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Abstract

A comparison between dissolution profiles obtained by using a dissolution apparatus (conventional method) and the NIR diffuse reflectance
spectra of a series of clonazepam-containing batches is reported. Ten different formulations with fixed amount of clonazepam and varying
proportions of excipients were analyzed at seven dissolution times and three different media. The percentages of dissolution of each sample
were correlated with the NIR spectra of three tablets of each batch, through a multivariate analysis using the PLS regression algorithm. The
squared correlation coefficients for the plots of percentages of dissolution from the equipment laboratory (dissolution apparatus and HPLC
determination) versus the predicted values, in the leave-one-out cross-validation, varied from 0.80 to 0.92, indicating that the NIR diffuse
reflectance spectroscopy method is an alternative, nondestructive tool for measurement of drug dissolution from tablets.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Treatment of NIR spectra for quantitative analysis, as well
as other spectroscopic data (such as[U®,11]and fluores-
One of the most common practices in the pharmaceuti- cencq12] spectra), is usually done by multivariate analysis in
cal industry is the determination of dissolution profiles in order to correlate them with the intended dependent variable.
drug tablets. This is currently performed using a dissolution Partial least squares (PLS), principal component regression
apparatus and often requires a long time analysis. Efforts (PCR) and classical least squares (CLS) are some of the
have been done to implement lesser cost and time-consumingegression methods frequently used for quantitative purposes
methods in order to predict dissolution from tablets, spe- [10-12] In our study, we have applied the PLS regression
cially using near-infrared spectroscdpy?]. Inarecentstudy =~ method to correlate the NIR diffuse reflectance spectra with
[2], the dissolution profile from tablets of different hardness the percentages of dissolution obtained through the conven-
were successfully evaluated, but other applications of NIR tional method, since it is an well established method for
have special place in the pharmaceutical research. Classicatjuantitative multicomponent analysis.
examples are the use of diffuse reflectance or transmittance Thus, the investigation to be tested in this paper is
measurements to quantify actives in tab[8{s to determine to encounter a linear relationship between percentage of
content uniformity in tablet$4], and others concerning to  drug dissolved from tablets and NIR absorbance, using
pharmaceutical and chemical scienf®s9]. clonazepam-containing tablets with different proportions of
excipients as samples. By calibrating the NIR spectra using

* Corresponding author. Tel.: +55 19 3887 9353; fax: +55 10 3887 9889, the dissolution results from the laboratory equipment as
E-mail addressiipf@institutoipf.com.br (J.A. Martins). dependent variables, it is possible to predict, in all media
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tested, the dissolution profiles of the tablets, which are the per-3. Results and discussion
centage of drug dissolution in determined collection times.
The goal of this work is to develop a methodology that
allows us to predict formulations with adequate dissolution

2. Experimental profiles in a simple, rapid and reliable manner. Since NIR
spectroscopy has been applied for diverse purposes world-
2.1. Materials wide, it is supposed to be applied successfully in prediction

of dissolution percentages, in selected media and collection

Ten batches of clonazepam-containing tablets were usedtimes, totablets of a series of clonazepam-containing batches.
containing the following formulations: clonazepam (1.25%), For that a training set, namely the calibration compounds,
pregelatinized starch (2—10%), cellulose microcrystalline was used to build the model, which was tested through leave-
102 (5—-72.95%), lactose 50/70 (32.45-85.95%), magnesiumone-out cross-validation. The calibration set was composed

stearate (0.8%), sodium lauryl sulfate (0—1.5%), colloidal sil- of 30 samples, where 3 tablets of each of the 10 batches were

icon dioxide (0-1%) and lactose 200 (0—60%). used to have their NIR spectra correlated with the percent-
ages of dissolution obtained through HPLC, at three different
2.2. Dissolution pH’'s and seven sampling times. As mentioned above, the

method was validated by leave-one-out cross-validation, i.e.

