DOI: 10.17344/acsi.2014.1071

Acta Chim. Slov. 2015, 62, 437-444

Scientific paper

Comparative Application of PLS and PCR Methods
to Simultaneous Quantitative Estimation and Simultaneous
Dissolution Test of Zidovudine — Lamivudine Tablets

Ozgiir Ustiindag,"* Erdal Ding,' Nurten Ozdemir? and M. Giinseli Tilkan?

! Department of Analytical Chemistry, Faculty of Pharmacy, Ankara University, 06100 Tandogan, Ankara, Turkey

2 Department of Pharmaceutical Technology, Faculty of Pharmacy, Ankara University, 06100 Tandogan, Ankara, Turkey

* Corresponding author: E-mail: ustundag @ pharmacy.ankara.edu.tr
Tel: +90 3122033173, Fax: +90 3122131080

Received: 30-09-2014

Abstract

In the development strategies of new drug products and generic drug products, the simultaneous in-vitro dissolution be-
havior of oral dosage formulations is the most important indication for the quantitative estimation of efficiency and
biopharmaceutical characteristics of drug substances. This is to force the related field’s scientists to improve very po-
werful analytical methods to get more reliable, precise and accurate results for the quantitative analysis and dissolution
testing of drug formulations. In this context, two new application of partial least squares (PLS) and principal component
regression (PCR) were applied for the simultaneous quantitative estimation and dissolution testing of zidovudine (ZID)
and lamivudine (LAM) in a tablet dosage form. The results obtained in this study strongly encourage us to use them for
the quality control, the routine analysis and the dissolution test of the marketing tablets containing ZID and LAM drugs.
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1. Introduction

Zidovudine (ZID) or azidothymidine (AZT) has
been used for the treatment of HIV/AIDS infectiousness.
Its chemical name is 3’-azido-3’-deoxythymidine. ZID is
phosphorylated to its active 5’-triphosphate metabolite
(Z1ID triphosphate). ZID triphosphate is inhibition of re-
verse transcriptase via DNA chain termination after in-
corporation of the nucleoside analogue. ZID triphosphate
is a weak inhibitor of the mammalian DNA polymerase-
o and mitochondrial DNA polymerase-a and has been re-
ported to be incorporated into the DNA of cells in cultu-
re. Lamivudine (LAM), chemically named (2R,cis)-4-
amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-
pyrimidin-2-one or (-)-2’,3’-dideoxy, 3’-thiacytidine
(3TC) is the (-)-enantiomer of a dideoxy analogue of
cytidine. LAM has been used for the treatment of infec-
tions with the human immunodeficiency viruses (HIVs)
and chronic hepatitis B viruses. LAM is phosphorylated
to its active 5’-triphosphate metabolite (LAM triphospha-
te). The principal mode of action of LAM triphosphate is
inhibition of reverse transcriptase via DNA chain termi-

nation after incorporation of the nucleoside analogue.
LAM triphosphate is a weak inhibitor of mammalian
DNA polymerases-c., - and mitochondrial DNA poly-
merase-y LAM is often given in combination whit ZID in
order to provide desirable therapy. In HIV-1 infected MT-
4 cells, LAM in combination with ZID had synergistic
antiretroviral activity. Synergistic activity of ZID and
LAM was also shown in a variable-ratio study. ZID and
LAM are in a class of medications called nucleoside re-
verse transcriptase inhibitors.

A review of the literature shows that various conven-
tional analytical methods including spectrophotometry,'™
high performance thin layer chromatography,* high per-
formance liquid chromatography,* ' high performance li-
quid chromatography-mass spectrometry'# and signal pro-
cessing method'® were reported for the analysis of ZID
and LAM or their combination with other drugs in tablets,
human serum and in drug dissolution studies.

Nowadays, the multivariate calibration models e.g.
partial least squares (PLS) and principal component re-
gression (PCR) are very popular chemometric methods to
easily quantify the contents of complex samples i.e. biolo-
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gical liquids, environmental samples and commercial do-
sage forms containing multiple drug substances.'° Furt-
her, more of the chemometric calibration algorithms are
applied to all data sets at the different formats such as the
UV-VIS spectra, IR spectra, chromatograms, and voltam-
mograms obtained from different analytical instrumenta-
tions in order to predict the content of the pharmaceutical
samples. Particularly, PLS and PCR approaches are prefe-
rable calibration techniques mainly because they provide
an efficient quantitative resolution of complex mixtures of
drugs.?'

