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Abstract Near-infra-red reflectance spectroscopy is used to determine the active
mgredient concentration and water content of an antibiotic powder (ceftazidime
pentahydrate) The validity of predictive models for active ingredient concentrations and
water content, constructed by means of the multiple hinear regression techmque i1s
discussed A procedure 1s devised for the analysis of production samples, which, on
account of the very limited range of concentrations, prove a difficult fit to the above-
mentioned model The results obtained n testing formulation samples from 1 year’s
mdustrial production are used to illustrate the potential of the technique
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Introduction

Near-infra-red reflectance spectroscopy (NIRS) [1-3] was first introduced 1n the late
sixties for routine determination of the major constituents of agricultural products [4—6]
As the result of the availability of low-cost computers and software, the NIRS technique
has made substantial headway over the past decade and has also come nto use in the
pharmaceutical sector [7, 8], in particular for qualitative analysis [9-14] The aim of the
present study was to evaluate the possible applications of the NIRS techmique for
quantitative analysis, with particular reference to the determination of active ingredient
concentration and water content of an antibiotic powder (the charactenstics of which are
summarized i Table 1) without implementing any form of 1solation process

Apart from 1ts technical and scientific aspects, such an investigation 1s also justified on
practical and operational management grounds, in that the technique 1s simple and yields
results rapidly
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Tabie 1

Charactenstics of antibiotic powder analysed

Active ingredient Ceftazidime
Theoretical active ingredient concentration 77 65%
Acceptability range for active mgredient 73 77 81 53%
Acceptability range for water content 115 150%
Excipient Sodwum carbonate

These characteristics, 1 conjunction with the rehability of the techmque, enable
analytical responses to be obtamned in real time, with the additional possibihity of
performing a substantial number of replications The result is that the apphication of the
technique can be used to full advantage 1if, rather than being confined to the traditional
context of the chemico-physical laboratory, 1t 1s transferred to the production ine Thus
1t affords continuous momitoring of the production process, thereby reducing costs and
improving the quality assurance

Theoretical Background

In the NIR region (from 800 to 2500 nm) are to be found the absorptions relating to
many significant chemical bonds including, C—H, N—H, O—H, S—H, C—C and
C=0 With the NIRS techmque, the sample to be analysed 1s subjected to NIR
radiation, part of the energy 1s absorbed by the surface layers of sample, whulst the rest s
dispersed 1n all directions The light dispersed 1s related to the composition of the test
sample, by means of an appropriate calibration the constituents of interest may be
determined

The most widely used method of calibration 1s multiple linear regression (MLR),
which uses a least-squares procedure to estimate the parameters of the linear calibration
function The mathematical procedure for this can be found 1n many statistics textbooks
[15, 16]

The regression equation normally used in NIRS 1s of the form

%Y=Co+C Mi+C M+ +C M,

where % Y 1s the concentration of the chemucal species under analysis, Co 1s the cut-off
score for Y, and Cy, C;, , C, are the regression coefficients for the spectroscopic
measurements My, M,, , M, obtained at the corresponding wavelengths A;, A2,  , A,

Spectroscopic measurements are usually made on a set of samples of known
composition (“manual values”), and the combination of wavelengths 1s sought which
yields the best prediction of concentrations (“predicted values”) In this search, a
number of statistical parameters are used, such as, for instance, the standard error of
cahibration (SEC), the correlation coefficient of calibration (RC) and the F-ratio value
(F)

Once the appropnate wavelengths have been found and the coefficients C;, C;, , C,
calculated, a new set of test samples 1s used to perform the calibration test The standard
error of prediction (SEP) and the correlation coefficient of prediction (RP) are routinely
used to test the validity of the calibration equation
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Experimental

Apparatus

A Techmcon Model No 450 RP NIR reflectance analyser was used, equipped with an
IBM PCXTS5 computer and Techmcon APC-PICKS software package for quantitative
determinations

Sample preparation

A set of production samples was selected from different batches suitably chosen in
such a way as to represent the maximum variability of active ingredient and water
content Over the past production year the concentration of active ingredient, as
estimated by HPLC, ranged from 74 1 to 77 7%, whilst the water content, as measured
by loss on drying over phosphorus pentoxide, ranged from 11 9 to 12 7%

To widen the spread of active ingredient concentrations and water content, two sets of
laboratory samples were prepared, the first with a known concentration of active
mgredient and the second with a known water content

To exact quantities of ceftazidime pentahydrate of known concentration were added
exact quantities of anhydrous sodium carbonate, so as to yield a spread of active
ingredient concentrations ranging from 70 6 to 82 9% To exact quantities of ceftazidime
pentahydrate of known concentration were added exact quantities of anhydrous sodium
bicarbonate and sodium bicarbonate decahydrate, so as to yield a spread of water
content ranging from 11 1 to 14 9%

Both sets of samples were homogemzed by mixing for 1 h on a vertical rotary mixer at
30 rpm

Determination of manual values

The concentration of active igredient, 1n both laboratory and production samples,
was determined by the following method Approximately 250 mg of pharmaceutical
formulation, accurately weighed, were dissolved in 0 05 M ammonium phosphate and
diluted to 250 ml with water Twenty microlitres of this solution were mtroduced nto a
liquid chromatograph, equipped with a Sphensorb ODS column (200 X 4 6 mm, 1d ,
particle size, 10 pm) The mobile phase constituted 0 05 M ammonium phosphate/
acetomtrile (91 9, v/v), adjusted to pH 4 4 with an aqueous solution of 2% orthophos-
phoric acid The column temperature was maintained at 40°C and the mobile phase flow
rate at 1 5 ml min™*

