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High-throughput LC-MS/MS analysis of homaovanillic acid in
human urine
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1SCIEX, India; 2SCIEX, USA urine using the SCIEX QTRAP 4500 system

This technical note describes a method for the LC-MS/MS Low pg/mL sensitivity in urine matrix calibration

analysis of homaovanillic acid (HVA] in urine using a streamlined standards: Using SCIEX QTRAP 4500 system, the in-sample
1000-fold dilution sample preparation approach. Using the LOQ was 0.5 pg/mL in the urine-spiked calibrators with the
SCIEX QTRAP 4500 system the method achieved an in-sample mean accuracy of 100% and precision of 13% CV in triplicate
limit of quantification (LOQ] of 0.5 pg/mL in urine-spiked samples

calibration standards. At the LOQ, the method demonstrated a

mean accuracy of 100% and a mean precision of 13%CV. Goad Good quantitative performance in spiked urine QC

standards: QC standards were evaluated at 1.5, 20, and 120
pg/mL (n=5]) and showed mean accuracy ranging from 100%

quantitative performance was shown across the 0.5-150 pg/mL

calibration range, with an r* value of 0.992 for the quantifier
0, iel i 0, 0,
transition. Urine matrix QC standards [n=5), evaluated at 1.5, 20 to 106% and msan precision ranging from 3.7%CV to 4.3%CV

and 120 pg/mL, showed mean accuracies ranging from 100% Chromatographic separation from the void volume: The

to 106% with a mean precision <5% CV. In addition, the combination of Phenomenex Synergi Palar-RP column and

Phenomenex Synergi Palar-RP calumn provided excellent peak gradient conditions achieved good peak shape and excellent

shape and analyte retention using a 5 min gradient. retention from the void volume with a retention factor (k'] of

2.98 [Retention time ~1.75 min] within the 5 min runtime
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Figure 1. Extracted ion chromatogram (XIC) of the LOQ (0.5 pg/mL) and calibration curve for the analysis of homovanillic acid in urine using the QTRAP
4500 system. Data was from the extracted urine matrix calibration standards and the quantifier transition (m/z:181.0/ 137.0] is shown.



Introduction

Homovanillic acid [HVA] is the principal metabolite of
dopamine in humans and serves as an indirect indicator of
cerebral dopamine turnover.*? It is produced from dopamine
via sequential enzymatic reactions involving monoamine
oxidase and catechol-0-methyltransferase.? Due to its high
water soluhility, HVA is efficiently eliminated by the kidneys,
making urinary measurement a convenient monitoring
approach. Urinary HVA concentrations, often evaluated
alongside other metabolites such as vanillylmandelic acid
(VMA], have been widely used as non-invasive biomarkers for
catecholamine-secreting tumaors, including neuroblastoma
and pheochromocytoma.® Liquid chromatography-tandem
mass spectrometry [(LC-MS/MS] is well suited for HVA
analysis in biological matrices because of its sensitivity,
selectivity, and robustness. In this technical note, a
straightforward dilution-based sample preparation method
was applied to achieve accurate and precise quantification of
HVA in urine using the SCIEX QTRAP 4500 system.

Methods

Reagent and standard preparation: The analyte and internal
standard [IS] were purchased from LGC Standards.
Intermediate stocks solutions were initially prepared in
methanol and stored at -20°C for the analyte and IS. The IS
working solution was prepared at S0 ng/mL in methanol.

Table 1. Urine-spiked calibration standard and QC sample preparation scheme

Urine-spiked calibration standards and QC sample
preparation: The blanks, calibration standards (n=3] and QC
samples (n=5] were prepared in acidified control urine using
the Sigmatrix Urine Diluent [Millipore Sigma] as the matrix.
To prepare the acidified urine, 0.125 mL of acetic acid was
added to 50 mL of the Sigmatrix Urine Diluent. Urine-spiked
calibration standards and QC samples were prepared using
the scheme shown in Table 1.

Sample preparation: The double blanks, blanks, calibration
standards and QC samples were prepared by 1000-fold
dilution in two stages. First, 980 uL of HPLC-grade water was
aliquoted into 2 mL microcentrifuge tubes. For the
calibration standards and QC samples, 20 pL of the
corresponding urine-spiked calibration standard or QC
sample was added and the tubes were vortexed for 10 s. For
the double blank and blank samples, 20 pL of the acidified
control urine was added and the tubes vortexed for 10 s.
Second, the blank, calibration standard and quality control
samples were further diluted by aliquoting 50 pL of the initial
dilution sample into a clean tube containing 900 pL of HPLC
grade water and vortexed for 10 s. Then, 50 pL of the IS
solution was added and the tubes vortexed again. The double
blank samples were diluted by aliquoting 50 pL of the initial
dilution into a clean tube containing 950 pL of HPLC grade
water and vortexed.

