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ARTICLE INFO ABSTRACT

Nowadays, a large number of chiral analyses are needed, simple and rapid methods for the
determination of the enantiomeric composition in pharmaceutical products should be developed.
The fluoxetine belongs to the most prescribed antidepressant chiral drugs and its enantiomers
have a different duration of serotonin inhibition. This study presents cheap and fast alternative to
traditional chiral techniques for the determination of the fluoxetine enantiomeric composition by
the combination of UV/VIS spectrometry and multivariate calibration. The chiral recognition of
the fluoxetine was based on the creating of the diastereomeric complexes with a- and f-
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Chiral analysis, and partial least square method (PLS), were used for spectral data evaluation. Small differences in
Fluoxetine Enantiomers, results between eachcyclodextrin and both calibration models were obtained by multivariate
Cyclodextrins, calibration. PLS model for determination of the enantiomeric composition of fluoxetine by S-

Multivariate Calibration. cyclodextrin as a chiral selector had slightly better prediction than others models. Predicted
values of the enantiomeric composition in the synthetic samples are similar to their nominal

values.
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INTRODUCTION . . L - . .
For effective enantiomeric differentiation, the interaction

Each enantiomer of the chiral drug has different occurs between the stereogenic center of the optically active

pharmacokinetic,  pharmacological ~—and  psychological =~ molecules and the chiral center of selector. Cyclodextrins

(CDs) are macrocyclic sugar molecules that have been widely
used as chiral selectors due to their capability to form
inclusion complex by non-covalent interaction between the
molecule and the CD cavity. The evidence of creating
diastereomeric inclusion complexes between CDs and a
various chiral molecules in molecular spectra with the
chemometric data evaluation could find in (Busch ef al., 2004;

properties. One enantiomer of a chiral molecule may be
therapeutically active the other one may be inactive or may
have toxic effects (Aboul-Eneinand Wainer, 1997). Therefore,
it is the great interest on the determination of the enantiomeric
composition in pharmaceutical industry. Chiral analysis is
traditionally performed by chiroptical methods, namely
polarimetry, optical rotatory dispersion, Raman optical activity

and circular dichroism (Horvat et al., 1997; Gergely, 2000;
Konno et al., 2013; Shen et al., 2014). These methods use
interactions between the stereogenic center of the chiral
molecules and polarized light. Non-chiroptical methods
include separation technique such as chromatography (gas or
liquid) or capillary electrophoresis (Mohr et al., 2012; Suliman
and Elbashir, 2012; Dousa et al., 2013). Chiral analysis
performed by non-chiroptical methods requires the
diastereomeric complex to be formed between enantiomer and
chiral selector (Sullivan, 1978; Finn, 2012).
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Fakayode et al., 2006; Fakayode et al., 2009; Valderrama and
Poppi, 2009; Valderrama et al., 2010). Chemometric tools
must be used due to small spectral differences among
complexes of enantiomers with various CDs. The small
spectral changes are then assigned to the known enantiomeric
composition of the guest analyte using standard multivariate
regression modeling technique such as principal component
regression (PCR) and partial least square method (PLS) (Wise
et al., 2006). PCR and PLS were widely used for multivariate
calibration in molecular spectrometry because they allow a
large number of predictor variables and tolerate correlation
between predictor variables in the original measured spectral
data. These multivariate methods are usually compared due to
their different way in transformations of original matrix to new
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matrix. PCR only considers the spectral data into the
transformation process, while PLS actively involves both
spectral and concentration data in performing the
transformation (Wise et al., 2006). A detail on PCR method
was referred in earlier papers (Wise ef al., 2006; Rajalahti and
Kvalheim, 2011) and more information about PLS was in
(Woldet al., 2001; Wise et al., 2006; Rajalahti and Kvalheim,
2011).  Fluoxetine, ((#)-N-methyl—y—[4—(trifluoromethyl)
phenoxy] benzene propanamine) (FLX), belongs to the most
prescribed stereospecific antidepressant drug which has very
high therapeutic and commercial potential.

