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Abstract

The main drawback of the conventional chiral separations techniques is the long
method development, analysis and separation times, so there is a need of a new alternative.
The key to the present issue is offered by the chemometric interpretation of spectroscopic
data (FT-IR, NIR, UV-VIS, Fluorescence, etc.) without the need of a prior sample
pretreatment and/or separation.

The potential and performances of the above mentioned method is presented in a
rapid chiral analysis of propranolol using B-cyclodextin as chiral selector with the data
mining of UV absorbance spectra (185-400nm). For regression model building and cross-
validation, the spectra of calibration samples containing different propranolol enantiomeric
ratios at 0.147mM total molar concentration and a fixed concentration of chiral selector
(7.51mM B-cyclodextrin) in 100mM formate buffer (pH=3.00) were recorded with the aid
of the DAD (diode array) detector of an Agilent G1600 capillary electrophoresis system.
The good results obtained on synthetic samples reconfirmed the high analytical value of
multivariate data analysis in general, and regression modeling in particular.

Rezumat

Principalul dezavantaj al tehnicilor de separare chirale conventionale il
reprezintd timpii indelungati ai dezvoltarii metodelor, analizei si separarii, de aceea e
nevoie de noi alternative. Solutia la aceastd problema este oferitd de citre interpretarea
chemometrica a datelor spectroscopice (FT-IR, NIR, UV-VIS, Fluorescenta, etc.) fard a fi
nevoie de un pretratament si/sau separare prelabile.

Potentialul si performantele metodei mentionate mai sus sunt prezentate intr-o
analizd chirala rapida a propranololului folosind B-ciclodextrina ca selector chiral folosind
spectrele de absorbantd UV (185-400nm) ale complecsilor supramoleculari formati. Pentru
construirea modelului de regresie si validarea incrucisatd, au fost inregistrate spectrele
solutiilor de calibrare contindnd proportii enantiomerice diferite de propranolol, dar cu o
concentratie molard totald de 0,147mM propranolol si o concentratie fixa a selectorului
chiral (7,51mM B-ciclodextrind) in tampon formiat 100mM (pH=3,00). S-a utilizat un
detector DAD (diode array detector) al unui sistem de electroforeza capilara Agilent
G1600. Rezultatele bune obtinute pe probe sintetice reconfirma valoarea analitica ridicatd a
analizei multivariate in general si a modelului de regresie in particular.
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Introduction

Nowadays, increasingly more enantiomeric studies and justification
for approval of racemic drugs are required by the regulatory agencies (e.g.
The United States Food and Drug Administration) [1-3] because it is well
known that one of the enantiomers of racemic drugs often exhibit different
pharmacological and toxicological properties. In spite of this, most of the
chiral drugs are administered as racemates [4-6]. Determination of the
enantiomeric composition of chiral substances evoked the need for
analytical procedures for separation and quantitative determination of them
[7].

For determination of enantiomeric purity there are widely used many
separation techniques, such as gas chromatography, liquid chromatography,
capillary electrophoresis, super- and sub-critical fluid chromatography.
However, most of these methods involve several manipulation steps before
the final result of the analysis is obtained. Other problems using
chromatographic methods include expensive instrumentation, time-
consuming analyzes and running costs [8-10].

Spectroscopic methods may be an alternative to these techniques, by
simplicity, cost effectiveness and relatively short analysis time as compared
to the other routine analytical techniques including chromatography. The
enantiomeric composition of various chiral guest molecules can be
determined with reasonable accuracy by multivariate regression modeling of
spectral data based on guest—host interaction [11-20]. These methods are
based on the formation of a supramolecular complex between the guest and
host compounds, which leads to small changes in their spectra when the
total concentration of guest and host compounds is fixed, while the
enantiomeric ratio of the guest molecule was varied [21]. Cyclodextrins
(CDs) are homochiral barrel-shaped cyclic oligosaccharides able to form
host-guest complexes with hydrophobic molecules. There are three naturally
occurring cyclodextrins a-, -, and y-. The premise behind the approach is
that inclusion complex formation between the chiral guest analyte and the
homochiral CD host results in the formation of transient diastereomeric
inclusion complexes with different physical and spectral properties [11].

