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METHOD FOR THE DETERMINATION OF POLYSORBATE

FIELD OF THE INVENTION

The present invention relates o a method for the determination of polysorbate
in a protein-containing sampie. The method of the prasent invention involves
the pretreatment of the sample by alkaline hydrolysis followed by colorimetric

determination.

SACKGROUND OF THE INVENTION

Viral safety is a basic requirement for therapeutic proteins, especially for
plasma-derived drugs. Over the recent years, substantial progress in virus
safely had been made by almost eliminating the risk of virus transmission.
Specific steps designed to remove or inactivate viruses were developed,
validated and introduced in the manufacturing process of therapeutically used
plasma proteins. The manufacturing processes of coagulation factors like factor
VHI or factor IX, plasma proteinase inhibitors such as antithrombin, antitrypsin
or Ci-inhibitor, and of albumin and immunocglobuling must have at least one
inactivation siep effeclive against lipid-enveloped viruses to fuffill the safety
requirement, and national and international regulatory bodies have set up a
comprenensive framework of regulations to ensure mainlenance and further
improvement of virus safety. For example, ihe scieniific Committee for
Proprietary Medicinal Products (CPMP) as an organ of the European Medicines
Agency (EMA) issued guidelines covering virus safety of biologicals. To
minimize the risk of virus transmission by plasma-derived drugs, CPMP
guidelines besides other preventive actlons on the level of plasma as the
starting material, strongly recommend the incorporation of two independently

acting virug inactivation procedures in the manulacturing process.

The knowledge of the usefulness of detergents for viral inactivation together
with the availability of chromatographic protein purification methods has shown
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the way to viral inactivation by detergents in plasma protein processing. The
primary target viruses HIV, HBV, and HCV are all lipid-enveloped. Therefore, an
effective virus inactivation strategy rationally takes advantage of viral
susceptibility 1o detergent aione or 1o ihe weil esiablished sclveni-detergent
(S/D) procedure. The effect of all these procedures lies in the specific disruption
of the viral lipid envelope, while having a relatively low impact on the integrity of
therapeutic proteins with the exception of lipoproiains.

The non-ionic detergent polyoxyethyiene sorbitan monooleate (polysorbate 80,
Tween™ 80} is the most commaoenly used virucidal detergent of the polysorbates.
Following the virus inactivation siep, the manufaciuring process has to comprise
a purification step effective o remove the inaciivation agenis, such as
chromatographic adsorption of the protein. in order o monitor the efiiciency of
the detergent ramoval procedure and also to check the compliance with the
gspecified and vaiidated limits of detergent concentration during the virus
inactivation, however, the determination of the detergent has to be performed in
the presence of varying and occasionally high concentrations of proteins, e.q.
plasma proteins. The chemical composition and the structural diversity of
polysorbates fike polysorbaie BO, the low reactivity of these compounds, the
protein/pbuffer mairix  as  well as  the possible presence of other
phiysico-chemicaily related detergents such as e.g. alkviphenol sthers like
Triton™ X-100 with varying numbers of sthylene oxide residues render the
determination difficuit. Concermns over risks associated with boving spongiform
encephalopathy (BSE) have led to the introduction of a vegetable-derived form
of polysorbate B0 rmanufactured from plant {als instead of bovine tallow. Despite
their equal virucidal effectivity these polysorbates with a presumably different

fatty acid profile may diverge in analytical sensitivity.

An early colorimetric assay based on the formation of a complex between
polysorbate 80 and starch and measurement of the excess free starch by ils
reaction with iodine has been adapted for lissue culture media and vaccines
cortaining amino acids, sugars, and protein. Another colorimetric assay based
on the complexation of polyoxysthylene chains with thiocyanatocobaltate(ll) and
extraction of the complex into chloroform has originally been developed to
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determine the concentration of polyethylene glycol fatty acid esters in agueous
solutions. Since then, its use has been extended to other polyethoxylated
nonionic surfactants such as e.g. p-isooctyiphenol polyoxyethylene ethers
(available from varlous manufacturers under the trade names Triton™ X-100,
lgepai™ CA-630, MNonidet™ P40, or Tergitol™ NP40), with diethyl ether,
methylenes chloride or chioroform as exiraciant.

The application of this method for biclogicals is however limited by the presence
of profeins, which strongly interfere and, therefore, have to be removed bafore
performing the analysis. To overcome protein-related matrix sffects, separation
techniques were introduced such as a cold ethanol precipitation step for protein
removal by centiifugation before  thiocyanatocobaliate(ll)  colorimetry,
size-exciusion chromalography with post-column colorimetric derivatization,
size-exciusion chromatography with a base concentration of polysorbate 80
above the critical micellar concentration to prevent micellar aggregation and UV
detection at 235 nm, protein-depletion chromatography of unbound polysorbate
with capture of protein on an ion-exchange HPLEC column, solid-phase
extraction with delipidation, colorimetric derivatization and separation of the
thiocvanatocobaltate(ll) complex by gel permeation chromalography, acidic
nydrolysis with HPLC or GO determination of the fatly acid, or mild
saponification with MPLC determination of the released fally acid, thin-layer
chromatography, or liquid exiraction with HPLC separation and mass
spectrometric detection. The later approaches, which rely on the fatly acid
moiely of polysorbate, are impeded by varying fatly acid compositions of the
analyie. Anolher recent approach measures fluorescence polarization of
5-dodecanoylaminofluoresceln incorporated into polysorbate micelies, However,
these methods are either very time-consuming, suffer from fimiled sample
throughput, or reguire complex instrumentation and separate validation of each
step.

