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Abstract

The quantitative predictive abilities of partial least squares (PLS-1) and principle component regression (PCR) on absorption (zero-order
UV spectra are compared with the results obtained by the use of these multivariate calibration methods on first-order derivative spectra. Bot
approaches were satisfactorily applied to the simultaneous determination of these drugs in synthetic and pharmaceutical mixtures. Significa
advantages were found in the simultaneous determination of phenytoin, barbital and caffeine in binary and ternary mixtures, by applicatior
of different multivariate calibration methods when the calibration matrix was performed using the first-order derivative spectra. The proposed
method was validated by applying it to the analysis of binary and ternary mixtures of phenytoin, barbital and caffeine. Determinations were
made over the concentration ranges of 0.24-22.0, 0.01-27.0 and 0.04Rg2il:G for phenytoin, barbital and caffeine, respectively, in the
binary and 0.45-22.0, 0.05-26.0 and 0.05—-2@ I for phenytoin, barbital and caffeine, respectively, in the ternary mixtures. The relative
standard errors in the determinations were less than 3% in most cases.
© 2005 Published by Elsevier B.V.
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1. Introduction Up to now, some immunoassay and high-performance lig-
uid chromatography (HPLC) methods with UV detection

Phenytoin, 5,5-diphenylhydantoin, is one of the cyclicure- have also been developed for determination of phenytoin
dies whichis related in structure to the barbiturfigsit was [14-18] Other reported methods involve gravimetry, titrime-
reported to be the least hypnotic, most strongly anticonvulsanttry, stripping voltametry and chromatography. With the ex-

and most effective against grand nfi2]. It has been widely  ception of HPLC methods, most procedures suffer from some
used inthe management of patients with epilepsy, generalizeddrawbacks. Titrimetric and gravimetric methods are time-
convulsion and partial seizuf@ 4]. Different methods forthe ~ consuming; they lack simplicity, sensitivity and selectivity

determination of this drug have been reviewWgd7]. Anti- [19-22]

convulsants are currently quantified by techniques including  However, few simple and inexpensive direct spectropho-
solid phase micro-extraction gas chromatogrg@fhiymolec- tometric methods with good sensitivity and selectivity have
ularimprinted in the chromatographic md@¢, fluorescence  been reported for the determination of pheny{@s-27}

[10], radio-immunoassdit 1], pholarographyl2] and liquid There are many drugs such as phenobarbital, levodoppa,
chromatography—tandem mass spectros¢bg caffeine and barbital, which may increase or decrease pheny-

toin effect in the body28]. In addition, some of them in-
terfere in determination of the others, such as interference
* Corresponding author. Tel.: +98 711 228 4822; fax: +98 711 228 0926. Of caffeine and barbital in determination of phenytoin, so
E-mail addressabbaspour@chem.susc.ac.ir (A. Abbaspour). here is a need for selective and sensitive spectrophotomet-
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ric method which could be utilized in detecting and distin- mixtures were used; the 0.01 M solutions of oxalate and suc-
guishing between phenytoin, barbital and caffeine, without cinate buffers were employed. PLS and PCR programs were
the need for any pretreatment or prior separation. Simulta- performed using chemometrics toolbox of MATLAB and
neous determination of several compounds in mixture can first derivative spectra was obtained in MATLAB. (Version
be a difficult task, especially when their analytical charac- 6, Math Work, Inc.). All programs were run on a Pentium
teristics are not very different. In order to resolve complex (lll), 633 MHz, personal computer, with windows 98 operat-
spectra and to avoid time-consuming, clean-up and separaing system.