Beta adrenergic receptor blocking agents or popularly known as (-
blockers are widely used to treat cardiovascular disorders. They are used in
the treatment of high blood pressure, heart failure, angina pectoris, acute
myocardial infarction (heart attack) and cardiac arrhythmia [22,23]. Each of
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these drugs possesses one or more chiral centers in its molecule. Each
isomer possesses a different pharmacological activity, potency, and mode of
action. In general, the (S)-enantiomers are more potent than the distomers
[24] in 10-500-folds [3] but only few drugs are sold as single enantiomers.

In this study, PLS (partial least squares) regression modeling is
applied to UV spectral absorption data from guest—host inclusion complexes
between CDs and guest molecules (B-blockers) to perform the determination
of the enantiomeric composition of propranolol (PRNL).

Materials and Methods

Sample preparation and spectroscopic determinations

Racemic propranolol was provided by Zentiva S.A. Romania.
Propranolol’s enantiomers (+/-) were purchased from Sigma-Aldrich®, at
analytical standard degree. B-cyclodextrin was employed as chiral selector
and it was purchased from Cyclolab® Hungary.

For regression model building and cross-validation, the spectra of
calibration samples (training sets) containing different propranolol
enantiomeric ratios at a total molar concentration (0.147mM) and a fixed
concentration of chiral selector (7.51mM B-cyclodextrin) in 100mM formate
buffer (pH=3.00) were hydrodynamically injected through a fused silica
capillary (total length 32.5 cm, i.d. 50um) to the DAD detector of an Agilent
G1600 (Agilent Technologies, Germany) capillary electrophoresis system.
As a reference solution, before each calibration and validation sample the
capillary was flushed by 100mM formate buffer (pH=3.00) and without
applying a separation potential an assay was simulated when the detector’s
signal was brought to zero. All samples were hydrodynamically injected for
3 minutes and based on the detector’s signal it was made sure that the
sample reached the detector. For all the samples the absorbance spectra at
2.5 minutes were recorded on 200-350 nm with a 2nm resolution.

For the testing of the optimized chemometric model simulated
aqueous samples of racemic propranolol were analyzed. The propranolol
hydrochloride’s concentration was spectrophotometrically determined at
290 nm using a previously assessed linear regression (range 35-140 pg/mL;
Absorbance = 0.0074 (upg/mL) + 0.0222, R*=0.9979) on a modular
AvaSpec-2048x14 back-thinned typed CCD fiber optic spectrometer
(Avantes, Spain) using 1.0 cm pathway quartz cell. By adding the proper
aliquots of sample solution the sample was made up in a 2 mL volumetric
flask with the aqueous chiral selector’s solution resulting 7.51mM bCD and
0.147 mM total propranolol hydrochloride, serving as real sample for
further analysis.
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Chiral HPLC

For the confirmation of the obtained results on real samples, chiral
separation using high-performance liquid chromatography was employed.
Polysaccharide-based, Lux Amylose-2 (Sum, 250 x 4.6 mm, Phenomenex,
USA) chiral stationary phase column was used on Agilent Series 1200
HPLC system equipped with a DAD detector. The signal was monitored at
220 nm. The mobile phase consisted of 20mM NH4HCO;3 with 0.1% (v/v)
dietylamine:acetonitrile = 60:40 (v/v) delivered at 0.7 mL/min at 25°C. The
injected sample volume was 5 pL. The obtained resolution for the two
enantiomers of PRNL was Rs=1.51 (tg = 11.56 min — R-PRNL; tg = 12.12
min — S-PRNL).

Multivariate data analysis

Multivariate analysis of spectral data based on projection methods
using Principal Component Analysis (PCA) and Partial Least Squares
Projection to Latent Structures (PLS) were exploited for data overview and
regression modeling using Simca-p+ 12.0.1 software package (Umetrics,
Sweden). PLS regression was performed on the absorbance spectral data
using full cross validation of the training set. PLS was used to develop a
semi-empirical mathematical model that correlates spectral data over many
wavelengths with the enantiomeric composition, expressed as the (R)-(+)-
propranolol mole fraction (xz). The process involves two steps: (a) the
model is trained to predict xz from the calibration set (samples with known
enantiomeric composition), and (b) external model validation, in which a
second, independent set of samples (validation set, also with known
enantiomeric composition) is analyzed over the same range of wavelengths
in the same conditions. The predicted enantiomeric composition is then
compared with the known reference values.