It is a selective serotonin reuptake inhibitor in presynaptic
neurons (Grodner and Sitkiewicz, 2013). Its enantiomers have
a different duration of serotonin inhibition. (S)-form of FLX is
approximately 1.5 times more potent than (R)-enantiomer and
displays a threefold longer duration of action (Yee et al.,
2000). FLX is used to treat mental depression, obsessive—
compulsive disorder, nervous bulimia, and premenstrual
dysphoric disorder (Tabrizi and Rezazadeh, 2012). LC or GC
methods with chiral columns or chiral additives into mobile
phase are typical for the determination of the FLX
enantiomers. Several analytical methods with chiral HPLC and
chiral GC methods were published in (Lerena et al, 2003; Li et
al., 2004; Mifsud and Sghendo, 2012; Yuet al., 2012; Ribeiro
et al., 2013). Only few studies described analysis of FLX
enantiomers using non-chromatography methods such as
capillary electrophoresis (Asensi-Bernardi et al., 2013) and
NMR (Ali et al., 2005; Shamsipur et al., 2007). In the above-
described methods are required expensive chiral columns,
large amount of solvents and much analytical time which
increases the cost of the chiral analysis. The advantages of
molecular spectroscopy methods are rapidity and simplicity.
The methods do not have also problems with co-elution and
adsorption of fairly large molecules of chiral analytes on the
columns walls. The aim of the present work is to show the
possibility of the determination of FLX enantiomeric
composition by UV spectroscopy and multivariate calibration
methods. To find optimal CD for the creation of complex with
FLX enantiomers multivariate models of each complex with a-
or - CD were compared. PCR and PLS methods were applied
and compared to find the best regression model for the precise
recognition of FLX enantiomers in the chiral mixture.

MATERIALS AND METHODS
Reagent and sample

Analytical reagent grade chemicals and doubly distilled water
were used throughout this study. (R)-FLX, (S)-FLX and native
CDs, a- and S-CD, pure samples were purchased from Sigma-
Aldrich (United State). The stock solutions of (R)-FLX and
(S)-FLX (3 mM L) were prepared by dissolving 1 mg of each
enantiomer in water. The a-CD and S-CD solutions were
prepared daily by weighing appropriate portion of individual
CD to obtain 3 mM L in 50 mL volumetric flasks.

Apparatus and software

UV measurements were performed by UV/VIS spectrometer
(Thermo Scientific), repeated three times at ambient
temperature. The scan speed was 200nm min™'. Samples were
placed in 1.0 cm long quartz cuvette. Absorption spectral data

acquisition used 1 nm resolution from 200 to 300 nm. All
calculations were performed by Microsoft Office Excel 2010,
Statistica version 12.0 (StatSoft, USA, 2013), MATLAB 8.1
(The MathWorks Inc., USA, 2013) and PLS Toolbox version
7.9 (Eigenvector Research Inc., USA, 2014).

Analytical figure of merit

A net analyte signal (NAS) defined as the part of measured
signal unique for the consider enantiomer is used for the
characterization of qualities of multivariate calibration models.
NAS values are utilized to the estimation of the figure of merit
in calibration models using equations described in the earlier
study (Ferré and Faber, 2003),but not described in detail here.
The root mean square percent relative error (RMS%RE) is a
useful figure of merit for quantitatively expressing the
predictive efficiency of the models (Williams et al., 2006).