tion procedure attempted to simultaneous determination us-
ing derivative techniques and chemometrics methods. PLS
and PCR are simple and powerful factor analysis multivari-
ate tools that have been successfully applied to multicompo-
nent analysis of complex mixtur¢29]. One of the clearest
explanations of these methods was given by Haaland and
Thomad30]. PLS is related to PCR in that a spectral decom-

position is performed. PCR decomposition is significantly NapHPO,/NaH,PO, buffer, pH 12 was prepared by weigh-

influenced by variations, which have no relevance to the an- . . N .
alyte concentrations, whereas in PLS, the spectral decompo—Ing the appropriate amount of hidPOs and diluting with

sition is weighted to the concentratifBi]. In this work, we watgr methano! 1:1 (vv). The desired pH was obta!ned by
s . N adding the required amount of NaOH solution. Working so-
use multivariate methods on first-order derivative and absorp-, . . L
. . N .+ lutions were prepared daily by adequate dilution of stock
tion UV spectra for simultaneous determination of phenytoin, : ; : e .
; ST ) . solutions in optimum conditions. The solutions used to pre-
barbital and caffeine in mixture. There is no any previous . : :
) . ..~ pare the binary and ternary mixtures were prepared in du-
report for simultaneous spectrophotometric determination

. . . plicate by placing them in 10-ml volumetric flasks. Two sets
of these compounds in synthetic sample or pharmaceutical . . .
compounds. of standard solutions were prepared, the calibration set con-

tained 25 standard solutions and the prediction set contained
15 standard solutions, so that the concentration of each drug
in resulting solutions was in its own linear dynamic range. To
a series of 10-ml volumetric flasks, 5 ml of buffer solution,
NaHPOy/NapHP O, (0.05 M) at pH 12, was added. Aliquots

of phenytoin, barbital or caffeine solutions, containing ap-
propriate amount of these drugs in the range of calibrations,
were also added. Then, solutions were diluted to 10 ml with
water—methanol 1:1 (v/v). UV spectra of the mixtures were
recorded in the wavelength range 190-300 nm versus a sol-
vent blank, and digitized absorbance was sampled at 0.5nm
intervals.

2.3. Stock and standard solutions

Stock solutions of phenytoin (5Q0y mi~1), barbi-
tal (500pgmi~—1) and caffeine (50Qgmi—1) were pre-
pared by dissolving appropriate amount of these com-
pounds in water—-methanol 1:1 (v/v) mixture. A 0.05M

2. Experimental
2.1. Chemicals and reagents

All experiments were performed with analytical-reagent
grade and were used directly without further purification
(all from Merck). Triply distilled water was used to prepare
buffer and reagent solutions. Methanol, sodium hydroxide
and NaHPQ, used were of analytical grade. Pharmaceuti-
cals grade were obtained from Sigma. Capsules of phenytoin
and barbital and tablet of Cafergot was kindly donated by
Darou Pakhsh., Iran. Capsules were labeled as containing2.4. Procedure to determine phenytoin, barbital and
30 mg phenytoin and 50 mg barbital. Tablet of Cafergot was caffeine in pharmaceutical formulations and serum
used and labeled as containing 100 mg caffeine and 1 mg er-
gotamine. Serum samples were prepared by injecting blank The contents of 20 tablets or capsules of each com-
serum of rat with appropriate amounts of the stock solutions pound were individually weighed and powdered or evac-

of phenytoin, barbital and caffeine. uated. Then, an accurately weighed portion of the powder
(100-200 mg) was transferred into 100-ml calibrated flasks
2.2. Apparatus and software and diluted to volume with solvent (as in standard solution,

water—methanol 1:1), shaken well for 15min and the solu-
A photodiode array UV—vis spectrophotometer model tions were filtered through 0.4Bm membrane filter. Then,

(multispec-1501 Shimadzu) equipped with 10-mm quartz 1 ml aliquots were transferred from each flask to 25-ml volu-
cells was used to make absorbance measurements. Thenetric flasks and completed to volume with water—methanol
UV spectra of mixtures were recorded over the wavelength 1:1 (v/v). Ternary and binary synthetic mixtures of pheny-
190-300 nm and digitized absorbance was sampled at 0.5 nntoin, caffeine and barbital were prepared by diluting known
intervals. Spectral bandwidth was 1 nm, scan speed wasamounts of their stock solutions in water-methanol 1:1 (v/v),
2800 nm mim! andA . was 5 nm. Measurements of pHwere to obtain final concentrations in the range of calibration
made with a metrohm 654 pH meter (Metrohm Ltd., CH- graph. Only a 1:3 dilution for serum must be made,and then
9100-Hesau Switzerland) using a combined glass electrode mixtures assayed as described under optimized proposed
To calibrate the pH meterin various binaries, methanol-water procedure.
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Fig. 3. First-order derivative spectra ofs§ ml~ phenytoin, 1qug mi~*
Fig. 1. Chemical structure of the analyzed drugs (phenytoin, barbital and barbital and .gmi~* of caffeine in water-methanol 1:1 (v/v) solution.
caffeine).