Results and Discussion

The training set consisted of nine samples (xz= 0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8 and 0.9), whereas five were used as the calibration set (xz =
0.143, 0.286, 0.571 and 0.762) and represented the Y-block of the
constructed mathematical model (Tables I and II). Because the total
propranolol concentration in both the training and validation set was kept at
a fixed value, it was not included in the chemometric model as X variable.

Previous electrochemical assays (data not shown) has proven host-
guest type interaction between B-CD and both enantiomers of propranolol in
the used 100mM formiate buffer at pH=3, however it could not prove
enantiospecificity. Furthermore, propranolol is being known to be most
stable at pH=3, whereas with the increase of pH tends to decompose rapidly.
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Moreover, formiate buffer has a low molar absorptivity in the UV range
being suitable for spectroscopic investigations.

Propranolol has one chiral center and by different spectroscopic
techniques (FT-IR, Raman) it has been proven to form 1:1 inclusion
complexes with B-CD (spectra not shown) [25-27]. Therefore in all the
training, calibration or real samples containing propranolol a fixed
concentration of 7.51 mM B-CD as chiral selector was added.

Table 1
Propranolol training set parameters
Observation ID Mole ratio of R-(+)- Total concentration of
identifier propranolol (xg) propranolol (mM)
10% 0.1000
20% 0.2000
30% 0.3000
40% 0.4000
50% 0.5000 0.1470
60% 0.6000
70% 0.7000
80% 0.8000
90% 0.9000

Spectral data analysis began with a principal component analysis
(PCA) to detect outliers and other anomalies in the data. PCA of the unit
variance scaled and mean centered X-data gave a three-component model,
which explained 91% of the variation (R*X=0.91). Examining the loadings,
the first component, accounting for more than 50%, captures the overall
variation within the entire spectra, whereas the loading of the second and
third component describes mainly the fine features of the spectral variation.
The PCA-X model, apart from identifying the outliers (no outliers were
identified), can also be useful in giving the first hint of the spectral range
loaded with the most useful information considering the chiral analysis.
Continuing with the PLS modeling of the entire data set, as part of data pre-
treatment, the entire spectral data (Figure 2) recorded on the range of 188.5
— 350 nm were mean centered, whereas the mole fraction of (R)-(+)-
propranolol (xz) was unit variance scaled and mean centered. In spite of the
fact that the resulting one component PLS model shows a considerable
explained variation (R*X = 0.909), its predictive power is somewhat poorer
(Q*Y = 0.732), therefore model optimization was undertaken. Throughout
the optimization procedure, in order to enhance the predictive power of the
calibration model by eliminating variation in X that is unrelated to Y, the
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spectral data was further pre-processed prior to data analysis by the use of
different spectral filters. The use of standard normal variate (SNV) signal
correction significantly increased the model’s (four principal components)
goodness of prediction (Q®Y = 0.885), but still it was not considered to be
satisfactory. The one that offered the best result turned out to be the
orthogonal signal correction (OSC) algorithm built in the Simca-p+
software. OSC is a PLS based solution that removes from the X-data
variation that is unrelated to Y, the result being a model based on one or
more PLS components conveying information about the correction of X.
Therefore two OSC components were removed, remaining 20.4% of the
original sum of squares in the corrected X-matrix. In the PLS model, the X-
block comprised in 151 spectral variables and the Y-block the mole fraction
of R-(+)-propranolol (xg).
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Figure 2
UV-absorbance spectra of training and validation set of
varying mole fractions of R-(+)-propranolol in the
presence of 7.51mM B-CD; 188.5-400.5 nm

