gvaidabipel atSuuﬁg lagewash sliguidasinalnge eisepiopanol hexane and

BRACRIEE T IF pikb be MRRAk foRgotRRAp ba ASAGRT dlpHie For
| | .

exfﬁ‘rijlgct’l %ﬂs‘?](cs‘é% car arbledéoeg%e:rn%ed?slilo hf:%gngp%s &Ry PPy iate

Qbnékintativhy stkd 40N 9PLHPY Co ﬁfﬁﬁﬂi@é 8 a@fdl@ﬁé@fsﬁp heRirfonium,

SPE cartridges and disks’ include a polystyrene
oi tiethyberinemen(te. [yesdrted irPheBakern hargppiiBiate cbuoBsration,
exerrpl i fied below, the Licrolut EN PDBV cartridges
Bf So%y (VBPcRmmsmnigny et { %X (wivp pricthylamyine, dagremids an
17 MD 2004/,099234

3%??&%%% GEASHhm AL 1380 b R o B ne by
SRS Bk 40 Qg OSBRIP4 e

non- coval ent 0 a soli
matrix may be washed with a liquid that allows the

Do mehtsirhagcbamtashed efiea Hablihedt Hees hdEref@ive thevgmfa%%ant
any remal nt ng pr ot ei naceous corrponent i s washed

§osutheamptrixna g hipicaliyi ais appropuiakd Waﬂh\hqull(ﬁl mdeba rsufﬁmdntly
O R R -
8¢ aht%h?e[tf{)el}t Yaft lg@sﬁffi&egﬁy aﬁyg opho 1ca|als< {o prec1p1tate the
surfactant in solution. A method of determining a suitable wash liquid can
be performed as follows. A liquid is considered to precipitate a surfactant if
at least 90%, 92%, 94%, 96%, 98%, 99% or substantially 100% of the
surfactant (e.g. polysorbate 80) can be recovered from the matrix (e.g. a
polystyrene divinylbenzene SPE cariridge, such as the Bakerbond SDB1
colunms exemplified below, the Licrolut EN PDBV cartridges supplied by
Merck, or StrattaX supplied by Phenomenex, or equivalents thereof) under

the following conditions —

(@)  The cartridge is prepared according to step 2(v)(a) of Example 2

below.
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exanpl e, acetic acid can be presented in hexane at an
appropriate concentration, such as 0.1 % (v/v) , to

wonrosicde3an aci di c wash. Amoni um 10 or tri et hgi/a@B2008/001992

can be presented in hexane at an appropriate
@9nceThe atitrdge isslooHed $atoarpyexiwaslyaprdhl-umiar ) Toh 10mL
(v/iv) triethylamne, to ovi de an al kal i ne wash. The
appr opf & éﬁbg#ﬂshaﬁwstspgégta@ SClFtOet er ni ned by t he
skill ed person dependent on the nature of the
rf ant  and i g ' ; :
SholtarRas i SRR JaSE mi, HFRTRuSh iglRyirhuestion.
sur f agf, ant tlidef RO RN rigatyy Eass]'ﬂ{ ia_ﬁ:al!hwu%}ﬁit under vacuum
appropriate V\gsh l'iquid may be sufficiently
hydr ofdtidtleasa30 secomals. di srupt the interaction of the
surfactant with the matrix or alternatively may be

sufficiently hydrophobic _as, to precipitate, the

&l)r f aBuefpetaih o8 gtagh; eAtrIdgeist fltpd e%ogfeﬁ%f Hy ageordance
sui t abl, sh 1iqujd be \per{f or .

i qun TS oA e 18) e g e e Ry hjped
at le Yorp L% 28 %ns 96%p ABYec I wiHDSEARBIcD | ste
100% ‘g%hg%glﬁgg‘r%fggtﬁnts%g/ﬁgp %go%cycgor bat\g 80) ca% be “p
recovered efdc@fﬂi%%@o iR piotodd.1gid downdhyEtampelee, steps (vii)-
di vi nyl'bénzene E cartridge, such as the Bakerbond

SDB 1(ixg.ol ums exenplified bel ow, the Licrolut EN PDBV

cartridges supplied by Merck, or StrattaX supplied by

Phenonenex, or equi ents therepf) under 5 the

fa)l | oA qeEeray ShomLE beagaatiatdaiom dgestmefibanaiigut the

accordi.ng to ste . Exanple 2 below 18 WO

Sooa Hodsal et ity (b) The cartridge is

| oaded (at approximately 0.5 nL. min ) with 10nL of a
Iskeilfo BRI DI fRsdladt bbeiste wash Iieid, dependin

?g}ltg?isﬁlgﬂeeis RO A LI arb o the wash Liqud =

bf thelestureof theThe ottt mnddgke nsturelof yhelsoledimajrip dsgigigsed.

air through it _under vacuum 5 for at |east 30

devappdeprigie)washrmay bermuiBeieatly Firoas e ingupitatedhgsagfactant

and, col l.ected i n accordance . .
on the solid phase or sufficiently weak so as to minimise or prevent elution

of the surfactant. Typically the wash liquid will be a water-insoluble

organic solvent or water-soluble organic solvent.

A suitable wash liquid, particularly in the case of a surfactant having a poly
(alkylene oxide) (such as poly (ethylene oxide)) group (e.g. polysorbate 80)
may include hexane or the like, such as chloroform or toluene. A suitable
wash liquid, particularly in the case of surfactant having a group that
strongly binds the solid phase, such as a sorbitan group (e.g. polysorbate
80), can be a weak wash that does not elute the surfactant, such as
acetonitrile, isopropanol and/or triethylamine. The skilled person will
appreciate that, where appropriate, these approaches can be combined. For

example, polysorbate 80 contains both a poly(ethylene oxide) group and a
19
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weacomrdgxice Wit h Exanple 2,

with Exanple 2, step 2(v) (d)-(g) and surfactant
recovery determ ned using an HPLC apparatus set up in

the protocol |aid down in Exanple 2, sieps Vii)- %0
garkitan (@ypumhend sechethystiong, pRd beeala Washss €anhomsed  For

B o "B e 8 MBI B o e
R e T i

Beitheat$eslin hekandanamiallytieatge wash may be
sufficiently strong to precipitate the surfactant on

the solid phase or sufficiently weak so as to mni m'fe
Burtherewashing| siepomayobe temeplopied stepandingTomithamajuienel the

Bitigentr ThomEBIE O JPEa6 FEniIe RDUPLGE RAQRIRACEOS
L iquid rédicularly in the case of a surfactant
ﬁ%{gp%érgggoo‘%)?rerﬁgvi%l kyl ene oxi de) (such as poly

(ethyl ene oxide)) group (e.g. polysorbate 80) may
FB{}&M}% W@a_ﬁumg $tB8(s), i the, susfiefhrdsis (t?biwnﬁrwlmdalr from the
t ol uene. I

A suitable ™ wash liquid, particularly in the
gastx ahdswllceietant ahaliatg aAgy sufableatiuest camgeyudsidndVe
the solid phase, such as a sorbitan group (e.g. )
hovey Sonndt @ toBene:ethanabe(lanaai \mgﬁ%[eﬁag%fge@%%% in the
elute, e:‘ﬁ s%lrfact ant, such as 25 acetonitrile,

P@%BP](B% oVS'EAd/ or triethyl amine. The skilled person
wi Il appreciate that, where appropriate, these

r : - b ' r e, oPOk bat
0P, PR, ARSI oD, of OLNAR: OBbfved
ARrMER R0 BO92¢sdIGH 2820 A0HRB2 the eutfhttant gomtunt. The
and so both strong and weak washes can be used. For
gxilep ipersonds hvealk atvermadf nisthodste dedetnainierihe wasfactoah coatent
suitable for_ polysqrbate 80. 30% (v/v) acetonitrile
pbial skdoby FHog foll a sygfagiap CS’PW%% ﬁiﬁ%ﬁ# X jafylene

hexane and fj nal 5. Further ' e

BERS A AL, RGP S SO A RO
surfactant concentration determined spectrophotometrically, for example as
described by Garewal (op. cit.). Alternatively, surfactant content can be

determined by HPLC, or aqueous GPC, such as described in the examples

below.

Due to the low levels of proteinaceous component in the tested sample, the
results of the analysis correlate more closely to the actual surfactant content
of the initial liquid-phase surfactant preparation than if the analysis was
performed according to methods of the prior art. Preferably, the level of
proteinaceous component in the tested sample is below detectable levels

when assessed by HPLC using the method exemplified below.

20

step 2 (vi) accor #CngB204/001992



10

15

20

25

surfactant, the nature of the matrix and the nature of
t he protei naceous conponents to be renpoved. Foll ow ng

woOheosastikng step(s), the surfactant is typi caPCy/GB2004/001992

eluted fromthe matrix and collected as an el uate.