ies. The influence of pH values on the spectrum of each drug

16 at a constant concentrationud mi—1, was investigated sep-
1.41 arately. This study was made over the pH range of 2.5-13.5.
1.0] Although no significant change was observed in spectrum of
3 | Phen+ Blarb+ Caff caffeine in all ranges of pH, the spectra of phenytoin and bar-
§ bital show maximum absorbance at all wavelengths at high
s 08 arb pH value (pH>11.5). For achieving higher sensitivity and
2 o6 selectivity, pH 12 was selected as an optimum pH value for
0.4 hen Caft simultaneous determination of binary and ternary mixtures
of these compounds. The wavelength intervalf used for
021 calculation of derivative spectra was optimized for each drug
0 g - T - separately and, accordingly» were obtainedAx=5nm
100 210 230 250 2ro 290 was considered to be optimum which gives the best signal-
Wavelength(nm) to-noise ratio for all drugs.

Fig. 2. Absorption (zero-order) UV spectra ofu mi~t of phenytoin, . .
10p.g mi~L of barbital and §.g mI~2of caffeine in water-methanol 1:1 (viv) ~ 3.2. One-component calibration
solution.
To find the linear dynamic range of each component, cal-

3. Results and discussion ibration graph were obtained. The absorption spectra were
recorded over 190-300 nm against a solvent blank. Linear
3.1. Optimization of conditions range for each drug was determined by plotting the ab-

sorbances at itsmax (Phenytoin, 207 nm; barbital, 210 nm;

The chemical structures of phenytoin, barbital and caf- and caffeine, 230 nm) versus sample concentration. Calibra-
feine are shown irFig. 1 Fig. 2 shows the absorption UV tion curves were linear between 0.24 and 26g0nl~* of
spectra of these drugs and the mixture of them. First-order phenytoin, 0.01 and 270y mI~* of barbital and 0.05 and
derivatives spectra for the drugs are showfiitn 3 Asthese ~ 28.0ugmi~* of caffeine. Characteristic parameters for the
figures show there is a clear overlapping between them; theregression equations of individual calibration by absorption
spectral overlapping of the drugs prevents resolution of the UV spectra are shown ifiable 1
mixtures by direct spectrophotometric measurements. Thus,
the univariate analysis can not be applied to resolve their mix- 3.3. Multivariate methods
tures. The optimum conditions for quantitative estimation of
considered compound were established via a number of pre-3.3.1. Simultaneous resolution of binary and ternary
liminary experiments. In an attempt to reduce the degree of mixtures by application of PLS and PCR on absorption
spectral overlapping of the considered drugs, the spectrum of(zero-order) UV spectra and first-order derivative
each component was recorded in different organic solvents asspectra
well as in different buffer solutions. The absorption spectraof ~ The PLS and PCR techniques are typical full-spectrum
each drug in different organic solvent—water binary mixtures methods, more powerful than the ones based on measurement
was investigated (ethanol, methanol, acetone). Among theseat only one wavelength, such as direct spectrophotometry be-
methanol-water 1:1 (v/v) gave better sensitivity and selectiv- cause the simultaneous inclusion of multiple spectral inten-
ity; thus, this mixture was chosen as solvent for further stud- sities can greatly improve the precision and applicability of
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Table 1

Characteristic parameters for the regression equations of individual calibration by absorption UV spectra

Compound Equation Rea LODP® (wg mi—1) LOQP (wgmi~1) S S R.S.E. (%)
Phenytoin A=0.079%; +0.0181 0.9998 0.06 0.08 3.%010°° 2.5x 1074 0.20
Barbital A=0.072L; —0.0354 0.9985 0.06 0.07 154104 6.0x 1073 0.65
Caffeine A=0.056L; +0.0052 0.9985 0.04 0.06 5.%010°4 7.3x10°% 0.50

