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Introduction 
 

Covering vitamins, lipids, hormones and neurotransmitters can be quite complex. Some 
vitamins are derived from and considered a form of lipid while the water-soluble vitamins are 
not. Some compounds are internally synthesized by the body while the vitamins are not. Some 
compounds act as structural components of the cell wall or as signaling compounds for other 
body functions or metabolic processes and some even act as hormones or neurotransmitters. 
We focus on the chromatography with minor biological context. First, we review the vitamins 
and their diverse chromatographic possibilities due to their dual role as water soluble and fat 
soluble (lipid derived) compounds. Afterward, we review all the lipids including fats, hormones 
and neurotransmitters. 

 

 

 

 

 

 

 

 

 

 

 

 

  



Chromatographic Conditions and Column Selection 
This technical notebook covers some of the most chemically and physically diverse compounds 
in the new technical notebook series. The separations can involve small molecule vitamins, either 
fat-soluble or water soluble to large proteins >20,000 Daltons. Some peptide separations may 
involve numerous compounds that are within tens of Daltons in weight difference. Solvent 
solubility is always an issue. Hence, it is important to review the differences in polarity and 
molecular weight as well as solubility when choosing the best column for the desired separation. 
There is no one “exact” column that can be used. However, a few general principles can help 
avoid time-consuming method development or altogether failure of the separations. Please refer 
to Technical Notebook 1 for a more extensive discussion on separation modes. 

 
Figure 1 Figurative graph of separation mode by molecular weight vs solvent polarity 

 

Group Description Mode(s) Examples Notes 

A High MW, Low 
polarity 

SEC (organic GPC) Plastics, cellulose, 
some proteins 

Olefins, CMC 

B 
High MW, High 
polarity 

SEC (aqueous GFC), 
ion exchange, 
multimode 

Proteins, some PEG-
PEO, some 
polysaccharides  

Polysaccharides depend on 
linkages and sugar types 

C 
Low MW, Low polarity Reversed phase 

(moderate polarity), 
Normal phase (NP) 

Small organic 
compounds (alkane 
derived) 

hydrocarbons, NP: special 
fatty acids and fat-soluble 
vitamins 

D 
Low MW, High 
polarity 

Normal phase, Ion 
exchange, HILIC, IC, 
IEC, SEC, RP, 
multimode 

Metal ions, small polar 
sugars, 
oligosaccharides 

HILIC (Hydrophilic 
Interaction Liquid 
Chromatography) is a 
special form of NP 

Figure 2 
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Figure 4 



Guidelines for Shodex Column Selection: Vitamins, Hormones and Lipids 
 

(Vitamins) In the past, vitamins were typically analyzed by bioassay or enzyme assay. However, 
these methods were complicated and differed according to the kind of vitamins to be analyzed, it 
was impossible to analyze several kinds of vitamins at one time. Recently, HPLC methods have 
been adopted as one of the official methods in Japan. Specifically, HPLC analysis using reversed 
phase mode or normal phase mode is widely accepted for vitamin analysis. 

(Hormones and Neurotransmitters) Hormones of Mammalia can be classified into peptides, 
amino acids, steroids, catecholamines, etc. Most columns used in the section of “Proteins, 
Peptides and Amino Acids” also can be used for the analysis of hormones. Reversed phase mode 
is especially suitable for the analysis of steroids and catecholamines. 

(Lipids) Reversed phase, normal phase, and GFC modes are used for the analysis of lipids. 

 
Figure 5 

Guidelines for Shodex Column Selection: Proteins, Peptides and Amino Acids 
 



Proteins and peptides are commonly studied in biotechnology, pharmaceuticals and food science. 
HPLC is one of the most common analytical methods for proteins or amino acids. The main 
separation modes used for protein analysis are gel filtration chromatography (size exclusion 
chromatography), reverse phase chromatography, ion exchange chromatography, hydrophobic 
interaction chromatography, affinity chromatography, etc. For analysis of peptides and amino 
acids, a combination of HILIC mode and LC/MS are also used. 