Figure 1
The structure of
(+/-)-propranolol

The PLS modeling yielded a one-component model, which
according to cross-validation gave an explained variation of R*Y = 0.939
and an excellent predicted Y-variation according to internal cross-validation
(goodness of prediction) of Q%Y = 1. In order to obtain an estimate of the
significance of the Q”Y-value a response permutation was carried out,
which consists in developing a number of parallel models based on fit to
randomly re-ordered Y-data, and evaluates the real Q®Y in the light of a
distribution of Q®Y-values of the re-ordered response data, giving a
statement of the statistical significance of the estimated predictive power,
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ruling out any overfitted model (R*Y= -0.0808, Q°Y= -0.274; Crit.:
R?Y<0.3-0.4, Q*Y<0.05). Predictive validation by means of cross-validation
and response permutation testing in many ways provide a reasonable first
approximation of the predictive ability of the PLS model. However, a more
demanding and rigorous way of testing predictive performance consists of
computing predictions for an independent set of test observations (validation
set). The results of the external validation of the obtained PLS model are
presented in Table II. The very high value of goodness of prediction
(QextY= 0.9997), the low Root Mean Square Error of Prediction (RMSEP
= 0.009080) and the good correlation (y=1.036x-0.01162, r’=0.9997)
between real and predicted mole fraction values of R-(+)-propranolol from
the validation set (Figure 3) all prove the high analytical value of the
obtained model.

The chemometric analysis of the real sample of propranolol (synthetic
solution of racemic propranolol) gave a molar fraction of R-propranolol xz =
0.5021 in a very close agreement with the one of the racemic propranolol
(xg = 0.5), fact also confirmed by chiral HPLC separation (Table III, Figure
4).

Table 11
Results for the external validation of the PLS model
Mole ratio of R-(+)-propranolol (xg)
Error of prediction (%)
Real Predicted

0.14285 0.14958 4.71
0.285714 0.284124 -0.56
0.571429 0.569491 -0.34
0.761905 0.74303 -2.48

Table II1
Mole fraction of R-propranolol enantiomer in the real sample
Synthetic sample Mole ratio of R-(+)-PRNL (xg) E
(racemic propranolol rror
. . (%)
solution) Real Obtained
Chemometry 0.5000 0.5021* 0.42
Chiral HPLC 0.5000 0.4798** -4.04

*n=2, RSD = 0.30%; ** n=2, RSD = 0.46%
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Predicted versus real values of mole fraction ~ Chiral HPLC analysis of synthetic sample
of R-(+)-propranolol of the used of propranolol (green), standard R-(+)-
independent validation set PRNL (red) and S-(+)-PRNL (black)

Conclusions

The effective determination of the enantiomeric ratio of propranolol
enantiomers based on the entire UV-VIS spectra (188.5-400.5 nm) of
guest—host inclusion complexes was achieved in this work. Small changes in
the UV-VIS spectra due to the formation of the supramolecular complex
between the chiral selector and the studied chiral analyte can be resolved by
using chemometric methods with the PLS analysis providing the
corresponding regression models for chiral purity determination.

The obtained results demonstrate once again the high analytical value
of multivariate data analysis in general, and regression modeling in
particular, offering cost and time-effective alternatives in the chiral analysis
of bioactive chiral compounds in comparison with the much more expensive
chiral separation techniques (chromatographic and electrophoretic).

Acknowledgements

This work was supported by CNCSIS-UEFISCSU, project number PN II-RU
469/2010, Iuliu Hatieganu” University of Medicine Cluj-Napoca, project number
27020/2/2011 and EU funded POS-DRU project no. 56949.

References

1. Food & Drug Administration. FDA’s policy statement for the development of new
stereoisomeric drugs, 57 Fed. Reg., 1992, 22249.

2. McConathy J, Owens MJ. Stereochemistry in drug action, J. Clin. Psychiatry, 2003, 5, 70-3.

3. Agustiana J, Kamaruddina AH, Bhatiaa S. Single enantiomeric B-blockers—The existing
technologies, Process Biochemistry, 2010, 45:1587—-1604.



FARMACIA, 2013, Vol. 61, 1 87

10.

11.

12.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Subramanian G. Chiral Separation Techniques. 3rd Edition. Imran Ali and Hassan Y. Aboul-
Enein, Role of Polysaccharides in Chiral Separations by Liquid Chromatography and
Capillary Electrophoresis, Wiley-VCH, Weinheim, 2007

Blaschke G, Kraft HP, Fickentscher K, Koéhler F., Chromatographic separation of racemic
thalidomide and teratogenic activity of its enantiomers, Drug Res., 1979, 29, 1640—1642.
Knoche B., Blaschke G., Investigations on the in vitro racemization of thalidomide by high-
performance liquid chromatography, J. Chromatogr. A, 1994, 666(1-2), 235-240.

