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Background and overview

• The ERNDIM CSF neurotransmitter scheme 
started in 2014

• Interpretation has always been part of the 
scheme

• 5-methyltetrahydrofolate was added in 2024

• Biopterin and neopterin will be added next 
year
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Participants each year
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Methods – change from HPLC ECD to LCMS
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Overview of workshop

• Technical aspects of HPLC and LCMS

– Monoamines

– Folate

– Pterins

Main focus will be on underivatised methods but 
some derivatisation methods will be discussed

admin@erndim.org 5



Dopamine and serotonin metabolism
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• HVA is measured as a marker of dopamine turnover
• 5HIAA is a marker of serotonin turnover
• BH4 and PLP are co-factors in dopamine and serotonin synthesis
• 5-methyltetrahydrolate (5MTHF) is used in methylation of L-dopa

3-methyl dopa (3MD)



Technical aspects – pre-analytical

• CSF collection

• Rostrocaudal gradient for 5HIAA, HVA and BH4

• Important to collect specific fractions and 
have fraction specific reference ranges.

• Some metabolites (BH4, 5HIAA and 5MTHF) 
are more labile so important to freeze CSF as 
soon as possible and store at -70C.

• Reducing agents (DTE) and metal chelators 
can prevent oxidation of BH4
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• Tube 1  0.5ml   HVA & 5-HIAA

• Tube 2  0.5ml   5-MTHF & PLP

• Tube 3  1.0ml   Pterins

CSF – Sample 

Requirements

(DTE/DETAPAC)

Collect at bedside and freeze immediately 
Age related reference ranges
Clinical Details and Drugs

Rostro-caudal Gradient



Technical aspects – pre-analytical 

• Reference ranges are age-related and fraction 
specific

• Vast differences in concentration of 
monoamines between lumbar and ventricular 
samples

• In case of doubt, confirm with clinician
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Age-related reference ranges
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5-methylterahydrofolate 
Reference ranges



Continuous reference ranges
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Sample treatment overview

• CSF is a fairly clean matrix with low protein

• Many ‘traditional’ methods inject neat CSF

• This can lead to column/tubing blockages

• Sample treatment can include centrifugation, 
molecular weight cut-off filters, protein 
precipitation (acid or organic)
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Analytical methods

• HPLC with ECD for monoamines

• HPLC with fluorescence 5MTHF

• HPLC with ECD and fluorescence pterins

• Mass spectrometry methods
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Monoamines by HPLC with ECD
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• Phosphate buffer with ion pair (octanesulphonic acid), pH2.7, 
18% methanol, C18 column 1.3ml/min

•  50ul injected of filtered CSF. Pall 10kDa filters used. Check 
filters as some contain preservatives which can affect 
recovery/ ion pair

• Separation in 20-30 mins

• 5HIAA least stable metabolite but all typically stable for 24 
hours at 4C.

• At acidic pH, MHPG and L-dopa run very early and are hard to 
separate/quantify.



Monoamines by ECD – ECD set up
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Guard/conditioning cell
Single electrode 20-50mV

5011
E1 coulometric =400-500mV

E2 amperometric = 0mV

5010
E1 and E2 coulometric

E1 = 20-50mV
E2 = 400-500mV

Types of electrochemical detector
Coulometric – total oxidation

Amperometric – partial oxidation  10%

Original method with recirculating mobile phase using Coulochem electrochemical 
detector

Adapted method when 5010 no longer made – still able to recirculate



Voltammagram
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Very important to check voltammagram and peak areas regularly. 3-methyl
dopa hardest to oxidise so changes to voltammagram most likely to affect 
3-methyl dopa first. This may explain greater variation for 3-methyl dopa.



Effect of pH – pH2.7
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3MD and 5HTP if pH increased

3MD and 5HTP if pH lowered



5-MTHF by HPLC with fluorescence

• Acetate buffer, pH 4.7, 13.5% methanol, recirculated

• Unfiltered CSF unless bloodstained

• 20 minute run time

• Ex 290 Em 358

• Ascorbate/DTE in standard but 5-
methyltetrahydrofolate stable in CSF
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5-methyltetrahydrofolate by HPLC with fluorescence
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5-MTHF

Retention time
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HPLC chromatogram showing absence of 5MTHF peak in CSF of patient 

with severe MTHFR deficiency

Other fluorescent analytes 
also seen on chromatogram
e.g. tryptophan, 5HIAA, 5HTP



Peak splitting on folate 
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Do other labs see this? Is it due to low pH (2.7)/ion pairing/diastereoisomers?
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Pterins by HPLC with ECD and fluorescence

• Acetate Citric acid aqueous buffer with EDTA and DTE – non-recirculating

• C18 column, 1.3ml/min

• Unfiltered CSF with DTE/DETAPAC. Filter if bloodstained. 20 min run time

• BH4 very unstable without DTE/DETAPAC. In biological samples it does not 
degrade fully to biopterin.

• 30nM BH4 will not degrade to 30nM biopterin. Therefore, important to 
stabilise BH4 even if using an oxidation method.



