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Abstract
The separation of pramipexole enantiomers using polysaccharide-based chiral stationary phase (CSP) columns with 
organic-aqueous mobile phases was reported for the first time. The (R)-enantiomer was separated from pramipexole 
using a  Lux® Cellulose-1 column with a mobile phase consisting of solvent A (acetonitrile):solvent B (0.1% diethylamine 
with 20 mM ammonium bicarbonate) (30:70, v/v). The elution time was about 7.0 min and the resolution between the 
enantiomers was greater than 8.0. The linear range of the method was 0.3–3.6 μg mL−1 with the limit of detection and 
limit of quantification for the (R)-enantiomer were 0.1 µg mL−1 and 0.3 µg mL−1, respectively. The percentage recovery of 
(R)-enantiomer ranged from 97.1 to 100.1 for tablet dosage forms of pramipexole dihydrochloride monohydrate. In this 
study, the enantiomeric separation of pramipexole was achieved. The results demonstrated good linearity, precision, and 
accuracy for quantifying (R)-enantiomer in tablet dosage forms, suggesting the applicability of a quantitative method 
that uses polysaccharide-based CSPs in combination with organic-aqueous mobile phases.
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1 Introduction

Pramipexole, a synthetic aminobenzothiazole with the 
chemical designation (6S)-6-N-propyl-4,5,6,7-tetrahydro-
1,3-benzothiazole-2,6-diamine [13], is a selective dopa-
mine  D3 receptor agonist widely used as a symptomatic 
treatment for Parkinson’s disease [4, 12]. It is a chiral 
compound with one chiral center that gives rise to two 
enantiomeric isomers, the R- and S-form. Because the 
(S)-enantiomer has a much higher affinity to dopamine 
receptors than (R)-enantiomer [1], only S-form functions as 
pharmaceutically active pramipexole, whereas the inactive 
(R)-enantiomer is considered as an enantiomeric impurity 
that should be restricted.

Direct separation of pramipexole enantiomers has 
been implemented via liquid chromatographic method. 
Columns with polysaccharide-based chiral stationary 
phases (CSPs), such as Chiralpak AD and Chiralpak AD-H 
were applied using normal-phase separation in mixtures 
of alkanes (e.g., hexane) and low-molecular-weight alco-
hols [10, 14]. Polysaccharide-based CSPs are materials 
of chromatographic column used in chiral HPLC which 
facilitate the enantiomeric resolution owing to their 
remarkable enantioselectivity combined with a broad 
versatility of solvents. The behavior of the column under 
normal phase and aqueous-organic mobile phase condi-
tions has been extensively studied [3, 11]. Benzoate- or 
phenylcarbamate-derivatized polysaccharides are CSPs 
typically used in organic chemistry and pharmaceutical 
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analysis [6]. Specifically, these CSPs were consisted of 
chiral-active cellulose and amylose, which the hydroxyl 
groups of the carbons at positions 2, 3, and 6 were sub-
stituted with benzoyl chlorides or phenyl isocyanates. In 
previous studies, it showed that the type and orientation 
of the phenyl substituents would affect the efficacy in the 
separation of enantiomeric isomer [8, 9]. In addition, the 
selection of mobile phase mode will also affect the perfor-
mance of column in enantioseparation which depends on 
the adaptability or advantage it brings about. While apply-
ing aqueous-organic phase mode in enantioseparation, 
numerous advantages could be obtained, such as shorter 
analysis time, favorable S/N ratio, more environmentally 
friendly, higher efficiency and so on [7, 15]. As a result, the 
aqueous-organic phase mode is a feasible and advanta-
geous option in enantioseparation.

In this study, three different CSPs—Lux® Cellulose-1, 
Lux® Cellulose-3, and Lux® Cellulose-4 were evaluated for 
their efficacy in separating enantiomeric isomers of prami-
pexole using an organic-aqueous mobile phase. Among 
three columns, Lux® Cellulose-1 gave the best results. In 
addition, experiments of validation were carried out to 
verify the applicability of the new protocol in conducting 
the tests of enantiomeric impurity.

