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Plan

• Dopamine and Serotonin Metabolism (SH)
• Current approach (SH)

-CSF biomarkers
-Peripheral “biomarkers/tests”

• Overview of current methods and biomarkers (SP)
• Emerging methods and biomarkers (SP)



Chemical Neurotransmission

• Neurotransmitters –
Substances that upon 
release from nerve 
terminals, act on 
receptor sites at post-
synaptic membranes to 
produce either 
excitation or inhibition 
of the target cell



Clinical Symptoms



BH2

Tyrosine

Tryptophan

Phenylalanine

L-Dopa

5-HTP

Tyrosine

Dopamine

Serotonin

qBH2BH4

HVA

5-HIAA
PLP

O2



Tetrahydrobiopterin 
Metabolism



• Tube 1 0.5ml   HVA & 5-HIAA

• Tube 2 0.5ml   5-MTHF & PLP

• Tube 3 1.0ml   Pterins

CSF – Sample Requirements
(Lab Specific – Check)

(DTE/DETAPAC)

Collect at bedside and freeze immediately (not the form !)
Age related reference ranges
Clinical Details and Drugs

Rostro-caudal Gradient



Case
CSF Value nmol/L (Reference Range)

HVA <10   (154-867)

HIAA 137  (68-451)

Neopterin 9      (7-61)

BH2 8       (0.4-13.9)

BH4 36     (8-57)

5-MTHF 126 (52-178)

• Parkinsonian, ptosis, drooling, myoclonic 

jerks, severe head lag and truncal 

hypotonia.



Case

• MRI brain scan normal

• very floppy

• Long episodes of arching and eye deviation

• Generalised hypotonia, 

• mixed complex movement disorder

Normal phenylalanine

• Serum prolactin 900 (85 – 250 mU/ml)

• CSF neurotransmitters

• Urine organic acids

Peak of vanillylactate

CSF Value (Reference Range)

HVA 48 (176-851 nmol/L)

5-HIAA 13 (68- 451 nmol/L)

Neopterin 11  (7-65 nmol/L)

BH2 12 (0.4-13.9 nmol/L)

BH4 43   (19-56  nmol/L)

3-O-methyl-dopa 1543 (<100    nmol/L)

5-MTHF 60 (72-305)
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• From beginning of ambulation, walked on toes

• Gradually got worse over early childhood

• Some hand cramping when writing

• Cognition normal

• Normal speech

• Given a diagnosis of ‘cerebral palsy’

• Therapeutic trial of L-dopa

Cessation of toe walking

Able to run 

Virtually normalised

Case

CSF Value nmol/L (Reference Range)

HVA 155 (154-867)

HIAA 85 (89-367)

Neopterin 6 (7-61)

BH2 6.4 (0.4-13.9)

BH4 8 (8-57)

5-MTHF 126 (52-178)
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Other useful diagnostic tests
• Phenylalanine loading
• Genetics
• Fibroblast enzyme assay

Replacement of 
Precursors



Phenylalanine Loading Test



Increased Dopamine Turnover

First female child of consanguineous parents. 36 week gestation.

Feeding difficulties from birth.  6 months reduced movements and failure to achieve milestones.  

9 months able to smile but general paucity of movements.  Rigidity of all limbs suggestive of 

dopamine deficiency.  Left convergent squint but no abnormal eye movements detected. 

HVA: 1705 (154–867 nmol/L)

5-HIAA: 250 (89-367 nmol/L)

Pterin profile and 5-MTHF status unremarkable

Elevated urinary HVA

Serum Prolactin; 915 (<500 mU/ml)





Overview of current biomarkers and methods

• Summary of current peripheral and CSF biomarkers and the most popular methods currently being used

• Development of mass spectrometry methods

• Future directions



Peripheral markers
- Peripheral markers – initial tests

- Newborn screening – Bloodspot Phenylalanine by mass spectrometry – pterins defects with hyperphe

- Urine pterins by HPLC or LC-MS

- Urine organic acids by GC-MS – raised vanillactic acid – possible AADC or PNPO deficiency

- Serum prolactin – non-specific but can be elevated in dopamine deficiencies

- Bloodspot 3-O-methyl dopa – elevated in AADC deficiency

- Plasma vitamin B6 by HPLC with fluorescence detection – may pick up vitamin B6 metabolic disorders

- Urine AASA by LC-MS – a marker of antiquitin deficiency/pyridoxine-dependent epilepsy

- Peripheral folate – can be low in folate transport deficiencies as well as secondary to medications

- Whole blood serotonin by HPLC with fluorescence

- Plasma AADC enzyme analysis – HPLC with ECD or LC-MS

- Phenylalanine loading test – useful for identifying/confirming more subtle pterin defects



CSF Biomarkers

- If a disorders of monoamine metabolism is suspected, these tests are typically performed

- CSF markers
- CSF monoamine metabolites – useful for initial diagnosis and treatment monitoring

- CSF pterins - is a pterin defect responsible for impaired monoamine metabolism. Not all pterin defects have hyperphe.

