
Editorial
 Chiral drugs are composed of molecules with the same chemical 
structure, but different 3-dimensional molecular arrangements. Chi-
rality is defined as non-super imposable mirror images.

 A pair of stereoisomer’s that is non-super imposable mirror imag-
es of one another is an enantiomer and therefore has different 3-di-
mensional configuration. Several drugs of clinical importance are 
enantiomers. However, there is an increasing trend for the pharma-
ceutical industries to develop and market drug products containing 
only a single enantomer. Some of them can be new chemical entities 
such as salmeterol, sertraline etc. Others such as esomeprazole from 
omeprazole (racemate) and escitalopram from citalopram (racemate) 
are developed from currently marketed drugs.

 The development of these single enantiomer from chiral drugs (ra-
cemates) is called chiral switching [1,2]. The rationale towards chiral 
switching include improved therapeutic index, decreased inter-indi-
vidual variability, decreased potential for drug-drug interactions and 
more appropriate dosing frequency. Information on the composition 
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of the enantiomers does assist in the development of a single enantio-
mer and invariably the enantiomeric excess [3]. Enantiomeric excess 
is used to describe the optical purity of an enantiomer. The optical pu-
rity (expressed as percentage) is a comparison of the optical rotation 
of a pure sample of unknown stereochemistry versus the optical ro-
tation of a sample of pure enantiomer. The value of the enantiomeric 
excess can range from 0% to 100%. For instance a drug possessing a 
single chiral center, theoretically will be a racemic mixture consisting 
of 50% of the dextro-enantiomer (+) and 50% of the levo-enantiomer 
(-) and have zero as the enantiomeric excess. However, if a drug con-
tains 100% of one enantiomer, then its enantiomeric excess is 100%.
Determination of Enantiomeric Excess (EE), is of special importance 
in the control of the purity of chiral pharmaceutical active agents. 
A plethora of methods for the determination of Enantiomeric Excess 
(EE) are available [4]. They include (i) Covalent synthesis and detec-
tion of diastereomers using enantiomerically pure derivatizing  agents 
(ii) Nuclear Magnetic Resonance (NMR) - detection of  transient dias-
tereomeric interactions using chiral shift reagents or solvating agents 
[5] (iii) Chromogenic host molecules - cause different UV-Visible 
spectral changes following interaction between a chiral host molecule 
and one or the other of the enantiomers of the guest (drug sample) 
molecule (iv) Mass spectrometry (v) Chromatography (vi) Chirop-
tical - based on the principle that anisotropy g, is proportional to the 
enantiomeric excess (vii) Fluorescence (viii) Liquid crystals - based 
on the principle that the helical pitch p, is inversely proportional to 
enantiomeric excess. The pitch is obtained when a small amount of an 
optically active drug molecule is added to a nematic liquid crystal, re-
sulting in the induction of a cholesteric phase (ix) Enzymatic methods 
and immunoassays (x) Kinetic resolution - based on the use of stere-
oselectivity factor s, to obtain enantiomeric excess following kinetic 
resolution of a drug racemic mixture by an enantiopure reagent (xi) 
Polarimetry- based on the measurement of optical rotation or circu-
lar dichroism [6]. The use chromatographic methods such as High 
Performance Liquid Chromatography (HPLC), Gas Chromatography 
(GC) and Capillary Electrophoresis (CE) to evaluate enantiomeric ex-
cess have taken dominance over the other methods. Although capil-
lary electrophoresis in chiral separation has low consumption of both 
analyte and chiral selector as well as lack of need for expensive chiral 
stationary phases (because the chiral selector is added to the buffer) 
however, when compared to GC and HPLC, its drawbacks such as 
lack of usefulness as a preparative separation tool and low detection 
limit restraint the use of the method to determine enantiomeric excess. 