Thereiore, a strong need exists to provide a method for ihe determinaiion of
polysorbate in protein-containing samples by a colorimetric assay, wherein the
interference of protein can be eliminated in a fast and simple manner. Such a

method should allow for the determination of the actual detergent concentration



during e.g. virus inactivation, as well as in the final concentrates of purified
proteins.

This need is salisfied by providing the embodiments characterized in the claims.
SUMMARY OF THE INVENTION

The present invention relates to a method for the determination of palysorbate
in & protein-containing sampie which is based on a pretreatment of the sample
by alkaline nydrolysis Tollowed by fhe colorimetric determination.

in one aspect, there is provided a method for the determination of polysorbate in a protein-
containing sample, comprising the steps: (a) subjecting the sample to alkaline hydrolysis with at
least 3 N NaOH at a temperature of about 95°C to about 100°C for at least 45 minutes; (b}
neutralizing the sample after alkaline hydrolysis; (c) optionally removing denaturated precipitate
from the neutralized sample; {d) adding an agueous mixture of a thiocyanatometial complex to
the optionally filtered sample to form a sorbitan polyoxyethylenethiocyanatometal complex; (e)
extracting said sorbitan polyoxyethylenethiocyanatometal complex formed in step (d) into a non-
water miscible organic solvent; (f) measuring the absorbance of the extract obtained in step (e}
to quantify the amount of said sorbitan poiyoxyethylenethiocyanatometal complex formed in
step (d); and (g) ealculating the amount of the polysorbate contained in the sample from the

.amount of said sorbitan polyoxyethylenethiocyanatometal complex determined in step {f).
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates 1o a method for the defermination of polysorbate

in a protein-containing sample, comprising the steps:

{a) subjecting the sample to alkaline hydrolysis;

(b} neutralizing the sample after alkaline hydrolysis;

{c) optionally removing denaturated precipitate from the neutralized sample;

(d) adding an aquecus mixture of a théacyanatonﬁeta! complex 1o the
optionally filtered sample to form a sorbitan
polyoxyethylenethiocyanatometal compley;

() extracting said sorbitan polyoxyethylenethiocyanatometal complex formed
in step (d) into a non-water miscible organic soivent;

{fy measuring the absorbance of the extract obtained in step (e) o quantify
the amount of said sorbitan polyoxyethyienethiocyanaiometal complex
formed in step (d); and
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{g) calculating the amount of the polyscorbate contained in the sample from the
amount of said sorbitan polyoxyethylenethiccyanatometal complex
determined in step (f).

The term “polysorbate” as used herein relates ioc any polyoxyethylene sorbitan
falty acid esters (polysorbates). Preferred polysorbates include polysorbate 20,
40, 60, and 80. Poiysorbate 80 is particularly preferred. Said polysorbate 80
may originate from animals or from plants.
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The term “protein-containing sample” as used herein relates to any sample that
contains at least one protein. The sample may for example be derived from &
process for the production of recombinant proteins, wherein the sample may be
faken at any stage of said process, or may be the final product of said process.
Further, the sample may for example be derived from a process for the
production of blood plasma-derived proteins, wherein the sample may be taken
at any siage of the process, or may be the final product of said process.
Preferably, the sample is taken afler a step of virus inactivation in a process for
the production of blood plasma derived proteins. Accordingly, the protein(s)
contained in the sampie may be one or more blood plasma proteinds). Further,
the protein-containing sample may be bicod plasma. Furthermore, the
profein-containing sample may be a sample containing vaccines andfor
peplides.

The proteincontaining  sample may  further contain  ispoctylphenol
polyoxyethylene ether (Trilon™ X-100) and/or tri-n-butyl phosphate (TNEBP),
which may have been added for example in a siep of virus inactivation in a

process for the production of blood plasma derived proteins.

As large molecules like proteins may contain structural entities, built up by a set
of hydrophobic and hydrophilic amino acids, which might mimic detergent
characleristics, they might also interfere in such determination assays. The
binding of detergent to profein structures may also influence the determination
by preveniing complex formation resulting in lower recoveries of the analyie.
Therelors, prior 10 the colormetric determination, the concomitant proteins have
to be destroved in order to provide unbiased resulis to prevent this interference.
Protein precipitation using a solvent like ethanol is one possibility to remove the
protein prior to perform the assay. However, given the fact that complex protein
mixtures may also contain low motecular weighi proteins such as apolipoprotein
A1 or proteins fike ai-acid glycoprotein which hardly precipitate at useful
concentrations of ethanol, the applicalion of this sample preparation siep is
fairly limiled. Instead, the present invention adopis a sample pretreatment

relying upon alkaling hydrolysis, particularly at elevated temperatures. Under
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those conditions as later further exemplified, proteins will be desiroyed to an
extent that they no longer can exert their interfering influence on the assay.
Although the hydrolysis applied will not result in total breakdown of the protein
into amino acids, it was surprisingly harsh enough 1o eliminate faise positive
reactions as well as binding of the detergent.

