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A simple and novel method has been proposed to determine the enantiomeric composition of
racemate praziquantel (PZQ) by using the analysis of ultraviolet (UV) spectroscopy combined
with partial least squares (PLS). This method does not rely on the use of expensive carbohydrates
such as cyclodextrins, but on the use of inexpensive sucrose, which is equally e®ective as car-
bohydrate. PZQ has two enantiomers. Through measuring the slight di®erence in the UV spectral
absorption of PZQ due to di®erent interactions between its two enantiomers and sucrose, the
enantiomeric composition was determined by a quantitative model based on PLS analysis. The
model showed that the correlation coe±cients of calibration set and validation set were 0.9971
and 0.9972, respectively. The root mean square error of calibration (RMSEC) and the root mean
square error of prediction (RMSEP) were 0.0167 and 0.0129, respectively. Then, the independent
data of PZQ tablets were also used to test how well the quantitative model of PLS predicted the
enantiomeric composition. The ratio of S-PZQ in tablet was 0.492, determined by high-perfor-
mance liquid chromatography as the reference value. Six solutions of the tablet samples were prepared,
and the ratios of S-PZQ in tablet samples in the validation set were predicted by the PLS model. Their
relative errors with the reference value were not more than 4%. Therefore, the established model could
be accurate and employed to predict the enantiomeric compositions of PZQ tablets.
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sucrose.
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1. Introduction

Nowadays, more than one half of the drugs contain
chiral centers, marketed not only as racemates but
more and more as single enantiomer also. Two op-
posite enantiomers may exert di®erent pharmaco-
logical properties, toxicities and side e®ects because
of the stereoselective interaction with macro-
molecules in a biological system.1 For chiral drug,
the structure–activity relationship is critically de-
pendent on the degree of enantiopurity. During the
production of a pharmaceutical product, the eudis-
mic ratio, the potency ratio between the more active
enantiomer (the eutomer) and the less active one
(the distomer), should be taken into account.2 The
Food and Drug Administration (FDA) requires,
besides evaluating the e®ect of individual enantio-
mer, the determination of the purity of all chiral
molecules produced, both at the industrial stage
and in the ¯nal product.3 The determination of
enantiomeric composition of pharmaceutical chiral
product is of capital importance right now.4

Praziquantel (PZQ) is the world-recognized and
most e±cient drug for control and treatment of
schistosomiasis before an e®ective vaccine comes
out,5–8 which is the drug recommended by World
Health Organization (WHO) to treat schistosomi-
asis at present.9 PZQ belongs to the pyrazine and
isoquinoline compounds (shown in Fig. 1). Some
works investigated the pharmacological action of
PZQ according to its con¯gurations and con¯rmed
that the levoisomer (R-con¯guration) was the
mainly e®ective component, whereas the S-enan-
tiomer (S-PZQ) had no activity and was considered
to be related to side e®ects.10–15 Additionally, the
existence of S-PZQ was the primary reason that
caused the extremely bitter and disgusting taste.16

A special program for the development of using R-
PZQ was set up by WHO.17 Single use of enantio-
pure PZQ against schistosomiasis would be valuable

and promising. It would be necessary to establish a
simple and useful method for determination of the
enantiomeric composition of PZQ.

Many methods can be used to quantify the en-
antiomeric purity of a substance. Currently, high-
performance liquid chromatography (HPLC) is the
common method to determine the enantiomeric
compositions of chiral compounds through the
induction of chiral columns or derivatizing
agents.18–21 Although HPLC can provide accurate
result, it is complex, expensive and time-consuming.
The ultraviolet (UV) spectroscopy is a simple and
convenient method that has been successfully used
to determine enantiomeric composition such as
metalaxyl and ibuprofen.22 The UV absorption
spectra of the di®erent enantiomers of a racemate
compound are identical in an achiral medium so
that theoretically, the UV spectroscopy without chi-
ral medium cannot determine the enantiomeric
composition. With the addition of a chiral reagent
(i.e., selector), the reagent and enantiomers can have
diastereomeric interaction and then form enveloping
substance, leading to a slight di®erence in their UV
spectra, which can be employed to determine the
enantiomeric composition through the quantitative
model based on multivariate regression technique.
Partial least squares (PLS), a very practical regres-
sion algorithm, is often used for establishing a
quantitation model.23–27 Among chiral reagents used
in chiral medium, cyclodextrins (CDs) are usually
adopted but the price of CDs is expensive. Another
most common chiral auxiliary is sucrose, which has
been demonstrated to stereoselectively bind to chiral
molecules to form complex and changeable con-
formations as well as produce diastereomeric inter-
actions.28,29 Consequently, the determination of
enantiomeric composition is also e®ective with a
system based on sucrose by UV spectroscopy method.