 High performance liquid chromatographic and gas chromato-
graphic methods constitute the present state of the art in analyzing 
enantiomers. Gas chromatography despite its high sensitivity and 
specificity in the determination of enantiomers, the need to have low 
molecular weight samples, extract the samples into organic solvents 
and the tendency to have samples destroyed in the detector make 
HPLC to become the method of choice to determine enantiomers 
(hence enantiomeric excess) in pharmaceutical active agents. The de-
termination of enantiomeric excess of chiral compounds is generally 
done by chiral or achiral HPLC [7-9]. Chiral HPLC uses nonspecif-
ic detectors such as UV or fluorescence [10,11] while achiral HPLC 
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is coupled to chiroptical detectors such as Circular Dichroism (CD) 
or Optical Rotation (OR). Circular dichroism or optical rotation de-
tector [12,13] allows quantification of enantiomeric excess by using 
anisotropy factor (g) as an analytical signal. Other detectors often 
coupled to HPLC in the determination of enantiomeric excess include 
Nuclear Magnetic Resonance (NMR), Mass Spectrometric (MS) or 
hybrid types such as NMR/CD, MS/CD, NMR/OR, MS/OR [14,15] 
respectively. Although MS does not provide chiral information, it is 
the detector of choice because of its high sensitivity, tolerance of im-
purities and potential for speed. Despite chiral specific character of 
circular dichroism and optical detectors, their use in HPLC has lim-
itation because of lack of sensitivity compared with UV/fluorescence 
detectors. HPLC has versatile columns [5,16] consisting of different 
types of chiral stationary phases. Such stationary phases (chiral selec-
tors) include but not limited to cellulose tris (3,5-dimethylphenylcar-
bamate), amylose tris (3,5-dimethylcarbamate), phenylcarbamylated 
β-cyclodextrin, cellulose tris (4-methylbenzoate), 3,4,6-Tribenzo-
yl-2-benzoylamino-2-deoxy-D- glucose etc. Others such as N-Ace-
tyl-L-cysteine/o-phthalaldehyde, (S)-1-(1-naphthyl) ethyl isocyanate, 
(–) - Menthyl chloroformate, 2,3,4,6-Tetra-O-acetyl- β -D-glucopy-
ranosyl isothiocyanate, (S)-N-trifluoroacetylprolyl chloridese etc. are 
used as a chiral derivatizing agents. 

 Qualitative identification and quantitative determination of enan-
tiomers by HPLC usually require the use of pure enantiomer stan-
dards. However, in the absence of reference standard, synthesized pu-
rified enantiomers could be used to determine enantiomeric excess by 
employing chiral HPLC coupled with MS/CD or MS/OR detectors.

 Some of the drugs that HPLC analytical technique has been used 
to determine their enantiomeric excess include but not limited to du-
loxetine (antidepressant, urinary incontinence), fluoxetine (antide-
pressant), ifosfamide (antiviral), labetalol (antihypertensive), atenolol 
(antihypertensive), ketoprofen (anti-inflammatory), fluribiprofen (an-
ti-inflammatory), warfarin (anticoagulant), chlorthialidone (direutic), 
clarithromycin (macrolide antibiotic), camptothecin (antineoplastic) 
and rifampicin (antibacterial).

 In summary, of all the methods available to determine enantiomer-
ic excess, HPLC is the instrument of choice because of high resolu-
tion power of the stationary phase (chiral or achiral) high sensitivity 
and specificity of the detector (single or tandem), high accuracy and 
precision of the analytical technique.

References

1. Tucker GT (2000) Chiral switches. Lancet 355: 1085-1087.

2. Agranat I, Caner H, Caldwell J (2002) Putting chirality to work: the strat-
egy of chiral switches. Nat Rev Drug Discov 1: 753-768.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

3. Tsukamoto M, Kagan HB (2002) Recent Advances in the Measurement of 
Enantiomeric Excesses. Adv Synth Catal 344: 453-463. 

4. Finn MG (2002) Emerging methods for the rapid determination of enantio-
meric excess. Chirality 14: 534-540.

5. Carbonara G, Carocci A, Fracchiolla G, Franchini C, Lentini G, et al. 
(2004) 1H-NMR determination of the enantiomeric excess of the antiar-
rhytmic drug Mexiletine by using mandelic acid analogues as chiral sol-
vating agents. ARKIVOC V: 5-25.