Praferably, step {(a) of the method of the present invention, /e. subjecting the
sample io alkaline hydrolysis, comprisas trealing the sample with an alkaline
ageni ai elevated temperatures for a specific duration of time. Preferably, the
alkaline agent is selected from the group consisting of NaOH, KOH, LiOH,
Ba{OH)s, SHOH),, Ca(OH),, tetramethylammonium hydroxide,
fetrasthylammonium hydroxide, fetrapropylammaonium hydroxide,
tetrabutylammonium hydroxide, and homologous and heterologous substituted
guaternary alkyl- and cycloalkylammonium hydroxides., More preferably, the
alkaline agent is NaCH, preferably at least 3 N NaOH, more preferably about 10
N MaOH. The slevaied temperature is preferably at most 100°C and at least
about 80°C, more preferably at least about 80°C, most preferably at feast about
95°C. In a pariicularly preferred embodiment, alkaling hydrelysis is parformed at
about 95°C 1o about 100°C. The duration of alkaline hydrolysis is preferably at
least about 15 minuies, more preferably at least about 30 minutes, most
preferably at isast about 45 minutss. Further, the duration of alkaline treatment
is preferably at most 120 minutes, more preferably at most 90 minuies, In a
particuiarly preferrad ermbodiment, the duration of alkaline treatment is behween
about 45 to about 80 minutes, more preferably belween about 45 minules and
75 minutes, more preferably betwesn about 50 minutes and 70 minutes, and

most preferably 80 minutes.

Step (b} of the method of the presant invention, i.e. neutralizing the sample after
atkaline hydrolysis, preferably comprises nautralizing the sample with an acid,
2.¢g. acetlic acid, @ a pH between about 7 and about 8. Further acids that can be
used in this context include formic acid, propionic acid, butyric acid, lactic acid,
hydroxybutyric acid, alkane- and cycloalkane monocarboxylic acid, dicarboxylic
acids and tricarboxylic acids.
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Preferably, step (c) of the method of the present invention, ie. removing
denaturated precipitate from the neutralized sample, can be done by filtration or
centrifugation, if actually performed since it depends on the protein solution,
comprises centrifugation of the sample or fitering the sample with a filter that
does not bind polyoxyethylene sorbitan. In a preferred embodiment, the filter is
a hydrophilic filter, e.g. a filler made of cellulose acetate. The pore size of the
filter is not particularly limited, as long as precipitate is sufficiently withheld, and
may be e.g. (.22 um.

The thiocyanatometal complex added in step {(d) is preferably an agueous
mixiure  of Co{NOg} - 6 H O and NHSCN and  the  sorbitan
polyoxyethylenethiceyanatometal  complex formed is a  sorbitan
polyoxyethylenethiocyanatocobaltate(ily complex.

The aqueous mixture of Co(NGg), - 6 H0O and NH,SCN preterably added to the
filtered sample in step (d) of the method of the present invention preferably
contains about 1% (w/v) to about 4% (wiv), preferably about 1.5% (w/v) 1o about
4% (wfv), more preferably about 2% (w/v) to about 4% {w/v), and most
preferably 3% (w/v) Co{NQOs)s - 8 M0 and about 10% (wiv) to about 30% {(w/iv),
preferably 15% (w/v} to about 25% (w/v), more preferably about 20% (w/v)
NH,SCN in distilled water.

Preferably, the non-water miscible organic solvent used in step (e) of the
method of the present invention for the extraction of the sorbitan
polvoxyethylenethiocyanatomstal complex formed in step (d) is selecled from
the group consisting of chioroform, methylene chioride, o-dichiorobenzene,
bromoform, and trichloroethylene, wherein msthylens chloride is particularly
preferred.

Further, the absorbance of the exiract obtained in step (e) of the rmethoed of the
present invention is preferably measured in step (f) in a range of baiwsen about
300 nm and about 340 nm, more preferably between about 310 nm and about
330 nm, most preferably at about 324 nm. Methods for measuring the

absorbance of a sample at one or more parlicular wavelengih(s) are known to a
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person skilled in the art and include for sxample the use of a standard
UV/VIS-spactrophotometer.

Further, methods for performing step {g) of the method of the present invention,
i.e. calculating the amount of the polysorbate contained in the sample from the
amount of said sorbitan polyoxyethylensthiocyanatometal complex determined

in step (), are known to a person skilled in the ar.

in a preferred embodiment, the method of the present invention further
comprises after step (a) and before slep () a step of cooling the sample afier
alkatine hydrolysis, preferably fo room temperature. Further, the method of the
present invention may comprise after step (b) and before step (¢} a siep of
keeping the sample at room temperature for at least 15 minutes, preferably at
least 30 minutes, in order to allow the complete formation of possible denatured
precipitate.

in order to avoid losses of analyte due to unspecific adsorption of any
polysorbaie 1o the surface of the sample coniainer, e.q. o a plastic surface, the
method of the present invention may comprise a step of mixing the sample with
a protein solution, .g. an albumin solution, bafore alkaline hydrolysis. Such
adsorption may particularly occur with samples having a low protein content, g.q.
a proiein content beiow 1 mg/ml.

Further, the method of the present invention may comprise a step of
gstablishing a standard curve using samples having known concentrations of
polysorbate and ong or more proteins for calibration of the absorbance
measurements. Methods for establishing a respective standard curve are

xnown o a person skilled in the art.
The figures show:
Figure 1 shows the results of colorimetric polysorbate measurement after

hydrolysis fimes between 15 and 120 min at 100°C. Data points are the mean of

two independent hydrolysis mixes which differed less than 4% when alkaline
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nydrolysis was done for at least 60 minutes.

Figure 2 shows the results of 21 determinations of a control sample containing
100 ppm polysorbate 80 to delermine the precision and linearity of the assay.

The range of two standard deviations of the mean is indicated.

Figure 3 shows calibration plots of samples spiked with polyscrbate 80 derived
from bovine and vegetabls sources, respectively, with (B) or without any sample
protreatment (A).

