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approval limits. These "out of specification" (OOS) products may, for
example, occur owing to temporary production problems or product
admixtures.
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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
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analysis 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
35 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 filling system or a

packaging line during the production process. Line contfrol is in this case
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30 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

35 or suspension. The substance contained in the dispersion, and whose

content is intended to be quantitatively determined by the method

according to the 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
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30 number of wavelengths 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

35 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. Suitable mathematical methods are multivariate data analysis
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the 1% derivative. Instead of the 1% derivative, it is also possible to use the
2™ or 0™ 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
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 spectrum is then calculated. If the variance of the model per
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WeKg! iFDERtb P thESk WUHLRY 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

35 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 crystaliine form.
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in conjunction W i'ng sys or- car
orCHBPH$BE. The anal ysis may be carrl ed out in

real tinme éiﬁﬂdiaﬂéh UstRird® O%nidth bhﬁtspféﬁi'é’tﬁfrf wWhé‘Qhear infrared

transposted ﬁ_[epacalngllne 15 At | east
pré‘f‘@ My a"é% BO9CEven 50 or nore products can
successi neligtiomn abyestibrpedevigs; onhidly idkeivest sl radiation

Sp TP ey e D
units in téhespectrameterofgr feddiving thedfadiatiorc Kragn rthe ofadiation
S QLB delick! SMES PRViding an output signal corresponding to the
intensity of the radiation received at a number of different wavelengths;
a device for quantitatively determining the content of at least one
35 substance contained in the dispersion or solution on the basis of the output
signal.
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.
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for pharmaceutical purposes. 20 Wth the nethod
according to the invention, for exanple, it is

possi bl e to upgrade from spot-check control to 100%
control when filling solutiqnrs_or dispersions for
phar maceuti cal purposes. The present invention al so
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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 collimated 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 example
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 (6), the transmitted radiation which
contains the spectral information of the product (4) irradiated in
transmission, is split into radiation of different wavelengths by means of a



The apparatus may furthernore have a device for
detecting the product position, for exanple an
Imagi ng systemor a photoelectric barrier. The
apparatus may be used in conpypction with a filling
device, in which primary packaging is filled with the
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comropertiss of the insulin samples were thereby kept in the spectra.
30 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
35 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



crystalli-ne I nsuman Basal @insulin in primry
packagi ng (gl ass cartridges), 15 and production
sanpl es were subsequently studied. Insulin packages
with exactly known insulin centents of from90 to
120% of the setpoint content were used for the
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HPLC. To simulate the speeds involved in filling insulin cartridges, an
optical control machine of the 288 type from EISA! 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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Eucltdtan 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

35 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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measurenents are depicted. A callbratlon function (2 d
degree polynomial) results for each type of
preparation whereby the Euclidian 30 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
tenperature of the neasured material. In addition, a
preparation-specific factor has to be applied to
reflect the different crystal size distributions in 35
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 filling. On the other hand, the
insulin content found can al so be corrected by a-
factor which results fromthe ratio of the uncorrected
-..value of a sanple -13 to the concurrently "nmeasured
insulin content. In Figure 6, this correction factor
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for use. The correction factor for the tenperature was
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course of the neasurenent. Further sanples were
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7. The method as claimed in one of claims 1 to 6, wherein the
determination step uses weighting factors.

30 8. The method as claimed in claim 7, wherein the product contains
a dispersion, and weighting factors which are found on the basis of a
solution are used in the determination step.

9. The method as claimed in claim 8, wherein the solution for
finding the weighting factors and the dispersion contain the same

- 35 substance to be quantitatively determined.

10. The method as claimed in claim 8 or 9, wherein this substance

contained in the dispersion is distributed between the continuous and

disperse phases.




a. dispersion, and weighting factors which are found
on the basis of a solution are used in the
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18. The apparatus as claimed in one of claims 14 to 17, wherein the
30 radiation reception device has a converging lens and an optical fiber.
10, The apparatus as claimed in one of claims 14 to 18, wherein the
determination device uses weighting factors.
20. The apparatus as claimed in claim 19, wherein the weighting
factors that are used are found on the basis of a solution.
35 21. The apparatus as claimed in one of claims 14 to 20, which also

has a calibration device, with which the quantitative content of the at least
~ one substance can be determined by an alternative method.
22. The apparatus as claimed in claim 21, wherein the calibration
device comprises a high pressure liquid chromatograph. - '



18. 'The apparatus as clained in one of clains 14 to
17, wherein the 30 radiation reception device has a
~converging |lens and an optical fiber. 19. The
apparatus as clained in one ohgclains 14 to 18,
wherein the determ nation device uses weighting
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in the production, filling and/or packagi ng of 10
sol utions or dispersions for pharmaceutical purposes.
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di spersions, conprising apparatus as clainmed in one
~of clains 14 to 25.