In the present study, a simple and useful method
to determine the enantiomeric composition of PZQ
was proposed by UV spectroscopy combined with
PLS regression model. The linear sugar sucrose was
chosen to replace the expensive �-CD as the chiral
reagent.30 The PLS quantitative model was estab-
lished and optimized. Then the model was also ap-
plied to determine the enantiomeric composition of
PZQ tablets, which was validated by comparing
with the result from the HPLC. Similarly, this
established model could have a practical application
to determination of the other drug products such as
PZQ tablets.Fig. 1. The chemical structures of S-PZQ and R-PZQ.
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2. Experimental

2.1. Materials

R-PZQ, S-PZQ and racemate PZQ were kindly
provided by Prof. Dequn Sun. Ultrapure water was
prepared through Milli-Q water puri¯cation system
(Mosheim, France) and was used to prepare the
sucrose solution. Methyl alcohol was purchased
from Tian Jin Fuyu Fine Chemical Co. Ltd. to
dissolve the PZQ. Sucrose was purchased from
Sinopharm Chemical Reagent Co. Ltd. PZQ tablet
was produced by Shenyang Hongqi Pharmaceutical
Co. Ltd. (No. 1509071). UV spectrophotometer
(UV-2401PC SHMADZU) was employed for mea-
suring the spectra of sample solutions.

2.2. Methods

Preparation of sample solution: raw material usu-
ally has a very high purity so that the total chemical
composition of the solution is relatively simple. A
simple composition of solution could permit a cali-
bration set containing a small number of samples to
establish the mathematical model. Besides, a same
total concentration of all the solutions of PZQ
samples was maintained for eliminating the absor-
bance disturbance due to the inconsistent total
concentration. The enantiomer ratio just varied to
observe the variety of spectrum. According to Chieu
D. Tran's work about the comparison of property
between �-CD and sucrose as the chiral reagent for
the analysis of chiral pharmaceutical products, the
mole ratio of sucrose and the total PZQ as 10:1
would be better.30 When the total concentration of
the PZQ is 0.4mg/mL, UV spectra of sample solu-
tions are appropriate according to the optical
properties of PZQ.

To prepare the same concentration of PZQ so-
lution, stock solutions of 1.6mg/mL were obtained
by dissolving S-PZQ, R-PZQ and racemate PZQ in
appropriate amount of methyl alcohol, respectively.
The solution of sucrose (5.8mg/mL) was prepared
as the chiral medium. S-PZQ and R-PZQ were
mixed with the racemate PZQ, respectively,
to make the solutions in which the proportions
of S-PZQ varied from 1.00 to 0.20. All sample
solutions were added with the same amount of
sucrose solution (to keep the mole ratio 10:1), so
that the total concentration of the PZQ in
all sample solutions was same and just the ratios of
S-PZQ varied.

The solution of the PZQ tablet was prepared as
real sample for testing the quantitative model. The
concentration of real sample is same as that of the
PZQ solution. Six samples of PZQ tablets were
prepared. Besides, the ratio of S-PZQ in tablet as
the reference value was determined by using HPLC.

The spectra of the sample solutions were recor-
ded with a UV–Vis spectrometer using a 1.0 cm
path length quartz cell over the wavelength range
from 190 nm to 500 nm. The spectral bandwidth
and data point interval are 1.0 nm and 0.2 nm,
respectively. The spectral data will be analyzed
by TQ ANALYST 8 (Thermo SCIENTIFIC) to
establish the PLS quantitative model. Full cross-
validation was used for determining the number of
latent variables. The data of the PZQ tablets were
used as an independent sample set to test the PLS
model.

3. Results and Discussion

3.1. The UV spectrum

UV absorption spectra of 33 solutions are shown in
Fig. 2. There is a maximum of absorbance in
the region from 220 nm to 230 nm even more than
2.8 which is the absorption of solvent, whereas the
region from 260 nm to 270 nm has the authentic
absorption peak whose value is about 0.5 corre-
sponding to the characteristic absorption of PZQ.
The inset of Fig. 2 shows a variational trend with
di®erent enantiomeric compositions, especially at
the region near the peak or the valley that coincides
with related spectroscopic studies on the other chi-
ral compounds.22,31 The mole fraction of the S-PZQ
varied from 0.20 to 1.00 in the 33 sample solutions.
Each fraction value was corresponding to each
spectrum, respectively. These spectra display a
whole falling trend with the decrease of the ratio of
S-PZQ.