Three tablets from each batch were evaluated for disso-each sample was left out from the calibration set once, the
lution by using a Hanson dissolution apparatus. The disso- calibration set was remodeled and the dissolution percentage
lution testing was performed in 900 mL distilled water at of the left out sample was predicted using the new calibration
37+ 0.5°C, and the percentage of drug dissolution from model. The results obtained from this analysis are discussed
each tablet was measured at different time intervals (3, as follows.
7, 11, 15, 20, 30 and 45min), at three different media  NIRreflectance spectr&ig. 1) were acquired as log (&),
(pH 3.0, 4.5 and 6.8), using a Waters HPLC with an whereRis the reflectance, and converted into percentage of
UV-vis detector max=254 nm). USP apparatus and con- transmittance (just as an usual way to illustrate plots), and
ditions were used to run dissolution and acetate (pH 3.0 the mean-centered spectra were used in the multivariate cal-
and 4.5) and phosphate (pH 6.8) buffers were used for culations without any further pretreatment. Each spectrum
the present purpose. The HPLC conditions were: an iso- was correlated with the corresponding drug dissolution per-
cratic system with a Wate?s515 HPLC Pump, 2487 Dual  centage, obtained for each of the seven collection times and
Absorbance Detector, 2475 Multi Fluorescence Detector, at three dissolution media, which are showable 1 PLS
717 Plus Autosampler and Temperature Control Module. was the algorithm utilized for the multivariate regression and,
The column used was a reversed phase column Symme+then, 21 calibrations were obtained.
try C18 (Waters 4.6 mmx 250 mm, 5um). The mobile Good correlation results of predicted dissolution
phase was composed of buffer ammonium phosphate diba-percentage by NIR versus dissolution percentage by labo-
sic pH 8.0/methanol/tetrahydrofuran (600:520:130), filtered ratory equipment (dissolution apparatus and HPLC deter-
through 0.45.m membrane (Millipor®) and degassed dur- mination) were obtained and are shownTable 2 The
ing 5min. The flow rate was 1.5 mL/min, injection volume optimum number of factors found to represent the models
50p.L, temperature 45C. The detector was adjusted to 254. was 10, since the residuals in both calibration and cross-
The running time for analysis was 8 min. Data were obtained validation barely changed when using more than 10 fac-
using the software Millennium 132 Chromatography Man- tors. The standard errors of validation varied from 2.75
ager. to 4.96 for medium with pH 3.0, from 2.89 to 7.88 for

2.3. NIR analysis

NIR reflectance spectra were measured using a Perkin-
Elmer Model Spectrum One NTS spectrophotometer.
Each measured spectrum was the average of 32scans
obtained with resolution of 8cnt and over the range of
4000-10000 cmt. Three tablets from each batch were taken
to be included in the calibration set and, consequently, tog
be used as samples in the cross-validation tests, and theil
spectra were processed using the spectrum software (Perkin
Elmer). No sample preparation was needed, being the entire
tablet analyzed through diffuse reflectance. Spectra were alsc
treated and correlated with the dissolution results by using the
Pirouette 3.11 prografi3]. Fig. 1. Mean-centered spectra for the clonazepam-containing tablets.
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Table 1

Dissolution profiles (%) for the 10 batches studied

Batch 3min 7 min 11min 15min 20 min 30min 45min

pH 3.0
01 652 1448 2Q70 2452 2903 35.74 42.37
02 0 716 1212 1603 1955 26.16 34.31
03 1243 2792 3582 4Q12 4576 51.46 57.69
04 748 1791 2445 2855 3222 35.98 38.77
05 882 2050 2570 2932 3226 35.56 39.87
06 1932 3729 4729 5268 5654 60.80 63.18
07 1945 3386 4100 4538 4884 53.55 57.57
08 1058 2205 3022 3562 4021 46.13 50.13
09 1240 2084 2634 2980 3286 38.50 43.25
10 17.87 4152 5156 5632 6074 64.28 65.72

pH 4.5
01 7.90 1509 2170 2634 3086 38.08 44.54
02 101 285 726 687 1036 14.15 21.86
03 767 2057 2813 3230 3721 43.27 49.46
04 555 1585 2604 3277 3833 46.10 51.14
05 712 2063 2773 3413 3819 44.80 48.71
06 2339 4537 5787 6599 7303 81.62 87.89
07 2021 3850 4851 5525 6101 69.06 75.72
08 2120 3745 4711 5261 5835 65.70 71.36
09 1814 3306 4038 4520 4891 54.28 59.20
10 2012 4492 5735 6332 7Q75 76.37 79.98

pH 6.8
01 1041 1830 2416 2799 3181 37.24 43.12
02 0 Q91 352 550 7.59 11.71 16.36
03 494 1559 2247 2632 3018 37.25 41.91
04 6.39 1874 2397 2927 3381 39.86 46.59
05 1067 2139 2515 2964 3385 39.41 45.04
06 3008 5187 6168 6663 7112 75.52 79.18
07 2521 4272 5049 5570 5921 64.44 68.67
08 2222 4542 5703 6263 6685 72.34 76.60
09 1815 3569 4318 4856 5254 57.54 61.82
10 3222 6023 7053 7601 8002 83.25 85.81