 
Figure 6 

  



General Column Selection Guidelines: SEC & Sample Polarity 
 

Column Selection: By Polarity of Sample | Shodex HPLC Columns, Detectors, Standards 

For measurement of molecular weight distribution by SEC mode, it is necessary that no interaction 
exists between packing material and the sample. Considering the properties of the polymer such 
as hydrophobicity, hydrophilicity, ionic, nonionic as well as eluent can aid in the column selection. 

 
Figure 7 

  



General Column Solvent Usability 

 
Figure 8 

 

 

 

  



Vitamins 
 

The word “vitamin” is derived from the Latin “vitae” or “life” and amine, the chemical functional 
group on many of these compounds. This class of compounds does not include other essential 
nutrients such as fatty acids, minerals and essential amino acids. Vitamins cannot be synthesized 
by organisms in sufficient quantities to sustain human life. Hence, they must be absorbed by 
external means, normally by foods in the diet either raw or cooked. The necessity of certain 
vitamins is determined by the organism and the storage method of the organism. Some vitamins 
may be stored in the body for years. Thus, deficiency associated disease may not be expressed 
for a long time. Other vitamins, such as niacin (vitamin B3) only last for a few days. (Combs and 
McClung 2017) 

There are only 13 known vitamins. However, these compounds may be characterized by their 
many chemical “forms” such as tocopherol (vitamin E) or by their precursor type(s) such as beta 
carotene, one type of vitamin A (others include retinol and retinal). The table below summarizes 
the major forms of each vitamin and recommended Shodex™ columns. Please note that these 
are general recommended columns, as other columns may be more suitable depending on the 
type and conditions of analysis. Also note that all vitamins are introduced here. Later, we revisit 
the fat-soluble vitamins and their roles as a class of lipids. (Combs and McClung 2017) 



Major Forms of Vitamins and Recommended Columns (Wikipedia 2017) 

 
Figure 9 

 

Vitamin B1 Thiamine Water
Pork, oatmeal, brown rice, vegetables, 
potatoes, liver, eggs

DE-413

Vitamin B12
Cyanocobalamin, hydroxocobalamin, meth
ylcobalamin, adenosylcobalamin

Water Meat, poultry, fish, eggs, milk
KW-800 series     
KW-400 series    
DE-413             

Vitamin B2 Riboflavin Water
Dairy products, bananas, popcorn, green 
beans, asparagus

DE-413

Vitamin B3 Niacin, niacinamide, Nicotinamide riboside Water
Meat, fish, eggs, many vegetables, 
mushrooms, tree nuts

DE-413

Vitamin B5 Pantothenic acid Water Meat, broccoli, avocados

VT-50 2D              
NH2P-50 4E         
DE-413L              
NN-814                
ODP-50 4E                
KC-811

Recommended 
Column(s)

ODP-50 4E                         
KF-801                    

Vitamin generic 
descriptor name

Vitamer chemical name(s) (list not 
complete)

Base Chemical structure Solubility Food sources

Vitamin A
Retinol, retinal, and four carotenoids 
including beta carotene

Organic
Liver, orange, ripe yellow fruits, leafy 
vegetables, carrots, pumpkin, squash, 
spinach, fish, soya milk, milk



 
Figure 10 

 

Most of the vitamins are polar and, hence water soluble. Therefore, HILIC and reversed phase 
columns may be used. Typical HILIC columns are VG-50 series, NH2P-50 series and VT-50 
columns. All HILIC columns come in 4.6 and 2.0 mm bore sizes for conventional or mass 
spectroscopic analysis respectively. Please refer to the table below for a description on the 
functional groups. Please refer to Technical Notebook #1 for further discussion on separation 
modes. 