RESULTS AND DISCUSSION

Fig. 1 shows the UV absorption spectra of both individual
FLX enantiomers and their inclusion complexes with a-CD
(A) and p-CD (B). FLX enantiomers have one strong
absorption band at about 226 nm and small absorption peaks
in the range of 250-280 nm. As seen, changes of absorbance
pointed out the interactions between FLX and CDs. After
interaction with the CDs, (S)-FLX had a higher value of
absorbance at A,y around 226 nm than (R)-FLX, while in the
region from 250 to 280 nm it was conversely. Different
interactions and bindings between FLX enantiomers and the
type of CDs enable a creation of various strong diastereomeric
inclusion complexes. The cavity size of the chiral selector
plays important role in the efficiency of enantiomeric
interactions with CD It can assume that FLX enantiomers have
weaker interactions with a-CD than S-CD because a-CD have
smaller cavity and one sugar unit less for providing spherical
interactions. On the base of the spectral changes and the
differences of absorbance values it is possible to say that using
S-CD for the determination of the enantiomeric composition of
the FLX gives better prediction than using a-CD as a chiral
selector.

Multivariate Analysis

The Fig. 1 shows overlapped absorption spectra of the
investigated enantiomers where the values of absorbance at
Amax are not appropriate for chiral spectral analysis. Due to
complexity in spectral data, more powerful multivariate
calibration methods were performed. The small spectral
changes and fluctuations of the absorbance among inclusion
complexes are possible to describe by multivariate calibration
models. The calibration models of multivariate regressions
were created from spectral data of UV/VIS spectrometry.
Multivariate calibrations involve a calibration, cross-validation
and prediction steps. To determine the enantiomeric
composition of the FLX, 50 samples were prepared for both
proposed methods. These samples contained a fixed total FLX
guest concentration and a fixed CD host concentration. The
range of mole fraction (R)- and (S)-FLX was from 0.0 to 100.0
% with interval of 2.0 %. All calibration models were built on
the spectral data obtained from the measurement of 31 samples
and next 19 samples were used for cross—validation of the
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models. Autoscale pre-processing with a leave-one-out cross-
validation was performed for calibration, prediction and

sample datasets.
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Fig.1. Measured UV/VIS absorption spectra of pure enantiomers
of FLX and their complexes with ¢-CD (a) and -CD (b). (S)-FLX
(black dot line), (R)-FLX (gray solid line); (S)-FLX with CD
(black solid line); (R)-FLX with CD (black dash line)

The selection of suitable CD and multivariate calibration
method were performed by model characteristics and
comparison of the figure of merit, calculated for each model.
The obtained values are in Table 1. The comparison of PCR
and PLS regression models was based on following
characteristics calculated for each model: the root mean square
error of the calibration (RMSEC), the root mean square error
of cross-validation (RMSECYV) and the root mean square error
of prediction (RMSEP). As is shown in Table 1, the
calibration models of both chiral selectors provide very similar
characteristics of model and results. These calibration models
consisting of three latent variables have high percent of the
variance explanation of original data and relatively small
values of the RMSEs. R? prediction values were very close to
1, what show the similarity between predicted and known
values. The characteristics mentioned above denote suitability
of the PCR and PLS regressions for the determination of FLX
enantiomeric composition.

The results for the figure of merit for each model are also
shown in Table 1. Comparison of the values of the RMS%RE
for a-CD with those for A-CD indicates that inclusion
complexes with f-CD exhibited lower values than complexes
with o-CD. It indicates stronger interactions of FLX
enantiomers with -CD than a-CD. A little better values of the
RMS%RE were obtained by PLS models than by PCR models.
Calibration models provided good results for sensitivity and
analytical sensitivity taking into account the analytical range