To our knowledge, the application of polysaccharide-
based CSPs with organic-aqueous mobile phases has not 
been explored for the enantiomeric separation of prami-
pexole dihydrochloride monohydrate. In the study of 
enantioseparation, cellulose-based CSPs and an organic-
aqueous mobile phase were used. Additionally, the new 
HPLC protocol as a quality control method for the detec-
tion and quantification of (R)-enantiomeric impurities in 
pramipexole dihydrochloride monohydrate preparations 
was validated.

2  Materials and methods

2.1  Chemicals and columns

Reference standards of pramipexole (pramipexole 
dihydrochloride monohydrate) and (R)-enantiomer of 
pramipexole, (R)-pramipexole dihydrochloride, were 
purchased from the United States Pharmacopeia, USA, 
and Toronto Research Chemicals, Canada, respectively. 
Chemical structures of these two compounds are pre-
sented in Fig. 1. Tablets of pramipexole (label claim: 1 mg 
pramipexole dihydrochloride monohydrate per tablet) 
were purchased from local supplier. HPLC-grade acetoni-
trile (ACN) was purchased from Merck, Germany. Ammo-
nium bicarbonate was purchased from Acros Organ-
ics, Belgium. Diethylamine (DEA) was purchased from 
Sigma-Aldrich, USA. The analytical columns including 

Lux® Cellulose-1 [i.e. cellulose tris(3,5-dimethylphenyl-
carbamate)], Lux® Cellulose-3 [i.e. cellulose tris(4-meth-
ylbenzoate)], and Lux® Cellulose-4 [i.e. tris(4-chloro-
3-methylphenylcarbamate)]—were purchased from 
Phenomenex Inc., USA. The dimension of the columns 
was 250 mm × 4.6 mm, where the pore size was 5 µm.

2.2  Apparatus and chromatographic conditions

An HPLC system consisting of a Waters e2695 separation 
module combined with a Waters 2998 photodiode array 
detector (Waters Assoc., Milford, MA, USA) was utilized 
for method development and validation. The output 
signal was collected and processed using the Empower 
software. The HPLC protocol was optimized using the 
cellulose-based CSP column Lux® Cellulose-1 at 25 °C 
safeguarded by a 1-cm-long guard column. The flow 
rate was set at 1.0 mL min−1. The chromatogram was 
collected at a wavelength of 254 nm. Isocratic separa-
tion was conducted with the mobile phase consisting 
of solvent A (acetonitrile):solvent B (0.1% diethylamine 
with 20 mM ammonium bicarbonate) (30:70, v/v). The 
injection volume was 10 µL. In addition, cellulose-based 
CSP columns Lux® Cellulose-3 and Lux® Cellulose-4 
were also used during preliminary testing for method 
development.

2.3  Preparation of standard solutions

Stock solutions of pramipexole (3  mg  mL−1) and (R)-
enantiomer (300 µg mL−1) were prepared by dissolv-
ing adequate amounts of the substances in ethanol. 
The analyte concentration of pramipexole was fixed as 
300 µg mL−1. Working solutions of pramipexole and (R)-
enantiomer were prepared using ethanol for dilution.

Fig. 1  Chemical structures of pramipexole enantiomers



Vol.:(0123456789)

SN Applied Sciences (2019) 1:50 | https://doi.org/10.1007/s42452-018-0057-0 Research Article

2.4  Preparation for tablet dosage solution

Fourteen tablets were taken and grinded well into fine 
powder. The grinded power equivalent to amount of 3 mg 
pramipexole dihydrochloride monohydrate was trans-
ferred to a 10 mL volumetric flask by adding 5 mL of etha-
nol. The sample was shaken for 5 min and then adequate 
ethanol was added to volume. Finally the sample solution 
was filtered through a 0.45 μm filter prior to analysis.