Ahgcendingly) @ neithed of dhe poesens sdentien dm bawsefud witderain the

t.ol uene: ethanol (1:1) m.x proyides good results in the
TRIeS e SUT e RTeRHaIpY HSP‘X &y pHgvel ?f]%l];aéger preparation

: | | ved f
o B SR bR PR R BT b bl bR e
CRIdEOal sTdeof ﬁéﬂﬂréﬂaﬁﬁg RRE IR HsteWRlde £t dBhERIST the

to determne the surfactant content 15 o? a sol utron.
Rorrifeechtighl-phdse aswfadiant prepatiohaiorselabte desveditherefrom,
al kyl ene oxi de groups, then the surfactant can be

c\bﬁ% tlascau fagtan cageEnh af theslargar preparaton oe nthreatiatoh members.

determ ned spectrophotonetrically, for exanple as
STk B M SRS D I Hiib A bR pipPepedicby label the
DS R S PSR BERR oD BBy Afropriae

cpationestitrd] Repdies, t65é fskt SiaMiue detdiiné® Mf&&?ﬂ’tf cdiént.

anal ysis correlate nore closely to the actua
surfactant content of the initial |iquid-phase
Sinéeatmagthogof ghe aresent threntioh providasad yisirs avasrate method

gsrf(gquned accord% n%@lto nmet hods of the priqgr art.

e ot ot 0 ietus g« «
RSER P APk SR HEDASA Lk VA GloPR presen
2y diloa 00 RBSASH AT ISR UAIIE AeERLM: MhYorsAuill be

met hod of the present invention can be usefu

diﬁingluishad drqnh psier sut rephaiiony e dedtdtd RBeliseothes addbciated
gl i quot of a larger preparation or one sanple of a
atacHops apruegighatnd morgrreciselynesflests thenpriadantt leeel in its

addj t ] onaj st f correlati t.ne thus determ ned
§B’PTIPBJ&°1 an‘%‘c%ﬁg’@ﬁ %’th ﬁepﬁgd;g’(gﬁ i E%Ftéjli agled Ionearaply with
?éﬁfl%}f%uﬁéﬁx%ﬁ{s@“ on, or eluate derived therefrom

Accordingly, in a second aspect of the present invention, there is provided a
labelled liquid-phase surfactant preparation obtainable by a method as
defined above. In a preferred embodiment, the liquid-phase surfactant
preparation comprises a proteinaceous component, such as discussed above.
Preferably the component is present in the liquid-phase surfactant
preparation of step (a) at a concentration of at least 50, 75, 100, 150, 200
mg/ml or more, where component levels are measured in weight per volume

of surfactant preparation.

It may be appropriate to measure the ratio of surfactant to proteinaceous

component in the liquid-phase surfactant preparation of step (a).
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with the surfactant content of the. |arger preparation
or other batch nenbers. Having made this correlation,

woOheo4eex34 can t hen appropriately |abel the | aPQeiGB2004/001992

preparation or the other batch nmenmbers, or can supply
Appordprglug he geatao i afy sedastanl to apotaisaceoys r%?m]é%‘f-e‘{%h gvhen
thus determ ned surfactant content. 1o_$S|nc od
SIPrEFRedp A JBHE Pﬁvsé’ﬁ%("%?ﬁ’t pP“(?@?C&’i%S é’eﬁo?lgggcogu g%[gflpaceous
grfgrilggrgﬁgltgﬁ{o%%ﬁie%r il ggltrﬁ U{C)lfe@&ﬁta'f'ﬁ ﬁ%hiiﬁﬂfd—fal%@ surfactant

e prror preparation that has been
?ﬁé?b%’_’ontd? fa))sﬂﬁ usileg thanet $OEpp, sheh ps &serthan 4,500
nventi on an abelled with the thus determ ned
spunf dcdGhppoyrR, 500 ppint,| 3060 pibrss 2030 Pived 2.P86h pRmorl,500
art preparations in th its | abel or her oci ate
npmg 2:000ppe, 268 mra”fleﬁ& PR pmnécﬁ@e W%Z?S(f%?g% 500
t he f act |l evel.An_it cont e i.n
505 0 25000 L1 Bt 3 pa SRR C Byt 303t om, 70
u r ; r 1R
B0 Rt U5, RUBBAR 30MERETA0 BER 18 A, PEEBNE 16 ppm.
ad piEui Hpphade BE 10r fitppan 8 ppm, 7 ,
2)% g%ﬂﬁablltp by appngltahod as’f 2 pi:Jlltéfi n%gﬁgb?\ll)e. Igpa PP

ppefeSrpumentesdi nent, the |iqui d- phase surfact ant
preparation conpri ses a proteinaceous conponent, such

Rl e do b HHEh et St bl FasiROBOAEREDES apqve e
t . ti f I - s
B 5 o Beitgregeat |G bdith 0%k SRfacl-ddiflaining
gﬁﬁ%&&c@%w ﬁ@%%ﬁoﬁ?f QuelivRonBo] db S uyétaat aftmaintaining

reparation. It nmay be appropriate to neasure the

stahdardefin 8 mifrachcntedtmrofnct &y reating assangdenpd tleouiput oifiéhe

[ i qui d- phase surfactant preparation_of step.(a). 21
WOCRS0 210 sTRe A dhaE) CBPU@E]/YO@l dab> orpbatshyi gapigst’ apetandard

510l ALl B B BELIRRE g
PREBREET Qi (Rt Elpr SO ERL i (O HaRIRARR of -
g’HaSrgg&)éuﬁ@aﬂ pEsduchAnyHicBORep@nio swatrhasddneasliidaregulatory
requirements. Hence, the “component” in the context of the surfactant
assay is generally the desired pharmaceutically active compound. Thus,
quality control of the surfactant content of the preparation may be
performed by determining the surfactant content of a sample of the

preparation using a method as defined above.

Accordingly, in a third aspect of the present invention, there is provided a
surfactant-containing pharmaceutical preparation that has been quality-

controlled using a method as described above.

The invention will now be described in more detail by reference to the

following Figures and Examples wherein:
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S ppm 4,000 ppm 3,500 ppm 3,000 ppm 2,500 ppm
2,000 ppm 1,500 ppm 1,000 ppm 900 ppm 800 ppm

w@QW4me34 600 ppm 500 ppm 400 ppm 300 ppm PRO@B2H¥H001992

110 ppm 100 ppm 90 ppm 80 ppm 75 ppm 70 ppm 60
phigured haws e Fswits 36 Q@pmsa}zoo? sm%awp&ﬁ) usthgpmgtal ion

16 15 m_ 14 13.pp 12 m .1 10 .
p%olﬂ?&@nk p%ﬂ“agg’b pfRd fgg’%ﬁ? CXP%CEI’B pt %S‘i}'ﬂ?ﬁ]ao EI? @e@mr@hve
WitdmPe 1@apparent to the skilled reader that the
nmet hods descri bed above are useful in the quality
control of a batch of a surfactant-containing
FigurecedhoneallP SEEpairaiiatiprafddalfl diffesan alimirSedractions as
system of mamintaining standards in a manufactured

ewleed imyExamplerly a sanpl e of the output of the 15
process of manufacture, typically a | ot or batch,

ai ns st and speci figation, thereby ensuring
%gu%%ﬁﬁf’wﬁg@dﬁﬁ“%@‘ﬁﬁ IFQE@F‘PIéeist andards. This
Is particularly inmportant in the manufacture of
4] ﬁf@@ﬁ%o%'th@ﬁﬂ%ﬁ?n\ﬁg ch need to match denmandi ng
regu atory requirenents. ance, the "conponent" in
the context of the surfactant 20 assay is generally
HguresBrshdwelties HBeaWalibidtion e \LenSRRPM EkantPles? .
qual ity control of the surfactant content of th
preparati on may be perfornmed by determining the
digheg Sashovsonatamemefogaaptiarefité fohealcptamar te theoretical
”fétnﬂ a,nmethod as defined above. Accordingly, in a
PIAT Jug®SEct of the present invention, there is
provi ded a 25 surfactant-containing pharmaceuti cal

: j Lty- .gontrolle sj.ng a
PIERAYFSARD: s DRtoriA0oREBb BRIL R clBMafiRe Ptk H3liREe
described in nore detail by reference to the
Fogend sigowd guhRinapgral offe %ﬁéaﬁ&ﬁléﬁﬁ%ré@@lat'om.
2004/ 099234 PCT/ GB2004/ 001992 Figure 1 shows the
results of an assay of polysorbate 80 using netal ion
Compasativo Exanipdnl and sol vent extraction as descri bed
in Conparative

The following example is based on the method of Garewal (op. cit.).

Samples of rHA preparation at 5 and 25% (w/v) were spiked with
polysorbate 80 (“Tween 80” from Sigma) to a final concentration of
15ugmL™” and 200pL aliquots were mixed with 2mL of ACT reagent
(17.8g ammonium thiocyanate and 2.8g cobalt nitrate in 100mL Milli Q

water).

The mixture was then extracted with 2mL of chloroform by mixing for 15
minutes at room temperature. The chloroform was then collected and the

extraction repeated with a further four 1mL aliquots of chloroform.,
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Exanple 1. Figure 2 shows HPSEC chromat ograns of
different albumin extractions as 5 described in

Wénmmbezsét Fi gure 3 shows the HPLC set up use®CT/GB2004/001992

npl e 2. ure 4A shows the cali bration data.

=4 lyualésozt@w OPpm of rché@anmtemﬁcfcwas/ meg&mdaarghthe

fPEﬁ?X %%”81? BCE 4P G SABR A CHEUFRLG Eafte SURDAT complex
&“ﬂfé% Aol nﬁﬁﬁﬂ{g%‘i@}?r aphic profile for

ca c atlng pea igure’” 7 shows a

chr omat ogr aphi ¢ profi I e for calculating resol uti on.