 

 

 

Vitamin B6 Pyridoxine, pyridoxamine, pyridoxal Water Meat, vegetables, tree nuts, bananas

VG-50 series               
NN-814             
DE-413                  
ODP-50 6D             
C18-4D (silica)

Vitamin B7 Biotin Water
Raw egg yolk, liver, peanuts, leafy green 
vegetables

DE-413, DE-413L

Vitamin B9 Folic acid, folinic acid Water Leafy vegetables, pasta, bread, cereal, liver
NH2P-50 4E           
DE-413L                  
VG-50 4E

Vitamin C Ascorbic acid Water Many fruits and vegetables, liver

VT-50 2D              
NH2P-50 4E         
DE-413, DE-413L              
NN-814                
ODP-50 4E                
KC-811

Vitamin D Cholecalciferol (D3), Ergocalciferol (D2) Organic Fish, eggs, liver, mushrooms
ODP-50 4E             
ODP-50 6D            
KF-801

Vitamin E Tocopherols, tocotrienols Organic Many fruits and vegetables, nuts and seeds
ODP-50 4E                         
KF-801                    
5SIL 4D (silica)

Vitamin K Phylloquinone, menaquinones Organic
Leafy green vegetables such as spinach, 
egg yolks, liver

ODP-50 4E                         
KF-801                    
5SIL 4D (silica)

Recommended 
Column(s)

Vitamin generic 
descriptor name

Vitamer chemical name(s) (list not 
complete)

Base Chemical structure Solubility Food sources



 

Series Functional Group 

NH2P 

 

VG-50 

 

VT-50 

 

VC-50 

 

VN-50 

 
Figure 11 

Base material is polyvinyl alcohol (PVA) 

Reversed phase columns such as ODP-50 (Octadecyl Polymer (polymeric C18)) and DE-413 
(polymethacrylate) series may also be used for some vitamins. Ligand exchange columns such 
as KC-811 (with calcium ligand) are used for ascorbic acid.  

The main feature of all these series are the ability to handle harsh solvent/eluent environments. 
Some pre-sample treatments such as liquid-liquid extractions may cause the samples to be 
highly basic or acidic. The polymer-based columns can handle pH ranges from pH 2 to pH 10. 
The polyvinyl alcohol-based columns (all HILIC columns) can handle eluents up to pH 13. This 
allows the user to utilize pH as an additional parameter to optimize the separation as well as to 
clean and condition the column.  

Parameters include: 

1. Temperature 
2. Salt (non-mineral salts for LC-MS and ELSD and CAD) 
3. Acids and bases (pH) 
4. Flow-rate 



5. Eluent 

The use of salt and pH may allow for isocratic elution, helpful for HPLC systems with RI 
detectors. The characterization of vitamins in foods, especially processed foods and food 
concentrates, is vital in the food industry. Consistent levels of vitamins are necessary to comply 
with local laws and company claims. Vitamin C (ascorbic acid) is one of the most common 
vitamins. 

 

For the analysis of ascorbic acid, amino or silica-based columns are usually used. Analysis 
using amino columns is particularly wide spread because isoascorbic acid as well as ascorbic 
acid can be analyzed together. However, conventional amino columns are silica-based, bonded 
with aminopropyl groups or polyamine and are not chemically stable. Therefore, they have 
certain disadvantage such as a decrease in retention and short column life. Since 
Asahipak NH2P-50 4E is a polymer-based column, it does not suffer from such disadvantages. 
Moreover, since NH2P-50 column can be washed with alkaline solvents, the column life can be 
greatly extended. 

 

 
Figure 12 Equilibration of NH2P-50 4E column 

 

In Figure 12 above a 60mM phosphoric acid solution is passed through the column at a flow rate 0.5 
mL/min for 2 hours. This is replaced by the eluent described above. 

  

http://shodexhplc.com/product/asahipak-nh2p-50-4e/


The new VT-50 2D column may be used to analyze vitamin C by LC-MS. Thus, multiple 
vitamins may be simultaneously measured. Organic solvents and reversed phase columns (DE-
413 and ODP-50 4E) may also be used. 

 
Figure 13 Example of LC-MS separation of vitamin C and vitamin B5.  

 

 

 

 

 

Fat-soluble vitamins are soluble in organic solvents. Thus, reversed phase or gel permeation 
chromatography (GPC) may be used as depicted below. Asahipak ODP-50 4E was used for the 
simultaneous analysis of fat-soluble vitamins (Figure 14). Good calibration curves were obtained 
for them. 