C;: concentration ipg mi~1; S: S.D. of the slopg35]; Si: S.D. of the intercepi35].
2 The square of correlation coefficient.
b Limit of detections and limit of quantifications calculated by Miller & Miller metH&®).

quantitative spectral analysis of mixtures. The first step in si- Table 3 _ _ _ o
multaneous determination of phenytoin, barbital and caffeine Composition of synthetic samples in ternary mixtures of prediction set

in mixtures by multivariate methods involved constructing Mixture Caffeine Barbital Phenytoin
the calibration matrix. In this work, we performed the cali- (rgmi~ (rgmi™ (rgmi™)
bration with the absorption spectra and the first-order deriva- 1 192 129 045
tive spectra. The wavelength range used was 190-300 nm 2 575 370 356
in all cases. The multivariate calibration requires a careful i 1323 828 ggg
experimental design of the standard composition of calibra- 5 1920 500 150
tion set for providing the best predictions. In order to select 6 230 250 1175
the mixtures that provide more information from calibration 7 1373 970 615
set, their compositions were randomly designed. Four sets of 8 500 1255 600
standard solutions were prepared; the calibration sets con- o 323 égg 1%3
tained 25 standard solutions for both binary and ternary de- 736 1699 294
terminations, so that the concentration of each drug in re- 12 120 260 1766
sulting solutions was in its own linear dynamic range The 13 1788 400 500
calibrations curves were constructed over the concentrationst4 225 2533 266
150 300 2188

ranges between 0.24 and 2p.§ml~1 for phenytion, 0.01
and 27.Qug mI~?1 for barbital and 0.049 and 27u@ mi—1
for caffeine in binary mixtures and 0.45 and 2a@ml~!
for phenytoin, 0.05 and 26,0y ml~* for barbital and 0.05
and 20.Qug mi~1 for caffeine in ternary mixtures.

tive of each spectrum was calculated with MATLAB. Also, a
vector of concentration of each drug in calibration matrix was
made €). PLS and PCR methods were run on the calibration
data of absorption (zero-order) UV spectra and first-order
3.3.2. Data processing and model building derivative spectra and concentrations in prediction sets were
The digitized absorbance of calibration mixtures was gath- calculated at the optimum number of factors. The selection
eredina 25« 221 data matrixY) and absorbances of predic- of the number of factors used in the calibration with these
tion matrixes were collected in a 35221 data matrixY yp). methods is very important for achieving the best prediction.
The composition of the prediction sets of binary and ternary As a first approach the number of factors were estimated by
mixtures is given imables 2 and Jespectively. The deriva-  cross-validation method, leaving out one sample at a time

Table 2

Composition of synthetic samples in binary mixtures of prediction set

Mixture Caffeine Barbital gg mi—1) Caffeine Phenytoing mi~1) Barbital Phenytoingg mli~1)
1 0.20 000 145 025 255 290
2 3.30 030 263 060 417 766
3 350 180 430 110 7.66 1050
4 4.60 980 550 250 1250 1176
5 1176 1290 7.20 6.60 1428 1400
6 1436 1450 163 1450 1690 1380
7 1347 2555 280 1780 1980 1300
8 1595 2488 870 2077 800 1780
9 6.30 560 1450 1650 035 1870

10 7.82 6.00 1820 250 080 215

11 1052 1030 1125 7.65 060 150

12 215 870 415 800 340 2000

13 1396 1890 1655 2200 2432 1250

14 2620 255 2200 270 2700 1155

15 550 2285 1550 170 100 2188
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Table 4
Predicted concentrations obtained by application of PLS method on first-order derivative spectra and absorption UV spectra. for simultanemimodeter
of phenytoin, barbital and caffeine in ternary mixtures

Sample PLS on absorption UV spectra PLS on first-order derivative spectra

Phenytoin g mi—1) Barbital (xgmi—1) Caffeine g mi—1) Phenytoin g mi—1) Barbital (ugmi~1) Caffeine ,gmi—1)

