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Abstract

Background: Urinary homovanillic acid (HVA) measurement is used routinely as a marker of first
test for the screening of catecholamine-secreting tumours and dopamine metabolism, but generates
a large number of false-positive results. With no guidelines for dietary restrictions prior to the test,
we hypothesize that consumption of flavonol-rich foods (such as onions, tomatoes, tea) prior to
urinary catecholamine screening could be responsible for false-positive urinary HVA in healthy
subjects. Methods: A randomized, crossover dietary intervention was carried out in healthy subjects (n=17).

Volunteers followed either a low or high-flavonol diet, for a duration of three days, prior to providing a 24-
hour urine sample for HVA measurement using a routine, validated liquid chromatography method as well as
a gas chromatography-mass spectrometry method. Results: Dietary flavonol intake significantly
increased urinary HVA excretion (p<0.001), with 3 out of 17 volunteers (20%) exceeding the 40
pumoles/24 h upper limit of normal for HVA excretion (false-positive result). Conclusion: Dietary
flavonols commonly found in foodstuff such as tomatoes, onions, and tea, interfered with the

routine urinary HVA screening test and should be avoided in the three-day run-up to the test.
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INTRODUCTION:

Catecholamine-secreting tumours, including phaeochromocytoma, neuroblastoma and carcinoid
tumours, are conventionally diagnosed by urinary screening for excess excretion of catecholamines
and their metabolites [1]. Dopamine which is secreted by these tumours, including some form of
malignant phaeochromocytoma [2, 3], is degraded via the monoamine oxidase (MAOQO) pathway,
leading to the formation of phenolic acid metabolite 3,4-dihydroxyphenylacetic acid, which is
further metabolized by catechol-O-methyltransferase to 3-methoxy-4-hydroxyphenylacetic acid
(homovanillic acid, HVA) [1]. The routine measurement of HVA involves chromatographic
methods such as high performance liquid chromatography (HPLC) or gas chromatography-mass
spectrometry (GC-MS) [4-8], and the rarely used antibody-based techniques [9]. Certain drugs, e.g.
L-dopa, are known to confound HVA estimation [10], as well as several dietary factors including
vitamin B6 in combination with magnesium [11], nicotinamide adenine dinucleotide (NADH) used
to treat patients with Parkinson’s Disease [12], high monoamine meals in patients with
Schizophrenia [13], and tyrosine supplementation in obese women [14]. These possible
confounders are avoided prior to testing, under routine protocol.

A proportion of urinary HVA tests, commonly used as a first-stage screening test in the diagnosis of
catecholamine-producing tumours, is high even when the patient is ultimately found not to have
either a tumour or a recognized drug interference — i.e. an unexplained false-positive result [15].
This problem affects, in Scotland alone, as many as 30 adult and child patients per annum, who may
then submitted to a series of further biochemical tests, as well as CT, MRI which ultimately reveal
no tumour but lead to unnecessary expenditure by health services and occasioning high-levels of
stress in patients referred for procedures which are not ultimately required [16].

We hypothesized that dietary factors may interfere with the interpretation of the HVA assay
findings: HVA is also formed as a metabolite of dietary quercetin-based flavonoids when they reach

the large intestine [17]. Rutin (quercetin-3-O-rutinoside), found in tea, tomatoes, apples, asparagus,
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peaches, nectarines, kiwi fruit, bananas and many berries, is not well-absorbed in the small intestine
and reaches the large intestine in substantial amounts, where colonic bacteria cleave the rutinose
moiety (to free the aglycone quercetin) prior to ring fission, releasing 3,4-dihydroxyphenylacetic
acid, which is absorbed into the bloodstream and methylated in the liver to HVA, before excretion
in urine along with 3-hydroxyphenylacetic acid (Figure 1) [1, 17]. Urinary HVA may be elevated
up to 2-3 days after dietary exposure due to the delayed involvement of colonic bacterial
conversion.  There is, thus, a potential for a range of common foods rich in dietary quercetin
compounds to contribute to false-positive HVA tests in patients being assessed for possible
phaeochromocytoma or related tumours.

Using a randomized crossover dietary intervention, this study aims to establish whether a diet rich
in flavonols, especially rutin and quercetin, is likely to raise HVA concentrations beyond the normal
threshold (40 pmoles/ 24hours) and contribute to the occurrence of false-positives. Urinary HVA
measurement were performed using a routine HPLC method as well as a GC-MS method to exclude

possible interference by extraneous compounds [4].
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MATERIAL AND METHODS:

Materials

All chemicals and solvents were purchased from Sigma Aldrich (Poole, Dorset, UK), except for
ethyl acetate (HPLC grade), which was purchased from Rathburn Chemicals (Walkerburn, Pebbles,
Scotland, UK).