3.2. Sample division and spectral

pretreatment

To establish a model for calibration, samples were
divided into two subsets. Twenty seven samples
were chosen as the calibration set and six samples
were chosen as the validation set based on Ken-
nard–Stone (KS) algorithm. Di®erent pretreat-
ments were applied to the spectral data, including
standard normal variate (SNV), Savitzky–Golay

Enantiomeric composition of racemate praziquantel
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smoothing (SG), ¯rst derivation (1st D) and second
derivation (2nd D). Selection of appropriate wave-
length region was also involved. Generally, SNV can
process samples with di®erent e®ective path lengths
when an independent measure of sample path
length is very di±cult or impossible. It is often ap-
plied in di®use re°ectance near infrared spectrum of
solid sample. The SG smoothing ¯lter is very useful
for improving the appearance of peaks obscured by
random noise. If the SG smoothing ¯lter was se-
lected, the settings for data points and polynomial
order determined the degree of smoothing. It can be
applied to the original spectrum or to the ¯rst or
second derivative spectrum. The pretreatment
results are shown in Table 1. Because the higher the
value of correlation coe±cient (rÞ, the smaller the
RMSEC and the RMSEP, the better performance of
the PLS model was. So, the best result of direct
computation with raw data after SG smoothing was
found in comparison with the other methods. Usu-
ally, the data would have better results if some
pretreatment approaches such as smooth, deriva-
tion and so on were used. As shown in Table 1,
when the raw data were smoothed with SG, the
linear correlation is better than raw data. But un-
satisfactory results were found if ¯rst or second
derivative was used. Besides, for the present sam-
ples preprocessed by SNV, no optimal results were
obtained. Therefore, the optimal result was
achieved by using original data with SG smoothing.

On the contrary, the selection of the appropriate
spectral region is also important to get an optimal
result. Though the region should be located at
the spectral part where sample's spectra could have
an obvious absorption that varied with sample's
concentrations, it is not easy to ¯nd a certain
wavelength region for attaining a good linear rela-
tionship. First, the recommended wavelength in-
terval (271.6–263.4 nm) from the analysis software
(TQ) was used, but the result was not satis¯ed.
Then, the full-wavelength band was considered and
the result had a certain improvement but not the
best. Through many attempts based on the recom-
mended wavelength interval, the optimal spectral
region from 287.2 nm to 236.6 nm was selected for
the PLS model (shown in Fig. 2).

3.3. Establishment of PLS model

Before the PLS model was established, outlier
samples were tested. Figure 3(a) shows that no
abnormal sample is found. The results of PLS
analysis are shown in Fig. 3(b). The optimal PLS
model used ¯ve latent variables which could indi-
cate R-PZQ and S-PZQ as well as sucrose, methyl
alcohol and water. The correlation coe±cients of
calibration set and validation set were 0.9971 and
0.9972, respectively. The RMSEC and the RMSEP
values were 0.0167 and 0.0129, respectively. The
mean and standard deviation (SD) of the mole

Fig. 2. The whole UV spectra of 33 solutions of PZQ from 190 nm to 500 nm. The region was selected for analysis from 287.2 nm to
236.6 nm, where the maximum of absorbance was about 0.5. Inset: Expanded spectra were from 237.4 nm to 237.0 nm. The spectral
bands pointed with arrows and number corresponding to the di®erent ratios of S-PZQ enantiomer (the ratio from 1 to 8 corre-
sponding to 1.00, 0.96, 0.92, 0.80, 0.72, 0.68, 0.62 and 0.58, respectively).
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ratio of the calibration set were 0.661 and 0.220 and
those of the validation set were 0.703 and 0.161,
respectively (shown in Table 2). Figure 4 shows that
the calculated values are very close to the actual
values, and the absolute value of error is not more
than 0.05. The average error is 0.02.

3.4. Test of the model by real samples

First, the ratio of S-PZQ in tablets was measured by
using HPLC as the reference method. The result of
S-PZQ ratio value was 0.492. The spectra of the six

Table 1. The results of pretreatment of the spectral data by some methods.

Wavelength
Calibration set Validation set

Pretreatment (nm�1Þ ra RMSEC R RMSEP

SNVb 263.4–271.6 0.9839 0.0394 0.9934 0.0202

200–300 0.9989 0.0104 0.9774 0.0357
SNV, SG(7,3)c 263.4–271.6 0.9813 0.0425 0.9897 0.0217

200–300 0.9990 0.0098 0.9839 0.0287

Originald 263.4–271.6 0.9839 0.0395 0.9888 0.0510

236.6–287.2 0.9973 0.0164 0.9967 0.0150
190–500 0.9941 0.0241 0.9961 0.0191

Original, SG(7,3) 236.6–287.2 0.9971 0.0167 0.9972 0.0129
Original, SG(7,3) 190–500 0.9939 0.0245 0.9957 0.0200
Original, SG(9,5) 236.6–287.2 0.9969 0.0174 0.9966 0.0145
1st De 263.4–271.6 0.9825 0.0411 0.8966 0.1220

236.6–287.2 0.9967 0.0180 0.9783 0.0353
1st D,SG(7,3) 263.4–271.6 0.9828 0.0407 0.8685 0.1230

