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WO 2004/107969 - 1 - PCT/EP2004/005528 Method and device for the
yantitative analysis of solutions and, dispersions usin infra- ﬁgl
Q&F&@éﬂ?%%%he invention relates to a method and %@iﬁé&@‘i 5528

guantitative analysis of solutions and dispersions, such as solutions and

dispersions for pharmaceutical purposes, by means of near infrared

BREs@. MaHEFieltPor thediGHABRIEIGHLERGN Efordd aRokERERINERNT
B heisigmsadgrty mpranérthedsliytoonttgof medicament safety.
Production is in this case carried out according to the international

standard of good (current) manufacturing practice (cGMP), and which is
stipulated By*the YFAHRGCE] %@%&it@riﬁﬂ%ﬁ]ﬂ%riﬁ@g (fgr g)?g?ﬁﬁlé%%e the

biSaAtiteticaraFalydisand BolgisnsnimistrdtangrsDAy, Autiorizatolutons and
PISHMGEME disRMBIES AL ARAE WihgERWS, frain aneeimpany iRdhe GvehFed

of serious infringements against this manufacturing practice.
BRGSISRFEMical and microbiological testing and approval of a product is
an importain pae digjdodimmediasmeng prastission. tesfedsrsereofcpnstantly
teskingra AUl oRaramaiaesidessibn G ihadstialiv ehthamripdres @ction
are egled and compated, gacinst speciicgions, Thesheareagns.AL¢ good
foulia Blth &P el e"hé’.H BEUMERS OF IR the intarationar 9
dhareaboman ek pre seaskiptnécibRateands Yongadsapinelated by the

spegficionz arereametied wilth&neof hesdrsiiparame®radsdiiean Food

e A e Y Ry S
fOmMEhdERY 0 dHoe B <HRRy PaRYIit (ReoRYSIPA SR WISyaEingements against
dhiemategiaghiingethotise or spectroscopy methods, which require

sample prepaialiafeate el et BR LieA YRR MeOdS TIERe o

methods are distinguis relatively high precision, althoug

PRGN $peb TR I SOIRRE MBS U hEraRIEAmR Lo Urse
fof trisvidiing, resiltrimliyesftinat ssntdeyayddisediyndutiegahe! iyapiufae tomey ct
PERcessEY T MAe AR dnaasieMent SarAaLRE, CaHiedBEEARations are
products in primary packaging. The disadvantage of spot-check batch .
tE24RY st &R trelbs @i’ear?lﬁﬂ%ﬁﬁr&% e\(;é’m%ﬁ%ot RE id@nti%b% d{rﬁ%@ational
ppbdactmepforexanhsle product can be marketed as fong as all the
specifications are complied with. One of these test parameters is the active
agent content, which needs to be quaniitatively determined. The
quantitative determination is usually carried out by spot checks and in the
form of destructive testing. Liguid chromatographic or gas chromatographic
methods, or spectroscopy methods, which require sample preparation, are
preferably used as the analysis methods. These methods are distinguished
by relatively high precision, although the analysis speed is very slow.
These methods are therefore unsuitable for providing a result inline, that is
to say directly during the manufacturing process. Furthermore, the
measurement cannot be carried out on products in primary packaging.

The disadvantage of spot-check batch testing is that trends or
anomalous events cannot be ideniified during production, for example
when filling suspensions. There is a risk that products will be approved as
compliant with specification even though they do not actually lie within the
approval limits. These "out of specification” (OOS) products may, for

example, occur owing io temporary production problems or product
admixtures.
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35 when filling suspensions. There is a risk that products will be approved
as compliant with specification even though they do not actually lie within

the approval limits. These "out of spedification” (OOS) products may, for

example, occur owing to temporary production problems or product

admixtures. P TRAVESM@M AR krosiniteathendhamemppotitdckiesting
testrarbf@adu peddunicouniherinairy piog praeHcies Eﬁlﬂ ;E%”sl%ﬁslﬁed only
satisfi n i1 perati iciently .fast analysis,

A B Ay e ot
MEHYENSRES SR BRI BiYsche stdlifintk vy i orsirsrepwmmethods. The
unsajitatyleofos peotidsmpmuantitative, analysissresuits wittaHEosamplRiing

PERRAMRLAM: fﬁﬁ%ﬁ%’@p@sg}fs‘jme%ﬁngﬁmagnﬁ%g}%ﬂg Uggﬁ example

es. A , th thods are also unsuitable
Ry o 5 G I B BT e, these
erwiigldsghrssalsplastic)tabt#dofrpnodiciispetsivg taysteinevailytkespectra
B RS SRain I BESF O HERAE] ShdiHom

0 to 2500
R R obiS ol o B BIER eATE CHRBIRAS fhdprgodagear
insareinedisdes SRRy aréskrom &hhéctBEORitm] Saefbseused
sestigHans BiesBag#g of plastic parts. Some of these methods use near

inf d (NIR t .. EP-B 1 030 740 discloses a method for
onttying b s B o DEINalS fovmerls that

Rg 0
sSrtiRgSaY whichaheMmaatsihesseipiiion by tasejeotsrisin connection with
speftisessoicglyriechededyigneana dtof AN BDMeasUiRG SEIMRY use

a g rei t function of the spectroscopy result by
reﬂr%éemggo%ie%ﬁ i%zr%ﬁ%%?téosr%\? or belt. EP-B 0 696 236 discloses a
method for sorti