Table 1. Model characteristics and figure of merit

a-cyclodextrin

p-cyclodextrin

PLS PCR PLS PCR

©S)- @& (S)- (B)- ©S)- @®- ©S)-  @®-
Number of latent variables 3 3 3 3 3 3 3 3
% of variancespectral block 99.85  99.85 99.85  99.85 99.91 9991 99.91 9991
% of variance concentration block 99.68  99.68 99.68  99.68 99.85 99.85 99.83  99.83
RMSEC? 0.516 0.516 0.519 0.519 0.409 0.409 0.405 0.405
RMSECV® 0.672 0.672 0.672  0.672 0.514 0.514 0.581 0.581
RMSEP* 0.669  0.669 0.673  0.673 0.581 0.579 0.575 0.575
Prediction Bias 0.313 -0.313 0.318 -0.318 0.238 -0.238 0.221 -0.245
R? calibration 0.997 0.997 0.997  0.997 0.998 0.998 0.998 0.998
R? cross-validation 0.991 0.991 0991 0.991 0.995 0.995 0.995 0.994
R? prediction 0978 0.978 0.978 0.978 0.993  0.993 0.993  0.993
RMS%RE! 1.995 1.957 2.506  2.661 0.798 0.797 1.582  1.549
Sensitivity 5.038 5.038 5.038  5.038 3971 3971 3934  4.007
Analytical sensitivity 6.317 6318 3,186 3.253 1.991 2.029 1.569 1.506

*RMSEC - the root mean square error of calibration, " RMSECYV - the root mean square error of cross-validation,
¢ RMSEP - the root mean square error of prediction, ‘RMS%RE - the root mean square percent relative error

Table 2. Results from the chiral analysis of the fluoxetine enantiomeric mixture

number of sample

enantiomeric composition
(nominal value in %)

B)- (S)-

50.67 49.33
50.00  50.00
49.53 5047

Determined values (%)

a-cyclodextrin

p-cyclodextrin

PCR PLS PCR PLS

R (8- ®B- - ®)- (S)- ®)- (S)-
4897  51.02 49.52 5048  49.44 50.56 50.31 49.69
49.06  50.83 49.17  50.88 50.42 49.58 50.41 49.59
4827  51.52 48.60 51.41 49.94 50.06 49.96 50.04
Recovery (%)

a-cyclodextrin p-cyclodextrin

PCR PLS PCR PLS

®)- (8- ®- (S ®)- (8- ®)- 8-
96.66  103.42  97.74 102.32 97.59 102.48 99.29 100.73
98.11 101.66 9833 101.75 100.84 99.15 100.82  99.18
97.45  102.09  98.10 101.86 100.82 99.19 100.86  99.16
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used as chiral selector. This supports the claim that the f-CD
is more appropriate to use as host molecule than a-CD
although differences between interactions with analyte and
chiral recognition are small. Comparison of PCR with PLS
shows that PCR models had lower values of the analytical
sensitivity, while the sensitivity is higher than that of PLS
models. Sensitivity expresses a minimum concentration
difference, which is discernible by the analytical method
considering a perfect fit of the model. Analytical sensitivity is
optimistic estimate which does not take into account the
spectral noise. Therefore sensitivity has usually more weight
in assessing the suitability of the model. The calculated PCR
and PLS calibration models were used to determine the
enantiomeric composition of the FLX in the racemic mixtures.
Predicted enantiomeric ratios of synthetic samples were
compared with known enantiomeric composition in these
samples. All results are shown in Table 2. As expected from
model characteristics and figure of merits, better prediction
had calibration models constructed from spectral data obtained
for diastereoisomeric complex with the f-CD. PCR and PLS
calibration models provided comparable results in both cases.
Recovery (%) is expressed as relationship between determined
value from regression and a nominal value (Loco et al., 2002).

Conclusion

The UV/VIS spectral data obtained for the FLX enantiomers
in the presence of a-CD or S-CD has been evaluated by PCR
and PLS regression methods. To the comparison of
multivariate calibration models, the model characteristics and
figure of merit were used. The proposed method was validated
by these characteristics. On the base of the results from
calibration models is possible to assume that the differences
between a- and -CD, as a chiral selector in the determination
of the enantiomeric composition of FLX, are small. The better
results for F-CD than a-CD as a chiral selector for the
enantiomers of FLX were achieved. Similar findings were
obtained for regression methods, no significant differences in
the residuals of the predictive values were found but the PLS
models provided slightly better prediction. This proposed
method is an interesting alternative to routine chiral analysis
and control of the enantiomeric composition for the
enantiomers of FLX in racemic mixture.
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