In the work presented in this study, two different
chemometric calibration approaches, PLS and PCR were
applied for the quantification and dissolution testing of
ZID and LAM in commercial tablets. Both PLS and PCR
approaches don’t require any prior separation step such
as extraction and precipitation etc. In the calibration
treatments, a concentration data matrix (y — block) and
absorbance data matrix (x — block) were used for buil-
ding PLS and PCR calibration equations. The validity or
ability of the applied PLS and PCR calibration methods
were performed by analyzing the test samples of the rela-
ted drugs. The 20 mixture samples of ZID and LAM
drugs in their different concentration levels were ran-
domly prepared as a training set in the pH: 1.2 buffer so-
lution. The absorption spectra of the calibration set and
sample solutions were recorded in the spectral region of
210-320 nm. From the analysis results of the test sam-
ples obtained by PLS and PCR methods, percent mean
recoveries were found to be 100.4% and 100.7% for ZID
and 99.5% and 99.3% for LAM, respectively. After met-
hod validation procedure, the applied PLS and PCR cali-
bration models were used for the quantification and dis-
solution tests of the commercial samples containing ZID
and LAM substances.

2. Experimental

2. 1. Instruments and Software

A Shimadzu UV-2520 double beam UV-Vis spec-
trophotometer connected to a computer loaded with Shi-
madzu UVPC software was used to record the UV ab-
sorption spectra of calibration set and commercial sam-
ples. A special algorithm written in Matlab and Micro-
soft Excel software were used for the spectral data treat-
ments, statistical calculations and spectral transforma-
tion procedure. Dissolution test procedure was carried
out by using USP Apparatus II-Palet Method (AYMES
dissolution test apparatus, Aymes Ind., Umraniye, Istan-
bul, Turkey).

2. 2. Commercial Tablet Formulation

A commercial pharmaceutical preparation named
Combivir® tablet (produced by Glaxo Smith Kline) con-

sisting of 300 mg ZID and 150 mg LAM per tablet was
investigated. Active compounds, ZID and LAM were
kindly denoted from the national Pharm. Industry firms,
Turkey.

2. 3. Preparation of Standard Solutions

The standard stock solutions of ZID and LAM were
prepared by dissolving 20 mg of each substance in 100 m-
L of the pH 1.2 buffer solution. A calibration set contai-
ning ZID and LAM in the working concentration range of
0.0-70.0 pg/mL for ZID and LAM, respectively. For the
ability and validity testings of the applied chemometric
methods, the test samples of ZID and LAM in the linear
concentration ranges as well as calibration were prepared
by using the same stock solutions.

2. 4. Chemometric Methods

Fartial Least Squares

The PLS calibration technique based on the ortho-
gonalized PLS algorithm developed by Wold and extensi-
vely discussed by Martens and Naes' involves simultane-
ously the independent and the dependent variables on the
data compression and decomposition processes. The ab-
sorbance data (independent variable, A) and the concen-
tration data matrix (dependent variable, C) are mean cen-
tred and denoted by the data matrix A and the vector (or
matrix) C , respectively. Based on data matrix A, and vec-
tor C,, the orthogonalized PLS calibration is based on the
decomposition of both concentration and the absorbance
data matrix into latent variables:

A=TP"+E (1)
C=UQ"+F )

The matrix A, which is related to absorbance data is
decomposed into a matrix 7 (the score matrix) and a ma-
trix P (the absorbance loadings matrix) plus an error ma-
trix E. In the equation 2, the matrix C, which is related to
concentration data is decomposed into U and Q (the con-
centration loadings). The goal of the PLS method is to
minimize the norm of F (error matrix) in such a way to
keep the correlation between A and C by the inner rela-
tion U = BT.