Sample Key: 

Sample: 20 µL 1. Vitamin K3 2. Vitamin A 3. Vitamin A acetate 4. Vitamin D2 5. 
Vitamin D3 6. Vitamin E acetate7. Vitamin E 8. Vitamin K1 



 
Figure 14  

 

GPC mode is well suited for fat-soluble vitamins analyses. This shows the analysis of fat-soluble 
vitamins by GPC mode using GPC KF-801. 

 
Figure 15 



Lipids 
 

Lipids serve a vital role in all life. The term “lipid” from the French “lipide” or “fat” is loosely applied 
to several different chemical compounds. In general, these compounds include fat-soluble 
vitamins, steroidal compounds, the fatty acids: mono- di- and triglycerides, phospholipids and any 
combination of these compounds. These compounds comprise the structural components of the 
cell membrane and some act as signaling devices within those membranes. Those signals trigger 
the movements of vitamins, drugs, hormones, proteins and even neurotransmitters in and out of 
cells. Indeed, some lipids may act as hormones and other chemical components within the body 
and especially within the cell walls of eukaryotes (Mashaghi, et al. 2013). Here we introduce the 
lipids as general compounds, define the classes and then treat the specifics of each class: 
vitamins (fat-soluble), hormones and neurotransmitters. 

 

Categories of Lipids1 

Biologically Important Fatty acids 
These compounds comprise a one alkylated chain ending in a terminal carboxyl group. The more 
hydrogens present the more “saturated” the fatty acid. This class is responsible for both the 
structural integrity of cells and diseases that may impede proper blood flow and metabolism. 

Unsaturated Fatty acids 

Arachidonic acid and eicosapentaenoic acid and docosahexaenoic acid are important as 
signalers, vasodilators, inflammatory and triglyceride reducers (Wikipedia 2017).  

Unsaturated fatty acids are expected to prevent arteriosclerosis and thrombosis, and improve 
visual function and allergy symptoms. In this application, three kinds of Omega-3 fatty acids and 
two kinds of Omega-6 fatty acids were analyzed using Asahipak ODP-50 4D, a polymer-based 
reversed phase chromatography column. 

                                                           
1 Adapted, in part, from Wikipedia. 



 
Figure 16 

 

Saturated fatty acids may be separated using corona aerosol detection (CAD). Several fatty acids 
were separated by RSpak DS-613, a polymer-based reversed phase column, and detected by a 
corona CAD. By using corona CAD, caprylic acid can be analyzed without an interfering influence 
from the earlier-eluting solvent peaks.  

 
Figure 17  

 



Leukotrienes are immune and inflammatory response “regulators”. They can be attributed to the 
control of anaphylaxis (LTC4, LTD4, LTE4 and LTB4). Note the presence of the cysteine moiety. 
These compounds may be separated using traditional reversed phase mode. 

 
Figure 18 

 

 

 
Figure 19 LTs (Leukotrienes) were analyzed using Asahipak ODP-50 6D, a column for reversed phase 
chromatography. 

 

 

Glycerolipids 
This lipid class includes glycerols, mono-, di- and tri-glycerols and the equivalent esterified 
glycerides. The most well-known are the triglycerides. Triglycerides are stored as fat cells in the 
body and metabolized as needed via ester hydrolysis, such as when there is a lack of external 
nutrients.  

Glycerin and Glyceric Acid Analysis were analyzed using SUGAR SH1011. 



 
Figure 20 

 

Triglycerides 

 
Figure 21 

 

Glycerophospholipids 
These compounds are often referred to as phospholipids. They are ubiquitous and important in 
the lipid bilayers of cell walls both as signalers and in metabolism. Protein and gene targeting 
drugs have been formulated to include phospholipids for its absorptivity into the cell walls and, 



in some cases, for its protection in liver and/or kidney toxicity. Important phospholipids include 
phosphatidylcholine and phosphatidylethanolamine.  Dioleoyl-phosphatidyl ethanolamine has 
long been known as effective for targeted drug delivery. 