The water content, in both laboratory and production samples, was determined by the
following method Approximately 500 mg of powder, accurately weighed, were placed in
a pre-set weighing bottle, left to dry for 48 h under vacuum over phosphorus pentoxide
and reweighed

NIRS measurements

The NIRS measurements were carried out by introducing powder 1nto polythene cells
(5 mm film thickness) in amounts sufficient to fill them completely Samples were
stratified, covered with microscope mounting slides and absorptions measured at the
wavelengths histed in Tables 2 and 3

Results

In the first instance, an NIRS assay of active ingredient and water content mn the
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Table 2
Charactenstics of regression equation constructed for determining active
ingredient concentration
\ Production Laboratory Production + laboratory
Wavelength Wavelength Wavelength
Regression parameters Value (nm) Value (nm) Value (nm)
Co 793 122 6 109 6
¢ —-6510 2270 —99523 2336 —31447 1982
C, 22010 2190 58211 2270 66229 1778
G, 1264 0 1982 63855 2180 18426 1940
C, —28421 2100 -25148 1778 —4864 6 1722
Cs —4853 1445
SEC 083 145 103
RC 0 650 0973 0967
F 146 1791 128 2
SEP 209 189 136
RP 0421 0962 0951
Table 3
Charactenstics of regression equation constructed for determining water
content
Production Laboratory Production + laboratory
Wavelength Wavelength Wavelength
Regression parameters Value (nm) Value (nm) Value (nm)
Co 142 136 337
(o 3335 2336 —-11090 2336 —14348 2348
C, -5237 2270 16651 2190 13030 2270
Cs 1557 2208 -6010 1759 3723 1982
Cy 339 1940 -3067 1445
SEC 018 030 032
RC 0 466 0971 0965
F 59 2115 1602
SEP 028 041 059
RP 0298 0955 0708

pharmaceutical formulation of production samples was performed after ascertaining
good mstrumental and analytical reproducibility

The same sample measured 10 times consecutively yielded a relative standard
deviation (RSD%) of 022, whilst the same analysis, repeated 10 times, yielded an
RSD% of 039 After a brnief investigation 1n all powder samples available, 29 were
selected on the basis of their content and the difference between manual and predicted
values With these samples, a regression equation was constructed for the active
ingredient, and another for the water content The characteristics of these equations are
summarized 1n the “Production” columns of Tables 2 and 3 Another 10 powders were
used as unknowns to evaluate the SEP and RP (Tables 2 and 3)

The results obtained for the active ingredient show that the errors fall within the +5%
range, taken as the acceptability hmit for the formulation analysed The RC and RP
correlation coefficients, however, are low and the F value rather unsatisfactory

The results obtained for water content are unrehable SEC and SEP values are not
excessively high, but the RC and RP correlation coefficients proved to be unacceptable,
as was the F value
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These 1nitial results determined the subsequent phases of the investigation It was
assumed that the poor quality of the regression equations was due to the excessively
narrow concentration ranges Therefore 1t was decided to prepare powders with known
active ingredient concentrations and water contents so as to have wider concentration/
content ranges The results obtained with laboratory samples alone are summarized 1n
the “Laboratory” columns of Tables 2 and 3 These show good values for all statistical
parameters with regard to both the active ingredient and water content

Using the regression equations obtained, a set of production samples was then tested
The resulting data, when compared with those obtained using traditional techniques,
agamn failed to be entirely acceptable

On the basis of this observation, new regression equations were constructed using
mixed production and laboratory samples The best results, given in the “Production”
and “Laboratory” columns 1n Tables 2 and 3, are those obtained with a production to
laboratory sample ratio of 11 In both cases, the statistical parameter values are
satisfactory and lead one to expect rehable assays even for powders of unknown content

Operating with these latter regression equations, samples representative of an entire
year’s production were tested, evaluating the distribution of the percentage differences
between values obtained using NIRS and those obtained using tradittonal techmques
(residuals %) Figure 1 plots the frequency distribution of residuals % obtained between
NIRS and HPLC values for active ingredient, and between NIRS and loss on drying
values for water content

Discussion

Operating on production samples means making allowance n the calibration for all the
variables ansing from both production technologies and from the chemico-physical
charactenistics of the raw materials used But the concentrations generally fall within

very hmited ranges, which tend to be much narrower than the acceptability limits for the
formulation
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Figure 1
Distnibution of percentage differences between values obtained using NIRS and those obtained using
traditional methods 1n the analysis of samples representative of 1 year’s production
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This means that 1t 1s necessary to prepare laboratory samples so as to be able to
broaden the calibration intervals Laboratory samples, however, do not possess all the
charactenstics arising from the technological process, with the result that the regression
equations constructed using laboratory samples alone are found to be useless for the
analysis of production samples

In fact 1t was established that, for the purposes of regression analysis, a total of 20
powders 1s a sufficient number 1f one 1s using an overall concentration range within
110% of the theoretical value Satisfactory results were obtamned with a laboratory/
production sample ratio of 1 1 The problems relating to the way the sample 1s to be
presented definitely appear to have been solved, as demonstrated by the RSD% value
obtained on exposing the same sample several times, consecutively, to spectroscopic
measurement

When testing samples representative of an entire year’s production, 1t was observed
that differences 1n batches of raw materials used in the manufacture of the pharma-
ceutical formulation have no significant effect upon the analytical results The residual
percentages are mostly distributed 1n the 0-3% range for the active ingredient and 1n the
0-5% range for the water content

The NIRS analysis technique used 1n the present study thus 1s proved to be reliable for
the assay of the solid-state system This characteristic, together with the simplicity of the
operations involved, the rapidity with which instrumental responses are obtamed
(approx 30s) and the simultaneous determination of the constituents lead to the
conclusion that the NIRS system 1s particularly suitable for use in production control
operations
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