Figure_4 shows the calibration curves of polysorbate 80 and Triten™ X-106
without sample preireatment (A), as well as of polysorbate 80 and a mbdure of
polysorbate 80, wi-n-butyl phosphale (TNBP) and Triton™ X-10C after alkaline
hydrolysis (B).

The present invention will be further Hiustrated in the following examples without

any limitation therstg.
EXAMPLES
Maierials:

All chemicals used were of analytical grade unless siated otherwise. NaOH,
86% acetlic acid, cobalt nitrate hexahydrate (ColNGy), - 6 HO), methylene
chioride (Lichrosolv™), Triton™ X-100, wi-n-butyl phosphate {(TNBP) and
arnmonium thiccyanate (NH.SCN) were purchased from Merck {Germany). Two
lots of polysorbate 80 (Tween™ 80) from boving as well as from vegetable
source were purchased from IC! {USA}. Agueous solutions of the detergent with
a content of 1% (w/v) were prepared and subsequently used for analysis.

The influence of several plasma proteins on the accuracy of the assay was
investigated using plasma protein fractionation intermediates and concentrates
from Baxiar BioScience (Vienna, Austria). Briefly, the following human plasma

protein concenirates were used to investigate the suilability of the samiple
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pretreatment by atkaline hydrolysis: albumin, immunoglobulin, antithrombin,
orotein C, developmental activated and non-activated prothrombin complex
concentrate {aPCC and PCC), high-purity factor X concentrate, and
orosomucoid {e-acid glycoprotein). Finaily, ihe method was aiso performed in
whole plasma, using lyophilized human reference plasma supplied by Baxier
{Baxier BioScience Diagnostics Division, Vienna, Austria).

The alkaling hydrolysis itself was carried out in 100 x 15 mm polypropviene
tubes with screw caps {(Greiner, Austria), and the subsequent colorimetric
determinafion in glass tubes with screw caps. Filters used were 0.22 pm
MIMNISART (Sartorius, Germany). The colorimeiric measurement was done on a
LKB Ultrospec K4053 spectrophotometer using 1 cm Suprasil quartz cells with
screw-caps (Hellma, Germany). Room temperature (20-25°C) was kept during
all steps of the procedure except the hydrolysis.

Evampie 1: Alkaline hvdrolysis

Into a polypropylene tube containing 1 mi sample, standard or control with a
nolysorbate contert of less than 400 mg/L = 400 ppm, 0.5 ml 10 M NaOH was
added. The solulion was kept in a boiling water bath for 60 + 10 min. After
chilling To room temperature, the alkaline hydrolysates were neutralized to pH -
7 o 8 with 0.5 mi 10 M acetic acid by checiing the ph with indicator sirips
(Merck, Germany). Foliowing the neulralization, the sampies were kept at room
ternperature for at least 30 min. Depending on the protein solution, a precipilate
occurred, which was removed by filtration using a Minisart 0.22 ym filler prior o
the procedure of the colorimetric determination, Samples with a protein content
of less than 1 mg/mL were mixed with an albumin solulion before hydrolysis in
order to avoid losses of analyle due to unspecific adsorption o plastic surfaces,
which might occur during the procedure. Addition of 0.1 ml of a human albumin
solution with a concentration of 200 mg/mi to 1 mi of the respective sample
proved to be effective for the prevention of unspecific iosses of polysorbaie 30.
This dilution of the sample has 1o be taken into account upon calculation of the
polysorbate concentration of the sampie.
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Exampie 2: Colorimetric measurement

The colorimetric determination was performed as follows. Briefly, 1 mi of a
nedtralized protein hydrolysate or an aquecus polysorbate solution, which
contained essentially no protein, was mixed with 3 ml thiocvanatocobaliate
reageni. This reagent contained 3% (w/v) Co(NG3): - 6 HxO and 20% (whv)
NHLSCN dissolved in distilled water, and was prepared freshly every day. Then,
2 mi methylene chioride were added. After vigorous shaking, the phases were
afiowed 1o separate for at least 30 min at 20-25°C. Finally, the methylene
chioride phase was measured specirophotometrically in screw-capped cuvelies
against a methylene chloride blank at 320 nm.

Evample 3 Calibration of the assay

The assay was calibraled by analyzing standard dilutions covering a range from
10 to 400 ppm polysorbate 80. These standard solutions were prepared by
spiking a protein solution with agueous polysorbate solutions. As the hydrolysis
conditions described here virtually desiroy the influence of any protein solution
tested so far, any protein solution, including whole plasma, should be suitable.
However, following the principle to compare like versus like, a plasma protein
solution was selected, which was as similar as possitle to the solution of
interest. Thus, a standard curve covering a range of 10 1o 400 ppm polysorbate
80 containing the concentrations 5, 10, 20, 50, 100, 200 and 400 ppm was
constructed using developmental PCC and analyzed in duplicate each time the

assay was penormsd.

Example 4: Optimization of hvdrolysis ime

I order o establish an appropriate hydrolysis time, developmental aPCC
(activated Prothrombin Compiex Concentrate) was selected as a protein mairix
already known to interfere subsiantially with the colorimetric determination of
polysorbate 80. Although this matrix essentially contained no detergent, a false
positive reaction was observed upon analysis of this solution afler attempted

projein removal by precipitation with ethanol. With a protein concentration of
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about 25 mg/mi, this matrix, which contains a broad spectrum of different
plasma proteins, such as prothrombin, inter-o-trypsin inhibitor, complement, and
vitroriectin, was spiked with 100 ppm polysorbate 80. Alkaline hydrolysis was
performed as daescribed, keeping samples beiween 15 and 120 min in the

boiling water bath. The further processing was done as described above.