QhipasstractionEpeogddurd Wae fopehied for extandird ipdlyasbste 80

on the met hod of Garewal (op..cit.). 15 Sanples of rHA
bptonat (OprD.5t 59 and 5@5%% wilv)) wesparedik dwthiudtrapure water

Elo%ﬁh{z? At FitergromiggpRte GO b SR PP albt-s wer o

m xed with 2nmL of ACT reagent (17.8g anmoni um
t rgga.%}% alt nitrate in 10O MIIi Q
\/\T/!;Htegl%%lﬁ‘l 2 'Fﬂgg%%;(lt%%‘r gé)\g/as then extracted with 2nlL of
chl oroformby mxing for 15 mnutes at room
tfegper at ure. The chl orof orm was then collected and the
extraction repeated with a further four InL aliquots
of chloroformy 23 WD 2004/ 099234 PCT/ GB2004/ 001992
pibsor bance abbsgbmweef each diwesndOor m ext rhotemdd

measured and th t sor hance. f or ach

cal cul ated (i. e:eEXFLﬁ“gt (?%qnéﬁl CT’OI&COCHHF%?P Rt raﬂgéavery (%)
under the defiined conditions ghawendarilbusyeeXt racti on
procedure was |repeated for standard po|ysorbate 80 s
solutions (0, [0.5, 5.0 and 50. OnémSLmIii) prepared in

> water ("MIli QIM water from

-hoth ultrapurg
M4 1RO BLEOL D) anglsgdtA (5% W V). 6 >4,000

15pgmL?!
polysorbate 80

25% (w/v) tHA + 0.346 0.695 >4,600
15pg.mlL?
polysorbate 80

ACT reagent when mixed with polysorbate 80 in aqueous solutions results
in the formation of a coloured (blue) insoluble salt that can be extracted into
organic buffers. The ACT reagent-solvent extraction of rHA produced
higher background absorbances than those obtained for water (Figure 1).
This indicates that tHA contains substances other than polysorbate 80 that
react with the ACT reagent producing a higher than expected absorbance in

this method.
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woamematsat i on from Recovery (%

The results are shown in Table 1. Table 1: Sanple
Absor bance of Tween 80 Tween 80 Extract (600nm

(monL). 5% (w/v), rHA + 0.329 0.610 >4,000. 15 g.n_"1
pols et iRt @payserbaie 50 pHRIA fnalsgodugsss syexwess of 4000

301 Jortial dhkd k080 LonGrli SRS BV i Betidif igdble’ 1
fd%&ﬁfﬁ{s'tl%ﬂngghﬁ theRAhEd i Hbggécdr%ﬁjl %ﬁ%ﬁﬂso&ﬂéﬁc&ﬁﬁhe

be extract Into organic buffers.

rgRpied- sPAY eia&n]%& r asmbdfedo fwithiAthe Oxdiﬂ%ﬂitfyhicﬂhﬁhe assay
background absorbances than those obtained for water
(rEegumably ) accothiiss farntliis aeagt.t h&he ritigh cond ajarigble interfering

PR QORENS AT DB CA TG BB KL o o the
RORPLIBR5 T bBsb e T A BBl yoor bat o 80 i1

rHA final products is in excess of 4000 fold greater

tCmnphhRive FmpsTecentration by this method (Table 1)
denonstrating that the nethod is not accurate. The

hi gh absorbance in the unspiked rHA sanpl es conbi ned
it dn tatempéartoabvercomeothet hentassayntsppobdemmeabpaiienced when
accounts for this result. The high and vari abl e

using: ther meghod ek Senaparghivai eamlet b thes pifretdof pacludiag an
t hi,s. met hod. unsui tabl e.for 1 hg,direct assay of

B iR RRn SR P b ined Cop S B Eidae S8 hsEssed.
Polysorbate 80 was prepared in ultrapure water at a final concentration of

50mg.mL™" and in rHA at 15 ng.mL?. To 200uL of each of these samples
was added 800uL of ethanol followed by 2ml of ACT reagent. The

mixtures were then extracted by the addition of 5mL of chloroform
followed by mixing at room temperature for 15 minutes. The chloroform

extracts were then removed and extracted on C;5 SPE as follows:

Step Procedure

Wetting: 1 mL chloroform

Equilibration: 1 mL chloroform

Load: ' | chloroform extract of ACT-Tween 80 complex

from rHA or water
Wash: 1 mL chloroform

Elution: 0.25, 0.50 or 1.00mL of methanol

25
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worblamdosi Conpar ati ve Exanple 1,

Conparative Exanple 2 In an attenpt to overcone the
contam nant probl em experi enced when 10 using the

including an additional purification step, using a

GRE shricamers dged ke asneifugel ovapsirglion badecsespaasled in
RS e R0, el ol SRR
Gy PRl fRagknt SRR A Rl B RRY PRV then

axtdsaeded by the addition of 5nL of chloroform
foll owed by m xing at roomtenperature for 15 m nutes.
The chloroform extracts were then renoved and
ek a aotird]l 2R0QNB afigEohef fIdAl amdainBtgepo Pobysethate 80 was also
Wetting: 1 chloroforg 20 Equilibrailion: 1 nm .
SHiae &%&@mmmﬁ@% graribedt ahave. of hp@rsutisedte ghown in
%oqﬁ)lgx fromrHA or water Wash: 1 nL chl orof orm

¥6n: 0.25, 0.50 or 1.00nL of methanol 25 WO
2004/ 099234 PCT/ GB2004/ 001992 SPE el uates were dried

usipngocentri fugal evaporation and resuspended in
erther InL (water extracts) or 0.5nL (rHA extracts) of

trahydrofuran (THF). [The absorbance at 600nm of
ﬁﬁpq?gsuspended (el uaze vﬁﬁmtoﬂe ol sLfee, 5 Eg%ésorbate
control a 200L aliquot of rHA containipg no 80 recovery
pol ysorbate 80 was al so | extracted usi hg the pf%dedure
deater Hrimaboye. The resul bmiar evslvayn| 1 @63 Tablgo2.
PoRBrifaie RETROAI ELMELIPN VB EoHRPO Pol ysorbate
Water + 50mg.mL™" 0.25mL 1297 |89
polysorbate 80
Water + 50mg.mL" 0.5mL 1.246 |85
polysorbate 80
Water + 50mg.mL 1.0mL 1.170 | 80
polysorbate 80
tHA (5% w/v) + Oug.mL™! 1.0mL 1.132 | ND
polysorbate 80
tHA (5% w/v) + 15ug.mL’ 1.0mL 1.288 | ND
polysorbate 80
tHA (25% w/iv) + 15pgmL” | 1.0mL 1.144 |ND
polysorbate 80

“ND” means not determined. The recoveries of these samples were not
calculated as the absorption of the unspiked rHA is equivalent to the

50mg.mL" standard. Le. there is a high background from rHA samples.

Recovery of the ACT-polysorbate 80 complex from water is in excess of
80% (Table 2). This recovery of ACT-polysorbate 80 complex is
maintained with SPE elution volumes from 0.25 to 1.0mL (Table 2). The
use of low elution volumes may be beneficial in redﬁcing the drying time of

the eluates prior to resuspension.
26

the effect oPCT/GB2004/001992



10

15

20

25

80 recovery (% Water + 50ng.nL 1.0OnL (volune 1.463
100 polysorbate 80 (Load control) dried down) Water +

wé@my/mﬂt«xét 0. 25nmL 1.297 89 poI ysor bat e 80 WAt BCTAGB2004/001992

50ng. -1 0.5n 1.246 85 pol sorbat Water + )
Batgoiar Df HaHorbaier 80 8@'01% ikt SEb GO IEEofaEmaion,

s isetipnng SHE3a3tod Ss“‘fﬁi bEIRGET R ReS for
‘Q’éﬁﬁ 1eb wind aﬂ%f w;llth]cru%‘ol o}l%ﬁe "z!la ROy 2}” {Fﬁisenﬁ@catépthat the

S not enni ne e TECOV ries of these sanple

‘6610%1‘ MRbduckd i@adhesd akadcrsistiw whdbr pilated tof ﬂiehpresence of
unspi Ked rHA is equivalent to the 50ng.nL-1 standard.

pobysottate 80iandamiaiydre baedpedund rilAosentpminantp| excipients or
Recovery .of the ACT-pol ysorbate 80 conpl ex from wat er
the proteiRatseld: of 80% (Table 2). This recovery of

ACT- pol ysorbate 80 conplex is maintained with SPE

glts,'of% 8§gl§ "ﬁ@yg&%ﬂl 0. R Alcer 1(:@{}3]5;(1_%?1[1 epe) ex&gt?ceasfrom

A Vol unes may eneficr al

Blsor d.
o0 10170 18 Blgkn pbmies gr it

Extraction of pol ysorbate 80 fromrHA using ACT

Compargtive Exainpden3  sol vent extraction and SPE
resulted in essentially identical absorbances for

The method of assaying surfactant levels in solutions containing ‘high’
concentrations of protein (e.g. 52 mg.mL™") described by Lanteigne &
Kobayashi (op. cit.) involves ethanol precipitation of protein, including
overnight incubation of the sample at minus 30 °C (plus cenirifugation and
isolation of the supernatant), prior to complexing the surfactant by the
addition of ACT and extraction of the ACT-surfactant complex using

dichloromethane as an organic liquid phase.