gggpI@%ﬁc@é}@fﬁﬁ‘@\ﬂﬁéh&@%ﬂcfﬁhﬂ@QﬁWMtéﬁﬁiﬂg
pasiectnateriabgetbotionzsysstm ewbi@biqetﬁimi@ﬁﬁs@esgﬁﬁg@%nﬁﬁ #gieh the
e S A R Bl orded by means
cOhBIENES ORR M ATAFA e ASSI B HApIE SarRFoNE RS sefigaRtion
aniirayspensosoopysEELtosy opynserapobjeaatingrinthe conveyor belt.
EP-B 0 696 236 discloses a method for sorting plastic parts, in
which the plastic parts are transported past a material detection system,
which determines the substance class of each material part by contactless
sampling thereof in a measurement field. The material detection system
contains a contactlessly operating material sensor, for example a
microwave sensor, an x-ray Sensor or a spectroscopy sensor operating in
the near infrared range.
in the filling of suspensions for pharmaceutical purposes,
fluctuations may occur during filling owing to segregation processes. These
fluctuations can cause some of the filled units (for example cartridges) to
have content values for the active substance (for exampie insulin) or
auxiliaries (for example protamine sulfate) which lie outside the requisite
specification (for example from 95.0 to 105.0% of the nominal value for
insuiin).
European Patent Application EP-A 0 887 638 describes a
method and a device for analyzing the composition of a moving sample,
with a near infrared (NIR) radiation source being used and the NIR light



the near infrared range. in the filling of suspensions for pharmaceutical
purposes, 30 fluctuations may occur during filling owing to segregation
processes. These fluctuations can cayse some of the filled units (for
example cartridges) to have content V%Iues for the active substance (for
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ide the regwsne specitication (for example from 95.0 to 105.0% of the
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ngﬁ?ﬁﬂﬁ/ﬁﬂ?& 5% FATREDpean Patent Application EP-A 0 887

638 describés arimatied aigd spdesscedfofpantdyziagdabe toaipaditiomafaraphy
MEYNTTANR(RtaBit 8 e HUEHRAAERINANGEOS SRUIE LIS owever,
and tpe IR Ilgﬁ-s- reflgtag%ﬁ? bé the samgle belneg gﬁected. Ta r@g g:rh h
SRS EREL B AR R & s S SRS T2 TR St has the
hidisasreantags bebimsnsiomniquid claesnatddelshpldier rohdesiitabieter It is
the greasidadivg am!u@;@ %H%&@ﬁ@mhemégwﬁ%@htr@uﬁ]m%%%%a; is quite
quantitative analysis of samples eans o e, disadvantage
S P A e B B R G RS AR o
shitasleseirashJRtHEbRIGEAIRS cBRING. FBRDMMENTEN dafe Wilhduithsierastuisite
linpecifittatianswhich each of the filled product units needs to be checked

for whether |t ' t i ithi isit iicati

erkert (00 Btaaat, HEEEEHalEn O e R el 8Bhgen)
D228 HARIR MY BetRectdatrding prebtRlcaliieRR BRGEUtcals on a
packkgimg dinmel Nehpupposese thfetiretkorlasy as partipatédcuiar ialuateitbés the

VigioBiRkbsrestranasiedb VoaRmMisia/igs GrakH dadrheim, Ih8im). The

evaluation was carriedé?ut, inter aiia, on insulip suspensions. Herkert

d&t‘é‘%’ iﬂ{b"\@?e?ﬁ‘igé? nOMt’h'i’gtWo?i{?tl?& S teR e Hitflise reflection of

the incident N&Rkkghtd@eabiarl dlitatiecctisssimmatidrisofvihrectiliffasett say the

ingiins by pesavascariakoHEindhiserseighh i i g ediiB B iscrimination of

cqmggs@ﬂﬂgroa F%Ublﬁna%{d crsy%allinéa irnlsu in. The z@ectral dlfferenﬁe%fggre din

the raw Spectra or qetivatbe spe%%ra WErE u2E 1 §eg§§ﬁhé’m§f t

pdRSibleoiRPsHi the sebbiguangreadallingninseizid bhalspspietrdifferences
in the raw spectra or derivative spectra were used to assess whether it is
possible to identify the individual products with the aid of NIR spectra.
Pattern recognition could be carried out on the basis of these differences
with the aid of principal component analysis (PCA) or the VisioNIR®
evaluation statistics. Quantitative analysis was not carried out. The
measurement of liquids (insulin suspensions) was not possible with the
VisioNIR® spectrometer instrumentation over the packaging in line.
Scattering effects from the glass and in the air space above the suspension
prevented valid spectral recording (see the cited dissertation by Herkert,
page 76, 2™ paragraph).

Embodiments of the present invention provide a method for the
analysts of products which contain a solution or dispersion, for example for
pharmaceutical purposes, with which rapid quantitative determination of
substances contained in the solution or dispersion is possible, and which is
noninvasive and operates nondestructively. in particular, the method should
be suitable for the analysis of a large number of product units per unit time,
for example in order to be used for line control of the composition of solutions
or dispersions when they are being filled in a filing system or a packaging
line during the production process. Line control is in this case



Pattern recognition could be carried out on the basis of these differences
with the aid of principal component analysis (PCA) or the VisioNIR(r)
evaluation statistics. Quantitative analysis was not carried out. The
measurement of liquids (insulin suspen@mns) was not possible with the
VisioNIR(r) spectrometer instrumentation over the packaging in line.
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uantitative etermlna lon of substances_conta
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noadiesivoctiviilyh |isp aetieized thy nuetHozhshoitiield bthsuigib dHfer thieduct, and
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“ﬁbﬁi@f pdiisie i@ ouidtion w@é@@gwm@csﬁ@grlty isrtegease theimeangedal the

lﬂ ée@ﬁam@m@rgl whiRBringtidde essritialbhaleoh thee prasiiel product
u% %S%Efu z8¥1t R&%%%&HB’@ ”é'?ﬁmﬁﬁ’ \é]%ﬁ ﬁﬁg]%m%r{f) of at ieast one

uan he comp OSItIOﬂ o roduct ollowing ste

wu%&?&fﬁ‘ibcetﬁé)m%‘aﬁé‘t Wlih%q‘é&ﬂlﬁf%ﬁf‘s@ﬁ Féé"i‘ﬁ‘%ﬁé%%‘d? ﬂ#ﬁ%ﬁ*é@‘\‘éﬁ@@f mined
regeithech sabasiomabigipis fjeeteardy calitansontiecctmeglotbet least once

i éﬂggtar?t”@n%%}”& rﬁﬂrﬁ%"{g le?m‘?%??ﬁ@%'%&? H}%'Elﬁ{&%@é in the

lation receive atan I fferent Wavelen% s; determinin

BB O StISPRF B it AR Arealigimatie EGAL, WheiRoHPLC is
thesedsas dhéhelteutptivsigrahasinigia mathemanerMhBhemntm is one

moving prOdHPEhQOEB'Hf&?‘@H@B@%@MHG@HEBHS Mﬁ&%ﬁﬁbﬁh%eans that
ntent of at least o ubstance contained jn t ersi r,.soluti