Functional lipids, such as dioleoyl-L-α-Phosphatidylethanolamine (DOPE), are found in the 
micellar cell walls. These lipids are important for intercellular traffic regulation. As well, they 
have been used extensively in the product development of liposomal gene therapeutic drugs for 
facilitating the transfer through the cell wall. While the synthetic steps of DOPE and similar lipids 
is simple the actual practice can be complex and requires that little or no impurities are present 
during synthesis. Thus, gel permeation chromatography is a good method of purity analysis. 
(Scherman 2013) 

 
Figure 22 

 

 

 

Sterols 
The sterols are also important structural compounds in the cell walls. Some (as we see later) 
are also important as hormones. The most important base structures of the sterols are the 
steroids. 

Three kinds of steroids were separated using OHpak SB-802.5 HQ in Figure 23. OHpak 
columns are used for GFC separation). 

 



 
Figure 23  

There are several minor classes of lipids not reviewed here including prenol lipids saccharolipids 
and polyketides.  

The sterols are precursors to hormones, one of the most biologically important classes of 
compounds. 

 

  



Hormones 
Hormones are signaling compounds that are transported via the circulatory system. They 
ultimately affect physiological and psychological behavior, thus making these the most important 
biological compounds in all multi-cellular organisms. 

Hormones are derived from three major classes of compounds: amino/peptide, eicosanoids, and 
steroids. These classes are important in the determination of the LC solid support and functional 
group required for successful separations. The eicosanoids and steroids were discussed earlier 
in the lipids section. Please refer to those discussions. Below we concentrate on the 
amino/peptide hormones. 

 

The Amino/Peptide Class 
These compounds can range from small peptides such as vasopressin to large proteins such as 
insulin. Some examples are shown below. 

Short peptide hormones such as vasopressin, responsible for water retention (Caldwell and 
Young, III 2006), (Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly-NH2) can be difficult to separate from 
other peptides in biological fluids by traditional routes such as reversed phase, size exclusion, or 
ion exchange chromatography due to the similarities in molecular weight and chemical properties. 
With the differences in isoelectric points it is possible to successfully separate small peptides 
chains by using a multimode column. Multimode columns use two or more characteristics for 
separation. The example below exemplifies the use of reversed phase (hydrophobic interaction) 
and ion exclusion based on the difference of isoelectric point (pI).  

 

Features of Multimode Columns (Peptide Analysis) 
Although the Asahipak GS-HQ series are primarily GFC columns, they permit different types of 
separation and analysis from conventional ones by use of a multimode which combines the 
hydrophobic interaction (RPC) and ionic interaction (IEX: ion exclusion). The modal influence 
depends on the eluent, salts and buffers used as well as the analyte characteristics. The GS-320 
HQ column performs well in separating hydrophillic peptides, particularly acidic and basic 
peptides. As the columns can be used over a wide range of eluent pH because of being polymer-
based column, they can be washed with alkaline solution leading to a longer column life, which is 
another feature of the column. The graphic below depicts the interactions between the major 
modes that are considered “multimode”. 

 
Figure 24 Multimode separation is denoted by the light blue area. 

http://shodexhplc.com/applications/features-of-multimode-columns-peptide-analysis/
http://shodexhplc.com/applications/features-of-multimode-columns-peptide-analysis/?prodid=824
http://shodexhplc.com/applications/features-of-multimode-columns-peptide-analysis/?prodid=824


 
Figure 25 Peptides of similar molecular weights can be separated by multimode using their ionization potentials (pI). 

Angiotensin I, II, III 

Angiotensins were analyzed using IEC SP-825 (a column for strong cation exchange 
chromatography). Angiotensins are physically active peptides and cause blood pressure to rise 
(Wikipedia 2017). Angiotensin I is a decapeptide, Angiotensin II an octapeptide and Angiotensis 
III a hexapeptide. These three components separated very well by gradient elution with increasing 
salt concentration. 

 

 
Figure 26 

http://shodexhplc.com/applications/angiotensin-i-ii-iii/show.php?seitenid=1&prodid=271


Endorphins 

Endorphins were analyzed using Asahipak GS-320 HQ (a multimode column). 