High-HVA urinary samples

Urine samples displaying high HVA, obtained during routine investigations from both adults and
infants either bearing a catecholamine-producing tumour or false-positive (when no medical
explanation was found justifying high HVA), were collected at Crosshouse hospital (-20°C),
analyzed by both HPLC and GC-MS as described below.

Dietary Intervention and sample collection

Fifteen healthy males and females, aged 21-42 years, not pregnant and not receiving L-dopa or
other drugs known to interfere with the measurement of HVA were recruited by local advertisement
in Glasgow and completed the study. In parallel, two patients having previously displayed elevated
HVA without any tumour being detected also agreed to take part in the study. Ethical permission to
carry out the study was granted by the local NHS ethics committee and informed consent was
obtained from all volunteers. After baseline measurement (weight, height, waist circumference and
blood pressure), the volunteers were randomized in a crossover design to be allocated to be under
either a three-day low or high flavonol diet separated by at least 7 days washout. During the low-
flavonol diet, volunteers avoided consumption of fruits, vegetables, whole-wheat products, spices,
chocolate, tea, coffee, wine and juices. During the high-flavonol diet, volunteers followed their
usual diet, supplemented with foods rich in flavonols compounds such as rutin and quercetin (intake
equivalent to at least 3 portions per day). The foods provided were vine tomatoes, red onion, yellow
onions, tomato soups, onion soups, plums, strawberries, tomato sauces and purple grape juice,

purchased from a local supermarket (Morrison plc, Anniesland, Glasgow, UK). Compliance was
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validated using a retrospective dietary intake assessment. Volunteers collected 24 hour urine
samples, including the second urine passed on day three of each diet and all subsequent fractions,
including the first urine passed on day four. Urine was kept cool at all time. Total urine volumes
were recorded, urine samples aliquoted and stored at -80°C until analysis.

Urinary catecholamine metabolite measurements by HPLC

HVA measurements were performed at Crosshouse Hospital, Kilmarnock, Scotland for each
volunteer after each study period, using an automated HPLC kit method (Bio-Rad Laboratories,
Hemel Hempstead, UK) on Gilson equipment that included the ASPEC automated sample
preparation and injection unit (Gilson Medical Electronics Inc., Middleton, WI) and an ESA
Coulochem Il coulometric detector as described by Davidson et al. [8].

Phenolic acids extraction, derivatisation and analysis by GC-MS

Phenolic acid extraction, derivatisation and analysis were adapted from Grun et al [18]. Internal
standard (2,4,5-trimethoxycinnamic acid, 1 mg/ml, 30 pl) was added to urine aliquots and
calibration samples (0.5 ml) prior to vortexing. Phenolic acids were precipitated by adding 60 pl of
1M HCI to the samples, which were vortexed and placed at 4°C for 10 minutes. Anhydrous ethyl
acetate (1.5 ml) was added to the samples, which were vortexed for 30 seconds and centrifuged at
2700 rpm for 10 minutes. The upper organic layer was transferred to an amber glass vial placed in a
37°C aluminum block and dried under a gentle flow of nitrogen. The extraction was repeated once
more and the upper organic layers were pooled for each sample. Dichloromethane (200 ul) was
added to rinse the walls of the vials and dried under nitrogen at 37°C. Derivatisation reagent (N,o-
Bis (Trimethylsilyl) trifluoroacetamide (BSTFA) + 10% trimethylchlorosilane (TMCS, 50 pl) was
added to the vials, the headspace was flushed with a gentle flow of nitrogen prior to capping the
vial. Samples were derivatised at 65°C for 4 hours. Anhydrous hexane (99%, 350 ul) was added to

each sample, prior to analysis by gas chromatography-mass spectrometry. A set of standard
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calibration solutions, containing phenolic acids ranging from 1 pg to 20 pg/ml, was extracted and
analyzed alongside all urine samples.

Phenolic acids were analyzed on a Trace GC interfaced to a DSQ mass spectrometer equipped with
a split/splitless injector and an AI3000 autosampler (Thermo Fisher, Hemel Hampsted, UK).
Samples (1pl) were injected in split mode, with a 1:25 split ratio. The inlet temperature was
maintained at 220°C. The oven was programmed from 40°C (held 0.1 min) to 160°C at 20°C/min, to
200°C at 1.5°C/min, to 250°C at 10C/min to a final temperature of 300°C at 40°C/min, held for 5
min. The transfer lined was maintained at 310°C. The carrier gas flow (helium) was constant, at 1.2
ml/min. Acquisition was performed in positive El (electron ionization) mode in full scan (m/z 50-
600) with an ionization energy of 70 eV, from 6 to 35 minutes. Acquisition and analysis of GC-MS
data was performed on Xcalibur version 2. Identification of phenolic acids was achieved by
comparison with the retention times and mass spectra of authentic standards. All samples were
analyzed batch-wise, with grouped analysis of samples from same individuals.