We have found that the initial ethanol precipitation step proposed by

Lanteigne & Kobayashi results in unacceptable levels of surfactant losses.

Aliquots (10mL) of tHA (5% w/v) + 10pg.mL™” polysorbate 80 were treated
with 40mL of cold ethanol. Samples were centrifuged in a Sorval RC5C
centrifuge (rotor = SS34) for 20 minutes at 20,000rpm. Supernatants were
then dried using rotary evaporation (to approximately 2ml.) and then extracted
on Cyg SPE cartridges.

Removal of rHA by ethanol precipitation followed by C;z SPE did not
improve the polysorbate 80 recovery above 35% (data not shown). This

indicates that the precipitation of protein results in losses of polysorbate 80 as
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sanples with and wi thout polysorbate 80 (Table 2).
This indicates that the colour produced in these

WwWexbHaes4i s not totally related to the preseneeTadB2604/001992

pol ysorbate 80 and may be produced by rHA
cihetraciveanvs,Cie X Hisdotzr dhan thae optatesi fromt wetdlr exfiaots, (i.e.
al t hough pol ysorbate 80- ACT conpl ex can be extracted

f WERMOGEPSHYF or m usi ng C18 SPE, a hi gh background
response is al so produced. Conparatlve Exanple 3 to

e AL U8 A bt 10 4 ion
N&F Sthaddl, Qlfb%ﬁr\ivﬁﬁ@utbﬁhe LR 68 %Vétn1§ﬁkiﬁ¥§l§itior{ 8P the sample

cit.) involves ethanol precipitation of protein,

| atChitthis R °Cvar désghibed tuUbahiedrheok Kiobagatip) eVt haVd BSund
30 C (plus centrifugation and isolation of the
shhp’ethezalmdml)qthqnql caddttmn: stqpl eropnged by Garefvatt analtégpatively

addl i an xtraction of_ the
Atg? aéa}t fmzé |0 %24%@118 gasernethgnel paisereapaael), also

JeRDR @?@%%PWS??V@AS SFaiah0eeshy ™ Lant ci gne &

Kobayash| results i n unaccept abl e IeveI s of surfactant

p@?gor bat L}qg@ﬁvép{eﬁ? Pblélts (}3 a; (‘é%)%l&g,%eafall gwé[;i]aliquots

ahh@d olith SHID| fS eidreneidnbl,f 8@ phiolaosSethabl. RoPke treated
centrifuge (rotor = SS34) for m nutes at 20, 000r pm

Sapplasaila weedhen ketacted ad above gnr(ok SBE ema:pdgcw; ieluates
(to appr oxj ter 2m) and then extracted on Cl8 SPE
DSIg ALY MRy sarbate §(uas [Rer dixeande lpr e’éﬁ:'ﬁietl'ﬁwr&rpf tHA

&ﬁﬁ@@&?@%?xmgb%?%v%k?p Ao g@@@“fa ¥2haiad reiog g Cis SPE

-Egélﬁ’iedllﬁ] gé&)%ﬁés 6@1 §5}?afér a]?]e?t%to ml's P‘%ﬁ%%c?iiv@ly These

results in | osses yso

260641c£199 23 uﬁﬁde@b@ﬁ%@oﬂzﬂ% regu18oFE GOYET ¥n®Rvédid 1%55 to
is lower than that obtained fromwater extracts (i.e

wiisleadingpestisi n) .
Comparative Example 4

In addition to the surfactant losses observed as a result of ethanol
precipitation when using the method of Lanteigne & Kobayashi (op. cit),
described in Comparative Example 3, we have also demonstrated that the
step of complexing the surfactant by the addition of ACT and extraction of
the ACT-surfactant complex using dichloromethane as an organic liquid

phase additionally causes surfactant loss.

Recovery of polysorbate 80 was compared between a 10mL aliquot of rHA
(5% wiv) + 10ug.mL™” Tween 80 and a 10mL aliquot of ultrapure water +
10pgmL™ polysorbate 80. Two additions of 70mL of ACT reagent (17.8g
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WwOheo4@r9Bmsi ve over ni ght

The nethod of Garewal (op. cit.) also includes, as a
first step, the addition of ethanol, albeit wthout

AR R A G N e
d Ga | t i t . it f
g ety Mot togdon 4 Y SHEE hiFiek ig) ARE WL S of
i K , r H .| > | »
USEPLBRRIO, DS, g gl bt

osses. 1

%ma@ﬁa RERE0RPrARY Sifiduted drgiibt Sop bquetus gllasd discaded. A
of either methanol, isopropanol_ or ethangl. The

faveatysthls saaphydropd Bnuponismesulpbaie axeresadded ans tsovanples
on C18 SPE cartridges, .el uates i nqg. assayed faor
pi6re, suKrehead ge-eentpiged,asnliqyey q&"e&eﬁﬁg’é?‘ﬁ’ﬁ ang; wps then

i nal d ' % i L
iRt B patafohuls SR AsRRRURRR A red bERBBLED | The gesidue
AL YS9 Rah&eRlePin mezﬁleﬂ%o;f’ 49d deisaest tergtifogall Begsordfion

recoveries are unacceptably low for a regul atory assay
BOraBeing reaageided i H00xal i TR, dhese sesuSpeniedatainyles were
Exanpl e In addition to the _surfactant | osses
tienessaydd der polysarbate Srasateperhad indexeeapletat i on when

usi ng the nethod of Lantei gne & Kobayashi (op. cit.),

descri bed, | i le 3.
e T T LR
SR e o et pe et on ol

QESBRLEthS Oafl tHRDasefREMit koakly prtses ofr Tacteighe &
| oss. Recovery of polysorbate 80 was conpared between

K obapashal cquait affficidatly2x(8et wiurfactartognnithe  presencgo of
and a 10nL aliquot of ultrapure water + 10g.nlL-1
poitgiveesarscostrmIpgst.addi ti ons of 70mL of ACT reagent
(17.8g 28 WD 2004/ 099234 PCT/ GB2004/ 001992 anmoni um

Efgi Wazate and 2.8g cobalt nitrate hexahydrate in
€dltrapure water) were made to each sanpl e,
prior to mxing with 5nL of

Significant modifications to the methods used in Comparative Examples

include —

» a protein-precipitating agent was added after, rather than before, the

addition of ACT; and

o the ACT-polysorbate 80 complex was initially separated from
proteinaceous components using centrifugation rather than solvent

extraction.

Six lots (“A” to “F”) of rHA were examined. Lot F was deliberately spiked
with 15pgmL” polysorbate 80. To 10mL aliquots of the rHA (250mg.mL™),
2mL of ACT reagent followed by 18mL of acetone was added.
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di chl oronet hane. The sanpl es were incubated overni ght.
M xtures were centrifuged at 3000rpm for 5 m nutes

wano4lae3top aqueous phase discarded. A 5 few eCysiBab®/001992

of anhydrous anmoni um sul phate were de(g azn% é&? 15
Thensrepleswers #steYOHAY Eedefnd oFD 5 &far

di chl h th t f

@h&t%é’ére%% 35F BEeiati artarpard e HTRLELERR SUE of
%&ﬁ'{fl}/{f uga r}ﬁieg SN ‘s I—T@f Rl g?p ol gﬂeré)ktracted on a

evapor ation efore being resuspended in
B oddISDB eeng/eails ReNARS). S ampbe dilwesd sarhpleshwsre then
assayed for polysorbate 80 as described in Exanple 1.
Stectek by esotidophasel yxtvadiatne (SREY neimet ﬁ@mgaB@kerb@ndl sDB1
was 82% The recovery of polysorbate 80 fromthe rHA
endnmmine agelloms'y 21% This denpnstrates that the
surfactant recovery protocol of Lanteigne & Kobayashi
not efficiently extragt surfactant in the presence
5%2_15 pr ot ei naceoum}ﬁnant. Exanmpl e 1
Significant nodifications to the nethods used in
FOrR _ggrat i ve Exanpl espmi N s@€orm,@ml methanol
protérn-precipitating agent was added after, rather
than before, the 20 addition of ACT; and t he
Pgiliibphticnr bat e 80 cmpl @30fasiceiont;] ﬁ@‘]@EE&“@asa}M@'@n 20%
from proteinaceous conponents usjhng centrlfugatl on
rather than sol vent U]ér%t?ﬂ@c@\ﬂﬁhQSDW@f@fs ("A" to "F")
of rHA were exam ned. Lot F was deliberately spiked
5 with 15gg. nL-1 sorb |om_ al i quots of
r HA (250ng. m- 1;)]5 8:21[@&3 uR&ﬁna:faé gent fol |l oned by
18nlL of acetone was added. 29 WD 2004/ 099234
%/1552004/ 001992 Ther saphesf el ﬂlﬁ@n(M@Hi e§“ﬁ) xgMter,
entrifuged at 47,8009 for 15 mnutes at
supernatants were relmﬂmiohndaccbtbmheké W isb-126pdnalf 0.5%

ammonia in hexane, hexane, 1% acetic acid in

hexane, hexane
Elution: 2 x 750uL aliquots of toluene:ethanol (1:1)

The SPE eluates were then dried by rotary evaporation, resuspended in
200uL of tetrahydrofuran (THF) and analysed by HPSEC, as follows:

Column: Three 300 x 7.8mm Phenomenex Phenogel 50A, 5Spum

columns preceded by a 50 x 7.8mm 5um guard column
Mobile phase: tetrahydrofuran (THF)

Flow rate:  1mL.min"

Injection:  50pL
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100nmM EDTA in 0.5M Tris/HA buffer pH 8.0
(pre-extracted on a Bal erbond SDB 200ng/ 3nL col um).
wOhewi®oghish ut ed sanpl es were then 5 extracted bpCsaiB2004/001992
phase extracti onaéSP_E usi ng 50ng Baker bond SDBI
eraeieyas Wetdrodi0 dSifergatishrefiedionestennet ti ng: 2nL
chloroform 2nlL nethanol Equilibration: 2nm of 30%
acet one,, 50% EDTA solytion, 20% 10 ultrapure (MIIi
@M&‘Z@&ﬁg Di | &el ACT supernatant Wash: 1 ni
each of ultrapure (MIIi QIM water, nethanol,
etonittile, iso-pr I, 0.5% ammonia in hexane,
ﬁ%@'ﬁr@%ﬁg@ﬂ% acioa?ﬁﬂ 15 hexane, hexane El uti on:
2 x 750L aliquots of toluene:ethanol (1:1) The SPE
t dri [Kalok
OB ST RARIRIR Vo erRiya REARR Ol bthes (E and D)
JBgdurs ez. IWowRRECthiavah Al ted Robrdwen to ThEiatdCh Accurate
7. 8mm Phenonenex Phenogel 50A, 5m 20 col ums preceded

tapdpregs« asag by Grangifiving vsbigimghtveidrdhah ae: and/or using a
tetrahydrofuran . (THF) FI rate: InpL.mn 1 |njection:
SEaE oY 30 g oy atednbit e She B dgskouire cab begmepared
I r ' e Col umm

YRR A b P Bibele G BRREPRHEN. 55 cnr
slight contam nati on was observed in a couple of

AE and D) 5 (Figure 2). However, this can be
negated in order to facilitate an accurate

1. Pharmaceutical preparations tested

Orthoclone™ OKT3: The product literature for Orthoclone™ OKT3

((muromonab-CD3)-Janssen-Cilag GmbH, Germany) states that each 5mL
ampoule contains amongst other ingredients 1mg polysorbate 80. For

analysis, 1.25mL of product was assayed, equivalent to 0.25mg polysorbate
0.

Vepesid™ J 100: ((etoposide)-Bristol Laboratories NJ, USA) contains
amongst other ingredients 400mg polysorbate 80. For polysorbate 80

analysis, SuL of product was assayed.

NovoSeven™ 240: ((Coagulation factor VIla recombinant) Novo Nordisk

A/S, Denmark) contains amongst other ingredients 0.65mg polysorbate 80.
Reconstitution was performed as described in the product literature by the
addition of 8.5mL of Sterile Water for Injection, USP. For polysorbate 80

analysis, 3mL of reconstituted product was assayed.
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wanbarooed3at ed rHA (i.e.

and precise assay by quantifying using height rather
than area and/or using a standard curve in

t he standard curve canPOE/GB2004/001992
prepared using the rHA prior to Pol ysorbate 80 being
ddded )P olpseahptes exirpctionpryad arafput i cal pr epar at i ons
tested Orthocl oneTM OKT3: The product literature for

hocl one, M OKT3 nur.ononab- - Janssen- Ci | ag
g?iﬁ“%?e? n a@%?’éé%‘?é@%‘i%%ﬁws'anpoul e contai ns
anongst other ingredients 1ng pol ysorbate 80. For

al ygj . a o _
A G tééfm@%e%%%%%‘ééa 15 SSmp DareEbERE S19B1

((et o3P dentridgdss(MbllinehaydatBulice B.M); 346B) 200nieaBakerbond
anongst ot her 1 ngredients 400ng pol ysorbate 80. For
pol yscibal SBD carndgsss(Mallmgkradt BaleaudtV Wadnalsgiopb dPLC

SR A AT e A e e
oS, IO ULARE BRI LR BBk o

pr oduGiPI,Ct §fstdrbll £hd¥; tFRnoAfteek | PRertipe. 50K,
Sterile V\&tg for Injection, USP. For gpoI ysorb tmé C8O s

anal y$380 x3ndmnf); Peermnséndxilechogebfddts waguasd agkgin 830 x
WD 2004/ 099234 PCT/ GB2004/ 001992 2. Poéa;aor bate 80
ext r adt3mBm)aHELén aplpents heeley snd iseniroBmegdide Y ¥Watersasvithout

Peea. T oSl aok Sttt CABRL set Y dgBovis (SiL -
Mal | i : .

| Spe 25t AYSRBAL i Mok Unfian, SP gRSGRH00 Laremipiior

HPLC syt eytomicr 1 2anhol Abeed 9fald;i 1308d. Widsh FEOLCSAARIIE vials

| oop, system controller and integrator; Refractive

i ndex vddt @onprogstalabl e for HPLC system above;
Phenoi nenex Phenogel 50A, 5m col ums

(i) The following reagents were used: ammonium thiocyanate, AR
grade (Fisher Chemicals); cobalt nitrate hexahydrate, AR grade
(Fisher Chemicals); acetonitrile, far UV grade (Fisher Chemicals);
ethylenediaminetetraacetic acid (disodium salt), Sigma Ultra grade
(Sigma); tris(thydroxymethyl)aminomethane, Sigma grade (Sigma);
hydrochloric acid (concentrated), SLR grade (Fisher Chemicals);
hexane, Distol grade (Fisher Chemicals); tetrahydrofuran, GPC grade
(Fisher Chemicals); triethylamine, AR grade (Fisher Chemicals);
isopropanol, HPLC grade (Fisher Chemicals); methanol, HPLC
grade (Fisher Chemicals); chloroform, HPLC grade (Fisher
Chemicals); water, laboratory grade; toluene, GPC grade (Fisher
Chemicals); ethanol, AR grade (Fisher' Chemicals); polysorbate 80,
CAPP Raw material 34 (Surfachem); hexadecanoic acid, Sigma

Ultra grade (Sigma).
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(300 x 7.8im); Phenoi nenex Phenogel 50A 51n guard
colum (50 x 10 7.8nm); HPLC col um heater and control

waonoeo3Wat ers, without inserts); Sterilin cearaEB2e4801992

(70nmL); glass screwtop vials (2nL - 12mm x 46mm) wth
I(iid)s; el kedlowing aolptionaperansad concentrator with
rotor for 12mm x 46mm vi al s; 250L gl ass HPLC sanpl e

R bR R el Sk AR 's%apademo as
(FQZE fﬁ% g%?@é@h%ade‘:g?ﬁ% ioacte\tgvg[hlq?wwgr W gr ade

(Fl sher Chemicals); ethyl enedi am netetraacetic acid

(di sodbymgsabis) solit@fBof)rbéemBlAde i@ Ebiumin 25% (w/v)
tri s(hydr oxyrret hyl )arp nonet hane, Sigma grade (Sigm);

20 hydootdihiogilé paont’ (Rnd)ymbatee&(b(dmeSLR grade (Fi sher
Chemi cal s); hexane, Distol grade (Fisher Chem cal s);

tetrahydr ran, r ad Fi sher em cal s

triet %) éﬁﬁéeag@% g(r%g@ (OE @%g}on@ﬁ@n;%gpgz)nate and 11.2g of
i sopr L Fi.s nol

pLe Sgpafarireles fePakEt SR CHORLT b 1TRARE D simnce
(Fi Sh%at@@v@ﬁﬁﬁéﬁﬁdé)u tmto@&n&}aborat ory grade;

t ol uene, GPC grade lpsher em cal s); ethanol, AR
grade (Fisher Chem caI s); polysorbate 80, CAPP Raw

mat er i(d) Bﬁffe(eﬂuElﬁbih Solutibe Xadgegnof etladénkdifingtaetraacetic

Utra gr ade (S 32 WD 2004/ 099234
PCT/ GBeW0 4/ 0@ @%@m(l i ispltThe €EIPTAM ng evduti d¥kSSgre of

d t hocl ™M OK Vi d 100, d .
Novo A HRCS B SRR atfou alssAes gt o 2pPERimately
ith | |
L o 0k 0 S o o
1599. gbndentiotats aydichloH hdidnidd Vb@ﬂmé%aﬂ@%@efﬂ 1L) The

(71.2g of ammoni umt hi ocyanate and 11.
solution was purified using solid phase extractlon as follows:

. A 3mlL, 200mg Bakerbond SDB1 SPE cartridge was washed
with 6mL of THF followed by 6mL of laboratory grade water

allowing the solutions to flow through under gravity.

o A Pharmacia P1 pump was used to pass 6mL of the buffered
EDTA solution through the SPE column at approximately 4

mL.min" and the solution discarded.

. The remaining buffered EDTA solution was pumped through

1

the SPE column at approximately 4 mL.min~ and collected

for use in the assay.

