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Abstract

Chirality plays a pivotal role in the pharmacological activity of many chemical compounds, as the spatial arrangement of
enantiomers can significantly influence their biological effects. Separation of chiral drugs is of great importance in the
pharmacological treatment of human diseases because it distinguishes the pharmacological active enantiomer of a chiral
drug from the other enantiomer that has low or inactive pharmacological activity or undesirable toxic effects. The availability
of novel chiral stationary phases makes the separation of enantiomers effective and rapid. This review presents (i) different
chiral stationary phases encountered in chiral chromatography and their various interaction mechanisms with chiral drugs,
(ii) types of mobile phases involved in the chiral separation, (iii) various analytic techniques utilized and different methods
in chiral separation, (iv) some examples of chiral drugs, (v) factors that affect chiral separation and (vi) significance of chiral

separation in the treatment of human diseases.
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Introduction

Chirality is the spacial orientations differing around
a plane of symmetry (axis or stereogenic center ) in
chemical compounds that possess same molecular formula
and structure [1,2]. Molecular dissymmetry in chemical
compounds defines the geometricnature of atomslike carbon,
sulfur, phosphorous and nitrogen. The absolute conformation
of a chiral compound is defined by R,S-configurations where
“R” is the abbreviation for rectus (Latin word, meaning right
or clockwise), while “S” is the abbreviation for sinister (Latin
word, meaning left or counterclockwise) [3].

Chemical substances having same physical and chemical
properties and can only be recognized or separated in
chiral environment are called enantiomers [4]. They have
different 3-dimensional configuration and can be based on
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(i) carbon-carboxylic acids, esters, aldehydes and ketones
(ii) sulfur- sulfinate, sulfoxide, sulfoximide, and sulfonium
ion (iii) phosphorus-phosphinate, phosphorus-phosphine,
phosphine oxide, and phosphonium ion (iv) nitrogen-
amine oxide and ammonium ion. Racemate (50:50 mixture
of enantiomers) is optically inactive because the rotation
of one molecule exactly cancels the opposite rotation of its
enantiomer. The process of isolating enantiomers from a
racemic mixture is termed chiral separation [5].

Forces encountered in the chiral separation interaction
processes can be attractive as well as repulsive namely: (i)
dipole-dipole, (ii) ionic interaction, (iii) hydrogen bonding
(either hydrogen donor site or hydrogen acceptor site), (iv)
charge-transfer interactions, (v) m—m bonding, (vi) inclusion
complexation (vii) steric hindrance [6,7].
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A number of chiral stationary phases (CSPs) are
employed in chiral separation of chemical compounds into
their different enantiomers. They include:
¢ Polysaccharide-based CSPs-examples are cellulose and
amylose carbamates and esters; other derivatives of
chitin and chitosan [8,9]. The intermolecular interaction
mechanisms involved are dipole-dipole, hydrogen
bonding (interactions of the polar chiral drug with
carbamate groups on the CSP), -7 (interactions between
aromatic groups of the drug and phenyl groups on the
CSP), inclusion complexation (depends on the position
and strength of substituents on benzene or fused ring
drugs; the retention time is typically meta<ortho<para),
and steric interactions (as a result of the helical structure
of the CSP) [10,11].

¢ Protein-based CSPs-examplesare human serum albumin,
bovine serum albumin, a -acid glycoprotein, ovomucoid,
and cellobiohydrolase CSPs [12,13]. Due to high
variety of different functional groups their interaction
mechanisms mainly involve hydrogen bonding, m-m
bonding, dipole-dipole, and ionic interactions.

¢ Immobilized B-cyclodextrin(CD)-based CSPs-examples
are native B-CD, phenylcarbamate-f-CD, and chlor-, or
methylsubstituted phenylcarbamate-3-CDs [14-17].
The primary interaction mechanism is the inclusion
complexation of molecular moieties such as aromatic
rings or other hydrophobic groups into the hydrophobic
CD-cavity. Secondary interaction mechanisms such
as hydrogen bonding, and dipole-dipole or ionic
interactions can also be formed [18,19]. Non-inclusion
(surface-type) complexes formation is also possible,
especially in normal phase and polar organic modes [20].

¢ Glycopeptide macrocyclic antibiotics-based CSPs-
examples are avoparcin, teicoplanin, ristocetin A,
vancomycin, and their analogs [21-23]. The interaction
mechanisms of these chiral stationary phases with
drug molecules include electrostatic, dipole-dipole,
hydrogen bonding, hydrophobic, m-m bonding, and steric
interactions (repulsion) [24].