Each dissolution percentage is an average of three HPLC measurements.

medium with pH 4.5 and from 2.96 to 6.34 for medium and this is markedly interesting by using this multivariate
with pH 6.8. The cumulative variance using 10 factors was method instead of a univariate approach, since in this way
99.99%.Fig. 2illustrates and exemplifies some of the cal- the whole variance among spectra may be better appraised.
ibration/validation plots built using the methodology here Although loadings analysis has indicated higher weights for

proposed.

variables in the 4924-5052 crh (variables from 5076 to

Tablet weight, diameter, thickness, hardness and disin-4948) and 5330-6646 cm (variables from 4670 to 3354)
tegration were consistent in all batches. The NIR spectraregions, using factor number one, these selections have not
varied sufficiently among the batches, as can easily be seen inmproved the predictive ability of the model, according to

Fig. 1, to represent any excipient modification in formulation,

Table 2
Squared correlation coefficients of calibration and cross-validation
Time (min) pH 3.0 pH4.5 pH 6.8
Rgal R\%al Rgal R\%al R(Z:al R\%al

3 0.97 0.80 0.98 0.86 0.99 0.92

7 0.98 0.84 0.98 0.86 0.99 0.91
11 0.98 0.85 0.98 0.86 0.99 0.91
15 0.98 0.84 0.98 0.86 0.98 0.91
20 0.96 0.82 0.98 0.86 0.99 0.91
30 0.98 0.86 0.98 0.85 0.99 0.91
45 0.98 0.85 0.98 0.83 0.99 0.92

leave-one-out cross-validation results. Evaluation with first
and second derivatives, as well as multi-scattering correc-
tion, also did not provide any benefit on the prediction quality.
Curves of predicted versus measured percent of dissolution
were consistent for all assays, for both calibration and cross-
validation tests, indicating that the dissolutions were carried
out in a reproducible way in the three media studied, at the
seven collection times, as well as the NIR measurements.
All these, together with the similarity between predicted and
experimental data, allow us to consider the presented method
as an alternative approach for measurement of dissolution as
percentage of drug dissolved tablets, namely the clonazepam-
containing formulations described above.
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Fig. 2. Some calibration (left) and cross-validation curves, illustrating the correlation between the measured dissolution percentagkth(obgtinge
traditional method) and the predicted ones (obtained by NIR).

External validation tests were also carried out in order to 4. Conclusions
corroborate the cross-validation results. Such tests consisted
in excluding one batch (three samples) fromthe originaltrain- ~ The NIR diffuse reflectance procedure had the advantages
ing set, proceed with calibration using the remaining nine over the reference technique of requiring no sample prepa-
batches and predict the percent of dissolution for the excludedration and acquiring results in a fast manner. PLS demon-
batch. Batches 4, 6, 7, 9 and 10 gave correlation between prestrated to be an adequate regression method in building the
dicted and experimental values higher than 0.98, while the calibration models, without recourse to spectra transforms
other batches did not reach so a good prediction becausdn addition to the mean-centering pretreatment. The pre-
one or more of their excipients are in extreme content. sented method potentially provided sufficient assistance in
Thus, these results confirm the good predictive ability of the the course of developing formulations with an adequate dis-
model. solution profile, since all of the 21 curves of predicted versus
A previously reported study of dissolution prediction measured dissolution percentages were consistent and pre-
using NIR[2], for tablets with varying hardness, given as sented satisfactory correlation.
different compression forces when manufacturing them, ren-
dered squared correlation coefficients in validation tests from
0.72 to 0.86, indicating that our approach presents compara-Acknowledgments
ble, from equal to better, predictive ability, but now applied to
the study of dissolution profiles of tablets differing in content
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