AT a5 obe I ShRd oS S80ton or

cdiﬁnatm'ar‘@earhedd@mranl@%@tmlmdammno@wmétewﬁmm@ figege of in

C@@F%Fa@mﬁ‘% ableasiae sabstanseidnithey sebrieauly dispersientby particular
efdl% nh%ltesre %%\z/r(?’i anetlhod cpreréei%rlr_:'pptle‘acdeﬁned by the pharmaceutical
formulation). Uneguivocally means that the values determinad by the method
according to the invention are reliable with a relative standard deviation of no
more than 1.5%, preferably no more than 1%, particularly preferably no more
than 0.5%. Reference values which have been determined by means of a
tried and tested reference method, for example a chromatographic method
such as HPLC, are in this case regarded as correct, with the reference value
and the value determined by the method according to the invention deviating
from each other by at most 5%, preferably at most 3%, particularly preferably
at most 1%.

. The product may contain any solutions or dispersions, usually in a
container which is transparent for NIR radiation. If the product contains a
dispersions, this will in general be a liquid dispersion such as an emulsion or
suspension. The substance contained in the dispersion, and whose content is
intended to be quaniitatively determined by the method according to the



used as the alternative method.The method according to the invention is
one In the context of the present invention, quantitatively means that the
content of at least one substance to be determined in the solution or
dispersion can be determined unequivé@ally and correctly within a range
of in general 3%, preferably 5%, particularly preferably 10% and in

p"f‘rq 8'!"1%%!’1200 fl%e Lﬁ‘?% l;i}t&r?éfg qO[ aclBR %HSL\I %gpgs@ or only in the

pharmacedtlca form uivo means't

JERRfRRA m@ﬁ?étﬁaaﬁta@mm%tm@/ '.ﬁ\MhmaF@t?eTméiwnﬁraions or
relaitivie standgrdedphiationcel ioamorel thts, Wwhith prefesadly no more
than 1 %, particularly preferably no more than 0.5%. Reference values
which have been determined by means of a tried and tested reference
method, for example a chromatographic method such as HPLC, are in
this case regarded as correct, with the reference value and the value
determined by the method according to the invention deviating from each
other by at most 5%, preferably at most 3%, particularly preferably at
most 1 %. The product may contain any solutions or dispersions, usually
in a container which is transparent for NIR radiation. If the product
contains a dispersions, this will in general be a liquid dispersion such as
an emulsion or suspension. The substance contained in the dispersion,
and whose content is intended to be quantitatively determined by the
method according to the -4a- invention, may be present only in the
continuous phase or only in the disperse phase, or alternatively
distributed in both phases. The dispersions or solutions may be
pharmaceutical products, which contain a -5- dissolved and/or dispersed
active agent. The substance whose content is intended to be
guantitatively determined may, for example, be a pharmaceutical active
agent or an auxiliary. For example, the solution may be an insulin solution
or the dispersion may be an insulin suspension, 5 which contains
suspended crystalline or amorphous insulin optionally together with
dissolved insulin, for example insulins of the NPH type (neutral prolamine
Hagedorn insulin preparations), mixtures of NPH insulins and dissolved
insulins or insulin zinc suspensions. The insulins
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may, for example, be human insulin or its genetically or enzymatically 10
modified analogs. The solutions or dispersions may be present in primary
packaging, for example cartridges, vialssr bottles, for example made of

glass or plastic. These may be located on a conveyor belt and studied by
thdigralved andiaintspensedhastivenageing The delbstanpeovdsssdocohtent is

eXpeplgdoma fH@“QqﬁhéﬁiﬁfEﬂQe@ypaéb?&'Hﬂr{@@CWj}% Tf?@rmgmge be a

acc rdln%t pe |pve tion may be carried.out in efléction arrang ment
TSRISGORSNY E obRhENETIRIR theusaiution may

or |na raivsmiSSlon arrarfEment. fiohex!
fioh RsedifniaPblion atrimndisnersiamamagnisntathanmitin sayshension,

radmt@n %@ﬁﬁéﬁh@e@zﬁbt@%&e@y@%ﬁhts ap r&%ﬁ&%@%rpgeﬁ#ﬁl%puonany

d d ified dia d t dia
e R R i K e Telii s oAbV bpe

colipHEad trﬁ’éqk?dv@@ngﬂﬁgaﬁ@érbfmmlsowﬁpam@na) Suindbtes of NPH
ramatmnssmﬂﬁe&@éei\if@d? anample, merﬁguwﬂam,e@ugééam@ﬁsm% insulins

ghe}spn fl trans by the product is recejve a radiation
recepti orﬁé e\%%éjﬁﬁ?é o§t%ug1§%§§gl >({:ré)sr"}]e@poorifd|’ns’g %3918 'S ﬂgnéﬁ ed}zt}g@ahcaliy
raditibied @0E%t a number of different wavelengths is obtained. This
may be done Hyespiittingoitre recelm&b@giah@n Aty a 88 nym@@hpf in primary

wayelengs HQ'%% @%gﬁo@egn gmm @ dvero lode FE Wade of

The currént fom earf hotodi elntegra a res Electe
nn%aé%dcgurséé a W%%ﬁv@metaeﬂayataib@ @.mv@y%asﬁsaadaﬁtumed by
an&legm@mctmmm”dm@rter tfﬁhemﬁegtﬁmmumﬁgmay héetitastedddy@ess, for

iageiniOEHOMEIng SPBIORIS T SRRIIGR AR A cion of he

position of the.movin ect. T conte the at least one substance

contained in fﬂg] 9&%{# ALHI Uﬁoﬁj %%Yﬁﬁfi?@lmé?%%@‘ﬁg Ryt in a
a rfféﬂﬁéﬁmtlcalﬂmhmbh the bisisaof thenemiasisignalGhtgiredrst they  one
difseidmavelengiife Shiiaie ”@6@?@?%%”&?&% 8l& W'%V%Q%Qmsssmn