1 0.50 157 197 03 130 195
2 3.20 372 572 356 372 570
3 6.60 666 125 6.38 664 1399
4 8.35 025 001 828 016 012
5 172 505 1920 170 580 1922
6 118 2.66 253 1179 266 257
7 570 985 1395 59 9.70 1395
8 6.35 1264 482 630 1264 480
9 143 248 203 1478 246 203
10 650 1790 946 677 1819 940
11 250 1709 934 290 1700 934
12 1710 250 174 1759 250 173
13 550 432 1795 530 391 1795
14 288 2544 225 267 2540 224
15 2195 300 147 2195 31 137

and plotting the prediction residual sum of squares (PRESS)whereNis the number of sample§;, the concentration of the
versus the number of factors for each individual component. component in thith mixture and’; is the estimated concen-
The (PRESS) for each number of factors was calculated bytration. The method was evaluated using statistical compar-
comparing the predicted concentration of compounds in eachison between different applied methods on ternary mixtures
sample with known concentration of compounds in standard of phenytoin, barbital and caffeine by models optimised; the

solutions. The PRESS can defined as: results are inmables 5 and 6
v 2
PRESS— Z(@j —C)) 1) 3.3.3._ Percent recovery study o
= This study was performed on the sets of prediction con-

taining 15 binary or ternary mixtures of phenytoin, barbital
and caffeine. The mean recoveries obtained for analytes in
each set of binary samples by applying each method are sum-
marized inTable 5 as can be seen the agreement between ex-
perimental and predicted values by all of the methods is good,
but however, the better results for simultaneous determina-

whereN is the total number of calibration samplé&s; the
reference concentration fith sample and’ ; represents the
estimated concentration @. The PRESS values provide a
measure of how well the training set is predicting the con-

centration for each number of factors. Theratio proba- : ) . T :
S . S tion of phenytoin, caffeine and barbital in binary mixtures can

bility is used to determine the significance of PRESS val- : S ) J
be obtained by application of PLS on first derivative spectra,

ues greater than minimum. As the difference between theand in the case of caffeine and barbital, better determination
minimum PRESS and other PRESS values becomes smaller !

the probability that each additional factor is significant be- Could be performed by applying PCR on first derivative spec-

X tra. In these three models, known concentrations of all tested
comes small€g32]. In order to validate proposed methods we . L . .
o S . samples in prediction sets were compared with the predicted
prepared four sets of synthetic mixtures which involved bi- . )
: . . -~ concentrations by constructed models and equationd&and
nary or ternary mixture of phenytoin, barbital or caffeine; : :
: . .. obtained when plots of predicted versus actual concentra-
15 synthetic test samples in each set were analyzed with

the proposed methods. Predicted concentrations obtained byons were constructed; very good agreement between actual

application of PLS method on first-order derivative spectra and predicted values for all component are represented. The

and absorption UV spectra for simultaneous determination of pg;(:eenr;tigeaof Irii(;(t)i\cl)i”i? ;VI?;’ Zlnsc? Fc)zélcRuI(;al;eS\;o;s:;:rh ,:i:ng'
phenytoin, barbital and caffeine in ternary mixtures are given P Y app P

in Table 4 spectra and first-order derivative spectra in ternary mixtures;
- . . . then mean recovery was calculated and the mean recovery
The prediction error of a single component in the mixture

was calculated as the relative standard error (R.S.E.) of thevalues were obtained, The results obtalne_d by application of
- i constructed models by each method for simultaneous deter-
prediction concentratiof83],

mination of drugs in ternary mixtures are presentekhinle 6

. o 172 The limit of detection is generally determined by the analy-

o Z;V:l(cj -Cj) sis of samples with known concentrations of analyte and by

R.S.E. (%)= 100 ZN (C.)? () establishing the minimum level at which the analyte can be
j=1&