The results of colorimetric polysorbate measurement after hydrolysis fimes
between 15 and 120 min at 100°C are shown in Figure 1. The selecied proiein
matrix, which was already known to contain components yielding a false
positive reaction upon determination after protein precipitation with ethanol,
showed no false positive reaction even after very short hydrolysis times. After a
nydrolysis of 18 minutes at 100°C, the added 100 ppm polysorbate 80 could not
be recovered entiraly, and only 78% of the spiked amount was found. This level
of recovery was the lowest found in the study, and additionally showed a higher
standard deviation compared to all other recoveries oblained after prolonged
hydrolysis. Thus, the short alkaline hydrolysis was not sufficient to completely
eliminate protein interference on the assay, and a lower recovery was observed,
indicating that probably a relatively tight association between protein' and
detergent might prevent the participation of the detergent in the cclorimetric
determination. However, alkaline hydrolysis performed over 30 min yielded a
recovery of 80%, and ihe following samples analyzed after 45, 60, 80 and 120
min, respectively, showed recoveries of 100%, 99%, 99% and 7%,
respectively, aach value characterized by a coefficient of variation below 2.5%.
According o these findings a hydrolysis time of 60 £ 10 min was chosen for aki

further expernimenis.

Example 5: Assay accuracy in different plasma orolein matices

Cificial guidelines for method validation define that the accuracy of an analytical
procedure expresses the closeness of agreement between a true value and the
value found. There are several approaches 1o assess the accuracy of an
analytical method. As there is no cedified reference material for polysorbate 80
in the presence of plasma proteins, the approach of spiking a blank reference

sample with a known concentration of analvte was followed. This approach of
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spiking relevant protein solutions was chosen because of the already known
influence of proteins on the assay. Due to the differences in primary, secondary,
and tertiary structure, the resistance of proleins against treatment with alkali
might differ considerably, with the procedure applied for polysorbate 80
determination being less vigorous than the iotal alkaline hydrolysis comprising
heating for 15 hours at 120°C.

In order to investigate whether the conditions of atkaline hydrolysis used here
were sufficient to allow the accurate analysis of polvsorbate 80 in very different
protein matrices, plasma protein sclutions including albumin, Immunoglobulin,
orosomucoid, antithrombin, protein © and clotting factors as well as whole
piasma were employed to check the recovery of polysorbate 80. The protein
concentration of the investigated samples ranged from 1 to 50 mg/mi.. Table 1
contains the results of the spiking experiments, in which 10 ppm, 50 pprn, 100

opm or 200 ppm polysorbate 80 were added (o the blank maltrices.
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Table 1: Recovery of polysorbaie 80 (pB0) in different plasma protein sclutions

Becovery of polysorbate 80 [% of added amount]
Flasma concentration 10 ppm S0 ppmn 166 ppm 200 pomn
protein g fmi] E80 BE0 pac [t
plasma 30 -5 - 108 104
activated 30 84 - 104 -
PCC
activated 10 100 - 106 -
PCC
albumin 20 - - 102 100
lgG 20 . - 80 93
PCC 30 - - 98 56
antithrombin 20 - 29 a8 -
protein C 8 - o9 - -
orosemucoid 50 - 99 - -
cone. factor 1 - 1602 - -
X

=) -1 not defermingd

in all protein solutions investigated, recoveries between 90% and 106% of the
added amount of polysorbate 80 were found. With these results, all the samples
tested fulfiled criteria for the recovery data as a funclion of analyte
concentration published by the AOAC {(American Association of Official
Analytical Chemisls). According 1o these specifications, 100 ppm of analyle
should be recovered with 30% 1o 107%, whereas the limils for the recovery of
10 pom are 80% to 110% in order to guaranies a reliable resull. Our resuits
demonstrate that the hydrolysis conditions applied are suitable o eliminate the
disturbing influence of protein, irrespective of the kind of the protein, at least in
the protein concentrations investigated. This was shown even in the plasma
matrix, known 10 be very complex and containing several hundred different
proteins, but also low molecular weight components. The added amounis of 100
ppom as well as 200 ppm polysorbate 80 could be recovered with deviations less
than 6%. Moreover, none of the purified proteins spiked with polysorbate did
hinder a successful recovery, although structurally unrelated proteins were

tested at different concentrations. Thus, for example the highly glycosylated
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protein oroscmucoid, a very acidic protein with an isoelectric point beyond 3
known to bind diverse drugs, as well as albumin, which can bind fatty acids, did
not inhibit the determination, even at the high concentrations employed. Even at
a spiking corncentration of 10 ppm poiysorbate 80, which is the lHmit of
guantitation, the assay gave accurate resulls independent of the prolein
concentration prasent. Developmenial aPCo in concentrations of 10 and 30 mg
protein/ml. was spiked with 10 ppm polysorbate, and irrespective of the protein
concentration in the assay, recoveries of 94% and 100% were obtained, thus

again fuifilling the recommendations of the AGAC given above.