((Jlaé%%nal rsr'feﬁ?tﬁ]a%tpso oss%/J 'E%gl?argteat gnstr%rgsr];\?{tgé qtm%ugh the product s
received.

The product whose composition is intended to be verified is
iradiated with a radiation source in the near infrared range. The near
infrared range conventionally comprises the wavelength range of from 800
to 2500 nm. Suitable radiation sources are, for example, mercury halogen
famps.

The radiation reflected or transmitted by the product is received
by a radiation reception device. An output signal corresponding to the
intensity of the radiation received at a number of different wavelengths is
obtained. This may be done by splitting the received radiation into a
number of waveiengths in a spectrometer and detecting it with a
photodiode array. The current from each photodiode may be integrated
over a preselected time and subsequently converted into a digital signal by
means of an analog/digital (A/D) converter.

The integration time may be started by a trigger, for example a
photoelectric barrier, as a function of the position of the moving object.

The content of the at least one substance contained in the
dispersion or solution is quantitatively determined using a mathematical
method on the basis of the output signal obtained at the different
wavelengths. Suitabie mathematical methods are multivariate data analysis
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squares) method or principal component analysis (PCA). Such methods
are known to the person skilled in the art. The mathematical method may
use weighting factors in order to 5 red@ce the effect of spurious
variabilities, not attributable to the composition, in the recorded NIR

sPENHRurimy BIRI8atiDRNES tRemdREsRRspRIGratiieatbies vibRitialo least
netvargdetnetiodaonpiem obtlecsarpemsaturidires Coaventoraiymethods
C%'H'Qrﬁ%‘B@ftS%Hf?ﬁe?E&ﬁ“éﬁEéhqH%ﬁ g)% 0 quantitatively determining the
content of the at least one substance in thé solution or dispersion by

means of an'AfeMaIRRMALE dnathpsrenay We watatinelstpiehiciprder to
usedifcs thbealiffaton o HBLG The walibbaitrs mayobe sapeatadiat to  the
re&qﬁg' al fle t d orgi the invention, i
carrieddoglﬁé %5 ?r‘ll{\(l)wbe%e?n%b%g(}i%r%]g)nt of t e%%g% odr}aﬁé@ﬁiir% ?(I)‘ft%gegr?g and to

iR #ReS RediiRhiZal AR et S MiRid ap Rgvs ameampiesagh the
8shnecl@rofiEPHR0.887 638 is used. EP-B 0 887 638 is in this respect

fully includeghj t jption. Weighting.factars.qr dj
mathenlla ic%%igﬁé%{%geﬁé%ﬁ%\%ﬁgﬁl.%o %Eg@tagﬁ tha§ rgév%eéh%e by
wHIEDHARRYE Y & PARATHBIN G tsh SHELERt Rleha 8 fsrak anpIB P BIARR Al the
insthligticaser ctiprersionab s tasdans ofauedisinpbintamethadich is
intzi_ep_endenwfﬁ)ﬁﬁmaéa&gﬁﬁgﬁse%{teﬁéaaﬁﬁ?%?ﬁ@tﬁ@ RirtSe calibration
raqi e on Vice. e Intensities callprated In this wa re .
o S AT B BrBA(E9a b R RSB S, while the
GrBRh apreriedsUhetBYeRing iseginthearded may be autoscaled

order to minimigadhensystamatic ETiretsn o S sensidthg 1BddHIbntion, the

intepsities. of : lized t dard_deviatiop of
B et ILya A e ndLS o2 O
thBinBiAdRf Srctirauifff rESpECPIE Blopthininpbtara aridibednefured in

inthieiduralspraddetsapiplias Waygherephasized ky {ewaing the hshthematical

dqﬁigﬁ%ygdlgaséﬁagﬁ{ﬁ e 1ot derivative, it is also possible to use the 2"d
or Oth derivative. The differénces between a model spectrum and the

spectrum of thE pfiactlariisie [BdmpRESSER M die thlactalhinakadiation

fongarcities in intervals (for example 3.8 nm) are in this case corrected, a
standard value being obtained which is independent of the characteristics
of the spectrometer and of the radiation reception device. The intensities
calibrated in this way are smoothed in order to minimize effects due to
signal noise, with a Gaussian smoothing function being used. The data
may be autoscaled order to minimize the systematic effects. To this end,
the individual intensities of the spectrum are normalized to a standard
deviation of zerc and variance of one over the entire wavelength range.
The differences of the individual spectra with respect to slope and spectral
features of the individual product samples may be emphasized by forming
the 1% derivative. Instead of the 1% derivative, it is also possible to use the
2™ or O™ derivative.

The differences between a model spectrum and the spectrum of
the product sample (sample spectrum) are then calculated for each
measured wavelength. If the differences exceed a specified limit, then the
sampie is identified as being significantly different from the model.

The model {master model) is set up from the calibration data
records of a number of equivaient samples of the different product types.
An average spectrum is then calculated. If the variance of the model per
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35 measured wavelength. If the differences exceed a specified limit, then
the sample is identified as being significantly different from the model.