2.5  System suitability solution

Solutions containing 10 µg mL−1 of pramipexole or (R)-
enantiomer in ethanol were prepared.

2.6  Method validation

2.6.1  Linearity of (R)‑enantiomer of pramipexole

Detector response linearity was assessed using differ-
ent (R)-enantiomer solutions prepared by diluting with 
ethanol from stock solution for injecting into the HPLC. 
Different concentrations including 0.3, 1.5, 2.4, 3.0, and 
3.6 µg mL−1 were used to assess the linear regression of 
the system. The regression curve was obtained by plot-
ting the diagram of peak area versus the concentration 
by using least squares method. The RSD of the slope and 
Y-intercept of the calibration curve were calculated as well.

2.6.2  Limit of detection (LOD) and limit of quantification 
(LOQ) for (R)‑enantiomer of pramipexole

The LOD is the lowest concentration of analyte that the 
signal can be detected above the baseline at the estimated 
signal-to-noise (S/N) ratio of 3 [5]. The LOQ is the lowest 
concentration of analyte that can be quantified with suita-
ble precision and accuracy at the estimated S/N ratio of 10 
[5]. The precision of the developed method was evaluated 
by analyzing six test solutions of (R)-enantiomer of prami-
pexole which was prepared at LOQ level and the relative 
standard deviation (RSD) of the peak area was calculated.

2.6.3  Reproducibility of method

To ensure the quality and reliability of the method, the 
reproducibility was evaluated by assessing repeatability 
and intermediate precision of peak areas for (R)-enanti-
omer of pramipexole.

The repeatability of the method was examined by ana-
lyzed with replicate injections (n = 3) of the (R)-enantiomer 
solution at three concentrations, 0.3, 2.4 and 3.6 μg mL−1. 
The entire test included three successive injections on 
three consecutive days.

2.6.4  Accuracy

To verify the accuracy of the method, the reference stand-
ard was examined whereas there should be no (R)-enanti-
omer detected in the tablet dosage forms sample. Stand-
ard addition and recovery experiments were conducted 
to determine the accuracy of the method in quantifying 
(R)-enantiomer in tablet dosage form samples.

The experiment was evaluated by assaying freshly pre-
pared solutions in triplicate at three concentrations, 0.1, 
0.8, and 1.2% (equivalent to the concentration of 0.3, 2.4, 
and 3.6 μg mL−1) of the target analyte pramipexole dihy-
drochloride monohydrate. The recovery of (R)-enantiomer 
was derived from the slope and Y-intercept of the calibra-
tion curve obtained in linearity and recovery experiment.

3  Results and discussion

3.1  Method development and optimization

In previous studies, enantiomeric separations on poly-
saccharide-based CSP columns were mostly conducted 
in normal phase mode using alkane solutions with low-
molecular-weight alcohols as eluents. However, the usage 
of these columns under different mobile phase mode, such 
as aqueous-organic eluents, was still awaited to explore. 
In this study, it was aimed to broaden the application of 
the column consisting of polysaccharide-based CSPs in 
separation of the enantiomers. The optimized method 
demonstrated good linearity, precision, and accuracy for 
quantifying the target enantiomer. In addition to these 
advantages, several goals were proposed for this study:

(a) To develop an analytical method using CSPs in aque-
ous-organic mobile phase mode.

(b) To reduce the potential risk for intrinsic instrument 
errors caused by frequent changes between eluents 
used in the normal mobile phase and the aqueous-
organic mobile phase mode.

(c) To meet the requirements for enantiomeric purity 
specified in the pharmacopeia.