- CSF 5-methyltetrahydrofolate – can be low in DHPR and AADC deficiency as well as in patients taking L-dopa

- CSF pyridoxal phosphate – Low CSF pyridoxal phosphate, as in PNPO deficiency, can impair monoamine metabolism. 
It is a co-factor for the AADC enzyme.



Common techniques - HPLC with electrochemical or fluorescence detection

- The most common technique for monoamines and their co-factors is still HPLC
- Labs have years of experience of these techniques and they are robust, selective, sensitive and reliable
- Below is an electrochemical chromatogram of monoamine metabolite standards
- Very important to separate components for accurate quantitation.



The move from HPLC to LC-MS

- HPLC methods tend to be robust, sensitive and reliable

- However HPLC requires complete separation of all analytes and the detection techniques 
(fluorescence, electrochemical detection) are only suitable for analytes with specific chemical properties
Different methods required for different sets of analytes.

- Therefore, there has been a move to mass spectrometry methods in analytical labs as these methods allow a
larger numbers of analytes to be measured simultaneously. Chromatographic separation is not always required
as identity can be confirmed by mass and fragment ions. 

- Speed, sensitivity and adaptability of LC-MS methods opens up new possibilities – quicker diagnosis and
new biomarkers for treatment monitoring



Combining analysis using LC-MS

Combining separate HPLC methods into a single 
LC-MS analysis will save time and give a more 
comprehensive overview of metabolism

This is one example of combining monoamine 
and pterins analysis. Other examples with other 
co-factors and related amino acids.



• So far the most important biomarkers in these disorders are the monoamine metabolites and their co-factors

• However, we know there is a wide variation in response to treatment. 
Are there other biomarkers which may help explain response to therapies and modify treatment regimes

• Some pterin and TH deficiencies do not respond well to treatment with L-dopa and 5HTP even though they 
have active AADC. Why is this?

• Is a lack of dopamine and serotonin the only cause of clinical symptoms? Or are altered substrate 
specificities/alternative pathways causing an increase in toxic metabolites e.g. kynurenine pathway and trace 
amines?

Expansion of current methods



Is the kynurenine pathway important in monoamine deficiencies? 

The kynurenine pathway is known to be stimulated by cytokines

Is it also increased if tryptophan conversion to serotonin is blocked?

What is the balance of neurotoxic and neuroprotective metabolites
in disorders of monoamine metabolism?



Phenylalanine Tyrosine L-dopa Dopamine

Are trace amines important in deficiencies of hydroxylases?

Tryptophan 5-hydroxytryptophan

Tryptamine

Serotonin

AADC

AADC

AADC

AADC AADC

x

x

x

Phenylethylamine Tyramine

Trace amines bind to trace amine 
receptors (TAARs) which are found in
periphery and brain

Low levels of trace amines and their metabolites
in plasma and CSF can be measured by LC-MS Phenylacetic acid

Indole acetic acid Could alterations in trace amines act
as biomarkers and could they be responsible
for some clinical symptoms?

PAH TH

TPH



Possible future uses of LC-MS methods



Review of current biomarkers and the future 

Retrospective review of patient results
Conclusions 1. CSF still best matrix for 
diagnosis
2. VLA, 3-OMD and L-dopa promising 
biomarker for screening of AADC.
3. Serum prolactin measurement needs to be 
standardised and further studied for 
usefulness. Normal prolactin does not 
exclude TH or AADC def.
4. CSF monoamine levels do not always agree 
with clinical response. CSF analysis is not 
required for treatment monitoring?

Proof of principle: Metabolomics of CSF able 
to confirm neurometabolic diagnoses.



The future – neonatal diagnosis of AADC in bloodspots?

Proof of concept: Method able to measure 3-OMD in bloodspots in ‘controls’ (mean 1µM)  from those taking L-dopa 
(mean 14µM) and patient with AADC deficiency (11µM)



The future – combining enzyme analysis and mass spectrometry to 
determine residual activity and specificity?

Examples:
Monoamine oxidase activity in fibroblasts

Pyridoxal kinase activity in bloodspots

PNPO activity in bloodspots

AADC activity in plasma



Conclusions

- There are currently many good and reliable markers for monoamine defects

- Many of these markers can be measured together using modern LC-MS techniques. This 
will allow faster diagnosis.

- Mass spectrometry assays are adaptable and sensitive so can be used for different 
matrices and different studies e.g. CSF neurotransmitters and bloodspot AADC enzyme 
analysis.

- Expand repertoire and develop new assays. Peripheral markers for treatment
monitoring will be important to prevent need for repeated lumbar punctures

- It is important to find markers to better understand response to treatment – trace 
amines, kynurenine pathway etc.
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