The model (master model) is set up from the calibration data records of a
number of equivalent samples of the different product types. An average
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\?UH is used to calcu ate_# e Eucl tance o sampie

Bf 5 eTRACEYNanthy RitefRs of! %d%PQQ‘ﬂ%r@'ﬁEﬂ%ﬁoﬁ?M@ﬁ@ the
Zsmt@m%m?ﬁeemhmwmer@tmlmdntﬁesmsﬁ@hdlagmﬁ@w@ty for the model

suRsegiéeie B0MRABL WIS ghiiredrlimibvalue sERe BV Melyg B8RV plied.
The weighting factors which are used were found in the modeling. The
result is used to calculate the Euclidian distance of the sample. This is
given as a reference quantity in terms of model standard deviations of the
model.

The value of the Euclidian distance of the sample s
subsequently compared with a fixed limit value. The limit value is derived
from the mean Euclidian distance of the model and a probability range.

The mathematical method described above makes it possibie to
verify the composition of solutions and dispersions. If the composition of
dispersions is being verified, then, in a particularly preferred embodiment of
the invention, those weighting factors which were found on the basis of a
solution are used in the determination step. The solution, on the basis of
which the weighting factors are found, in this case preferably contains the
same substance to be determined as the dispersion. In the dispersion, the
substance may be dispersed as well as dissolved or - more generally -
distributed between the continuous and disperse phases.

For example, insulin suspensions contain a proportion of
dissolved insulin and a proportion of insulin suspended in crystalline form.



from the mean Euclidian distance of the model and a probability range.
The mathematical method described above makes it possible to 30 verify
the composition of solutions and dispersions. If the composition of
dispersions is being verified then in"a& particularly preferred embodiment
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IS the very SU|t€vbefor e analysis of products,on a
AL lEhSh i BT SR i SHG" bteft (P RigEss an be
BctttwsT\tﬁyanawbszmhy ey caagieehout iy retilémenethddnchttertdngo & the

Wh@é?f@éwcﬁﬁ%&Qﬁfé@ﬂ@”ﬁ%@?eﬁ’@?eo%lté&@%ﬁ@he“ﬁn%aébﬁtroE of product
pre{erabl at least 8 or even 50 or@ore g(ducts cap soiu CceSS'Vae%ers:ons

éi'rqaﬁ/zed per rRECHIT I%n’the e oY% aglpogthe vent

, &aﬁtﬁéﬂﬁ@%ﬁéf@k@@ﬁ%le for the line control of product units in the
production, filligy ansl/erdpekaaineaiinglubonsconslispeitsiorfexample, it is
g%%@?cetu“caléjr%)eo %?gmwéwothcgng}:%h@gn?ﬁ:ﬁotg %&Ahgéﬂt’z’%m\%ehorﬁlimg
solutlons or dispersions for pharmaceutical purposes.

An alternate aspect of the present invention provides apparatus
for determining the quantitative content of at least one substance in a moving
product, which comprises a solution or homogeneous dispersion in a
container, comprising a radiation source, which emits radiation in the near
infrared range, for irradiating the product; a radiation reception device, which
receives the radiation reflected by or transmitted through the product; a
spectrometer for receiving the radiation from the radiation reception device
and for providing an output signal corresponding to the intensity of the
radiation received at a number of different wavelengths; a device for
guantitatively determining the content of at least one substance contained
in the dispersion or solution on the basis of the output signal, and a
calibration device, with which the quantitative content of the at least one
substance can be determined by an aliernative method, wherein the
calibration device comprises a high pressure liquid chromatograph.



possible to upgrade from spot-check control to 100% control when filling
solutions or dispersions for pharmaceutical purposes. An alternate aspect
of the present invention provides apparatus for determining the
quantitative content of at least one suBstance in a moving product, which
comprises a solution or homogeneous dispersion in a container,
comprising a radiation source, which emits radiation in the near infrared
range, for irradiating the product; a radiation reception device, which
receives the ra@istigiatienetesaniipdr drieenittay thavegh ernpesaing; lans and
specptattisdor Taechdaation redigioshigsvite iasationsreceRb®tiode array

g\,il[ged&ggtgq; providing an output signal corresponding to the intensity of
the radiation received at a number of different wavelengths; a device for
guantitatively determining the content of at least one substance contained
in the dispersion or solution on the basis of the output signal; and a
calibration device, with which the quantitative content of the at least one
substance can be determined by an alternative method, wherein the
calibration device comprises a high pressure liquid chromatograph. -8a-
The radiation reception device may have a converging lens and an optical
fiber. The radiation reception device may have a photodiode array as its
detector. 9 The apparatus preferably also has a calibration device, with
which the quantitative content of the at least one substance can be
determined by an alternative method, for example a high pressure liquid
chromatograph. 5 The apparatus may furthermore have a sorting device
used to reject those products not complying with specification which have
been found by the method according to the invention. Products not
complying with specification are those which do not lie within the
predetermined integrity criteria. 10 If the apparatus is (also) used for the
guantitative analysis of dispersions, then it preferably also comprises a
device for homogenizing the dispersions to be quantified, before the
dispersions are analyzed. The
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dispersions may, for example, be homogenized in the containers by a
shaking mechanism or by a rotation mechanism. Homogenization may,
15 however, also be achieved directly-gy-the filling process. The
apparatus may furthermore have a device for detecting the product

position, for EREnP AR IHfadrRRfeRhbnalsa pactoe caiilydieriedeTine, with
appachiuB e B titseid @-@@ﬁiéﬁ@t@? #igh Qtﬁl%’&ﬁ%@eé@?gfﬁ%%e can be
pri ckaging is fi ith t olutions or dispersions. The o
e BB o0 AT et bl e tiauid
eﬁ?ﬁ@ﬂ?‘l‘ﬁé’ﬁf%@ﬂie invention, an apparatus which operates in
transmissiorTiseprayidedtibenseyitathavingrenaplisal f@i@ﬁﬁn‘{s{}fﬂi@@id@'iﬁ@é‘“ﬁ to
the radiati ' t At oe t lacation of the product,
e o R Ao, i R Feen
thi@igtireY, IBRuReINacharrRIENg $A0hR inentiemcBsrdingsonplecomplying
inwéthtiepeuificdtiopemtestimtanstissian T daviegthompiisesrédetermined
rad %9‘1{1 SQHEEE,(1), for example a tungsten halogen lamp. The near 30
ir?ﬁ%ed radia[t%c??\'emitted by the radiation source is collimated by a _
converging Igng‘@)%%%e@ theusesifr dhmapasilatiye) apalysis of
mespssiarsopitieal fibprafeyabhe asudvcrmpaisdoraextuvipke, fbe agtagenizing