Beesley TE, Scott RPW. Chiral Chromatography, John Wiley & Sons Ltd, Chichester, 1998
Goyal RN, Gupta RK, Oyama M, Bachheti N. Differential pulse voltammetric determination
of atenolol in pharmaceutical formulations and urine using nanogold modified indium tin
oxide electrode. Electrochem. Comm., 2006, 8, 65-70.

Black SB, Stenhouse AM, Hanson RC, Solid-phase extraction and derivatisation methods for
B-blockers in human post mortem whole blood, urine and equine urine, J. Pharm. Biomed.
Anal., 1996, 685, 67-80.

Toyooka T., Torium M., Ishi Y., Enantioseparation of B-blockers labelled with a chiral
fluorescent reagent, R(—)-DBD-PyNCS, by reversed-phase liquid chromatography, J. Pharm.
Biomed. Anal., 1997, 15(9-10), 1467-76.

Fakayode SO, Busch MA, Busch KW. Determination of enantiomeric composition of samples
by multivariate regression modeling of spectral data obtained with cyclodextrin guest—host
complexes—Effect of an achiral surfactant and use of mixed cyclodextrins, Talanta 2006, 68,
1574-1583.

K.W. Busch, .M. Swamidoss, S.O. Fakayode, M.A. Busch, Determination of the
Enantiomeric Composition of Guest Molecules by Chemometric Analysis of the UV-Visible
Spectra of Cyclodextrin Guest-Host Complexes, J. Am. Chem. Soc., 2003, 125, 1690-1.

K.W. Busch, .M. Swamidoss, S.O. Fakayode, M.A. Busch, Determination of the
enantiomeric composition of some molecules of pharmaceutical interest by chemometric
analysis of the UV spectra of cyclodextrin guest-host complexes, Anal. Chimica Acta, 2004,
525, 53-62.

S.0. Fakayode, .M. Swamidoss, M.A. Busch, K.W. Busch, Determination of the
enantiomeric composition of some molecules of pharmaceutical interest by chemometric
analysis of the UV spectra of guest-host complexes formed with modified cyclodextrins,
Talanta, 2005, 65, 838-45.

S.0. Fakayode, M.A. Busch, K.W. Busch, Determination of the enantiomeric composition of
phenylalanine samples by chemometric analysis of the fluorescence spectra of cyclodextrin
guest—host complexes, Analyst, 2005, 130, 233-41.

Wang Y, Zhang F, Liang J, Li H, Kong J. A novel strategy for the determination of
enantiomeric compositions of chiral compounds by chemometric analysis of the UV—vis
spectra of bovine serum albumin receptor—ligand mixtures. Spectrochimica Acta Part A,
2007, 68, 279-283.

Kennedy HL. Current utilisation trends for beta blockers in cardiovascular disease, Am. J.
Med., 2001, 110(5A), 2S-6S.

Mehvar R, Brocks DR., Stereospecific pharmacokinetics and pharmacodynamics of beta-
adrenergic blockers in humans. J. Pharm. Sci. 2001, 4(2), 185-200.

Walle T, Web JG, Bagwel EE, Wale UK, Daniel HB, Gaffney TE. Stercoselective delivery
and actions of beta receptor antagonist. Biochem. Pharmacol., 1988, 37, 115-24.

Armstrong DW, Ward TJ, Armstrong RD, Beesley TE. Separation of drug stereoisomers by
the formation of beta-cyclodextrin inclusion complexes, Science 1986, 232(4754), 1132-5
Wren SA, Rowe RC. Theoretical aspects of chiral separation in capillary electrophoresis. III.
Application to beta-blockers. J Chromatogr., 1993, 635(1), 113-8.

Quang C, Khalidi MG., Direct Separation of the Enantiomers of b-Blockers by Cyclodextrin-
Mediated Capillary Zone Electrophoresis, J. High Res. Chromatogr., 1994, 17, 99-101

Manuscript recieved: September 1 8" 2011