The linear regression (Equation 3) is used for the
quantitative estimation of the compounds in the samples.

c

prediction

=B x Asample (3)
The vector, B is given as Equation 4
B=Wx (P"xW)'xQ (4)

where W is a weight matrix.
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Principal Component Regression

Principal component regression approach has two
steps. In the first step, the eigenvalues and their eigenvec-
tors are obtained from the covariance square matrix of the
mean-centred absorbances represents the first step of
PCR. By using the cross-validation in the calibration step,
the principal components (or the eigenvectors) correspon-
ding to the large eigenvalues are selected to compute A
(new axes) in the second step.

The mathematical basis of the PCR model is given by

proj

A =VC'A (5)

proj

Here, Apmj is the matrix containing the new coordi-
nates, A represents the original absorbance matrix and
VCT is the matrix containing the basis vectors (principal
components), one column for each factor retained. If we
know the matrix Amj we find, after some simple calcula-
tions, the unknown concentration matrix using the follo-

wing formula:
C=FA,, (6)

where F represents the calibration coefficient for the ob-
tained linear equation system.

Mathematical treatments of the PCR and PLS algo-
rithims was performed by means of a special algorithm
written in Matlab 7.1 software.

3. Results and Discussion

The UV absorption spectra of drugs (ZID and LAM)
and their mixtures were recorded between the wavelength
range 210-320 nm, respectively. It was observed that the
analysed substances gave the strong overlapping spectra
in the same wavelength region as indicated in Figure 1. In
this case, it is not possible to use a direct absorbance mea-
surement technique for the simultaneous analysis and dis-
solution testing of ZID and LAM in their tablets. In order
to solve this problem we focused mainly on the applica-
tion of PLS and PCR calibration methods for the simulta-
neous quantification and dissolution testing of ZID and
LAM. These chemometric analysis and dissolution tests
were explained below in detail.

3. 1. Application of the PLS and PCR
Methods

As explained above, the concentration set of the
mixture samples containing ZID and LAM in the working
range of 0.0-70.0 pg/mL was prepared and indicated in
Table 1. This calibration set was considered as y — block,
which corresponds to the matrix C. The UV spectra of the
calibration set samples were recorded in the spectral re-
gion 210-320 nm with the intervals of AA = 0.1 nm. The

spectral data of the calibration samples were expressed as
x — block corresponding to an absorbance data matrix. In
the calibration step, the PLS and PCR calibration algo-
rithms were applied to the relationship between the cali-
bration data matrix and the absorbance data matrix. In the
next steps, the building PLS and PCR calibration models
were used to quantify the concentration of each active
compound in commercial tablet, dissolution samples and
other samples.

In the case of the PLS calibrations, the actual and pre-
dicted concentrations for ZID and LAM were plotted and
shown in Figure 2. In the same way, for the PCR calibra-
tion, actual and predicted concentrations for ZID and LAM
were graphically presented in Figure 4. As can be seen in fi-
gures, good correlation coefficients were reported.

In the prediction steps of the applied PLS and PCR
approaches, Figure 3. and 5. shows the plots of the actual
and predicted concentrations using PLS and PCR, respec-
tively.

Table 1. Calibration set for PLS and PCR calibrations methods

pg/mL pg/mL

No. ZID LAM No. 7ID LAM
1 0.0 2.0 12 2.0 24.0
2 48.0 2.0 13 0.0 50.0
3 2.0 0.0 14 20.0 24.0
4 48.0 10.0 15 50.0 0.0
5 0.0 20.0 16 30.0 24.0
6 48.0 30.0 17 0.0 70.0
7 10.0 0.0 18 50.0 24.0
8 48.0 50.0 19 70.0 0.0
9 0.0 30.0 20 70.0 24.0

10 48.0 70.0

11 30.0 0.0

3.0

2.5

2.0

15

Abs.