The racemates investigated in this study were typically 
analyzed using CSPs with “normal phase” eluents. Three 
different polysaccharide-based columns, Lux® Cellulose-1, 
Lux® Cellulose-3 and Lux® Cellulose-4 (Fig. 2) were applied 
with aqueous-organic eluents for the experiments. Good 
separation was achieved for the racemates of pramipex-
ole. Further experiments were performed to optimize the 
separation efficiency of pramipexole enantiomers.

Three CSP columns were used in optimizing the varia-
bles of the method including column temperature and the 
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content of organic modifier in the eluent. The parameters 
of analysis were as follows—mobile phase consisting of 
solvent A (acetonitrile):solvent B (0.1% diethylamine with 
20 mM). In the pretest of column performance, inadequate 
separation was observed while applying Lux® Cellulose-3 
and Lux® Cellulose-4 (Fig. 3). On contrary, an improve-
ment in resolution was observed when applying Lux® Cel-
lulose-1 column under consistent conditions. The results 
referred to the essential effects on enantioseparation 
according to the type of column. It has been discussed in 
the literatures that the performance in enantioseparation 
varies with different CSP, i.e. polysaccharide linkage. The 

enantioseparation was affected by the mechanism of inner 
retention between CSP and analyte resulted from various 
possible bonding mechanism and interactions. Among 
those mechanisms, the steric effect from chiral groove is 
the key role in the chiral recognition [16].

To improve the efficiency for a broad application of the 
method, the conditions of analysis were optimized using 
Lux® Cellulose-1 column to reduce the processing time 
while the adequate enantioseparation was still retained. 
Typically, the increase in the proportion of organic solvent 
with mobile phase reduces the retention time of the target 
compound, whereas the decrease of column temperature 

Fig. 2  Chemical structures of 
CSPs
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improves the resolution between the enantiomers. For the 
effect of temperature, though it was found that higher col-
umn temperature resulted in better enantioseparation in 
the literatures [2, 15]; however, it demonstrated a quite 
different trend in this study. Experiments were carried out 
to verify the effect of column temperature. Under consist-
ent parameters of elution, it showed that the resolution 
between (R)-enantiomer and pramipexole increased with 
the decrease of column temperature (Fig. 4). On the other 
hand, to examine the effects of the ACN content, experi-
ments were performed. From the results, although the 
difference of retention time for both compounds would 
increase with the decrease of ACN content; however, 
there would be more impacts on retention factor (K) and 
resolution  (Rs) which leads to the increase of total analysis 
time and the decrease of peak height (Fig. 5). In sake of 
the performance and sensitivity of the analyzing method, 
the ACN content of 30% was adapted. In the optimization 
experiment, with a proper ACN proportion and a lower 

column temperature, a good separation of the enantiom-
ers was achieved.

In a recent study by Zhang et al., the authors observed 
that a basic solution of ammonium bicarbonate adjusted 
at pH 9.0 was the most efficient aqueous mobile phase 
component to improve the resolution of basic enanti-
omers [17]. The target compounds in this study are also 
basic. Therefore, 0.1% DEA was added to the mobile 
phase to improve the peak shapes, and thus, facilitate 
the column performance in separating the enantiom-
ers (Resolution, Rs > 8.0). The final conditions in the pro-
tocol were as follows—mobile phase consisting of sol-
vent A (acetonitrile):solvent B (0.1% diethylamine with 
20 mM ammonium bicarbonate) (30:70, v/v), a flow rate 
of 1.0 mL min−1, and a column temperature of 25 °C. The 
results of the method optimization were shown in Fig. 6. 
Importantly, the retention times for (R)-enantiomer and 
pramipexole were 4.3 and 6.2 min, respectively. A sum-
mary of the system suitability tests using chiral HPLC 

Fig. 3  Separation of prami-
pexole racemate in aqueous-
organic mobile phase on three 
different polysaccharide-based 
CSP columns: a Lux® Cellu-
lose-1; b Lux® Cellulose-4; c 
Lux® Cellulose-3. Conditions 
of analysis were as follow: 
mobile phase consisting of 
solvent A (acetonitrile):solvent 
B (0.1% diethylamine with 
20 mM ammonium bicarbo-
nate) (20:80, v/v), flow rate 
1.0 mL min−1, and column 
temperature 35 °C
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method on a Lux® Cellulose-1 column was provided in 
Table 1.