6. Bornhop DJ, Hankins J (1996) Polarimetry in capillary dimensions. Anal 
Chem 68: 1677-1684. 

7. Mehta AC (1998) Direct separation of drug enantiomers by high perfor-
mance liquid chromatography with chiral stationary phases. J Chromatogr 
426: 1-13.

8. Rane VP, Shinde DB (2008) Development and validation of chiral LC 
method for the enantiomeric separation of duloxetine on amylose based 
stationary phase. J Chromatogr Sci 46: 772-776.

9. Olsen BA, Wirth DD, Larew JS (1998) Determination of fluoxetine hydro-
chloride enantiomeric excess using high performance liquid chromatogra-
phy with chiral stationary phases. Journal of Pharmaceutical and Biomed-
ical Analysis 17: 623-630.

10. Dong JG, Wada A, Takakuwa T, Nakanishi K, Berava N 1997) Sensitivity 
enhancement of exciton coupling by fluorescence detected circular dichro-
ism (FDCD). J Am Chem Soc 119:12024-12025.

11. Wu ZC, Goodall DM, Lloyd DK (1990) Determination of enantiomeric 
purity of ephedrine and pseudoephedrine by high performance liquid chro-
matography with dual optical rotation/UV absorbance detection. J Pharm 
Biomed Anal 8: 357-364.

12. Bertucci C, Andrisano V, Cabrini V, Castigliani E (2000) Reliable assay 
of extreme enantiomeric purity values by a new circular dichroism based 
HPLC detection sytem. Chirality 12: 84-92.

13. Wiesler WT, Nakanishi K (1989) Relative absolute configurational assign-
ments of a acyclic polyols by circular dichroism. Rationale for a simple 
procedure based on the excitation chirality method. J Am Chem Soc 111: 
9205-9213.

14. Goss CA, Morgan DG, Harbol KL, Holmas TJ, Cook JJ (2000) Case of en-
antiomer impurity identification by normal-phase chiral high-performance 
liquid chromatography with optical rotation and mass spectrometric detec-
tion. J Chromatogr A 878: 35-43.

15. Mistry N, Roberts AD, Tranter GE, Francis P, Barylki I, et al. (1999) 
Directly Coupled Chiral HPLC−NMR and HPLC−CD Spectroscopy as 
Complementary Methods for Structural and Enantiomeric Isomer Identi-
fication:  Application to Atracurium Besylate. Anal Chem 71: 2838-2843.