238–285.8 0.9966 0.0180 0.9836 0.0291
1st D,SG(5,5) 238–285.8 0.9965 0.0184 0.9775 0.0443

2nd D f 236.6–287.2 0.9993 0.0081 0.5437 0.1220

190–500 0.9839 0.0398 0.2845 0.1470
2nd D,SG(7,3) 236.6–287.2 0.9940 0.0241 0.8644 0.0760

190–500 0.9472 0.0714 0.8623 0.1090

aCorrelation coe±cient.
bStandard normal variate.
cSavitzky–Golay with a 7-points window and a third-order polynomial.
dThe original spectral data which no pretreatments used.
eFirst derivation.
fSecond derivation.

(a)

(b)

Fig. 3. (a) The result showed that no outliers were found. (b)
The result of PLS analysis including the correlation coe±cient
of calibration set and validation set: 0.9971 and 0.9972. The
RMSEC and the RMSEP values were 0.0167 and 0.0129,
respectively. Five factors were used for the model.

Table 2. The parameters about the ratios in the model.

Quality
Calibration set Validation set

indicator Range Mean SDa Range Mean SD

Ratio of
S-PZQ

0.200–1.00 0.661 0.220 0.560–0.980 0.703 0.161

aSD, standard deviation of the ratio.

Enantiomeric composition of racemate praziquantel
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solutions of PZQ tablets were almost same as those
of racemic PZQ shown in Fig. 5. The six spectra
were put into PLS model to predict their enantio-
meric compositions. When all the six spectra were
used as the test set, the calculated results and their
related errors with reference value were relatively
high and unacceptable and the correlation coe±-
cient of the validation set was 0.9905. However,
when a random spectrum among the six spectra was
chosen as a real calibration sample to add to the
calibration set, and the remaining spectra as the
test set, the calculated results were good and
the correlation coe±cient of validation set was
improved (0.9960). The predicted ratios of S-PZQ
for the remaining ¯ve samples were 0.474, 0.510,
0.506, 0.507 and 0.498, respectively. Their related

error compared with the reference value was from
�3:66% to 3.66%, indicating a good prediction
ability of the PLS model for real samples of PZQ
tablet (shown in Tables 3(a) and 3(b)). The possible
reason for the di®erence between the two ways used
for testing the model would be that the initial model
did not include the information of the tablet exci-
pients. If the information of the excipients has little
e®ect on the PLS model only including chemical raw
materials, the predicted results for real samples
might be satisfactory. Actually, preparation of
samples that is very similar or identical to real
samples for determination of real sample composi-
tion would be an ideal approach. However, this
approach was unrealistic because the prescription of
excipients of PZQ tablets could not be available.
Therefore, for practical application, a convenient
strategy for this issue is to introduce real sample
into calibration set, so that the information on
excipients of real sample can be involved. Our
results demonstrated that the introduction of only a
real sample into calibration set could signi¯cantly
improve the predicted capability of PLS model
(Tables 3(a) and 3(b)). The range of related errors
had a marked reduction. The results of test of PLS
model suggested that it would be essential to con-
sider the e®ect of excipients to get better prediction
results if the real tablet was used as the independent
external validation.

Fig. 4. This plot shows the di®erences between the calculated
values relative to the actual values and the absolute value not
more than 0.05 and the average value was 0.02, which sug-
gested the accuracy of the model.

Fig. 5. The spectra of the six solutions of PZQ tablets. It had no abnormal phenomenon compared with the model.
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4. Conclusions

In this study, small spectral variations in the UV
spectra of PZQ solutions mixed with sucrose were
observed when the enantiomeric composition varies
by keeping the total concentration of PZQ constant
at the same time. Sucrose is e±cient in inducing
diastereomeric interactions with R- and S-enantio-
mer, which result in accurate determination of
enantiomeric compositions.

A simple and useful quantitative model was
established for the determination of enantiomeric
composition of PZQ with the UV spectroscopy
combined with the PLS analysis. As the results
show, the correlation coe±cients of calibration set
and validation set were 0.9971 and 0.9972, respec-
tively. The RMSEC and RMSEP values were
0.0167 and 0.0129, respectively. Hence, the model
has a satis¯ed performance and accuracy. When the
PZQ tablet data were predicted by the PLS model,
the related errors of the ratios of S-PZQ between
the calculated values through the model and the
reference values were less than 4%, indicating that a
good predicted ability was achieved to quantify the
enantiomeric composition of the real ¯nished pro-
ducts (i.e., PZQ tablets).

In summary, the method used here could be
feasible and practical. Moreover, the established

method could be a useful approach potentially
applied to control the productive process as well as
to be a convenient screening of the ¯nished products
for their quality control.
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