Available online at www.sciencedirect.com

JOURNAL OF
sclsucs@nmsc're PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

A

R

ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 1225-1230

www.elsevier.com/locate/jpba

Short communication

Quantitative determination of captopril and prednisolone
in tablets by FT-Raman spectroscopy

Sylwester Mazurek, Roman Szostak

Faculty of Chemistry, University of Wroctaw, 14 F. Joliot-Curie, 50-383 Wroctaw, Poland

Received 4 November 2004; received in revised form 4 March 2005; accepted 9 March 2005
Available online 25 October 2005

Abstract

A procedure for the quantitative determination of captopril and prednisolone in commercial tablets based on partial least squares (PLS)
principal component regression (PCR) treatment of FT-Raman spectroscopic data is described. In the studied medicines active pharmacel
ingredients (APIs) constitute 4.2—-16.7% of the tablet mass. Results obtained from calibration models built using unnormalised spectra w
compared with the values found when an internal standard was added to each sample and the spectra were normalised by its selected band int
at maximum or integrated. To apprise the quality of the models the relative standard error of predictions (RSEPS) were calculated for calibration
testing data sets. For captopril determination these were 1.8-2.2% (2.1-2.3%) and 2.7-3.1% (2.7—3.6%), respectively for the different PLS (P
models. For prednisolone these errors amounted to 1.8—-2.1% (2.6—3.5%) and 3.2—3.7% (3.7-5.9%), respectively. Three commercial preparatic
captopril containing 12.5 mg and one 25 mg of API per tablet were quantified using developed models. Found captopril contents, calculated ve
results of iodometric titration, was equal 99.2-101.2% (99.2—-102.0%), for the different PLS (PCR) calibration models and the differentgeparatio
Quantification of prednisolone tablets, declared content 5 mg per tablet, on the basis of PLS (PCR) models gave APl amount, calculated ve
results of UV—vis method, in the 99.0-101.0% (98.0-102.0%) range.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction inflammatory conditions such as arthritis, colitis, asthma, bron-
chitis, certain skin rashes, and allergic or inflammatory condi-
Captopril, (2S)-1-[(2S)-3-mercapto-2-methylpropanoyl]pyr- tions of the nose and ey§s]. It was quantified using UV-vis
rolidine-2-carboxylic acid is a specific inhibitor of the angioten- spectrometry[15], chromatography{17] and chemilumines-
sine converting enzyme which is widely used in the treatmentence methogil 8].
of hypertensiofl-3]. Several methods of captopril quantitative =~ Raman spectroscopy in conjunction with chemometric meth-
analysis in pharmaceutical preparations were reported. Amongds of data treatment can be a useful tool in quantification
them quantification using iodometric titrati¢®], liquid chro-  of complex mixtures, including pharmaceuticdl9]. Con-
matography (LCJ4], differential pulse polarograpH$], flow-  trary to established opinion the influence of experimental con-
injection (FI) [6], chemiluminescenc§/] also in connection ditions, difficult to control during Raman measurements, on
with LC [8] or FI systemg9,10], fluorimetry[11], voltamme- the quality of complex mixture’s quantification can be com-
try [12], colorimetry and potentiometif\t 3] or biosensor§l4] pensated to a large extef0]. Unlike many other common
were described. analytical methods, this technique does not require any spe-
Prednisolone, 1B,17,21-trihydroxypregna-1,4-diene-3,20- cial sample preparation, so analysed drugs are usually in their
dione is a synthetic adrenal corticosterfli¢R,15] It has potent unmodified forms. Often it is possible to determine active phar-
anti-inflammatory properties and is used in a wide variety ofmaceutical ingredients (API) quantitatively in polymer blis-
ters or in ampoules, what significantly simplifies the analysis

[21,22]
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Raman studies of the systems containing less than 10—-20% of UV-vis measurements were performed using a Carry-5 Var-
an active substance are especially scarce. ian spectrometer.
When all constituents of the analysed sample are known, e.g.
during on-line process control in factories, calibration mixturesy 3. prodels
and analysed preparations have the same composition. Some-

