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Introduction  
Chirality is a property of asymmetry important in several branches of science.  An object or a 
system is chiral if it is distinguishable from its mirror image; that is, it cannot be superposed onto 
itself.  Conversely, a mirror image of an achiral object, such as a sphere, cannot be distinguished 
from the object. A chiral object and its mirror image are called enantiomers.  A non-chiral object 
is called achiral and can be superposed on its mirror image. 

Metabolites are small molecules that are the intermediates and products of metabolism.  
Metabolites have various functions, including fuel, structure, signaling, stimulatory and inhibitory 
effects on enzymes, catalytic activity of their own, defense, and interactions with other organisms. 
A primary metabolite is directly involved in normal "growth", development, and 
reproduction. Ethylene is a primary metabolite produced on a large-scale. A secondary 
metabolite, including antibiotics and pigments, are not directly involved in those processes, but 
usually have important ecological functions.  Some sugars can fall under the category of 
metabolites, including fructose or glucose in the metabolic pathways. 

 

 

Chiral Compounds 

Chirality is a property of asymmetry important in several branches of science.  An object or a 
system is chiral if it is distinguishable from its mirror image; that is, it cannot be superposed onto 
itself.  Conversely, a mirror image of an achiral object, such as a sphere, cannot be distinguished 
from the object. A chiral object and its mirror image are called enantiomers.  A non-chiral object 
is called achiral and can be superposed on its mirror image.   

A quick jump back to General Chemistry I, one way to determine if the molecule is non-chiral and 
is imagined as being colored blue and its mirror image is imagined as colored yellow, then by a 
series of rotations and translations the two can be superposed producing green with none of the 
original colors remaining. 

Human hands are perhaps the most universally recognized example of chirality.  The left hand is 
a non-superimposable mirror image of the right hand; no matter how the two hands are oriented, 
it is not possible for all the major features of both hands to coincide across all axes.  This difference 
in symmetry becomes obvious if someone attempts to shake the right hand of a person using 
their left hand, or if a left-handed glove is placed on a right hand.  One form of configuring isomers 
is through specifying chiral centers as D or L.  This was devised by Emil Fischer, a German 
organic chemist who worked extensively with carbohydrates.  The D was from the Latin word 
Dexter meaning on the right while the L was from Laevus meaning on the left.  Enantiomers that 
rotate the plan of polarized light clockwise were labeled D (+) while enantiomers that rotate 
counterclockwise were labeled L (-).  The CDBS-453 is also very successful cite FDA paper for 
the separation of L-epinephrine and D-epinephrine. 



One of the best way to separate chiral compounds is using chromatography.  Shodex offers two 
columns, the CDBS-453 and CRX-853 as part of the ORpak to analyze chiral compounds.  ORpak 
CDBS-453 can separate optical isomers by using their conformational compatibility differences.  
The ORpak CRX-853 separates optical isomers by using the differences in metal complex 
formation capacities of functional group and metal ion in the eluent and optical isomers.  The 
CRX-453 works very well to separate chiral amino acids, hydroxyl acids, and their derivatives. 

 

CDBS-453 is a relatively versatile column for chiral separate as verified by USP L45.  The versatile 
nature of the CDBS-453 allows for 17 different chiral compounds were analyzed using the CDBS 
under similar conditions.    

 

  

Epinephrine Terbutaline Norphenylephrine 

   

alpha=1.15, Rs=2.1Eluent: A alpha=1.14, Rs=2.2Eluent: D alpha=1.11, Rs=1.9Eluent: D 
Oxyphencyclimine Trihexyphenidyl Promethazine 

   

alpha=1.11, Rs=1.6Eluent: C alpha=1.14, Rs=1.8Eluent: C alpha=1.08, Rs=1.2Eluent: E 
Trimipramine Brompheniramine Homatropine 

  

 

alpha=1.13, Rs=1.9Eluent: E alpha=1.35, Rs=4.2Eluent: B alpha=1.14, Rs=1.7Eluent: E 
Benzoin Zopiclone Nefopam 
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alpha=1.15, Rs=1.8Eluent: E alpha=1.22, Rs=1.8Eluent: B alpha=1.35, Rs=4.9Eluent: E 
Oxazepam Hexobarbital Norlaudanosoline 

   

alpha=1.20, Rs=2.4Eluent: B alpha=1.18, Rs=2.1Eluent: A alpha=1.24, Rs=2.1Eluent: B 
Chlortharidone Indapamide Efaroxan 

  

 

alpha=1.29, Rs=3.8Eluent: B alpha=1.18, Rs=2.2Eluent: D alpha=1.11, Rs=1.8Eluent: E 
2-Phenoxypropionic acid Propanolol 

 

  

 

alpha=1.15, Rs=2.4Eluent: B alpha=1.11, Rs=1.5Eluent: E  

 
 Eluent A :1% CH3CN + 99% (0.05% CH3COOH + 0.2M NaCl) in H2O 
 Eluent B :10% CH3CN + 90% (1.1% CH3COOH + 0.2M NaCl) in H2O 
 Eluent C :30% CH3CN + 70% (1.1% CH3COOH + 0.2M NaCl) in H2O 
 Eluent D :10% CH3CN + 90% (1.4% CH3COOH + 0.7% (C2H5)3N + 0.2M NaCl) in H2O 
 Eluent E :25% CH3CN + 75% (1.4% CH3COOH + 0.7% (C2H5)3N + 0.2M NaCl) in H2O 

