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9 AR TP R ARSI T HE e B R RS (CD) R E A A9, XS T7E CD RYFERE L3S Il B A par sz 4840,
ARMFFTRE 3 FIRIL A0 ( DESs ) S AL RRmK- 2800 | 5210 R Bel- S5 0 L - 20 VA 4 Bh S 910, L F MET #9
CE FH:4r&  #:0 T DES Xt#:F CD KB4 Pk 70 2 MET Yotk iy U RIfE R, we% % T CD Fl2k CD #
R v pH BN ZE v vk BE X MET 2085 952, DAk fS 2 T 8t 4514 (15 mmol/L 38 F 36-8- 2R iR . pH=3.0,
40 mmol/L BRREEZE vhi ) . HokiHI & T 3 Fl DESs /B M &N, B 58 A [ DESs K H: 5 i 4 Bk F 4 4 3 19 1
AR E T ek R B A0 8 1. 5% [ & AL IE - SR 4 A DES, LAt MET 1943 %5 B R i DES A ()
130 #4725 2. 61,52 T3 D, BJa 5B AR LU LA T T H#EM , 7R SCATEE S A9 MET X Bk k55
SR AU B P2 R SRR R 25 % A 3 B EE B X, 04 BY ¥ DES Pr A A F CD fiiE#
EBEHEKTFESENE SRS KRR,

KRR BN R PNEIAE s ka0 R RIA T SEHRIR R

FE Y2 S.0658 XHRARINEG A

Abstract . The physical and chemical properties of chiral drugs are very similar. However, their

pharmacological and toxicological effects vary significantly. For example, one enantiomer may
have favorable properties whereas the other may be ineffective or even have toxic side effects.
Hence, exploring innovative strategies to improve enantiomeric resolution is of great impor-
tance. Metoprolol (MET) is a B-receptor blocker used to treat hypertension, stable angina pec-
toris, and supraventricular tachyarrhythmia. Establishing chiral separation and analysis methods
of MET enantiomers is important for enhancing the quality of chiral drugs. Capillary electropho-
resis (CE) has the advantages of a small sample size, simple operation, high separation effi-
ciency, and many alternative modes; therefore it is widely used in the field of chiral drug sepa-
ration. The chiral selectors commonly used for CE-based chiral separation include cyclodextrin
(CD) and its derivatives, polysaccharides, proteins, and macrocyclic antibiotics. CD is one of
the most commonly used and effective chiral selectors for CE. The relatively hydrophobic struc-
ture inside the cavity and the relatively hydrophilic structure outside the cavity of CD enable it
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and chiral molecules to form inclusion compounds with different binding constants, thus achie-
ving chiral separation. However, the use of CD alone as a chiral selector does not always yield
satisfactory separation results. Hence, the addition of other additives, such as ionic liquids and
deep eutectic solvents ( DESs) to assist CD-based chiral separation systems has received exten-
sive attention. Previous studies on the enantiomeric separation of MET by CE have focused on
the addition of CD and its derivatives alone for separation. Few studies have been conducted on
the synergistic addition of auxiliary additives to CD to improve the enantiomeric resolution of
MET. In this study, three DESs, namely, choline chloride-D-glucose, choline chloride-D-fruc-
tose, and lactate-D-glucose, were used for the CE-based chiral separation of MET for the first
time, and the synergistic effect of the DESs on the separation of MET enantiomers by CD-based
capillary zone electrophoresis was speculated. For this purpose, an uncoated fused silica capil-
lary with inner diameter of 50 pm, total length of 50 cm and effective length of 41.5 cm was
used as the separation column. First, the effects of CD type, CD concentration, buffer pH, and
buffer concentration on MET separation were investigated, and the optimal conditions ( 15
mmol/L carboxymethyl-3-cyclodextrin (CM-3-CD), pH=3.0, and 40 mmol/L phosphate buff-
er) were obtained. Other CE conditions were as follows: UV detection at 230 nm, applied volt-
age of 25 kV. All operations were carried out at 20 C. Next, three types of DESs were prepared
as auxiliary additives via a mixed-heating method. The DESs were mixed in a 50 mL round-
bottomed flask at a certain molar ratio and then heated in a water bath at 80 °C for 3 h until a
clear and transparent liquid was obtained. The effects of different DESs and their mass fraction
on chiral separation were subsequently studied. The optimal choline chloride-D-fructose mass
fraction was ultimately determined to be 1.5%. The resolution of MET increased from 1. 30
without DES to 2. 61 with 1. 5% choline chloride-D-fructose, thereby achieving baseline separa-
tion. Finally, the separation effect and mechanism were speculated. The MET chiral separation
method established in this study is of great significance for improving the quality of chiral com-
pounds and ensuring the safety and effectiveness of clinical drugs. Furthermore, it may be use-
ful in the research and development of CE-based chiral separation techniques using CD deriva-
tives with DESs.

Key words: capillary electrophoresis ( CE); synergistic interaction; chiral separation; deep
eutectic solvents ( DESs) ; metoprolol ( MET)
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Fig. 1 Structural formula of metoprolol ( MET)
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Fig. 2 Electropherograms of MET with different
cyclodextrins ( CDs)
Buffer condition: 40 mmol/L phosphate buffer (pH=3.0)
containing 10 mmol/L CD.
CM-B-CD: carboxymethyl-B-cyclodextrin; DM-B-CD. 2, 6-di-
O-B-cyclodextrin; HP-B-CD . hydroxypropyl-B-cyclodextrin.
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Fig. 3 Effect of CM-8-CD concentration on the
resolutions of MET
Buffer condition: 40 mmol/L phosphate buffer (pH=3.0)
containing a series of concentrations of CM-3-CD.
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Fig. 4 Effect of pH value of buffer on the
resolutions of MET
Buffer condition: 40 mmol/L phosphate buffer containing 15
mmol/L CM-8-CD.
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Fig. 5 Effect of buffer concentration on
the resolutions of MET
Buffer condition: different concentrations of phosphate buff-
er (pH=3.0) containing 15 mmol/L CM-3-CD.
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Fig. 6 Electropherograms of MET using different
types of deep eutectic solvents ( DESs)

Buffer condition: 40 mmol/L phosphate buffer (pH=3.0)
with 1. 0% (mass fraction) different types DESs containing 15
mmol/L CM-B-CD.

ChCI-DF': choline chloride-D-glucose; ChCl-DG: choline
chloride-D-fructose; LA-DG  lactic acid-D-glucose.
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Fig. 7 Electropherograms of MET under different
mass fractions of ChCl-DF
Buffer condition: 40 mmol/L phosphate buffer (pH=3.0)
with different mass fractions of ChCI-DF containing 15 mmol/L
CM-B-CD.
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