times the detailed tablet Composition is not knOWn, however. In Nicolet TQ Ana|yst chemometric software was app“ed to
such acaseitis possible to build a SImpllfled calibration mOdebonstruct partial least squares (PLS) and principal component
based on samples containing only the studied active componefdgression (PCR) models and to perform the quantitative anal-
and main tablet diluents. Based on this two—three componeRsis of ingredients in commercial products. All spectral data
system the quantitative analysis of various preparations for th@ere mean centred. The quantitative composition of the studied
same active ingredient is possilp3,24] samples was expressed as a weight ratio for models constructed
In the present work the results of the quantification of com—sing spectra normalised by the 2091 ¢npotassium ferro-
mercial tablets containing ca. 7.8-16.7% of captopril and cagyanide band intensity at maximum or integrated, or as a mass
4.2% of prednisolone by FT-Raman spectroscopy are presenteflaction for models based on unnormalised spectra.
Two techniques were applied. In the first one, multivariate cal- To characterise the predictive ability of elaborated models

ibration was performed on the basis of unnormalised spectrahe relative standard error of prediction (RSEP) was calculated
In the second one, an internal standard was added to sargccording to the equation:
ples and spectra normalised by its selected band intensity were

used to construct calibration models. The results found were S (Cr — CA)z
compared with those obtained using reference pharmacopoeBISEP (%)= i=1 - d A2[ x 100, (2)
procedures. " C

whereC? is the actual component conte@tis the concentration

2. Experimental . .
found form Raman data analysis, arid the number of samples.

2.1. Materials and sample preparation
3. Results

The substances used, namely captopril, prednisolone, lac-
tose, gelatine, starch and magnesium stearate, were of pharndal. Captopril tablets
copoeial purity. Microcystalline cellulose and potassium ferro-
cyanide(ll) trihydrate were of analytical grade. Three captopril In Fig. 1 FT-Raman spectra of pure captopril and the com-
preparations containing 12.5 mg and one 25 mg of AP per tablghercial tablets are presented. All four analysed tablets, denoted
and one containing 5mg of prednisolone per tablet were purd, B, C, and D, beside active component contain lactose, starch,
chased in a local pharmacy.

Samples with the suitable weight ratios of compounds were
prepared by mixing pure, solid substances in a mortar for a
few minutes, to homogenise powders properly. Approximately 40 -MM
200 mg of powder was used to prepare a pellet in a way similar
to that used in IR spectroscopy. The commercial tablets were
ground first and processed further alike calibration samples. In W/M
the second step, an appropriate amount §fF&(CNs)]-3H20, L 30
chosen as an internal standard, was added to each sample. New <
pellets were prepared as described above and Raman spectra = Tablet C
were registered again.
20

2.2. Apparatus Tablet B

All spectra were recorded using a Nicolet Magna 860 FT-IR
spectrometer interfaced with a FT-Raman accessory. A CaF 10 w
beamsplitter, an indium—gallium-arsenide (InGaAs) detector
and 180 backscattering geometry were used. The samples
placed in a rotating sample holder were illuminated by a MMW\
Nd:YVOyq laser line at 1.064m with a power of ca. 400 mW at 0o+—=- - . / . :
the sample, without a converging lens. The interferograms were 3000 2000 1000

averaged over 512 scans, Happ-Genzel apodized and Fourier Wavenumber / cm1

transformed using a zero f||||ng factor Qf two to give spectra InFig. 1. FT-Raman spectra of pure captopril (bottom), analysed tablets (middle)
the 100-3700 cm! range at the resolution of 8 cth. Samples  and selected calibration mixture (top); Raman intensity of tablets and calibration
were rotated at a speed of ca. 200 rpm. sample multiplied by a factor five.

Raman intens|
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Fig. 2. Calibration curves and relative errors for captopril content obtained for PLS (top) and PCR (bottom) models based on unnormalisecespaetraptsp
calibration, plus: validation and filled symbols: testing data sets.

cellulose, and magnesium stearate in different proportions. The Based on the same calibration models, the studied phar-
declared concentration, by weight, of captopril in these prepamaceuticals were quantified. The mean amount of captopril
rations is equal 7.8%, 12.4%, 12.8% and 16.7%. determined by FT-Raman analysis is collecte@iable 2 These