ca%@*wﬂ%g%%@s@mmmm BEIBRNSHRD GRHFORMIAGIY EXaMALY The
from a filling device, is transported past the end o t%e,o%:al fiber (3) on a
S B R B CFa G R T BS TR B o) LBl 2
bysha S5y engitipe i S)amy delaéieto thectpeisoméetem@ dyizatansmay,
oftriwenrticalifbaye| Edﬁ%ﬁi@@@ﬁ@aﬁlﬁy@)eﬂﬁﬁiﬁfﬁﬂﬁggg. radiation which

contains the.FRgctral infqrmation ?LE ril'e roduct %:gsgé?iggy%e% ?}IS %t}rbg the

transmission, IS s%ﬁﬂﬁ% radiafion o AR
-1prostadinRretiandlae RaEPIs an pasHio Gy siesy ¢8 )3 Thetrrianiiebarrier.
detected by The Fz{pqﬁ@mdgl ﬂfﬁ%@ﬁ&ﬂﬂ%@dﬁg@tﬂv@eﬁ?t{i @;?]lljing device,
o B R BB Ml e RS S lions. e
apparatus may also be a component of such a filling device.
in one embodiment of the invention, an apparatus which
operates in transmission is provided, the device having an optical fiber
which delivers the radiation emitied by the radiation source to the iocation
of the product.

The invention will be explained in more detail below with
reference to the figures.

Figure 1 schematically shows a device according to the
invention, which operates in transmission. The device comprises a
radiation source (1), for example a tungsten halogen lamp. The near
infrared radiation emitted by the radiation source is colimated by a
converging lens (2) and delivered to the location of the product (4) by
means of an optical fiber (3). The product may, for example, be a glass
cartridge which contains an insulin suspension and, coming for exampile
from a filling device, is transported past the end of the optical fiber (3) on a
conveyor belt. The radiation transmitted by the product (4) is collimated by
a converging lens (5) and delivered to the spectrometer (6) by means of an
optical fiber. In the spectrometer (8), the transmitted radiation which
contains the spectral information of the product (4) irradiated in
fransmission, is split into radiation of different wavelengths by means of a
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Example 1 The purpose of line-monitoring the insulin filling is quantitative
control of the insulin content in 100% of the filled insulin vials. The insulin
content of the filled insulin suspension_sﬁwpuld in this case only deviate 10
from the nominal value by at most +/- 5%. Anomalies should be

impestoap (7 )deiectiatietén drder phsiouitaie BmeAENIrekiNansiss detected

filling +calibgati r r ug, With a set of calipration samples, .
e s & A B i e pasiasi, e
(glé@ét% RIS P BSE R ol AR YRRy ariee {Bbsnfiendlatelied the
Insistensicldigesdeitce Kty ydmexenipgubinfFeontents of from 90 to 120%

of the setpoint content were used for the calibration. The reference values
we%%%jetirﬂined by HPLC. The cartridges were thoroughly shaken

befdR e neasurements, so that there was a homogeneous suspension.

20 The insulifi speptrpose eofelboedmd iittrangmigsiprswith fiipROtOdigsetitative
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reference. In grder,to preprocess the spectra, they were smogthed and
GO e ”8‘?{‘8&9%@68.?'Pﬁel{gnb&{l@waiibraﬂons

normalized. The spéctra were dsed i
profEfieSaBTigk PEllividaniissivele artmafitepsamibespestiaBaFhimined
speﬁzggmam W@um@?e@ammﬂ ttwﬂmélﬁyqfa%@gﬂﬂwé%%s carfridges),
ev ) rfa SL squares) regressjon was used as .

e B e LG LR oAk 2352088 iy
mEtEERAENQYMIL R eandeRtsach Eomentdtidal TeRonstine betneich chetent
speetral isfednfatichefdhkbingidin semeplessraddbeinsidin BareoBiBSined by

btaines f ' f le,
e i e R A Rl S R oBappnts

thiSFANRIGASA T VER BrE S PRRTSHYS R)FERIIBIPBetween the values

measured by The insulin spectra were recorded in fransmission with a
photodiode array spectrometer (MCS 511 NIR 1.7). The wavelength range
of the measurement was from 960 to 1760 nm, the wavelength range of
from 960 to 1360 nm being evaluated. A 20 W halogen lamp was used as
the NIR radiation source. The spectrometer was regularty compared
against reference standards. A BG5 filter and a BGO filter were used for
reference.

In order to preprocess the spectra, they were smoothed and
normalized. The specitra were used in 0% derivative. The scattering
properties of the insulin samples were thereby kept in the spactra.

The spectra were subsequently evaluated by means of a
multivariate evaluation method. A PLS (partial least squares) regression
was used as the regression method, although it is also possible to use
other multivariate evaluation methods. A mathematical relationship
between the spectral information of the insulin samples and the insulin
content is obtained from the regression. From the spectrum of an unknown
sample, the insulin content of this sample can later be calculated with the
aid of this relationship.