Various mobile phases exist for these stationary phases
namely:
» Mobile phases for glycopeptides macrocycclic stationary
phases include:
Normal phase mode composition: polar plus nonpolar,
example ethanol or isopropanol and n-heptane or n-hexane,
mainly for neutral compounds.
Polar organic mode composition: polar/nonpolar,
example methanol or ethanol or acetonitrile or combinations
(methanol/acetonitrile), = mainly  for  neutral/polar
compounds.
Polar ionic mode composition: methanol/acid/base
components, example (a) anhydrous methanol; acid such
as anhydrous tetrafluoroacetic acid, acetic acid, formic acid;
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(b) base such as ammonia, tetraethylamine, diethylamine
or volatile ammonium salt (ammonium formate or acetate)
mainly for ionizable compounds.

Reversed phase mode (inclusion complexing): organic
solvent plus aqueous buffer, example acetonitrile plus
tetraethylacetic acid; acetonitrile plus ammonium acetate
mainly for all types of compounds [25].

» Mobile phase for immobilized [-cyclodextrin(CD)-
based CSPs is polar organic phase namely
methanol+acetonitrile+anhydrous  acetic acid +
anhydrous tetraethyl amine. This composition is
primarily used for cyclodextrins and cyclodextrin
derivatives only.

A number of analytical techniques have been utilized in
chiral chromatography and they include gas chromatography
(GC) [26]; high performance liquid chromatography (HPLC)
[27,28]; micellar electrokinetic chromatography [29,30];
capillary electrophoresis (CE) [31,32]; supercritical fluid
chromatography (SFC) [33]; and hyphenated techniques
(LC-MS/MS) [34-36]. The CE has the advantages of high
separation efficiency, minimal sample consumption, short
analysis time, excellent reproducibility. HPLC technique on
the contrary, has broad applicability, superior resolution,
high sensitivity and selectivity, and is very compatible with
range detection techniques. In general, the separation of
chiral drugs can be influenced by a number of factors such
as buffer type and concentration, pH, organic modifier, flow
rate and temperature.

Human disease is a deviation from normal mental,
physical and social well-being which will lead to disruption
or loss of homeostasis. It can be congenital, degenerative,
hereditary, inflammatory, metabolic, and neoplastic etc
[37]. Disease diagnosis is usually followed by the best
pharmacological treatment options for the patient and one
of those options very often entails the use of therapeutic
agents.

Discussion

A number of drugs of clinical importance are racemates
(chiral drugs) [38]. Some examples of such chiral drugs are:
B-blockers (atenolol, bisoprolol, metoprolol, oxprenolol,
propranolol, sotalol); antibiotics (D-cycloserin); antivirals
(tenoflovir));  statins  (atorvastatin);  anticoagulants
(warfarin);  anti-inflammatory  agents  (fenoprofen,
flurbiprofen, ibuprofen, ketoprofen, naproen); anixolytics
(oxazepam); narcotics (butorphanol, methadone, );
diuretics (bendrofluomethiazide); calcium channel blockers
(nicardipine); proton pump inhibitors (omeprazole,
lansoprazole); stimulants (amphetamine) [39,40]. However,
thereisanincreasing trend to obtain single enantiomers from
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these chiral drugs, a process called chiral switching which
is mostly carried out by chromatographic techniques [41].
Other techniques include electrophoresis, crystallization.

Chiral chromatography can be by (i) direct method,
involving the use of a chiral stationary phase (CSP) or a
chiral mobile phase additive. The chiral stationary phase
(CSP) separation will entail an interaction between the
CSP and the racemic drug (analyte) to form diastereomeric
complexes. One of the complexes has a stronger binding
strength than the other, resulting in different retention times
for the enantiomeric pair. The chiral mobile-phase additive
(CMPA) forms a transient diastereomeric complex with the
drug and is followed by resolution of the diastereomeric
complexes [42]. Poorly shaped peaks, detection problems,
and availability of CMPA limit the use of this procedure. (ii)
indirect method, entails using a chiral derivatizing agent.
The chiral derivatization is a reaction of the analyte with the
chiral derivatizing agent forming diastereomeric derivatives
which are then separated on an achiral stationary phase [32].

In general, the choice of a suitable method is controlled
by a number of factors namely suitable chiral stationary
phase, optimization of chromatographic conditions,
assay sensitivity, availability, purity and stability of chiral
derivatizing agent(s), ease and efficiency of derivatization,
and total analysis time.