3.2  Results of method validation

Good linearity was achieved for the (R)-enantiomer of 
pramipexole over a concentration range of 0.3–3.6 µg mL−1 
with a correlation coefficient of R = 0.9999 derived from 
the linear regression equation y = 11,287.1835x − 258.8004 
(Table 2). The results indicated that the peak area of the 
analyte was strongly correlated with the concentration.

During the reproducibility tests of the method, the RSD 
values of injection repeatability for the (R)-enantiomer of 
pramipexole were 2.64, 1.28, and 1.72, respectively. Results 
of intermediate precision showed that the RSD values were 
1.54, 2.20, and 1.85, respectively (Table 2).

The estimated LOD and LOQ values for (R)-enantiomer 
of pramipexole were 0.1 (at S/N ratio of 3) and 0.3 µg mL−1 
(at S/N ratios of 10), respectively. The precision of the 
method for (R)-enantiomer quantification in pramipexole 
preparations at LOQ had an RSD value of 5.48% (Table 2).

The recovery of (R)-enantiomer was assessed at con-
centration 0.1, 0.8, and 1.2% of target analyte pramipexole 
dihydrochloride monohydrate. The estimated recovery (%) 
ranged between 97.1 and 100.1, derived from the slope 
and Y-intercept of the calibration curve from the linear 
regression analysis (Table 3).

4  Conclusion

A rapid, simple, and feasible chiral HPLC method using 
an aqueous-organic mobile phase in isocratic mode was 
developed for the separation of (R)-enantiomer from 
pramipexole. Cellulose-based chiral column  Lux® Cellu-
lose-1 column was approved for the enantioseparation 

Fig. 4  Effect of column 
temperature on resolution 
 (Rs), and retention time (min) 
on Lux® Cellulose-1 column 
in aqueous-organic mobile 
phase eluent. Conditions 
of analysis were as follow: 
mobile phase consisting of 
solvent A (acetonitrile):solvent 
B (0.1% diethylamine with 
20 mM ammonium bicarbo-
nate) (30:70, v/v), flow rate 
1.0 mL min−1

Fig. 5  Effect of acetonitrile content (%) on a resolution  (Rs) and 
retention factor (k) of (R)-enantiomer, and b retention time (min) in 
aqueous-organic mobile phase eluent on Lux® Cellulose-1 column. 
Conditions of analysis were as follow: mobile phase consisting of 
solvent A (acetonitrile):solvent B (0.1% diethylamine with 20  mM 
ammonium bicarbonate), flow rate 1.0 mL min−1, and column tem-
perature 25 °C
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of pramipexole with aqueous-organic mobile phase elu-
ent consisting of solvent A (acetonitrile):solvent B (0.1% 
diethylamine with 20 mM ammonium bicarbonate) (30:70, 
v/v). The elution time was about 7.0 min and the resolution 
between the enantiomers was greater than 8.0. The linear 

range of the method was 0.3–3.6 μg mL−1 with LOD and 
LOQ for (R)-enantiomer were 0.1 µg mL−1 and 0.3 µg mL−1, 
respectively. The estimated recovery (%) of (R)-enantiomer 
ranged between 97.1 and 100.1 at concentrations of 0.1, 
0.8, and 1.2%. The established method showed satisfactory 
data for all validation parameters. The enantiomeric sepa-
ration of pramipexole was quantitative. It demonstrated 
good linearity, precision, and accuracy for the quantifica-
tion of (R)-enantiomer in tablet dosage forms, which put 
the usage of polysaccharide-based CSPs in combination 
with organic-aqueous mobile phases for quantitative 
determinations into practice.
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