Figure 2 shows the correlation between the values measured by
HPLC and the values found from the NIR transmission spectra for the total
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HPLC and the values found from the NIR transmission spectra for the total
-11- insulin content of the Basal(r) insulin calibration samples (respectively
in % of the setpoint content) . It is clear that there is a good correlation
between the values found from the NtR Epectra and the values found by

means. of 5P SS les.from the insulin production process
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thp”m_ ivariate regression equation. The same vials were subsequently
studied by means 10 of HPLC. Figure 3 shows the total insulin content of
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the filled insUli9Vi&IS $REURSHIG tehldndinteonteatief e sivgiatsisamples

stsufietemiv eddeydriRldeviae Frgunaliestamisdheal tetyimsuliosiontebfrom
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fi r e

illing, on already fi artridges. In either case, the measurement takes
place througit fie \EHHASpdRdalip thmdNIBatrge)issibin Spectaviagd the
cotis. BoradByHPUE $heads BN an N DIea RIIY9E afmaies
O e R e PR i of e
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homogeneous suspension is

Example 2

The purpose of line-monitoring the insulin filling is quantitative
control of the insulin content in 100% of the filled insulin vials. The insulin
content of the filled insulin suspensions should in this case only deviate
from the nominal value by at most +/- 5%. Anomalies shouid be impeccably
detected. The monitoring should take place either during the filling, on
moving insulin cartridges, or after the filling, on already filled cartridges. In
either case, the measurement takes place through the primary packaging
(glass cartridge) and in the moving contents.

To simulate the speeds involved in filling insulin cartridges, an
optical control machine of the 288 type from EISAl Machinery was used.
This machine can be equipped with insulin cartridges (suspensions) and
causes the cartridges to rotate, so that a homogeneous suspension is
formed by means of the metal balls in the cartridges. The NIR measuring
apparatus constructed similarly to Figure 1 was installed in this machine.
The measurement took place in the moving, rotating cartridge at a rate of
150 cartridges per minute. Care must be taken to ensure that a
homogeneous suspension is present at the time of measurement. The
installed measuring apparatus consists of a 50 watt halogen lamp (Comar
12LL50), a holder for the lamp with integrated converging lens {for example
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formed by means of the metal balls in the cartridges. The NIR measu_ring
apparatus constructed similarly to Figure 1 was installed in this machine.
35 The measurement took place in the moving, rotating cartridge at a rate
of 150 cartridges per minute Care mudbe taken to ensure that a

en n IS resent at the time of measurement. The
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Basal, Insu Insuman

dé’ﬁ’éﬁ@’é‘%ie‘ﬁ%Wﬁé’ﬁiiﬁ%h@ﬁ?@ﬁ‘%@@M @l@?ﬂlt@fance is shown in

Samples of differing concentration were prepared and the Euclidian
distances from the model spectrum computed for each of the Insuman
Basal, Insuman Comb 25 and Insuman Comb 50 preparations. The
dependence of the insulin content on the Euciidian distance is shown in
Figure 5 for Insuman Comb 25 as an example of the different types of
preparations. The precision of the method is likewise illustrated, since
4 repeat measurements are depicted. A caiibration function (2™ degree
polynomial) results for each type of preparation whereby the Euclidian
distance can be converted into insulin contents. After conversion of the
Euclidian distance into insulin contents, two correction factors have to be
taken into account. The insulin content has to be corrected for the
temperature of the measured material. In addition, a preparation-specific
factor has to be applied to reflect the different crystal size distributions in
the suspension. As a result, the content can either be expressed as a
percentage in relation to the first 20 results. In that case, the content is
obtained in percent of the target value, based on the first cartridges of a
filing. On the other hand, the insulin content found can also be corrected
by a factor which results from the ratio of the uncorrected value of a sample
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Figure 5 for Insuman Comb 25 as an example of the different types of
preparations. The precision of the method is likewise illustrated, since 4
repeat measurements are depicted. A calibration function (2"d degree
polynomial) results for each type of prebaration whereby the Euclidian 30
di%airpl%e g@q B?rgﬁ ve;%ed into (igsulin_contents. After conversion of the
Euclidian distance o et Sanbsil (RN BRe dioRieE® 8 hikie kopection
talsionhtdascbean. deleimingd Jontenntiig thbemdreecteddsrdheartridges of

teonprexsiiTecohteatmensiIesom 4HRlalB AAIIRRARISREEMIB PG IGay of

f r flect the different crystal size distribytions in

R e B i, A o B prELan B been
p&lEREGd he daeHey prodrsation rrasess mrtbaddecenedisractedsas unfit
olitainee inThercantatitba faget vatuthdasarheratorsighsantidgssiia since

filling.O e insulin_content foupd,can also be corrected
b}{/ﬁag%g?%élﬁﬁh?iﬁ rgls?ﬁgsg ?rEct)brerﬁ t?]ﬁe EQ_IO 0 l{ﬁseeur(%f(;{rrrlgctg}ﬁgmg "OERt Eurther
sarprlesvesa Rl abrastiRniniheaa reatekank daskean. I cagube Geensthat
céhecgsnltfacteingathieeemetaseroingd foresemelniBrisha BRIRS @ctangles)
cHeeon ol WD MO BRI W ARECB AN AR B black
25 by way of example for other types of preparations. The samples’in’
QSR hal] IR S SBBIGHRAPH (R IEP Bl RRYDRIBré2 dug aanather a
beagiscuideio Heuimitsof 8% I hea%reaiotsitietor for the temperature
was not applied, since there were no differences in the course of the
measurement. Further samples were analyzed by HPLC in spot-check
fashion. It can be seen that the results using the method of the present
invention (black rectangles) 10 agree well with the results via the
conventional method (HPLC, black crosses). It is unambiguously and
precisely possible to judge whether a value is within the limits of 95 to

105% or outside. -14- Patent Claims 1. A method for quantifying the
composition of a product, with the following steps: 5 irradiating the

product with a radiation source in the near infrared range; receiving

radiation which is reflected by or transmitted through the product,
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and providing an output signal corresponding to the intensity of the
radiation received at a number of different wavelengths; determining
whether or not the product lies withinfaredetermined integrity 10 criteria
on the basis of the output signal using a mathematical method, wherein
timtaovDgipreduct contains a solution or homogeneous dispersion, the
content of at least one substance contained in the dispersion or solution is

quantitatively determined on th baS|s fthe Qutpul s

calibration |éxc %H)?Qf ét%%g eq%Oanr?P tcg |vef@8§Fe?jr?1$r(ﬁ#gt’tf¥\gth the

ctoiteningf sherst least one substance in the solution or dispersion by
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roduct IS receive ethod as claimed jn
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Theévgrethod as claimed in claim 5, wherein the product contains 30 a
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as claimed in one .of claims 1