(€) 30% (v/v) acetonitrile (30mL of acetonitrile was mixed with
70mL of laboratory grade water);
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cobalt nitrate hexahydrate dissolved in 20nL of
| aboratory grade water, volunme made up to 100ni). (d)

waeubdsmoed4 EDTA Sol ution (37.22g of PCT/GB2004/001992

et hyl enedi am netetraacetic 10 acid, disodiumsalt

( EDTA(T) Hred(60). sixthylamine iis (hepanoxZ@8tiby bf rn¢thyleeninenwas
di ssol yed. i n .appr.oxi el 900nL of | aboratory grade
wat er d155p1VE jlﬁggﬁﬁg?g?EXW; addi tion of concentrated
hydrochloric acid and volunme nmade up to 1L). The

sol uti | £ ' SOt | L LAGE:

Fol I ofe tofeRtio €5 EAOR PG | BNEREs FHRRHIRTORE of
cartrigfig@onas washed wth 6nml of THE fol | owed by 6ni

of |aboratory grade water allow ng the solutions to

flow t hrough under gravity. A Pharmacia Pl punp was
used {lop) palysorbaic 86fstandard g fudiond 0. HP0A000Mg walysorbate 80

and t RS SBaT{e6Ddh A aURE Of ADe Aa ShABIOBL ETlcaALeT in
EDTA | ut i . h he..SPE I

appr oLy AR TR R BPhesaoh . P EaR o, e
assay. (e) 30% (v/v) acetonitrile (30nmL of

acet oy trgys@nVBRitAbNEE” Yandar?Bolflba .1%@1&9&%@&%@ cid
grade wat ér); 33 WD 2004/ 099234 PCT/ GB2004/ 001992 ff%
1% ( vand 0t i0gegdiydoabato S0i wahéxasieed 20QLfiedl volume of 10mL of
triet &ﬁ am ne was dissolved in 19.8nl of hexane); (9) |
t ol uedéllet inamolvolumatyic( itask: ofinabl cenmenivationi xed Omig.mL

10mL of, ethang)); .5 (h hysorhate 80 standard.

ol ut POSpERBOgB sdoHbRE ol fESdGiaoi aCE S i d d 30RL
in a fj.nal, volune o 5[OrrL ofzdéeﬁoratory grade water in
a graa IR 5t BiRes 13 Sefln&w. I"Mal concentration =

10ng. nL-1; and

(iv)  Protein precipitation and removal was performed as follows:

(a) To all tubes (standards and tests) 4mL of ACT reagent was added
and the mixture agitated gently to mix.

(b) To all tubes (standards and tests) 20mL of acetonitrile was added.
Tubes were capped and shaken vigorously to break uwp viscous
precipitates and vortex mixed for at least 1 minute. The tubes were

incubated at room temperature for 15 minutes.

(c) Following incubation, each sample was vortex mixed for a further
minute and then centrifuged at 47,800g (Sorvall RC5C Centrifuge
and SS34 rotor at 20,000 r.p.m.) at 4°C for 20 minutes.

(d) To 10 Sterilin pots (70mL), 17mL of buffered EDTA solution

was added.
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(i) "System Suitability" Standard Sol ution (0.1Qg
hexadecanoic acid and 0. |10g polysorbate 80 was

wdizewibysd in a final volune of | Ok of 16 THRCT/GB2004/001992

volunetric flask: Final concentration =

-1
pol ysdpr@Eowmgaﬁ@tm@tﬁjﬁm, lillhef(é]d%éﬁﬁ@mét ngufwmsqayhe‘wbe

pr of oi PP FRBIBIRE A Foh SEAGE e AP Bk Bl (5 pefetsd EDTA
foll O%lutfo%)%@a?éd% dé{};’is (standards and tests) 4nlL of

ACT reagent 5 and the mixture agitated
gently to mx. (b) To all tubes (standards and tests)

20nL qf) Baeh egittifidectubasvarfased wiilkbe Suddrel Babpstbhetiered
shaken vi gorously to break up viscous precipitates

and vdiDEA sdlutionf which Wwasasdded o rthe eappToeriate bSterikier pot.
i ncubated at roomtenperature for 15 m nutes. 20 (c)

Fol | ovliHg TSRiEBE he RY ug PHERATT ex mi xed for
a further mnute and then centrifuged at 47, 800g

O R O A, e

( 70nL)phadd Bhtridt SF}? f8rhfd asWBBowdded. 34
WD 2004/ 099934 IF?W(; GB2004/ 001935é (&) Fol I ow ng

centrifugation, all of the supernatant from each tube
was tr(a)chblémwiag ithe ommepfacinrer’al iinstodctiond,7 ntieh dme 50mg

buf fered EDTA sol ution (prepared above) %71)
cent r iBakgebandpddRd SEH gastwers fitted Weﬂle rﬁmﬁmeld and

gg}; 1; glra;?ea[d Shed w (g E{% eﬁﬁﬁ c@‘%@? m#ﬁlgw*e ryeg'@ﬂtrgetﬁnﬁgop and finally

purifbed s¥sfaciRmniieRasRtion. (v) The purified

surfactant preparation was further purified by Solid
Phase Extraction (SPE). SPE was perforned as foll ows:

(a) F¢b) Badinglthe was Ubaidufe Hpproxiatatelotd. omg. mi€™) with a
I m, 50
m%ed surfactant preparation obtained as outlined above.

(c) Each column was washed with 2mL of 30% (v/v) acetonitrile
followed by 1mL isopropanol, 1ml. of 1% (v/v) triethylamine in
hexane and finally 1mL of hexane. The SPE cartridges were fully
dried by passing air through each cartridge under vacuum for at least

30 seconds.

(d) Glass screw cap 2mL vials were fitted into the SPE manifold for

eluate collection.

(e) Each column was eluted with 2 aliquots of 1000mL of
toluene:ethanol (1:1) at approximately 0.5mL.min”. After each
aliquot the eluate was expelled into the collection tube by passing a

10mL syringe full of air through the SPE column.
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wOoRoRrmeo2set hanol

10 Bakerbond SDB 1 SPE cartridges were fitted to the
SPE mani fold and washed with 2nL chl orof orm fol | owed
and finally 2nlL of 30% acet ORCT/GH2804/001992
each. (b) Each colum was | oaded (at approxi mately

0. 5ml(fij rAll)elwdted veerepdried i eing wehtrifugal epappatiahi ain50°C
obt ai ned as outlined above. 15 (c) Each col um was

was hedmdet vecam aid Bemresispende@ b2l o€ THBI | oned by

| mL i sopropanol, 1nL of 1% (v/v) triethylamne in

wor o (811 Facty ingla, 78S SanstRel Fo a0ty Riass i L His and
cartrisgggd%&egﬁmgqgg%fspr at |l east 30 seconds. 20
cap

(d) @ass screw vials were fitted into the SPE
mani fold for eluate collection. (e) Each colum was

et edChei HRLZ @lpagatat Svaxf set @p0M-sidwn i Figne: Rt MaRomobile
(1:1) at approximately 0.5mL.min 1. After each

al i quphaseheesetvoit eonfasniagd! bé tetiahydrafbsarc OTHEY twanplaced
tube by passing a 251 OrL syringe full of_ air .

t hr oudh 2 the adeplimaontslledweade pathosego 25°C. A suction
PCT/ 004/ 001992 f | | tes werge dried ysing .
Cont r TigE AT =ecapeiact tm oo HISL Tl e i fafl ot rmgbile
resus 1 3 THF . .
" esusRRe it Raziin Lo Tt el Ol Boclly SRR e ai.
cri np TheP ahioftfectdr (Whs JdimebRUCI@PRBr 2hMe VBRSS! atdP then
as shown in Figure 3. The nobile phase reservoir,

cont aiconmept@l tof theebnalyyidalotohamy, THEhe gweesd phiad exhalytical

a thernostatically controlled water bath set to 25C. A
suct i enlunfng weie mased onthecthetmostatiall JHeoGrelaghoven et 25°C

Guar A28 EL R PP abeters HBkbe bver conkel thedie: oDHpdeetgr was
was cafBgel $8r tompaft ALt BEAHEh Bow I installation of the
columns. The outlet from the analytical column was connected to
the refractive index detector inlet port, the refractive index detector
reference was directed, and outlets purged into a waste container.
The pump flow rate was set to 1.0 mL.min™" and the refractive index
detector was set to a sensitivity of 256 and a time constant of 10
seconds. The detector oven was set to 35°C. The HPLC system
controller and integrator were set to collect and integrate the
chromatographic data following the manufacturer’s instructions.

Prior to analysis, system suitability tests were run (see below).