  

 

According to the USP 39 method, high molecular weight proteins in insulin should be analyzed 
using a column packed with L20. It is necessary for the system suitability to satisfy retention times 
between 13 and 17 min for the polymeric insulin complexes, about 17.5 min for the covalent 
insulin dimer, and between 18 and 22 min for the insulin monomer), and peak-to-valley ratio which 
is the ratio of the height of the covalent insulin dimer peak to the height of the valley between the 
covalent insulin dimer peak and the insulin monomer peak ≥ 2. It was confirmed that the all 
conditions were satisfied when they were analyzed using PROTEIN KW-802.5. 

Figure 27 

http://shodexhplc.com/applications/endorphins/?prodid=824


 
Figure 28 

 

The α1 Acid glycoprotein, Orosomucoid, from bovine plasma was analyzed using PROTEIN KW-
804 (a column for GFC separation). Refer to the figure below. 

  

 
Figure 29  

The eicosanoids were discussed in the lipids section. Another example is shown below. HETEs 
(hydroxyeicosatetraenoic acids) were analyzed using Asahipak ODP-50 6D, a 6.0 x 150 mm 
column for reversed phase chromatography. 

http://www.shodexhplc.com/applications/heets-hydroxyeicosatetraenoic-acids/show.php?seitenid=1&prodid=1118


 

 

 

Steroids 
Steroids are, probably, the most well-known of the hormones. They control gross physiologic and 
psychologic behavior in animals. Examples include the sex hormones estradiol and testosterone 
and the stress controlling hormone cortisol (Lednicer 2011). A typical separation is depicted below 
in the application titled LC/MS/MS monitoring of the Estradiol metabolism. 

Steroid hormones like estradiol are excreted in animals as aggregates – a form presenting no 
hormonal activity. It has however been reported that upon removal of water, they disassemble to 
release the free active form, which has prompted efforts to characterize such aggregates (Naldi, 
et al. 2016). In this application, estradiol and its metabolic by-products, i.e. 11 compounds 
including estrone and a variety of estradiol glucuronides were analyzed with the polymer-
based NH2P40-2D column in HILIC mode with LC/MS/MS detection. 

Figure 30 Separation of 15-HETE, 12-HETE and 5-HETE. Courtesy of Dr. Oishi and Dr. Yamaki, Kitazato University 

http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/


 
Figure 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32 Estradiol and metabolic byproducts. See information box below. 

Sample Key: 0.1 ppm each, 5 µL 1. Estrone-3-sulfate 2. β-Estradiol-3-sulfate 3. Estriol-3-
sulfate 4. Dehydroepiandrosterone-3-sulfate 5. Estrone-3-glucuronide 6. β-Estradiol-17-
glucuronide 7. β-Estradiol-3-glucuronide 8. Estriol-3-glucuronide 9. Estriol-16-
glucuronide 10. Dehydroepiandrosterone-3-glucuronide 11. Androsterone-3-glucuronide 

 
Eluent conditions: Eluent: A=10mM NH4OH CH3CN B=10mM NH4OH H2O; Linear gradient: 
B%, 22% (0-5min), 22-70% (5-10min), 70% (10-15min) 

http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/
http://shodexhplc.com/applications/lc-ms-ms-monitoring-of-the-estradiol-metabolism/


Three kinds of steroids were separated using OHpak SB-802.5 HQ, a column for GFC 
separation. 

 

 

 

Neurotransmitters 
Currently, there are more than 100 known neurotransmitters. Most of these compounds are low 
molecular weight and function by moving across the synaptic cleft between the synapses of 
neurons. Transmission imparts excitatory biological functions that are responsible for the behavior 
of animals from motor function and sense to abstract psychological functions such as memory 
and learning (Lodish, et al. 2008). 