Wiﬁ’é@@mstﬁé @?O@’ﬁr@fh’@.lﬁ@g'@%ﬁ%@ﬁ%ﬁl@h%dﬁtéﬁ%dcﬁ%@ﬁn@tematwe
ang/emdissolved

2. The method as claimed in claim 1, wherein the product is
moving.
3. The method as claimed in claim 1 or 2, wherein the product

contains a dispersion, and the at least one substance is present in the
disperse and/or continuous phase of the dispersion.
4. The method as claimed in one of claims 1 to 3, wherein the
radiation transmitted through the product is received.

5. The method as claimed in one of claims 1 to 4, wherein the
determination step uses weighting factors.
B. The method as claimed in claim 5, wherein the product contains
a dispersion, and weighting factors which are found on the basis of a
solution are used in the determination step.
7. The method as claimed in claim 8, wherein the solufion for
finding the weighting factors and the dispersion contain the same
substance to be quantitatively determined.
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insulin. 10. The method as claimed in one of claims 1 to 9, wherein the
moving product is a solution or dispersion in primary packaging. 10 11.
The method as claimed in one of claimg 1 to 10, wherein the moving
product is an insulin vial or insulin cartridge. 12. Apparatus for determining
the quantitative content of at least one substance in a moving product,

which CompHses rﬁé“@i’&&%%iﬂﬁ’f@&’%r}ﬁé’#ﬁ BipersighdALaLefstance

comprlsmg 15 a radiation source, which diati th
PRARETTLGE, T5F IRRBR G PR E rahsrab g boHas and

whishaeeepiegstie radiation reflected by or transmitted through the

prgduct; a Spﬁ?érQﬁéQFﬁfgf?éée&%Mg%th‘? Eﬁf@aﬁpr&fzﬁ%thet@‘ﬁatgﬂﬁbrem the
receptio vice and for provi ano ts rrespondin
R e R S e R S
wiRengths; a device for quantltatlvely determlnlng the content of at least
ongy. substanTesconkained i thrmrrenpiones $oldimenithe Bsieritie the
u 2 | e ic itative
B R Y SRR ARICE R R, Be e fermative

méthod, whef& thethegiRatier BsRcE confpedai My 5%&”@%{%‘!
chramiiggrapocl 8 dhénapparatisaseiaimedimidam 12, wherein the

spegtrometer, \Y/ e t
PRI N R o e
e

apitatiEEeEmEY |?1 JRAS & 9@“5\% COHUREESFadat utnon or
sorcedigem avere diyrattgenianmntsiiEhecapparnaiog as claimed in one of

Claén?ﬁcﬂtgtt&ﬁléo%%felﬂ%% deyiceralspiias a0 apticaldibervieh range, for
delivers ﬁhe r mﬂoéqgﬁrgltted by the 35 radiation source to the location of

thérﬁ%ﬁ 89 aratus as claimed in one of claims 12 to 15,
wheradizhenragiapoie nedeptisn devide mesivesniergrndadas antlegied by or
opfigakifaedlémdugH HeapRraradus as claimed in one of claims 12 to 16,
Whergbneggreometer for receiving the radiation from the radiation reception
device and for providing an output signal corresponding to the intensity of
the radiation recaived at a number of different wavelengths;
a device for guantitatively determining the content of at least one
substance contained in the dispersion or solution on the basis of the output
signal; and
a calibration device, with which the quantitative content of the at least one
substance can be determined by an alternative method, wherein the
calibration device comprises a high pressure liguid chromatograph.
13. The apparatus as claimed in claim 12, wherein the spectrometer
has a device for splitting the received radiation intc a number of
wavelengths for detection by a photodiode array.
14. The apparatus as claimed in claim 12 or 13, wherein the source
radiation source is a mercury halogen lamp.
15. The apparatus as claimed in one of claims 12 to 14, wherain the
device aiso has an optical fiber which delivers the radiation emitted by the
radiation source fo the focation of the product.
18. The apparatus as claimed in one of claims 12 to 15, wherein the
radiation reception device has a converging lens and an optica! fiber.
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determination device uses weighting factors. 18. The apparatus as

claimed in claim 17, wherein the weighting factors that are used are found
on the basis of a solution. 5 19. The apgaratus as claimed in one of claims
12 to 18, which also has a sorting device for rejecting the products which
dd not he witfie wmmmmmmegrdy@mlairﬁ@.%al@aawamsiaﬁhe

ClAmahnA AIRIEIZ G Snien e 10 has a device for

homogenizing dispersions to be uaritified. 21. The apparatus as claimed
in Bhe of claifie 13PRASBL RN SREMH SR for détetdigtite Welanting
prizdimtspbsitiore 222t secofcapphoattiscalsadasdindd isoduigoof claims 12 to 21
for the line control of product units in the production, filling and/or

D L o A BTSSP
a&a}a.mgdrﬁﬂgr@e@fqﬁafer@@@m,the products which do not lie within the
predetermined integrity criteria.
20, The apparatus as claimed in one of claims 12 to 18, which also
has a device for homogenizing dispersions o be quantified.
21. The apparatus as claimed in one of claims 12 to 20, which also
has a device for detecting the product position.
22. Use of apparatus as defined in one of claims 12 to 21 for the line
control of product units in the preduction, filling and/or packaging of
solutions or dispersions for pharmaceutical purposes,
23. Filling system for filling solutions and dispersions, comprising
apparaius as claimed in one of claims 12 to 22.