(vii) The following procedure was used for HPLC analysis: refractive
index detector was purged for at least one hour prior to use and
monitored for a steady basecline; buffered EDTA solution was
prepared and its extraction started; all other assay buffers were
prepared; extraction of tests and standards was started; the HPLC
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connected to the anal ytical colums. The guard and
anal ytical columms were placed in the

wohewrmost3at i cal |y controll ed oven at 25C as seCTaB2003¢901992

Waters HPLC oven control nodule. One hour was allowed
for t eyplemawasesterfad | agt @gudibratedl dhe fpsehst aid PG was
of the_15 colums. The outlet fromthe anal ytical

col umehgledcamniest sajutien Preparedis SYUTHSUHIA Eﬁ;@yd@tté@%run

was. i POIS s bR B %}é{%ffab?%sﬁ PR ER b8 P Gstem
cont alypgr ¢ fxalﬂﬂ‘redo%p ﬁﬁte the'S spREml %uiltagﬂfﬂf BR dyas

and the refractive in etector s set

sensi tacydptablef whizh @ftdaoalohl wes eongilaet, ahd ]s@s%@n suitability
seconds. The detector oven was set to 35C. The HPLC

syst efvasgenentableethesamples vgranor. were set to col | ect
and integrate the chromatographic data follow ng the

L7800 e oM ot e BLRS pRopereq from
The gl oy mg5arz%cqﬂgoeovzﬂ>saﬂaqﬂsbﬁf BESHARRLY §1 jom.

refractive dexX™ detect or was or at |eas
one hoiorotPivated. use and nonitor ed for a steady
basel i ne; buffered EDTA solution was prepared and its
extraction started; all other assay buffers were

(ixa paPetiysothate 80 twasnquzintifiedtty HRI Csasafollamds was
started; the HPLC 36 WD 2004/ 099234 PCT/ GB2004/ 001992

syste s st.arted_and equilibrated; the el i ne on
FPLC @) ﬁ(i! affgr PeESTMIg Whei Btest é%ﬁ@fﬁy testyaQudmof

suita t t S: It in

or oceEé%% gt oo e P Tag SFRLE WELE, B flapara

to en%Hﬁ(ﬁubﬁ@He&lﬂ%ea)ﬁ%b%@ sui tab| I ity test was 5

acceptabl e; when extraction was conpleted, and system

suitability was acceptable, the sanples were run.

(vi i Ib)A@ﬁwthmmadgmphydaﬁ all campdesohnd dhy SotelgadteoB0f the
epared from 0.00, 0.10, 0.20, 0.30, 0.40 and

o 50,@0 SPRpatsy BAteeaks, pnlingay calibration curve of polysorbate 80

peak height against standard concentration (mg.mL™) was

constructed for the standards by performing linear regression to
calculate slope (m) and intercept on the x-axis (c) for the standard
curve.  These regression data were used to calculate the

concentration of polysorbate 80 in the test samples as follows:

Line of best fit for standard curve is polysorbate 80 peak height in

test=mx+c
Where x = polysorbate 80 concentration (ug.mL™)

Thus:

Polysorbate 80 concentration (ug.mL") =

(Polysorbate 80 peak height in test - ¢)

m
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| aboratory water. 10 (ix) Polysorbate 80 was
guantified by HPLC as follows: (a) Imediately after

woeond4goyzng t he systemsuitability test, 50gL 8€T/GB2013/001992

sanpl e was injected onto the HPLC under the standard
condi tilengneass Polysetbaibodl. comjentation Ehg.oratodioapthe test
of all sanples apd the integration of the 15

pol ysJF@ﬁqrggesS‘@a%@’gﬁs‘faf%lﬁeﬁear calibration curve of

pol ysorbate 80 peak hei ght agai nst standard
c_@ncer}@er%{)on (mg.m.-1) was constructed for the

st andarés y performng linear regression to

calculate slope (m and intercept on the x-axis (c)

fidte thieackéchpthadard eurwee %eﬂ'éir%d 4 afiicas Talibra@RhacBiLwith a

used to cal cu}t ate the 20 concentration of polysorbate
gogtepsiomdinedlt of A end s perckutage TV nfer dhe besmatised peak

for .standa rve is | ysorbat e, 80 peak height in

Helat T AD Gave 4 -l aimnani tomesnusd rrdysaate 80
T ) I [ ncent rati on

s Beihbe ol aiied oitaGEhaRh Bsifd, GRRARR i Uive showed

iofose 35ralRH0 04 ARAZ3h, RSVoSBRA0Y QOL098.iTNe TRa

polysgﬁbate 80 concenfratPon (pg.nL"l)ﬁ?%r tﬁe tgé?'

replicates was then cal culated. 3. Results The

extracted standard curve generated a |inear

calibration curve with a 5 regression line R2 of

8é88£¥and a percentage CV for the nornmalised peak

s of 3.4% (Figure 4). Conparison of the nmeasured
pol ysorbate 80 nmass against the stated fornul ation

' he i br at i cur,ve sh bl ose
e N T T -
(Tabl gard - 80 mass/ | 80mass/ | Height | mass |ofexpected

vial (mg) | extract (mg) (mg) (%)

Albumin 0.750 0.150 74975 | 0.15 100

Orthoclone™ Lo
: 0.25 102763 | 0.2
OKT3 ° ;1
Vepesid™ 100 400 0.40 202292 | 0.39 98
NovoSeven™ 0.56 0.20 93038 | 0.18 90
240

The method of quantifying polysorbate 80 in rHA final product as described
above showed itself to be suitable for the quantitation of all products with

no modification to the methodology.
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io Tabl e 3: Product Trade Pol ysorbate Pol ysorbate Peak

Measure Percentage nane 80 mass / 80 nass / Height
wouass/09923expected vial (ng) extract (ng) (ng) PCYIGB2004/001992

Al bum n 0.750 0.150 74975 0.15 100 OthocloneTM 1.0

Syvsem Sniralility Fest81  OKT3 Vepesi dTM 100 400 0. 40

202292 0.39 98 NovoSevenTM 0.56 0.20 93038 0.18 90

%4,0 The method of quantifying polysorbate 80 in rHA

"R4f*Foduct as described above showed itself to be

suitable for the quantitation of all products with no

Of,r caf 11N R 2

e S g e B em g, e

1. HHULC efintihg ubyst e statidaad conditiofss.andard Sol uti on was

injected onto the HPLC running under the standard

conditions. 5 2. The test sanple was eval uated by

cal culating the theoretical plates ailing and

ot
5 Heddeutasbriample prrsy syrbated &y swlguisiingddrandireeslgplates,
{ o ting S besolisiars 185 hosonBis E 418 ATRARERIGIEAAT (see

bekh, ygv&)he expected val ue the colums were 10 repl aced
wi th a’new set of columms. Evaluation O Test Sanple
1. The theoretical plate nunber was cal cul ated for
both the pol ysorbate 80

3.If any one of the parameters, either for the polysorbate 80 or
hexadecanoic acid, was below the expected value the columns were

10 replaced with a new set of columns.

Evaluation Of Test Sample

1. The theoretical plate number was calculated for both the polysorbate 80
(first eluting peak) and hexadecanoic acid (second eluting peak) peaks

using Equation 1,with reference to Figure 5.

2
15 Theoretical Plates = 16x (—\{7—] Equation I
b
Expected values:  Polysorbate 80 > 650 theoretical plates
Hexadecanoic Acid > 6200 theoretical plates

2. The peak tailing was calculated for both the polysorbate 80 and

20 hexadecanoic acid peaks using Equation 2, with reference to Figure 6.
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(first eluting peak) and hexadecanoic acid (second

el uti ng peak) peaks wusing Equation |,with reference
woaodHioge3e 5. 2 15 Theoretical Plates = 16 X PCT/GB2004/001992

Equation 1 (Vggfipected val ues: Pol ysorbate 80 > 650

t heor efj.cal plRies Hexadecanoic Acid > 6200 :

theor2§*ca plzat €s 2. The peak tailing was ca%%%#%%%ﬁz

for both the pol ysorbate 80 and 20 hexadecanoic acid

peaks usin quation 2, with reference to Figure 6. 39

WO 208&peobg3alussT/ GB2004/ 001982lyspsbate §§ = Wo 3 4

Equation 2 2 Expected val ues: Polysorbate 80 < 3.5

Hexadecanoi c Ld < 3.0 3 .The resol uf ,on between

pol ysor bat e 8Q§§ﬁﬁwﬁ@%§82¥§ 0i C aciéyags 5 cal cul at ed

using Equation 3, with reference to Figure 7.

Res tH [ : :

Expgjé?efg“i/lgﬁﬁg:%%%g? JolySetals 80 dnd Malletifole acid was

PCT¢ABRH8R4/ BEOBGuAtioN NSvith refbreneehoFige 7.enovi ng a

pr ot ei naceous conponent froma |iquid- phase

surfactant preparation_conprising (a) providing a

i qui drhRaE, surf,acyantVi preparation contai ni ng -

prot ei naceous conmpwgnepty (b) adding a conplexrﬁngékﬁé

to the preparation of step (a) and

Expected value: Resolution > 2.0
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all om ng the conpl exing agent to forma conplex with
the surfactant; (c) sinultaneously with step (b), or

woeubswgesnt | y, adding a 10 m sci bl e precipit aPCIgB2004/001992

agent to the preparation of step (a) or the product
of step (b), respectivel YCIAIMSrm a |iqui d-phase
reaction mxture and allow ng the mscible
precipitating agent to precipitate the protei naceous

cponmpon i f1hd L1 gui d- ' XL Ur €5 .
oo 15 ol e st SorRRu; BTARF ' £ tiquia-
preci phHagé Q&fa@éﬁﬁﬁbﬁ%ﬁ@ﬂ%oﬁ% t in the product

of step (c) to provide a purified |iquid-phase
surfactant preparation; wherein the conplex remains in
sol uti(eh wiprbvidinghe liqujdiphept asefactamaqireparatipnt corgaining a
and wherein step (d) retains the conplex in the 20

l'i qui d phadgotemacpoigeqrroR@tor ding to Clai m 1 wherein
the surfactant contains one or nore al kyl ene oxi de

gr oup 3. t rdin aim1l or 2 rej

t he SSP} actagﬁ1 j 2%8@?1‘%%% @ggl&%‘go E)se Bliegﬁxéa?]a%'l QPg%p (a) and
condensat e : 1 :
5004 059254 TBMIRE IS baRINRD Aidht 2?%9 b a gx with the
pol yoxyal kghefaetastyr bi t an ol eate; or a pol yoxyal kyl ene
glycol. 4. A nethod according to Claim2 or 3 wherein

t he canpl exi ng. agent. conpri ses _a pol yval ent net al

i on, pelef esuBiiaEobslyngyith oftepretlll  ororsubse@ientlypeaddidg a

o1 oci pi t 2t PGP BHETEtH SReddd<DruaRelan <ol B (2) or
an de. car BEPIT BRSSP Ob s URREE e g Bfmia phase
:;gﬁ{) I ea;lélef%dgﬁigi’ldﬁi)@lﬁreac{n@rﬂldvﬁngﬁﬁé iBEBMIpredcHitating agent

to precipitate the proteinaceous component within the liquid-

phase reaction mixture; and

(d)  separating the said complex from the precipitated
proteinaceous component in the product of step (c) to provide

a purified liquid-phase surfactant preparation;

wherein the complex remains in solution within the liquid-phase
reaction mixture, and wherein step (d) retains the complex in the

liquid phase.