Example 6: Assay precision and linearily

According to official guidelines for validation of analytical methods, the precision
of a method is the extent o which the individual test resuils of mulliple
determinations of series of samples agree, whereas the linsarity of an analytical
procedure describes its ability to oblain test resuils which are directly
proportional 1o the concentration of the analyle in the sample. In order to
describe these essential performance parameters of the assay, a conirol
sample with 100 ppm polysorbate 80 in developmental PCC was used. The
resulis of the analysis are shown in Figure 2. Using 21 determinations of the
control sample, the average of the sample had a relative standard deviation {sd)}
of 4.0% and 3.7% for inter- and inira-assay precision, respectively. Both
deviations comply with the recommendation given by the ACAC, which is 5.3%
for the precision within or between days measuring 100 ppm analyte. Only one
of 21 determinalions vielded a value cutside the range defined by the double
standard deviation, but was included in the mean + 3 sd range. The diagram
shows also the infra-assay varations marked by the error bars. The precision of
the assay was further investigated at a concentration of 20 ppm, wherein a
value of 3.0% was found. The analysis of a sample drawn during the
inactivation process with the high concentration of 150 g polyscrbate 80/L was
analyzed with an average standard deviation of 2.9% (n = 8), thus confirming
that the method is alsc suitable to measure high concentrations cccurring
during virus inactivation process.
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The calibration plots of the assay covering a range of 5 1o 400 ppm polysorbate
80 show a good linearity, vielding a2 mean correlation coefficient r = 0.999 (n =
21) between concentration and measured extinction at 320 nm. The slope of the
line was characterized by an inter-assay variation of 7.7% {n = 21) and the limit
of guantitation (LOQ) was found 1o be 10 ppm + 04 ppm as calculated
according to ICH recommendations.

Example 7: Comparison of polvsorbate of different origin

To evaluate i the origin of polysorbate 80 impacis the performance of the
analysis, baiches from vegetable and bovine scurce were compared. Both
forms were analyzed in the presence of the above described prolein solution
following the same alkaline hydrolysis procedure. Additionally, the colorimetric
determination with the thiocyanatocobaltate reagent was perfarmed without
sample pretrealment in the absence of proteins, thus mimicking conditions

present after the templative ethanol precipitation o remove protein.

Polyserbate BO preparations inilially used for virus inaclivation had been
oroduced from bovine iallow. With the appearance of bovine spongiform
encephalitis (BSE), it became essential o avold boving material in the
manufacturing of therapeutic proteins and to changs 1o vegetable-derived
detergent. Polysorbate 80 has since then been available in both forms, and
plant-derived Tween 80 is already used in the virus inactivation processes in
blopharmaceutical manufacturing.

i order o assass the impact of this change to plant fats as the source material,
which differ from tallow in the compaosition of constituting fatty acids and might
disptay a presumably different fatty acid profile of the oleic acid-rich fraction, the
reactivity of beth polysorbale preparations was compared using an assay
without any further sample pretreatmeant. The resulis are shown in Figure 3A, in
wiich both calibration plots are shown. The obiained plots differ in their slopes:
the plant-derived polysorbate shows an obviously higher response comparing
equal amounts of material, vielding a slope of 0.0025 compared 1o 0.0023 of
animal-derived delergent. Moreover, upon analysis of several lots of both
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polysorbates, it could be confirmed that this observation was not baich-related.
These findings were further supported by the results shown in Figure 3B, in

which both calibration plots obtained after alkaline hydrolysis are shown 1o be
indistinguishable.

The sensilivity of the assay expressed in terms of the slope of the calibralion
plot is somewhat lower than without alkaline hydrolysis, Thus, an average slope
of 0.0021 was found after atkaline hydrolysis, which is lower than the value
obtained without hydrolysis. Tﬁia suggests that the unhydrolyzed fatly acid pant
of the detergent might also be involved in the formation or influence the

axtraciability of the complesx.

Example 8: Evaluation of assay selechivity with respect o Tritlen™ X-100

The selectivity of the assay in regard 1o the closely related detergent
isooctylphenol polyoxyethylene ether (Triton™ X-100) as well as to the solvent
iri-n-butyl  phosphate (TNBP), bDoth being included in the established
solvent-detergent process for virus inactivation, was investigated. Thus,
agueous solutions containing Triton™ X-100 and polysorbate 80 were analyzed
without alkaling hydrolysis in order 10 svaluaie the sslectivity of the colorimetric
determination. Furthermore, the response of a temary sciveni-detergent
inactivation mixture containing Triton™ X-100, polysorbate 80 and TNBP in the
ratio 1:0.3:0.3 % (w/v) was comparaed with a polysorbate 80 solution after
alkaline hydrolysis. Again, developmental alPCC in a protein concentralion of
approximataly 25 mo/mi served as protein matrix. Finally, the influence of very
hign concentrations of Triton X-100 on the assay after sampls pretreatment with
alkaline hydrolysis was evaluated both in the presence and absence of proiein,
For this experiments, Triton™ X-100 concentrations of 100, 300, 1000, 2000,
5000 and 16000 ppm were applied.

A very commonly used solvent-dstergent {SD) wvirus inactivation mixdiure
consisis of a ternary formula of TNBP and the two closely related detergenis
Triton™ X-100 and polysorbate 80. Therefore, it became of interest whether the

assay is capable of discriminating between these structurally related detergents.
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Both contain polyethoxy groups, which are involved in the colorimetric
determination, so that Triton™ X-100 can, not surprisingly, be detected by the
original assay as well. Figure 4A compares the response of both detergents in
the assay without any sample pretreatment. The reactivity of both detergents
rneasured in the range of 12 to 200 ppm differed markedly. Triton™ X-100 gave
only about 70% of the response of polysorbate 80 over the whole range of

concantrations,

Due 1o these findings, and particulardy 10 the fact that both delergents have
different response factors, the original assay cannot be used if both detergents
are present. A totally different efiect is observed if the sample pretreatment by
alkaline hydrolysis is included in the assay, Figure 4B gives the calibration plot
of the already above described SD mixture consisting of Triton™ X 100,
nolysorbate 80 and TNEP in the ratio 1.0.0.3:0.3 % {(w/v} in comparison with
polysorbate 80 alone. Essentially no difference can be noticed comparing the
relevant parameters siops and intercent of the calibralion plots. As shown in
Table 2, neither the slope, being in both cases 0.0023, nor the intercept, being
-0.005 for polysorbate and -0.007 for the SD-mixture, differ.