16. Yashima E, Yamamoto C, Okamoto Y (1998) Polysaccharide-based chiral 
LC columns. Synlett 4: 344-360.

http://doi.org/10.24966/PPP-5649/100008
https://www.ncbi.nlm.nih.gov/pubmed/10744105
https://www.ncbi.nlm.nih.gov/pubmed/12360254
https://www.ncbi.nlm.nih.gov/pubmed/12360254
http://www.chimica.unipd.it/giulia.licini/pubblica/COS/11.pdf
http://www.chimica.unipd.it/giulia.licini/pubblica/COS/11.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12112324
https://www.ncbi.nlm.nih.gov/pubmed/12112324
https://quod.lib.umich.edu/cgi/p/pod/dod-idx/h-nmr-determination-of-the-enantiomeric-excess.pdf?c=ark;idno=5550190.0005.502;format=pdf
https://quod.lib.umich.edu/cgi/p/pod/dod-idx/h-nmr-determination-of-the-enantiomeric-excess.pdf?c=ark;idno=5550190.0005.502;format=pdf
https://quod.lib.umich.edu/cgi/p/pod/dod-idx/h-nmr-determination-of-the-enantiomeric-excess.pdf?c=ark;idno=5550190.0005.502;format=pdf
https://quod.lib.umich.edu/cgi/p/pod/dod-idx/h-nmr-determination-of-the-enantiomeric-excess.pdf?c=ark;idno=5550190.0005.502;format=pdf
https://pubs.acs.org/doi/pdf/10.1021/ac951169b
https://pubs.acs.org/doi/pdf/10.1021/ac951169b
https://www.ncbi.nlm.nih.gov/pubmed/3290232
https://www.ncbi.nlm.nih.gov/pubmed/3290232
https://www.ncbi.nlm.nih.gov/pubmed/3290232
https://www.ncbi.nlm.nih.gov/pubmed/19007477
https://www.ncbi.nlm.nih.gov/pubmed/19007477
https://www.ncbi.nlm.nih.gov/pubmed/19007477
https://www.sciencedirect.com/science/article/abs/pii/S0731708598000508
https://www.sciencedirect.com/science/article/abs/pii/S0731708598000508
https://www.sciencedirect.com/science/article/abs/pii/S0731708598000508
https://www.sciencedirect.com/science/article/abs/pii/S0731708598000508
https://pubs.acs.org/doi/abs/10.1021/ja9721172
https://pubs.acs.org/doi/abs/10.1021/ja9721172
https://pubs.acs.org/doi/abs/10.1021/ja9721172
https://www.ncbi.nlm.nih.gov/pubmed/2100210
https://www.ncbi.nlm.nih.gov/pubmed/2100210
https://www.ncbi.nlm.nih.gov/pubmed/2100210
https://www.ncbi.nlm.nih.gov/pubmed/2100210
https://onlinelibrary.wiley.com/doi/full/10.1002/(SICI)1520-636X(2000)12:2%3C84::AID-CHIR5%3E3.0.CO;2-G
https://onlinelibrary.wiley.com/doi/full/10.1002/(SICI)1520-636X(2000)12:2%3C84::AID-CHIR5%3E3.0.CO;2-G
https://onlinelibrary.wiley.com/doi/full/10.1002/(SICI)1520-636X(2000)12:2%3C84::AID-CHIR5%3E3.0.CO;2-G
https://pubs.acs.org/doi/abs/10.1021/ja00208a013
https://pubs.acs.org/doi/abs/10.1021/ja00208a013
https://pubs.acs.org/doi/abs/10.1021/ja00208a013
https://pubs.acs.org/doi/abs/10.1021/ja00208a013
https://www.sciencedirect.com/science/article/pii/S0021967300001321
https://www.sciencedirect.com/science/article/pii/S0021967300001321
https://www.sciencedirect.com/science/article/pii/S0021967300001321
https://www.sciencedirect.com/science/article/pii/S0021967300001321
https://pubs.acs.org/doi/abs/10.1021/ac990132e
https://pubs.acs.org/doi/abs/10.1021/ac990132e
https://pubs.acs.org/doi/abs/10.1021/ac990132e
https://pubs.acs.org/doi/abs/10.1021/ac990132e
https://www.thieme-connect.de/DOI/DOI?10.1055/s-1998-1675
https://www.thieme-connect.de/DOI/DOI?10.1055/s-1998-1675


Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1-646-661-6626; E-mail: info@heraldsopenaccess.us

http://www.heraldopenaccess.us/

Submit Your Manuscript: http://www.heraldopenaccess.us/Online-Submission.php

Journal of Anesthesia & Clinical Care

Journal of Addiction & Addictive Disorders

Advances in Microbiology Research

Advances in Industrial Biotechnology

Journal of Agronomy & Agricultural Science

Journal of AIDS Clinical Research & STDs

Journal of Alcoholism, Drug Abuse & Substance Dependence

Journal of Allergy Disorders & Therapy

Journal of Alternative, Complementary & Integrative Medicine

Journal of Alzheimer’s & Neurodegenerative Diseases

Journal of Angiology & Vascular Surgery

Journal of Animal Research & Veterinary Science

Archives of Zoological Studies

Archives of Urology

Journal of Atmospheric & Earth-Sciences

Journal of Aquaculture & Fisheries

Journal of Biotech Research & Biochemistry

Journal of Brain & Neuroscience Research

Journal of Cancer Biology & Treatment

Journal of Cardiology & Neurocardiovascular Diseases

Journal of Cell Biology & Cell Metabolism

Journal of Clinical Dermatology & Therapy

Journal of Clinical Immunology & Immunotherapy

Journal of Clinical Studies & Medical Case Reports

Journal of Community Medicine & Public Health Care

Current Trends: Medical & Biological Engineering

Journal of Cytology & Tissue Biology

Journal of Dentistry: Oral Health & Cosmesis

Journal of Diabetes & Metabolic Disorders

Journal of Dairy Research & Technology

Journal of Emergency Medicine Trauma & Surgical Care

Journal of Environmental Science: Current Research

Journal of Food Science & Nutrition

Journal of Forensic, Legal & Investigative Sciences

Journal of Gastroenterology & Hepatology Research 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Journal of Gerontology & Geriatric Medicine