Of all the chiral stationary phases, polysaccharide-based
CSP is the most commonly and successfully used in chiral
chromatography.

It is probably because of the formation of different types
of intermolecular interactions (dipole-dipole, hydrogen
bonding, inclusion complexation, m-m bonding, etc.)
arising from their specific structural properties namely (a)
conformational chirality ofthe helical carbohydrate backbone,
(b) the functional groups of the ester and phenylcarbamate
substituents attached to the polysaccharide chain, as well as
(c) the stereogenic centers of the monosaccharide units, thus
making it possible for chiral separation of a large variety of
chemical substances of pharmaceutical interest [10].

Glycopeptide macrocyclic antibiotics-based CSP is the
next most promising utilized CSP because it has unique
structural features and functionalities that allows various
interactions (such as those found in polysaccharide-based
CSP), between the chiral drug and the stationary phase. Due
to these diverse mechanisms in enantioseparation, they can
widely be used in normal phase, polarionic, polar organic,and
reversed-phase conditions for the separation of a wide range
of chiral drugs with various polarities [43]. The increased
efficiency, higher chemoselectivity and enantioselectivity as
well as the stability of these CSPs facilitate the analyses of
drugs that belong to structurally different classes.
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Significance of chiral separation in the
pharmacological treatment of human diseases

Chiral drug (mixture of enantiomers) presents difference
in pharmacological activity or efficacy as well as adverse or
toxic effects. Where one enantiomer is toxic and the other
has the desired therapeutic activity, the development of
the single enantiomer becomes especially desirable [4].
When both enantiomers are pharmacologically active but
differ significantly in their potency, specificity or maximum
effect, development of a single enantiomer becomes more
important.

Each enantiomer can act uniquely in exhibiting different
plasma concentration, bioavailability, and toxicity [35]. The
maximum effect of an active enantiomer against any disease
state can be verified by determining its maximum plasma
concentration. Table 1 below presents some of the single
enantiomers utilized in the treatment of human diseases.

Human Illness Clinical Enantiomers
Nacrolepsy ((extreme sleepiness) Armodafinil
Depression Escitalopram
Gastric ulcer Esomeprazole
Inflammation Dexibuprofen
Inflammation Dexketoprofen
Narcolepsy (or attention deficit) | Dexmethylphendate
(hyperactivity disorder)
Bacterial infection Levofloxacin
Bacterial infection Levosalbutamol
Depression Salmeterol
Depression Levomilnacipran

Table 1: Treatment of Human diseases with Clinical
enantiomers.

Improved therapeutic index, more appropriate
dosing frequency, decreased inter-individual variability,
and decreased potential for drug-drug interactions are
advantages associated with chiral separation [44]. Other
advantages of chiral separation include (i) assists to
optimize drug design, understand the pharmacodynamics,
pharmacokinetics and potential side effects of drugs. (ii) the
enantiomeric excess measurement is essential for quality
assurance and legal compliance, as well as the integrity
and consistency of pharmaceutical formulations. (iii) leads
to the manufacture of enantiomerically pure drugs and
(iv) provides the required conditions for generating and
quantifying the effective enantiomer in biological fluids. Due
to variations in the biological activities and pharmacokinetic
characteristics of pharmacological enantiomers, the
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enantiomeric separation and quantification of chiral drugs
have become very significant in the management of human
disease states. Enantiomeric quantification is essential
for pharmaceutical formulation, quality and uniformity of
pharmaceutical dosage forms.

Conclusion

Chirality is defined as non-superimposable mirror-
images of chemical compound with the same molecular
formula and structure but different spacial orientations
around a stereogenic center or plane of symmetry. New
analytical and preparative techniques make it easier
to develop single enantiomers. Specific and sensitive
bioanalytical techniques such as HPLC, micellar electrokinetic
chromatography, capillary electrophoresis hyphenated HPLC
assist scientists to follow the pharmacokinetics of individual
enantiomers following the administration of chiral drug.

Polysaccharide-based CSPs stand out as the most
successful and widely used class in chiral chromatography
as their versatility extends across various separation modes,
permitting for their chromatography. Finally, appropriate
dosing frequency, improved therapeutic index, decreased
inter-individual variability, and decreased potential for drug-
drug interactions make chiral separation of great significance
in the pharmacological treatment of human diseases.
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