 

 

 

https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/
https://shodexhplc.com/applications/chiral-separation-by-cdbs-453/


It must be acknowledged, that D and L were the first way to label chiral enantiomers, but with 
time, another way to label enantiomers emerged.  The R comes from the Latin word Rectus 
meaning right handed and the S comes from Sinister meaning left handed.  Typically, D=R and 
L=S, but this is not always the case. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The ORpak CRX-853 is packed with polyhydroxymethacrylate with the functional group of L-
amino acid derivative.  This column was designed to separate optical isomers by using the 
differences in metal complex formation capacities of functional group and metal ions in the eluent 
and optical isomers.  This column is ideal for some amino acids, hydroxyl acids, and their 
derivatives.  The following two examples depict the separations amino acids.  D- and L-
phenylalanine and D- and L-aspartic acids were separated using the ORpak CRX-853 and UV-
vis detection.   

 

 

 



 

 

 



 

  



 

 

 

Metabolites  
 

Metabolites are typically defined as the intermediates and products that form during metabolism, 
while the term “metabolite” is usually restricted to small molecules.  Metabolites have various 
functions, including structure, signaling, stimulatory and inhibitory effects on enzymes, catalytic 
activity of their own (typically acting as a cofactor to an enzyme), defense, and interactions with 
other organisms.  A primary metabolite is directly involved in normal growth, development, and 
reproduction.  

Metabolites are typically organized as labeling classes primary, secondary, etc.  Ethylene is an 
example of a primary metabolite produced in large-scale by industrial microbiology.  A secondary 
metabolite is not directly involved in those processes, but usually has an important function.  
Secondary metabolite examples include antibiotics and pigments such as resins and terpenes 
etc. Some antibiotics use primary metabolites as precursors, such as actinomycin which is 
created from the primary metabolite, tryptophan.  Some sugars are classified as metabolites; 
including fructose or glucose in the metabolic pathways.  (Please refer to Technical Notebook 2 
for more information on sugars). 

Examples of primary metabolites produced by industrial microbiology: 

 

Class Example 
Alcohol Ethanol 

Amino acids Glutamic acid 
Nucleotides 5’ guanylic acid 
Antioxidants Isoascorbic acid 

Organic acids Acetic acid 
Polyols Glycerol 

Vitamins B2 

 

 

The metabolome forms a large network of metabolic reactions, where outputs from one enzymatic 
chemical reaction are inputs to other chemical reactions. 

Metabolites from chemical compounds, whether inherent or pharmaceutical, are formed as part 
of the natural biochemical process of degrading and eliminating the compounds.  The rate of 
degradation of a compound is an important determinant of the duration and intensity of its action. 



Profiling metabolites of pharmaceutical compounds, drug metabolism, is an important part of drug 
discovery, leading to an understanding of any undesirable side effects. 

Shodex offers a variety of separation modes for metabolite analysis.  The most widely used 
separation mode is reversed phase.  In the figures below, bile acid and hippuric acid were 
analyzed using the Shodex C18-4D. 

 

 



 

Hippuric acid can also be analyzed under different conditions using the RSpak DE-413.   

 



 
 
 

 
Multimode chromatography refers to the utilization of chromatographic methods of more than one 
form of interaction between the stationary phase of the analytes to obtain separation. Using 
multiple modes of chromatography can lead to higher selectivity as well as other advantages. This 
complex separation mode may provide a separation between the molecules with similar molecular 
sizes.  Another type of separation can include positive, negative and neutral substances 
undergoing separation through reversed phase/anion-cation exchange column in a single run.  
The loading capacity of the column may be increased which can ultimately lead to new selection 
and semi-preparative and preparative chromatography.   

Some forms of multimode chromatography include ion exchange and hydrophobic interaction 
chromatography.  This combination is used for the separation of many biological products as it 
has enhanced selectivity since it uses both electrostatic and hydrophobic interactions.  Another 
form could include a combination of HILIC and reversed phase, this can adjust the retention by 
altering the organic phase in the mobile phase.  One last example of multimode chromatography 
includes SEC, reversed phase chromatography, and ion exchange. Hydrophobic interactions in 
protein SEC and reversed phase are relatively weak at low ionic strength, the addition of 
electrostatic effects may contribute significantly to retention, and this allows us to use an SEC 
column as a weak ion exchanger.   

 



 

 

 
Here, the GS-320 uses SEC as the main separation mode.  Depending upon the eluent selected, 
the column can separate using reversed phase, HILIC, and ion exchange mode as a secondary 
separation.  Below, HVA and VMA were separated using the GS-320. 
 
Homovanilic acid (HVA) and Vanillylmandelic acid (VMA) are other metabolites and are typically 
isolated in urine.  The Asahipak GS-320 7E (a multimode column) paired electrochemical 
detection can easily detected HVA and VMA. 
 
 

https://shodexhplc.com/applications/hva-and-vma-in-urine/show.php?seitenid=1&prodid=45
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