Journal of Genetics & Genomic Sciences

Journal of Hematology, Blood Transfusion & Disorders

Journal of Human Endocrinology

Journal of Hospice & Palliative Medical Care

Journal of Internal Medicine & Primary Healthcare

Journal of Infectious & Non Infectious Diseases

Journal of Light & Laser: Current Trends

Journal of Modern Chemical Sciences

Journal of Medicine: Study & Research

Journal of Nanotechnology: Nanomedicine & Nanobiotechnology

Journal of Neonatology & Clinical Pediatrics

Journal of Nephrology & Renal Therapy

Journal of Non Invasive Vascular Investigation

Journal of Nuclear Medicine, Radiology & Radiation Therapy

Journal of Obesity & Weight Loss

Journal of Orthopedic Research & Physiotherapy

Journal of Otolaryngology, Head & Neck Surgery

Journal of Protein Research & Bioinformatics

Journal of Pathology Clinical & Medical Research

Journal of Pharmacology, Pharmaceutics & Pharmacovigilance

Journal of Physical Medicine, Rehabilitation & Disabilities

Journal of Plant Science: Current Research

Journal of Psychiatry, Depression & Anxiety 

Journal of Pulmonary Medicine & Respiratory Research

Journal of Practical & Professional Nursing

Journal of Reproductive Medicine, Gynaecology & Obstetrics

Journal of Stem Cells Research, Development & Therapy

Journal of Surgery: Current Trends & Innovations

Journal of Toxicology: Current Research

Journal of Translational Science and Research

Trends in Anatomy & Physiology

Journal of Vaccines Research & Vaccination

Journal of Virology & Antivirals

http://www.heraldopenaccess.us/journals/Addiction-&-Addictive-Disorders/
http://www.heraldopenaccess.us/journals/Advances-in-Microbiology-Research/
http://www.heraldopenaccess.us/journals/Advances-in-Industrial-Biotechnology/
http://www.heraldopenaccess.us/journals/Agronomy-and-Agricultural-Science/
http://www.heraldopenaccess.us/journals/AIDS-Clinical-Research-&-STDs/
http://www.heraldopenaccess.us/journals/Alcoholism-Drug-Abuse-&-Substance-Dependance/
http://www.heraldopenaccess.us/journals/Allergy-Disorders-&-Therapy/
http://www.heraldopenaccess.us/journals/Alternative-Complementary-&-Integrative-Medicine/
http://www.heraldopenaccess.us/journals/Alzheimers-&-Neurodegenerative-Diseases/
http://www.heraldopenaccess.us/journals/Angiology-&-Vascular-Surgery/
http://www.heraldopenaccess.us/journals/Animal-Research-and-Veterinary-Science/
http://www.heraldopenaccess.us/journals/Archives-of-Zoological-Studies/
http://www.heraldopenaccess.us/journals/Archives-of-Urology/
http://www.heraldopenaccess.us/journals/Atmospheric-&-Earth-Sciences/
http://www.heraldopenaccess.us/journals/Aquaculture-&-Fisheries/
http://www.heraldopenaccess.us/journals/Biotech-Research-&-Biochemistry/
http://www.heraldopenaccess.us/journals/Brain-&-Neuroscience-Research/
http://www.heraldopenaccess.us/journals/Cancer-Biology-&-Treatment/
http://www.heraldopenaccess.us/journals/Cardiology-&-Neurocardiovascular-Diseases/
http://www.heraldopenaccess.us/journals/Cell-Biology-&-Cell-Metabolism/
http://www.heraldopenaccess.us/journals/Clinical-Dermatology-&-Therapy/
http://www.heraldopenaccess.us/journals/Clinical-Immunology-&-Immunotherapy/
http://www.heraldopenaccess.us/journals/Clinical-Studies-&-Medical-Case-Reports/
http://www.heraldopenaccess.us/journals/Community-Medicine-&-Public-Health-Care/