• Electrochemical/fluorescence set-up
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Pterins by HPLC with ECD and fluorescence

5011
E1 coulometric = 

0.5uA oxidises BH4
E2 amperometric = -

0.05uA
Reduces back to BH4
Current proportional 
to BH4 concentration

Guard/conditioning cell
Single electrode 

1000mV
Oxidises Pterin species 

to their fluorescent 
forms

Fluorescence 
detection of biopterin 

and neopterin



Overview of HPLC with ECD/fluorescence
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HPLC ECD/fluorescence

Advantages:

Simple prep

Robust and reproducible

Years of experience

Low nanomolar sensitivity

Disadvantages:

Co-elution

Some electrochemical consumables no longer being manufactured

Not all compounds are electrochemically active/fluorescent



Monoamines and 5MTHF by mass spectrometry
- underivatised
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LC-MS without derivatisation

- 80l filtered CSF + 20l internal standard mix
- 10l injected
- Separation in 10-15 minutes

- Acquity UPLC HSS T3 1.8M, 2.1x150mm
- A: Water 0.1% formic acid, B: ACN 0.1% formic acid
- Gradient from 97% aqueous to 95% ACN

Mass spectrometer Waters TQ-XS – higher sensitivity triple quadrupole

All analytes ionised in positive mode except HVA which has better peak-noise in –ve
MHPG has low sensitivity. Additives such as ammonium salts have not helped.



Underivatised LCMS MRMs
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Important to have a stable isotope
internal standard for each analyte

Also important to have two transitions
for each analyte in case of interfering
compounds



Monoamines and 5MTHF by mass spectrometry
- underivatised
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61nM HVA 

 

15nM 5HIAA 

 

14nM 3MD 

 

7nM 5HTP 

 

 
48nM 5MTHF

Good agreement with ECD



Pros and cons of underivatised LCMS method
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LC-MS without derivatisation
Advantages:
- Simple prep and short run times
- Low nanomolar sensitivity, good correlation with HPLC ECD
- Many other neurochemicals – e.g. folate, neopterin, amino 
acids, co-factors can be measured in same run.

Disadvantages:
- Less experience if problems
- Some compounds do not ionise well. HVA is an example. 
- However, modification of the gradient and column to 

improve retention enabled detection at low nanamolar 
levels, well below bottom of reference range (>76nM).

- Higher sensitivity mass spectrometer required



Derivatisation and LCMS – better sensitivity
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LC-MS with benzoyl chloride derivatisation

- 25l of filtered CSF + 25l internal standard + 
- 25l Sodium carbonate + 25l 2% benzoyl chloride in acetonitrile. Derivatisation takes 
a few minutes.
- 5l injected.
- Separation in 5-10 minutes

- Acquity UPLC HSS PFP 1.8M, 2.1 x 100mm
- A: Water, ammonium formate, formic acid, B: ACN, 0.1% formic acid
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Figure. Benzoyl chloride derivatisation of primary and secondary amines and phenols 

 

Derivatisation with benzoyl chloride

Compound Adduct detected Precursor 
ion (m/z) 

Product 
ion (m/z) 

Time 
(s) 

CV 
(V) 

CE 
(eV) 

Internal 
Standard 

MHPG  MHPG-Bz-H 306 105 0.032 20 10 MHPG-D3 

HIAA HIAA-Bz-NH4 313 105 0.032 25 15 HIAA-D5 

HVA HVA-Bz-NH4 304 105 0.032 25 10 HVA-D3 

5OHTrp 5OHTrp-H 426 105 0.032 36 40 5OHTrp-D4 

3OMD 3OMD-H 420 105 0.032 25 15 3OMD-D5 

MHPG-D3 MHPG-D3-Bz-H 309 105 0.032 20 10  

HIAA-D5 HIAA-D5-Bz-NH4 318 105 0.032 25 15  

HVA-D3 HVA-D3-Bz-NH4 307 105 0.032 25 10  

5OHTrp-D4 5OHTrp-D4-H 433 105 0.032 36 40  

3OMD-D5 3OMD-D5-H 425 105 0.032 25 15  

 



Derivatisation and LCMS
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Good agreement with HPLC with ECD
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LC-MS with benzoyl chloride derivatisation

Advantages:

- Simple prep and short run times

- Low nanomolar sensitivity, good correlation with HPLC ECD

- Derivatisation helps retention on column and ionisation of polar 

compounds (eg HVA, MHPG)

- >70 neurochemicals have been measured using this derivatisation.

Disadvantages:

- Less experience if problems

- Derivatisation affects fragmentation so less specific’ fragments for identification

- Toxic chemicals

Pros and cons of derivatised LCMS method



General troubleshooting
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- Keep good records!
 Pressure, reagents, peak areas, retention times

- Keep standards as stock solutions in aliquots in -70C freezer and monitor performance 
over time

- Dirty samples are a big problem. Filter or precipitate if possible. Modern UPLC systems 
and mass spectrometers are very sensitive to particulate

- Make sure needle wash is suitable. Too organic and it can cause precipitation

- Reversing or backflushing HPLC columns can help with poor chromatography

- Adjusting the organic concentration or pH can help to separate peaks

- Periodically run a voltammogram or check MRMs (mass drift can occur)



Useful references – mass spectrometry
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Useful references – reference ranges, 
folates and pterins 
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Questions and discussion

• 5MTHF analysis in CSF: tips and tricks 

• Double peak for the 5MTHF in the Erndim sample.   If it`s possible, if 
someone will share their LCMSMS method. Thank you . 

• Have any LC-MS peers encountered problems with HVA precision? We 
run it in positive mode and the ionization is not quite stable. 

• HPLC with Electrochemical Detection, Coulochem III. Advantages and 
troubleshooting. 

• Possibility of adding HMPG and pterins in future schemes 

• Pre analytical aspects for CSF pterin analysis.  Tips for method transfer 
of biogenic amines and pterins from HPLC to TMS 
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