To construct the calibration models spectra of 28 samplesalues show that both PLS and PCR approaches are comparably
prepared as described above were used. Six mixtures were chefficient in the case of testing samples. The mean concentration
sen for the validation procedure and six other were treated a&f captopril found, i.e. 12.5, 12.5, 12.5 and 25.2-25.3 mg cor-
“unknown” samples. The mass fraction varied in the 0.07-0.3@elate well with the results of reference analyj@kwhich are
range for captopril, 0.09-0.42 for lactose, 0.09—0.33 for starchpresented in the last column &ble 2
0.11-0.36 for microcrystalline cellulose and 0.04-0.16 range
for magnesium stgarate. To avoid the collinegrity betV\_/een CON3 > Captopril tablets, internal standard added
centrations of active compound and remaining constituents of

the mixtures, concentration versus concentration graphs were ¢ quality of substance quantification by Raman spec-

plotted. No Sign_ificang correlations were observed. The detefyoscopy depends on the full knowledge of the analysed system
mination coefficient ) varied in the 0.012-0.137 range for composition. If the content of calibration mixtures is close to

the active component and additives, and changed from 0.001 igh5)ysed samples, one could expect more reliable results. But
0.206 for remaining constituents. _ in such complex systems as pharmaceuticals, sometimes it is
The principal component analysis (PCA) shows that in suchyisicylt to identify all ingredients present, especially if they con-

a complex system about 98% of the spectral variation couldyitte only a part of a percent of a studied sample mass. Analysis

be accounted for by not less than five principal components,sseq on a simplified model usually results in an increase of
The following spectral ranges were applied in the chemomet-

ric models construction: 2940-2784, 2856—2482, 2002—-1358,
1321-1182 and 1116-468 cth They were slightly modified  T2ble 10 . o
for the each preparation studied. Typical calibration curves anQSEP (%) values for captopril determination

relative differences calculated for the studied API are showrsamples Unnormalised spectra Normalised spectra
in Fig. 2 In Table 1the RSEP values found for the calibra-

At maximum Integrated
tion and testing samples quantification using PLS and PCR bLS PCR BLS ocR Pl PCR
models are quoted. The RSEP error for captopril determina-
tion equals 2.7% for both models, while in the case of addiCalibration 1.82 2.19 212 233 218 213
tives it changes from 1.9% for lactose to 6.5% for magnesiuny2/idation  2.71 2:56 287 304 292 28
Testing 2.75 2.74 3.15 3.58 3.12 3.38

Stearate.
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Table 2
Results (in milligrams) of FT-Raman analysis of captopril tabletsg)
Tablet Declared contents Raman analysis lodometric titration
Unnormalised spectra Normalised spectra
At maximum Integrated
PLS PCR PLS PCR PLS PCR
A 125 12.5+ 0.2 12.5+ 0.2 12.6+ 0.1 12.4+ 0.2 125+ 0.1 12.6+ 0.2 125+ 0.1
B 125 12.54+ 0.2 12.5+ 0.3 124+ 0.1 12.5+ 0.2 12.6+ 0.2 12.4+ 0.2 125+ 0.1
C 12,5 12.5+ 0.2 12.54+ 0.2 12.5+ 0.2 12.54+ 0.2 12.5+ 0.2 12.5+ 0.2 125+ 0.1
D 25 25.3+ 0.3 252+ 0.3 25.1+ 0.5 25.1+ 0.7 25.4+ 0.5 25.6+ 0.5 25.1+ 0.2

guantification errors. An internal standard added could improve
the quality of determination. This method works efficiently even
when only the main components of a sample are kn@sr25]
Following this route, potassium ferrocyanide was added as
an internal standard to the mixtures and Raman spectra were TS_l
Lactose

x15
Prednisolone tablet

recorded again. New PLS and PCR models were constructed x10
using spectra normalised by the intensity at maximum and the
integrated intensity of 2091 cn ferrocyanide line.

For “unknown” samples the RSEP error value determined for 504 Storch
the API quantification is in the range 3.1-3.6% for both models
and both types of normalisation. Next, the commercial tablets
with potassium ferrocyanide added were quantified. Mean con- Magnesium stearate 3 | | x4
tent of captopril found in the studied tablets is presented in
Table 2

Itis worth to notice that the quality of quantification of all four Gelatine x8
commercial captopril preparations based on the same PLS (PCR) Jk
Prednisolone
| e, A

x10

254

Raman intensity / a.u.

model was only slightly worse than that one based on models
modified for the each studied preparation. We obtained captopril 0 At bbnhetinss
contents, calculated versus results of pharmacopoeial method, 3000 ' 2000 ’ 1000 '

in the range 99.2-101.6% (98.4-103.2%) and 99.2-101.2% Wavenumber / cm!
(99.2-102.0%), respectively.