Calibration standard/ Solution used

Volume unit [pL]

In-sample conc (pg/mL)

QC sample Spike volume Urine volume Final volume

STD7 1 mg/mL 75 425 500 150
STD 6 1 mg/mL 50 450 500 100
STDS STD7 300 600 900 S0
STD4 STDS 300 300 600 25
STD 3 STDS S0 450 500 S

STD 2 STD4 20 480 500

STD1 STD 3 50 450 500 0.5
High QC 1 mg/mL 60 440 500 120
Mid QC High QC 100 500 600 20
Low QC Mid QC 45 995 600 15




Chromatography: Chromatographic separation was
performed using an ExionLC AD system and a Phenomenex
Synergi Paolar-RP column (2.5 pm, 100 x 2.0 mm, P/N: 00D-
4371-B0]), with a SecurityGuard Guard Cartridge Kit,

P/N: KJO-4282, and a pre-filter Polar-RP cartridge 4 x 2.0
mm, P/N AJO-6075. Mohile phase A was water with 0.025%
(v/v] formic acid, and mohile phase B was acetonitrile with

0.025% (v/v] farmic acid. The runtime was 5 min using the
gradient conditions presented in Table 2. The flow rate was
500 pL/min, the injection volume was 15 pL, and the column
oven temperature was set to 45°C.

Table 2. LC gradient conditions for the analysis of homovanillic acid in
urine

Time Mobhile phase A (%] Mohile phase B (%]

0.0 95 S
3.0 2 98
3.5 2 98
3.6 95 S
5.0 95 S

Mass spectrometry: Samples were analyzed using the SCIEX
OTRAP 4500 system with electrospray ionization operating in

negative polarity mode. Data was acquired using multiple
reaction maonitoring [MRM] with the optimized source gas
parameters shown in Table 3 and the compound-specific
parameters in Table 4. Two MRMs per compound were
monitored.

Data processing: Data acquisition and processing were
performed using the SCIEX OS software (version 4.0.0.8559).
The raw homovanillic acid area count was normalized to the

IS response.

Table 3. Optimized source and gas parameters for the analysis of
homovanillic acid in urine using the QTRAP 4500 system

Parameter Value
Polarity Negative

lon source gas 1 60 psi

lon source gas 2 45 psi

Curtain gas 35 psi

Source temperature 550°C
lon spray voltage -4500V

CAD gas 8

Table 4. Optimized compound-specific MRM parameters for the analysis of homovanillic acid in urine using the QTRAP 4500 system. The guantifier

transition is designated as “_1" and the qualifier transition is designated as “_2".

Compound Polarity ~ Precursorion [m/z)  Fragmention [(m/z) DP (V] EP (V] CE (V) CXP (V)
Homovanillic acid_1 Negative 181.0 137.0 -30 -10 -10 -11
Homavanillic acid_2 Negative 181.0 122.0 -30 -10 -25 -11
Homavanillic acid_D5 Negative 186.0 142.0 -15 -10 -10 -9



https://www.phenomenex.com/products/synergi-hplc-column/synergi-polar-rp
https://www.phenomenex.com/products/synergi-hplc-column/synergi-polar-rp
https://www.phenomenex.com/products/securityguard-lc-guard-cartridge-system
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-4500-system
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-4500-system
https://sciex.com/products/software/sciex-os-software

Sensitivity, accuracy, and precision in urine-
spiked calibration standards

Overall, the 1000-fold dilution sample preparation method
minimized potential matrix effects while maintaining
adequate sensitivity. The combination of the Phenomenex
Synergi Polar-RP column and gradient conditions achieved
good peak shape and retention from the void volume within
the 5 min runtime. Specifically, the retention time was ~1.75
min with a retention factor (k’] of 2.98.

Sensitivity, accuracy, precision, and linearity were evaluated
using triplicate samples of each urine-spiked calibration
standard. Overall, the in-sample LOQ was 0.5 yg/mL, and the
linearity ranged from 0.5-150 pg/mL in the urine-spiked
calibrators (see Figure 1 for LOQ XIC and calibration curve].
The LOQ was determined using two selective MRM
transitions, achieving a signal-to-noise (S/N] ratio=10 for
both MRMs, accuracy of <30%, precision of <15%, and ion
ratio tolerance of +30%. The matrix-spiked calibration
standards yielded an r® of 0.992 with the 1/x* weighing
factor. The accuracy of the full calibration standard set
ranged from 89.9% to 115%. The mean accuracy at the 0.5
pg/mL LOQ standard was 100% with a mean precision of
13%CV. The quantitative data for the quantifier transition of
the calibration standards are shown in Table 5.

Urine matrix calibration std

Carry-over was evaluated by analyzing a double blank
immediately after the highest calibration standard (150
pg/mL]. Across all analytical batches, no hamovanillic acid
peak was detected in the double blank (Figure 2),
demonstrating negligible carryover in the LC-MS/MS system.