Table 2: Reactivity of Triton™ X-100 with and without alkaline hydrolysis

without hydrolysis with hydrolysis
polysorbate | Triton™ X100 | polysorbate 80 S0 solution
B
siops 0.0048 0.0035 0.0023 0.0023
intercept -0.0308 -(.0358 -.005 -0.007

These results show that in spite of the three times higher concentration of
Triton™ X-100, the assay can be applied to analyze the polysorbate 80
concentration in the SD-mixiure without any detectable interference by the
closely related detergent Triton™ X100, Surptisingly, the alkaline hydrolysis is
capable 1o enhance the selectivity of the colorimeslric detesmination. Additional

expeniments were performed to clarify whether the reactivity of Triton™ X-100 is
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destroyed completely or to a certain extent only. As summarized in Table 4,
solutions containing less than 300 pg/ml Triton™ X-100 did not show any
measurable respense and, accordingly, had no impact on the values measurad,
Thus the alkaline hydrolysis ied to an substantial increase in selectivity of the
assay as shown by the experiment, where a 30-fold excess of Triton™ X-100
didd not show any measurabie impact even on the signal of only 10 ppm
polysorbate 80. Even concentrations of Triton™ X-100 between 1000 and
10000 ppm, which were by far exceeding the calibrated concentration range of
nolysorbate 80, were found fo react only moderately, proving that almost 88% of
the reactivity of Triton™ X-100 were removed by the alkaline hydrolysis
perormed prior to the ¢olorimetric determination.

Table 3: Beactivity of Triton™ 3(-100 after alkaline hydrolysis
ppm Triton™ X100 100 300 1000 2000 5000 | 10000
Yo rRGnvVery <5 < 1.7 1.5 1.3 1.5 1.4

Conclusions

The resuits of the above experimenis with different hydrolysis times (cf.
Example 4) showed that an alkali treatment as short as 15 min already was
sufficient to reduce the influence of a given protein solution, which was
praviously  shown 10 cause a clear overesiimation of the polysorbate
concentration by appiving protein precipilation with ethanol. it could be
demonstrated that with numerous proteins different in charge and size,
polysorbate 80 could be analyzed without substantial interferance of the protein
mairix (cf. Example 5). In particuiar, 50 ug polysorbate 80/mbL could be
determined with a recovery of 99% in orosomucoid {on-acid giycoprotein) at a
protein concentration of about 50 mg/mi. The fact that this very acidic protein
could be analyzed without any interference demonstrates the suitability of the
sample pretreatment by alkaline hydrolysis. Moreover, it has been no difficully
to determine polysorbate 80 in albumin, a protein which is well-known to bind
fatty acids. As polysorbate 80 containg an average of a single fatly acid residue

per molecule, a binding of the lipophilic moiely to albumin might ocecur,
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Neveriheless, the recoveries in albumin did not give rise to any concerns in this
fespect.

An interference by low molecular-weight biological compounds as presant in
plasma (such as . g. amino acids, sugars, peptides, urea, creatinine) can also
be advaniageously circumnvenied by alkaline hydrolysis. Whole plasma for
example conains some not further specified components that will not
precipitate with ethanol. The suitability of the method of the present invention
was demonsirated successiuily with plasma approximately halt-diluted to a
protein content of 30 mg/ml. Thus, the suitability of the alkaline hydrolysis could
be proven in very different protein solutions. Al the same time, the resulis of all
performed recovery experiments complied with the criteria recommended by the
ACAC for peer-verified methods and the found precision enables the

introduction of this system as part of qualily control programs.

The occurrence of BSE led to a carefully performed check of all auwdiiary
materials used in the plasma fractionation industry. Plant fats substituted bovine
tallow as raw material for the oleic acid in polysorbate 80. Comparing the
different source materials used for synthesis with respect to the rather crude
fractionation process for the enrichment of oleic acid, it becomes obvious that
the fatty acid composition of polysorbates obiainad from either bovine or plant
iat might differ at least slightly. Most common plant {ats are characterized by a
higher conient of polyunsaiurated C,g fatty acids in comparison o bovine tallow.
i was observed that the polysorbates Tween™ 20 (lauric acid ester), Tween™
40 {palmitic acid ester), and Tween™ B0 (oleic acid ester) had different
complexing properiies for thiotyanaiccobaltate resulling in a lower extinction of
the aqueocus complex at 620 nm for Tween™ 80 than for Tween™ 20 and 40.
While the fatty acid profile of Tween™ 80 containing ~ 80 % oleic acid is the
most homoegeneous and significantly different from those of Tween™ 20, 40,
and 60 (stearic acid ester), minor differences in the fally acid composition
between plant- and animal-derived polysorbate 80 might most likely explain the
- measured difference observed as the higher reactivity of the plant-derived
materfal without sample preparation. This explanation is further supporied by

ihe fact that such a difference between polysorbates of boith sources could be
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totally eliminated by alkaline hydrolysis (cf. Example 7). This sample treatment
will not only result in protein breakdown, but will also cause saponification of the

polysorbate resuiting in cleavage of the fatty acid molety from the detergent,

of the formed comblex. Any variation of the fatty acid moiely of the detergent
will no longer influence the determination, and the robusiness of the method
could be enhanced significantly. Explaining and eliminating this non-expected
difference betweaen both polysorbate 80 varianis, the basic principle 1o compare
like versus like seems o lose importance in this case and the calibration of the

assay can be done using polysorbate 80 irrespective of the source.