Fig. 3. FT-Raman spectra of analysed prednisolone preparation (top) and con-
stituents of the studied tablets.
3.3. Prednisolone tablets

In an attempt to quantify even smaller concentrations ofpectral ranges were applied in the described models construc-
API than in the case of captopril, the analysis of prednisolonéion: 3082-2818 (2818), 1897—1_196 (1551_)’ 1180-829 (968)
preparation was performed. Prednisolone is administered oral§nd 658-217 (215) crt. The baseline correction wavenumbers
usually in doses of the order of a few milligrams per tablet. [taré quoted in the parenthesis. The obtained calibration curves
means that an active ingredient usually amounts to only a fefPr PLS models were characterised K values of the order
percent of the tablet weight. IRig. 3 spectra of the pure sub- ©f 0.990-0.995Kig. 4). The RSEP values calculated for pred-
stances which constitute the studied tablets together with thaisolone in the case of the testing sample set were ca. 3.2 and
spectrum of the commercial pharmaceutical are shown. As ong 7% for PLS and PCR methods, respectively. A full set of
can notice, prednisolone spectrum is dominated by a strong pe&Rlibration results for prednisolone is quotedTable 3 It is
of thevs(C=0) vibration at 1655 cm’. This isolated line could
be easily recognised in prednisolone preparations even at rela-
tively low active concentrations. Table 30 , -

Lactose, starch, magnesium stearate and gelatine were fourFﬁ EP () values for prednisolane determination
as additives in the studied prednisolone tablets. Calibration mix2amples  Unnormalised spectra Normalised spectra
tures were prepared in a similar way to that described for cap- At maximum Integrated
topril. The weight ratio varied in the range 0.02-0.12 for pred-
nisolone, 0.19-0.74 for lactose, 0.13-0.66 for starch, 0.02—0.13
for magnesium stearate and 0.01-0.11 for gelatine. Next, Raméasglibration  1.82 2.62 200 339 212 352
spectra of these mixtures were recorded. Based on these sp gg?iigon 223 g'zg 2‘32 55&31 2‘2 55';2
tra the PLS and PCR models were constructed. The following ' i i ' i '

PLS PCR PLS PCR PLS PCR
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Fig. 4. Calibration curves and relative errors for prednisolone content obtained for PLS and PCR models based on unnormalised spectra; opaiilmatio)s:
plus: validation and filled symbols: testing data sets.

visible that errors found for PLS model are of the same ordegrams. The poor S/N ratio could noticeably influence the quality
as those for captopril system. Mean amount of prednisolonef quantification, especially for models based on normalised
in the studied preparation was found to be 50204 and spectrg20].
4.874 0.05 mg per tablets(= 5) from the PLS and PCR models, Mean content of prednisolone in the studied preparation
respectively. found from the PLS (PCR) models£ 5) equals 4.95-0.19 mg
There is gelatine amongst constituents of the studied sy45.07+0.15mg) from spectra normalised by the intensity at
tem. This substance is a weak Raman scatterer. One of itmaximum and 4.920.16 mg (4.94:0.18 mg) from spec-
strongest and widest bands overlaps with the main prednisolortea normalised by the integrated intensity of internal stan-
line (Fig. 3. Quantitative analysis based on the calibrationdard line. They are in a good agreement with the value
system in which gelatine was absent resulted in a systematmbtained using UV-vis pharmacopoeial metHd&], which
error. Prednisolone content determined from this model wagave 4.97 0.05 mg of prednisolone per tablet<5).
approximately 20% higher than the correct one in the studied

tablets. 4. Conclusions

3.4. Prednisolone tablets, internal standard added This study confirms the high potential of FT-Raman spec-
troscopy combined with multivariate calibration in the quanti-
In the next stage an appropriate amount of potassium fertative analysis of tablets with relatively low APl content from
rocyanide as an internal standard was added to each mixtura.few to ca. 17%. Five commercial preparations were success-
Spectra were recorded once more and normalised by the intefully quantified on the basis of different multivariate models.
sity at maximum or the integrated intensity of th¢ CN) band,  Found actives concentrations agree with those obtained using
and new models were constructed. The RSEP values found wepharmacopoeial methods.
comparable with those calculated for models based on undivided The applied procedure gives for solid mixtures a level of
spectra. For the PLS models they do not exceed 2.2% for calibr&ccuracy comparable with that characteristic for other analytical
tion set and 3.8% for testing data set in the case of prednisolomaethods. Additionally, it does not require any special prepara-
quantification,Table 3 tion of the tablets to be analysed. The proposed method is simple
It should be noticed that Raman intensity scattered by thand it could have potential applications in industry as the analyt-
examined samples is rather low. So, to obtain acceptable S/Nal procedure for fast captopril, prednisolone and similar APIs
ratio, it was necessary to accumulate more than 500 interfer@uantification in tablets.
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