1.0

0.5

210 220 230 240 250 260 270 280 290 300 310 320
Wavelength (nm)

Figure 1. The UV spectra of 40 pg/mL ZID (---), 20 ug/mL LAM
(—) and their mixture () in pH 1.2 buffer.
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Figure 2. Plot of the actual and predicted concentrations in the calibration step by using the PLS method with four components for ZID (a) and

LAM (b) drugs
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Figure 3. Plot of the actual and predicted concentrations in the prediction step by using the PLS method with four components for ZID (a) and

LAM (b) drugs
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Figure 4. Plot of the actual and predicted concentrations in the calibration step by using the PCR method with four components for ZID (a) and

LAM (b) drugs
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LAM (b) drugs

3. 2. Analytical Validation of the Signal
Processing Methods

Prior to the application of the PLS and PCR calibra-
tions to the quantification and dissolution testing of ZID
and LAM from tablets, the performance and ability of the
proposed chemometric calibrations were tested by analy-
zing the test samples (or validation samples) containing
ZID —LAM mixtures prepared as listed in Table 2. For the

estimation of the calibration methods, the analysis results
were computed for the test samples. As can be seen in this
table, the applied PLS and PCR models provided us higher
analytical method performance and applicability with bet-
ter precision and accuracy for the recovery studies. In addi-
tion, the method ability was evaluated using the standard
error of prediction (SEP). In the calibration step, for both
PLS and PCR approaches, first four factors were found to
be suitable to get minimal standard error of calibration

Table 2. Recovery data obtained by applying the PLS and PCR methods to the analysis of ZID and LAM in the synthetic mixtures

PLS-method PCR-method

Mixture Found Recovery (%) Found Recovery (%)
No. ZID LAM ZID LAM ZID LAM Z1D LAM 71D LAM
1 48 2 48.30 1.91 100.6 95.5 48.30 1.90 100.6 95.0
2 48 10 48.00 10.18 100.0 101.8 48.10 10.09 100.2 100.9
3 48 20 48.80 20.13 101.7 100.7 48.80 20.15 101.7 100.8
4 48 30 47.60 29.56 99.2 98.5 47.70 29.55 99.4 98.5
5 48 40 47.60 39.81 99.2 99.5 47.80 39.80 99.6 99.5
6 48 50 48.50 50.80 101.0 101.6 48.40 50.91 100.8 101.8
7 48 60 47.50 60.11 99.0 100.2 47.60 60.21 99.2 100.4
8 48 70 47.90 69.71 99.8 99.6 48.00 69.60 100.0 99.4
9 2 24 1.98 23.75 99.0 99.0 1.91 23.71 95.5 98.8
10 10 24 10.20 23.70 102.0 98.8 10.40 23.50 104.0 97.9
11 20 24 20.60 23.98 103.0 99.9 20.70 23.97 103.5 99.9
12 30 24 30.10 23.87 100.3 99.5 30.40 23.86 101.3 99.4
13 40 24 40.70 23.90 101.8 99.6 41.00 23.88 102.5 99.5
14 50 24 50.60 24.08 101.2 100.3 50.80 24.11 101.6 100.5
15 60 24 60.20 23.97 100.3 99.9 61.00 23.90 101.7 99.6
16 70 24 69.60 23.75 99.4 99.0 69.70 23.51 99.6 98.0
17 48 24 47.90 23.60 99.8 98.3 48.20 23.40 100.4 97.5
Mean 100.43 99.50 100.68 99.25
SD 1.19 1.41 1.93 1.59
RSD 1.19 1.42 1.92 1.60

SD : Standard deviation
RSD : Relative standard deviation
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Figure 6. The plots of the predictor variables of the established PLS (a) and PCR (b) models

(SEC) values. The numerical values of SEC and SEP using
PLS and PCR with first four factors were calculated as
0.3350 and 0.3321; 0.4493 and 0.4526 for ZID, 0.2769 and
0.2834: 0.2937 and 0.3015 for LAM, respectively.

In order to compare the predictive power of the PLS
and PCR models, the predictive variables including the va-
riable importance in projection were illustrated in Figure 6a
and b. After these results, we concluded that the chemome-
tric PLS and PCR calibrations were very suitable for analy-
sis and dissolution test of two anti-HIV drugs in samples.