reliably detected35].
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Table 5
Correlation statistics of predicted vs. actual values for phenytoin and caffeine and barbital in prediction set of binary samples
Method Compound Linearityug mi~1) Rea PRESS Factor Mean recovery (%) LOQugmi1) R.S.E. (%)
1 Phenytoin 0.030-28.0 0.9968 0.7 3 H 03 0.025 1.01
Barbital 0.010-27.0 0.9983 1.24 5 109 0.010 0.80
2 Phenytoin 0.200-23.0 0.9976 0.07 4 .GB 0.015 0.40
Barbital 0.010-27.0 0.9994 0.08 4 169 0.010 0.30
2 Phenytoin 0.240-22.0 0.9994 0.05 3 .80 0.24 0.30
Caffeine 0.049-22.0 0.9970 0.08 3 1P0 0.042 1.03
(1) PLS on absorption UV spectra, (2) PLS on first-order derivative spectra.
@ The square of correlation coefficients.
b Limit of detections and limit of quantifications calculated by Miller and Miller metf@f].
Table 6
Statistical comparison between different applied methods on ternary mixtures of phenytoin, barbital and caffeine by models optimized
Drug Method PRESS Factors Mean LOD? R.S.E.
recovery (%) (ngmi—1) (%)
Phenytoin 1 1.25 6 1087 0.33 1.16
2 0.05 5 98 0.34 0.41
3 3.3 4 9489 0.43 2.01
4 1.78 4 9628 0.44 1.36
Barbital 1 1.2 4 1082 0.05 0.83
2 0.09 3 990 0.05 0.67
3 1.1 4 10637 0.05 0.78
4 0.9 4 10284 0.05 0.74
Caffeine 1 0.09 5 1081 0.04 2.44
2 0.09 4 1042 0.05 2.02
3 1.25 3 11060 0.05 2.39
4 1.12 3 108 0.04 2.12

(1) PLS on absorption UV spectra, (2) PLS on first-order derivative spectra, (3) PCR on absorption UV spectra, (4) PCR on first-order derivative spectra
2 Limit of detections and limit of quantifications calculated by Miller and Miller metf@fs].

The statistical comparisons between the two multivariate better results for simultaneous determination of phenytoin,
calibrations methods employed for ternary mixtures are also barbital and caffeine in ternary mixtures.
included inTable 6 By considering these results and also the It is obvious that the predictive ability of PCR for pheny-
values of relative standard error, it can be seen that applicationtoin is less than that for caffeine and barbital. The observed
of PLS method on first-order derivative spectra representstrend is possibly due to significant overlapping of phenytoin

Table 7
Simultaneous determination of phenytoin, barbital and caffeine in pharmaceutical mixtures and spiked serum by application of PLS on firstabrger der
spectra

Amount taken (.g) Found {1g)
Phenytoin Barbital Caffeine Phenytoin Barbital Caffeine
Mixture
1 30 200 6.0 3.2+0.1 23+ 0.1 5.8+ 0.6
2 50 8.0 150 52+ 0.3 8.3+ 0.5 14.9+ 0.2
3 150 120 80 148+ 0.4 11.9+ 0.2 7.9+ 0.3
4 200 160 30 19.8+ 0.4 16.3+ 0.1 28+ 0.1
5 120 0.3 100 12.0+ 0.1 0.3+ 0.2 10.0+ 0.2
6 80 240 10 75+ 0.3 241+ 0.4 1.1+ 0.8
7 05 05 200 0.47+0.2 0.48+ 0.3 20.1+ 0.5
Spiked serum
1 200 100 50 220+ 0.1 10.5+ 0.6 4.0+ 0.8
2 100 250 100 9.0+ 0.3 26.0+ 0.2 10.8+ 0.6
3 50 150 200 53+0.3 145+ 0.5 20.9+ 0.3
4 20 20 150 1.8+0.3 2.0+ 0.3 15.9+ 0.6
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spectra with two other drugs; it is noteworthy that in most techniques like chromatographic or immunoassay analysis.
cases the application of PLS and PCR to first-order derivative This technique is simple, fast, precise and affordable. Also,
spectra improved the performance of PLS modeling for it requires no complex pretreatment or chromatographic
phenytoin. On the other hand, it can be observed that the useseparations of the samples containing analytes.

of first-order derivative spectra has no significant effect on

the predicting ability of the calibration models obtained by

both methods for barbital and caffeine, and similar results Acknowledgement
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