Quantitative performance in urine-spiked QC
standards

The method quantitative performance was further evaluated
through analyzing urine-spiked QC standards [(n=5) at 1.5
pg/mL (low], 20 pg/mL (mid), and 120 pg/mL (high) and
quantified against the matrix-spiked calibration standards.
The internal standard normalized mean accuracy ranged
from 100% to 106% and the mean precision ranged fram
3.7% to 4.3%CV. Results for the urine-spiked QC standards
for the guantifier MRM transition are shown in Table B.
Overall, these results demanstrate the ability of the QTRAP
4500 to quantify hamovanillic acid in urine with good
accuracy and precision.
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Figure 2. XIC chromatograms for HVA in the 150 pg/ml urine matrix calibration standard and the double blank ran immediately after the 150 pg/ml
standard. The traces were shown for the quantifier transition (m/z: 181.0/ 137.0].



Table 5. LOQ, mean LOQ accuracy and precision, correlation coefficient,
and accuracy across the calibration range for the analysis of
homovanillic acid in urine samples using the QTRAP 4500 system [n=3].
Values are shown for the quantifier ion transition

Parameter Value
LOQ 0.5 pg/mL
LOQ accuracy 100%
LOQ precision 13%CV
Calibration range 0.5-150 pg/mL
Correlation coefficient (r?) 0.992
Accuracy across calibratars 89.9%-115%
Conclusions

This technical note demonstrated:

An LC-MS/MS method for the analysis of homovanillic acid
in urine using the QTRAP 4500 system and a simple
sample preparation procedure using a 1000-fold dilution
with water

Good peak shape and retention from the void volume using
the Phenomenex Synergi Polar-RP column with a 5 min
linear gradient.

An LOQ of 0.5 pg/mL in the urine-spike calibratars (n=3]
with a mean accuracy of 100% and mean precision of
13%CV

Linearity across the 0.5-150 pg/mL calibration curve with
an r’value of 0.992

Good quantitative performance in the urine matrix QC
standards (3 levels, n=5 per level]; mean accuracy was
100-106%, precision <5%CV

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s)

Table 6. Mean accuracy and precision for the urine-spiked QC standards
(n=5] at 1.5, 20, and 150 pg/mL. Values are shown for the quantifier ion
transition

QC level Accuracy (%] Precision [%CV]
1.5 pg/mL 106 41
20 pg/mL 103 3.7
150 pg/mL 100 4.3
References

1. Amin, F; Davidsaon, M,; Davis, K.L. Homavanillic acid
measurement in clinical research: A review of
methodology. Schizophr. Bull. 1992, 18(1], 123-148. DOI:
10.1093/schbul/18.1.123

2. Marin-Valencia, |; Serrano, M.; Ormazabal, A.; Perez-
Duenas, B.; Garcia-Cazorla, A.; Campistol, J.; Artuch, R.
Biochemical diagnosis of dopaminergic disturbances in
paediatric patients: Analysis of cerebrospinal fluid
homovanillic acid and other hiogenic amines. Clin.
Biochem. 2008, 41[16-17], 1306-1315. DO
10.1016/j.clinbiochem.2008.08.077

3. Verly, LR.N.; van Kuilenburg, A.B.P.; Abeling, N.G.G.M.;
Goorden, S.M.I; Fiacco, M. et al. Catecholamines profiles at
diagnasis: Increased diagnostic sensitivity and correlation
with hiological and clinical features in neurcblastoma
patients. Eur. J. Cancer 2017, 72, 235-243. DOI:
10.1016/j.ejca.2016.12.002

not available in all countries. For information on availability, please contact

your local sales representative or refer to https://sciex.com/diagnostics. All other products are For Research Use Only. Not for use in Diagnostic Procedures.

Trademarks and/or registered trademarks mentioned herein, including associated logo
United States and/or certain other countries (see www.sciex.com/trademarks).

2026 DH Tech. Dev. Pte. Ltd. MKT-36906-A

s, are the property of AB Sciex Pte. Ltd. or their respective owners in the

Headquarters

250 Forest Street, Marlborough,
/SCIEX MA 01752 USA

Phone 508-383-7700

sciex.com

International Sales

Far our office locations please call the division
headquarters or refer to our website at
sciex.com/offices


https://doi.org/10.1093/schbul/18.1.123
https://doi.org/10.1016/j.clinbiochem.2008.08.077
https://doi.org/10.1016/j.ejca.2016.12.002

	Key benefits of the analysis of homovanillic acid in urine using the SCIEX QTRAP 4500 system
	       /
	Figure 1. Extracted ion chromatogram (XIC) of the LOQ (0.5 μg/mL) and calibration curve for the analysis of homovanillic acid in urine using the QTRAP 4500 system. Data was from the extracted urine matrix calibration standards and the quantifier transition (m/z:181.0/ 137.0) is shown. 
	Methods
	Figure 2. XIC chromatograms for HVA in the 150 µg/ml urine matrix calibration standard and the double blank ran immediately after the 150 µg/ml standard. The traces were shown for the quantifier transition (m/z: 181.0/ 137.0). 
	Conclusions
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