http://www.heraldopenaccess.us/journals/Current-Trends-Medical-&-Biological-Engineering/
http://www.heraldopenaccess.us/journals/Cytology-&-Tissue-Biology/
http://www.heraldopenaccess.us/journals/Dentistry-Oral-Health-&-cosmesis/
http://www.heraldopenaccess.us/journals/Diabetes-&-Metabolic-Disorders
http://www.heraldopenaccess.us/journals/Dairy-Research-&-Technology/
http://www.heraldopenaccess.us/journals/Emergency-Medicine-Trauma-&-Surgical-Care/
http://www.heraldopenaccess.us/journals/Environmental-Science-Current-Research/
http://www.heraldopenaccess.us/journals/Food-Science-&-Nutrition/
http://www.heraldopenaccess.us/journals/Forensic-Legal-&-Investigative-Sciences/
http://www.heraldopenaccess.us/journals/Gastroenterology-&-Hepatology-Research/
http://www.heraldopenaccess.us/journals/Gerontology-&-Geriatric-Medicine/
http://www.heraldopenaccess.us/journals/Genetics-&-Genomic-Sciences/
http://www.heraldopenaccess.us/journals/Hematology-Blood-Transfusion-&-Disorders/
http://www.heraldopenaccess.us/journals/Human-Endocrinology/
http://www.heraldopenaccess.us/journals/Hospice-&-Palliative-Medical-Care/
http://www.heraldopenaccess.us/journals/Internal-Medicine-&-Primary-Healthcare/
http://www.heraldopenaccess.us/journals/Infectious-&-Non-Infectious-Diseases/
http://www.heraldopenaccess.us/journals/Light-&-Laser-Current-Trends/
http://www.heraldopenaccess.us/journals/Modern-Chemical-Sciences/
http://www.heraldopenaccess.us/journals/Medicine-Study-&-Research/
http://www.heraldopenaccess.us/journals/Nanotechnology-Nanomedicine-&-Nanobiotechnology/
http://www.heraldopenaccess.us/journals/Neonatology-&-Clinical-Pediatrics/
http://www.heraldopenaccess.us/journals/Nephrology-&-Renal-Therapy/
http://www.heraldopenaccess.us/journals/Non-Invasive-Vascular-Investigation/
http://www.heraldopenaccess.us/journals/Nuclear-Medicine-Radiology-&-Radiation-Therapy/
http://www.heraldopenaccess.us/journals/Obesity-&-Weight-Loss/
http://www.heraldopenaccess.us/journals/Orthopedic-Research-&-Physiotherapy/
http://www.heraldopenaccess.us/journals/Otolaryngology-Head-&-Neck-Surgery/
http://www.heraldopenaccess.us/journals/Protein-Research-and-Bioinformatics/
http://www.heraldopenaccess.us/journals/Pathology-Clinical-&-Medical-Research/
http://www.heraldopenaccess.us/journals/Pharmacology-Pharmaceutics-and-Pharmacovigilance/
http://www.heraldopenaccess.us/journals/Physical-Medicine-Rehabilitation-&-Disabilities/
http://www.heraldopenaccess.us/journals/Plant-Science-Current-Research/
http://www.heraldopenaccess.us/journals/Pulmonary-Medicine-&-Respiratory-Research/
http://www.heraldopenaccess.us/journals/Practical-&-Professional-Nursing/
http://www.heraldopenaccess.us/journals/Reproductive-Medicine-Gynaecology-&-Obstetrics/
http://www.heraldopenaccess.us/journals/Stem-Cells-Research-Development-&-Therapy/
http://www.heraldopenaccess.us/journals/Surgery-Current-Trends-&-Innovations/
http://www.heraldopenaccess.us/journals/Toxicology-Current-Research/
http://www.heraldopenaccess.us/journals/Translational-Science-and-Research
http://www.heraldopenaccess.us/journals/Trends-In-Anatomy-And-Physiology/
http://www.heraldopenaccess.us/journals/Vaccines-Research-&-Vaccination/
http://www.heraldopenaccess.us/journals/Virology-&-Antivirals/