3. 3. Tablet Analysis
The quantitative estimation of ZID and LAM drugs

in commercial tablets were carried out by the PLS and

Table 3. Determination results of ZID and LAM in tablets with
PLS and PCR methods (300 mg ZID and 150 mg LAM per tablet)

mg/tab
PLS PCR
No. ZID LAM VAL LAM
1 300.9 150.6 300.9 150.6
2 299.0 149.7 299.0 149.6
3 299.1 147.9 296.4 147.9
4 301.6 148.8 297.0 148.8
5 300.9 151.4 303.3 1514
6 298.6 150.5 298.7 149.8
7 298.7 150.8 298.7 150.8
8 295.2 148.1 295.3 148.1
9 299.3 149.3 299.4 148.9
10 302.7 151.7 302.8 151.7
Mean 299.6 149.9 299.2 149.8
SD 2.07 1.34 2.6 1.35
RSD 0.69 0.89 0.87 0.90
SH 0.65 0.42 0.82 0.43
CL 1.28 0.83 1.61 0.84

SD : Standard deviation

RSD : Relative standard deviation
SE : Standard error

CL : Confidential limit (p=0.05)

PCR approaches. The assay results of pharmaceutical tab-
let formulation were shown in Table 3. According to the
tablet assay results given in Table 3, no effect of exci-
pients on the analysis was observed in the application of
the PLS and PCR methods. In addition, it was observed
that the determination results were very close to each ot-
her, therefore a good agreement was reported.

3.4. Dissolution Profiles of Tablets

After analyzing tablets, the applied PLS and PCR
methods were used for the dissolution testing of ZID
and LAM from their solid dosage form. In this testing
procedure, the dissolution profiles of ZID and LAM in
commercial tablets were plotted and presented in Figure
7. For the dissolution test procedure, USP Apparatus 11
— Palet method was used for the collection of the disso-
lution samples during 20 minutes. We used pH 1.2 buf-
fer solution as dissolution medium. The absorption
spectra of the samples were plotted between 210-320
nm. The measured absorbance values obtained from the
above spectra of dissolution samples were placed into
the equations of PLS and PCR and the quantities of ZID
and LAM in collected samples were computed. Appro-
ximately 90% of both drugs were dissolved within the
first 10 min. Both PLS and PCR methods gave us com-
parable dissolution profiles for ZID and LAM from tab-
lets.

4. Conclusion

In this study, two new applications of the chemome-
tric approaches based on PLS and PCR calibrations were
used for the simultaneous quantitative estimation and dis-
solution test of ZID and LAM in tablets. In the application
of the PLS and PCR approaches for the dissolution testing
of the solid dosage form, the dissolution profiles of ZID
and LAM from tablets were obtained to reveal the pharma-
ceutical behavior of the commercial tablets containing re-
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Figure 7. Dissolution profiles of the ZID and LAM drugs by applying the proposed PLS (a) and PCR (b) methods with four components

lated drugs. We concluded that these applied chemometric
calibrations were very suitable way to determine the con-
tents of ZID and LAM in their samples. A good agreement
was reported for the results of the analysis and dissolution
testing of tablets containing ZID and LAM substances.
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Pri strategiji razvoja novih farmacevtskih izdelkov in generi¢nih farmacevtskih izdelkov je hkratno spremljanje in-vitro
raztapljanja oralnih farmacevtskih oblik najbolj pomembna indikacija za kvantitativno oceno ucinkovitosti in biofarma-
cevtskih karakteristik aktivnih uc¢inkovin. Zaradi tega so tudi znanstveniki s sorodnih podrodij prisiljeni izboljSevati
ucinkovite analizne metode, da bi dobili bolj zanesljive, natanéne in to¢ne rezultate za kvantitativno analizo in spremlja-
nje raztapljanja farmacevtskih oblik. V tem kontekstu smo na novo uporabili metodo delnih najmanjsih kvadratov (par-
tial least squares, PLS) in metodo regresije glavnih komponent (principal component regression, PCR) za hkratno
kvantitativno oceno in spremljanje raztapljanja zidovudina (ZID) in lamivudina (LAM) v farmacevtski obliki tablet. Re-
zultati iz te Studije nas spodbujajo, da te metode uporabimo za kontrolo kvalitete, rutinsko analizo in spremljanje raztap-

ljanja pri trZenju tablet z u¢inkovinama ZID in LAM.

Ustiindag et al.: Comparative Application of PLS and PCR Methods
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