There are three major classes of neurotransmitters although these can be broken down further 
into subclasses. These major classes are divided into amino acids, peptides, and monoamines. 
Major neuro transmitter subclasses are listed below (adapted from Wikipedia 2017). The major 
neurotransmitters are listed below. (Pradhan, et al. 2014) 

1. Amino acids: glutamate,[4] aspartate, D-serine, γ-aminobutyric acid (GABA), glycine 
2. Gasotransmitters: nitric oxide (NO), carbon monoxide (CO), hydrogen sulfide (H2S) 
3. Monoamines: dopamine (DA), norepinephrine (noradrenaline), epinephrine (adrenaline,

 histamine, serotonin (SER, 5-HT) 
4. Trace amines: phenethylamine, N-methylphenethylamine, tyramine, 3-

iodothyronamine, octopamine, tryptamine, etc. 
5. Peptides: somatostatin, substance P, cocaine and amphetamine regulated 

transcript, opioid peptides[9] 
6. Purines: adenosine triphosphate (ATP), adenosine 
7. Others: acetylcholine (ACh), anandamide, etc. 

HILIC and reversed phase mode columns are used due to the polar nature of most compounds. 
Further, solubility in mixed aqueous/organic solvents and eluents are ideal for HILIC mode 

Figure 33 

http://shodexhplc.com/product/ohpak-sb-802-5-hq/
https://en.wikipedia.org/wiki/Neurotransmitter#cite_note-twsNovK11-4
https://en.wikipedia.org/wiki/Monoamine
https://en.wikipedia.org/wiki/Dopamine
https://en.wikipedia.org/wiki/Norepinephrine
https://en.wikipedia.org/wiki/Neurotransmitter#cite_note-pmid38738-9


separations. Examples include LC/MS analysis of major neurotransmitters. Mass spectroscopic 
analysis is more affordable with much higher sensitivity than traditional detection routes.  

 
Figure 34  



LC/MS Analysis of Monoamine Neurotransmitters 
Five kinds of monoamine neurotransmitters were analyzed using HILICpak VC-50 2D, a polymer 
based column for HILIC mode. Histamine is more basic than other monoamines and causing 
stronger ion exchange interactions between histamine and gel material resulting histamine to 
elute later. The VC-50 2D is a new type HILIC column with polyol functionality. 

 

 

 

 

There is a need to determine enantiomeric purity of compounds such as epinephrine and related 
drugs. The incorrect isomer can be toxic or fatal even in very small concentrations. Enantiomers 
require chiral interactions with chiral sold supports. The D and L forms of epinephrine are best 
separated using the CDBS-453 chiral column as depicted below. Recently, the FDA developed 
an equivalent method with CDBS-453 for use on mass spectrometers. (Kirkpatrick, Yang and 
Trehy 2017)  

Figure 35 

http://shodexhplc.com/product/hilicpak-vc-50-2d/


 

Figure 36 

Some neurotransmitters lack -bonding, responsible for fluorescence. (Perry, Li and Kennedy 
2009) Moreover, often gradient analysis must be used to achieve successful separation of 
multiple compounds in the sample matric. Hence, mass spectroscopic analysis is necessary. 
Laboratories lacking mass spectrometers also may use post-separation derivatization. The 
separation of acetylcholine from choline is depicted below. 

 

Analysis of Choline and Acetylcholine 
  

Choline and acetylcholine are important components of living organisms that act as autacoids. 
Choline and acetylcholine separated by RSpak ACH-494 and DE-613 or ACH-494 and DE-
413 are converted to hydrogen peroxide (H2O2) by ACH-494 (AFpak ACH-494) , a column with 
cholineoxidase and acetylcholine esterase, works as an immobilization enzyme reactor (IMER). 
This hydrogen peroxide can be detected by an electrochemical detector (ECD). We recommend 
that DE-413 is used to reduce analytical time. 

 

Figure 37 Schematic of separator and reactor columns for separation of choline and acetylcholine. 

 

http://shodexhplc.com/product/afpak-ach-494/
http://shodexhplc.com/product/rspak-de-613/
http://shodexhplc.com/product/afpak-ach-494/
http://shodexhplc.com/product/rspak-de-413/
http://shodexhplc.com/product/rspak-de-413/
http://shodexhplc.com/product/afpak-ach-494/
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Figure 38 

Options Key:  
Separator Columns:  
(1) Shodex RSpak DE-613 (6.0mmID*150mm) or  
(2) DE-413 (4.6mmID*150mm) 
Post-Column Reactor: Shodex AFpak ACH-494 (4.6mmID*10mm) 
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