2. A method according to Claim 1 wherein the surfactant contains one

or more alkylene oxide groups.

3. A method according to Claim 1 or 2 wherein the surfactant is

nonionic, and is preferably a condensate between an alkylphenol and
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woanpE@ueast conpri ses a pepti de,

acetonitrile or ethanol. 10 6. A nethod according to
any precedi ng claimwherein the proteinaceous

protein. 7. A method according to Claim§6 whergin the

pr ot eamae ne coigonent pelyiopyrlkalons pipsbian aﬁfeate, or a
al bum n- cont.ai hing.fusion 15 protein, a nonocl onal

ant i bB@WPX}é%IgﬂggF%é)’C&i a blood clotting factor. 8. A

met hod according to any precedi ng clai mwherein the
rotepn C ' fai P@%ﬁéﬁ&@@@%ﬁ@&gﬁ Mgent

iR‘n th‘é\L ﬂe%%f%ﬁg‘zﬁelgo‘gur }iﬂgthégr?t preparation of st eg &
(a) OfofshAbdd alpblgvalent BR%1 160, preferhbly® trénsitoh adetal ion.
according to any preceding claimwherein the

surfactant is 20 present at |ess than 4800 gpm L.

6el at Avmethodtaceorsting & aay prasedingonpion svherein theprecipitating

l'i qui d- phase surfactant preparatjon of step,(a)_ of

O o nAacH 19, AmAARRe RS JOREEBIsT B PIc Sl o Aehs &) g aloohol,

precedin | ai ms. wher aj ep..af hdi

o e SRR, IBRIISEALS, dfonT| Rl APERYAE dof givca,

COMPY 325 SRYHa{d40bN Grdiftié IRRIbOITLER X foF @xasiptd) dobsne,

the preci’pitated protel naceous conponent fornms a

pel | encastittileorethmlodx 42 WO 2004/ 099234

PCT/ GB2004/ 001992 is retained in the supernatant, and

separating the supernatant fromthe  pellet. 11, A.

fret hod atsdhadi nacacsdiagy Eneast Preefing calaiyg cWhergin the

conpri si n t he additional subsequent_step o .

non- CB’{%@S‘HW(&‘/‘SbiCﬁHFHﬁ’&e’P eCUBRPFEX @ 5pe;p31d%, s%?]iyé)eptlde ot

phase rdq%@f erably a solid phase extraction (SPE)

medi u% . A nethod according to Caim1l1l wherein the

conplex is dissociated prior to the step of

non- cav amefiodbi Aadbrdingf té h€lsint f ctvamreino thbe protdinhceous

phase. . . . .
component comprises albumin, an albumin-containing fusion

protein, a monoclonal antibody, etoposide or a blood clotting factor.

8. A method according to any preceding claim wherein the protein
concentration of the proteinaceous component in the liquid-phase

surfactant preparation of step (a) of Claim 1 is at least 50 mg/ml.

9. A method according to any preceding claim wherein the surfactant is
present at less than 4800 ppm relative to the proteinaceous
component in the liquid-phase surfactant preparation of step (a) of

Claim 1.

10. A method according to any one of the preceding claims wherein the
step of providing a purified liquid-phase surfactant preparation
comprises centrifuging the reaction mixture, such that the

precipitated proteinaceous component forms a pellet and the complex

42
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wagentosss4t he purified |iquid-phase

13. A nethod according to Caim12 wherein the conpl ex
is dissociated 10 by the addition of a chelating

sur f act anPCT/GB2004/001992
met hod. accordi.ng, to any one of C ai 11 to 13 wherein
Che s oA adns Susprigiant sHOISFEAPRE (ReiFRATRaigT fom the
nmet hod%é:}% ording to Caim1l4 wherein the SPE nediumis

a 15 ‘polystyrene divinyl benzene or a C2_24 al kyl

medi um 16. A nethod according to any one of Clains 11

thl.15 Mhaewion dcberdisg i agy e éhae precdiupdliithd BSmprising
solid phase is washed to renove residual
pr ot ei thaeddiiwnebsybsngunt siep. offnaretdrcalentty bimtiimg theocomplex

Claim16 wherein the_ matrix is washed with a 20 X
vat er -8 i?&d@i@?@d?ﬁﬁeréwmh,d BheR cagagten (FRE} megium.
i sopropanol and/or triethylamne. 18. A nethod

or dj ' 6 . e sol.id phase is,. .
aned rbRe SR R L MR BaRA i dissoctated
surfa tiglife & fRnl i .
PCTI CaBD047 05155 M T R i e o S S ot
wher eiphatdie solid phase is washed with a
wat er -i nsol ubl e organi ¢ sol vent, such as hexane,
chloroform or toluene. 20. A nethod according to any
dife ofA anethed agaordmeriy Gleamel hwihsteinshe gommpderain dissociated

| ut f he. sol j.d d | | egted .
ol uat & 13193 ie8 b ZBBRARETD nihep PRl Teickphase
conpriggi@gihhe additional step of determ ning the

surfactant content of the purified |iquid-phase
surfactant preparation, or a further fraction derived

tilder efA emvthddactdrdifignt diglorRCeOCHiRG 110td Riwhetdin the solid
wherein the |iquid-phase surfactant

phase is a hydrophobic SPE medium.
15. A method according to Claim 14 wherein the SPE medium is a

polystyrene divinylbenzene or a Cy4 alkyl medium.

16. A method according to any one of Claims 11 to 15 wherein the
surfactant that is bound to the solid phase is washed to remove

residual proteinaceous component.

17. A method according to Claim 16 wherein the matrix is washed with a
water-soluble organic solvent, such as acetonitrile, isopropanol

and/or triethylamine.

18. A method according to Claim 16 wherein the solid phase is washed
with a liquid that would precipitate the surfactant if it were in

solution.
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wonrep@avstsions and the met hod conprises the

preparation of step (a) is an aliquot of a |arger
preparation or is one sanple of a batch of
ad@cTiGmei4/001992

step of correlating the thus determ ned surfactant
clht erd method lrecqrdimg tae 14l i dviptrade theusdlukplaase is washed
preparatjon, or a further 15 fraction derived

t her ef W2 Wetehtespluldlsr organionsolent; eheh @F hexang.ashjeroform

pr epar at,j r other batch nenbers. 23. A nethod
accoraof}%aﬁ)ltlglolg'd aim 22 conprising the additional step
of appropriately labelling the |arger preparation or

tie oth efhemacibcof@ﬂ’g%saﬁ@ dref bE@latrh® 1UhHS 19 wherein the
deterni ned surfactant content. 20 24. A | abell ed

| i qui dupfaatat swlited tfeormn the eplad phaserarebedlactdd & Ay ehate.,
met hod according to Caim23. 25. A nethod of quality
control of a patch of a surfactant-containing

pHar metetigRed gceptngt tonavynpracsing ddeis ntempgising the
vt ng AR SRR AP AR B s e CORER aF eF purigied
23. A4 pRAA Q&%Eé’témpﬁé@%@%! QP ID R8P frdttion derived
surfactqant -cont al ni ng pharmaceut’i cal preparation T nat

has beksreffoal.i ty-controlled using a nmethod according
to daim?25. 45

22. A method according to Claim 21 wherein the liquid-phase surfactant
preparation of step (a) is an aliquot of a larger preparation or is one
sample of a batch of preparations and the method comprises the
additional step of correlating the thus determined surfactant content
of the purified liquid-phase surfactant preparation, or a further
fraction derived therefrom, with the surfactant content of the larger

preparation or other batch members.

23. A method according to Claim 22 comprising the additional step of
appropriately labelling the larger preparation or the other batch

members to reflect the thus determined surfactant content.

24. A labelled liquid-phase surfactant preparation obtainable by a

method according to Claim 23.

25. A method of quality control of a batch of a surfactant-containing
pharmaceutical preparation comprising determining the surfactant
content of a sample of the preparation using a method according to

any one of Claims 1 to 23.
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26. A surfactani-containing pharmaceutical preparation that has been

quality-controlled using a method according to Claim 25.
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