With earlier findings of a limit of quantification of 30 pom polysorbate 80 at 620
nm cbiained with a colorimetric method developed for recombinant proteins and
not further characterized, the LOG of 10 ppm polysorbate 80 at 320 nm
determined in these experiments agrees well, since the exiinction coeflicient
£az0 nm 15 About six-fold higher than sszoam. AN even more important discovery is
the advantageous enhancement of the selectivity by alkaline hydrolysis towards
polysorbate. The colorimetric response of the isooctylphencl polyoxyethylene
ether Triton™ X100, as often applied in combination with polysorbate, can be
eliminated so far that quantitlation of both polyoxyethylated detergenis (without
hydrolysis for polysorbate and Triton™ X-100 in sum, and for Triton™ X-100
after nydrolysis by subtraction of the residual polysorbate conceniration) is
made feasible {c¢f. Example 8). Since the polyoxyethylene phenol ether bridge
might most probably be susceptible o alkaling hydrelysis in a similar way as the
B-hydroxy alkylphenol ethers in wood lignin, upon ether cieavage a free shor
polyethylene glycol {(maw ~ 9) chain would be released, of which the
thiocyanatocobaltate complex presumably does not extract guantitatively into
the organic phase, but apparently only o at most 1.8 %. Thus, even at a

conceniration of 300 ug/ml iriten X-100 shows no measurable inlerference.

Summarizing all resuits, with the infroduction of the sample pretreatment it is
possible to perform a very simple and versatile method for the determination of
polysorbate such as polysorbate 80 in the presence of plasma proteins and in

addition aiso in the presence of Triton™ X-100. The method can be performed



WO 2012/119724 PCT/EPZO12/606089%
22

with appropriate accuracy and precision, thus allowing a determination of the
conceniration of e.q. polysorbate 80 during the virus inactivation process as well
as in the final container. Moreover, the alkaline hydrolysis step primarily
designed o enable the performance of the assay in the presence of protein
irespective of the nature of the protein solution tumed out o enhance the
assay’s selectivily in regard to interference by the often applied delergent
Triton™ 3-100. Finally, the method was also rendered robust against alteralions
of the fatty acid moiety of polysorbate, of which saponification precluded any
contribution o the colorimetric determination.
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CLAIMS

A method for the determination of polysorbate in a protein-containing

sample, comprising the steps:

(a) subjecting the sample to alkaline hydrolysis with at least 3 N NaOH at
a temperature of about 25°C to about 1006°C for at least 45 minutes;

(b)  neutralizing the sample after alkaline hydrolysis;

(c) optionally removing denaturated precipitate from the neutralized
sample;

{d)  adding an agueocus mixture of & thiocyanatometal compiex to the
optionally filtered sample to form a sorbitan
polyoxyethylenethiocyanatometal compiex;

{e) extracting said sorbitan polyoxyethylensthiocyanatometal complex
formed in step (d) into a non-water miscible organic solvent;

() measuring the absorbance of the extract obtained in step (e) to
guantity the amouni of said sorbitan
polyoxyethylenethiocyanatometal complex formed in step (d); and

(g) calculating the amount of the polysorbate contained in the sample
from the amount of said sorbitan polyoxyethylenethiocyanatometal

complex determined in step (f}.

The method according to claim 1, wherein the polysorbaie is

polyoxyethylene sorbitan rmonooleate (polysorbate 80).

The method according to claim 2, wherein the polysorbate 80 originates from

animals.

The method according to claim 2, wherein the polysorbate 80 originates from

plants.

The method according to any one of claims 1 to 4, wherein the
thiocyanatometal complex added in step (d) is an aqueous mixture of
Co(NQO3). : 5) H-0 and NHsSCN and the sorbitan
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polyoxyethylenethiocyanatometal  complex formed is 2  sorbitan

polyoxyethyienethiocyanatocobaltate(ll} complex.

The method according to claim 5, wherein said aqueous mixiure contains
about 3% (wiv) Co{NO3}, - 6 H,0 and about 20% (w/v) NH.SCN.

The method according to any one of claims 1 to 6, wherein the sample

further contains isooctylphenol polyoxyethylene ether (Triton™ X-100).

The method according to any one of claims 1 to 7, wherein the sample

further contains tri-n-butyl phosphate (TNBP).

The method according to any one of claims 1 to 8, wherein the filter used in

step (c) does not bind polyoxyethylene sorbitan.

The method according to any one of claims 1 to 9, wherein the non-water
miscible organic solvent used in siep (e) is selected from the group
consisting of methyiene chloride, chioroform, o-dichlorobenzene,

bromoform, and trichloroethylene.

The method according to any one of claims 1 to 10, wherein the non-water

miscible organic solvent is methylene chioride.

The method according to any one of claims 1 to 11, wherein the
absorbance of the extract obtained in step (e) is measured in step (f) at
about 324 nm.

The method according to any one of claims 1 to 12, further comprising
after step (a) and before step (b) the step:

(a2) cooling the sample afier aikaline hydrolysis.

The method according to any one of claims 1 to 13, further comprising

after step (b) and before step (c) the step:
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(b2) keeping the sample at room temperature for at least 30 minutes to

allow the formation of denatured precipitate.