Statistical analysis

Normality of the data sets was assessed using the Shapiro-Wilk test in SPSS. Data were expressed
as median values (inter-quartile range), and analyzed using the Wilcoxon matched pairs test (SPSS).
The nonparametric regression procedure of Passing and Bablok [19] was used for comparison of the

GC-MS and the HPLC procedures.
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RESULTS:

Comparison of HVA measurements by HPLC and GC-MS

Urinary HVA (n=55) ranged from 13 to 605 pumole/L when analyzed by HPLC, and 3.4 to 541.4
pmole/L when analyzed by GC-MS. Overall, there was a good agreement between the results
obtained with both methods (Figure 2, R?=0.97, p<0.001), with a modest constant bias: the Passing
and Bablok regression line was: GC-MS assay = 0.93 HPLC assay — 7.97 pmole/L, standard error
of the estimate S, =15.92.

Interference of flavonol intake on excretion of HVA and related phenolic acids

Urinary HVA concentrations were significantly higher after the 3-day high-flavonol diet rich in
rutin and quercetin (17 pmoles/24h, interquartile range (IQR) 8) compared to the HVA
concentrations excreted following the low-flavonol diet (12 umoles/24h, IQR 7) (Figure 3A,
p<0.001). A similar effect was observed for 3-hydroxyphenylacetic acid, with 38 pumoles/24h, IQR
49 and 5 pmoles/24h, IQR 5, after high and low flavonol diets, respectively (Figure 3B, p<0.001),
and 3,4-dihydroxyphenylacetic acid, with 6 umoles/24h, IQR 6 and 3 pmoles/24h, IQR 1, after high
and low flavonol diets, respectively (Figure 3C, p<0.001). Inter-individual variability was large, for
all urinary phenolic acids, including HVA, measured during the high-flavonol diet.

Urinary HVA remained within the normal range (<40 pmoles/24h) for all volunteers during the
low-flavonol diet. After the high flavonol diet, urinary HVA concentrations using the routine HPLC
method exceeded the threshold 'upper limit of normal’ value (40 umoles/24h) for three out of fifteen
volunteers. This pattern was also observed using GC-MS, the highest value for one of the

volunteers by this method being 51 pmole/24 h.

Given the possibility that some subjects may respond more excessively to high-flavonol diets with
high urinary HVA excretion and that these subjects might be over-represented amongst the “false-

positives” results in routine investigations, two former “false-positive” patients completed the



HVA assay: interference from dietary flavonols

dietary intervention. While their urinary HVA excretions had been 43 and 44 umoles/24 h at
routine diagnostic screening, these false-positive patient subsequently did not show similarly high
HVA concentrations on either low (6 and 13 umoles/24 h, respectively) or high flavonol diet (17

and 23 umoles/24 h, respectively) (Figure 3A).
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DISCUSSION

We have shown good correlation between the HPLC method used routinely to screen urine samples
for HVA excretion and a research based GC-MS method. The elevated HVA detected in routine
diagnostic tests proved to be HVA, and not a co-eluting compound.

The dietary intervention study required healthy volunteers to follow a diet rich in the flavonols rutin
and quercetin, found in ordinary foods [20-22]. Intake of flavonol-rich foods leads to a very clear,
statistically significant rise in urinary HVA, accompanied by a significant rise in other urinary
phenolic acids (3-hydroxyphenylacetic acid and 3,4-dihydrophenylacetic acid), corresponding to
colonic degradation products from the flavonoids rutin and quercetin [17]. Using the routine
laboratory HPLC method, three volunteers exceeded the urinary HVA threshold upper limit of
normal value. This result was confirmed by similar values using GC-MS. There was, however, a
range in the responses, and the large inter-individual variability, with no change in urinary HVA, or
in urinary excretion of other metabolites in several subjects post flavonol-rich diet. This variation in
response could reflect either dietary compliance during the study, variation in total flavonol intake
or alternatively inter-individual differences in the metabolism and excretion of quercetin
metabolites. The formerly identified false-positive patients taking part in the dietary intervention
study displayed elevated HVA concentrations following the high-flavonol diet. However, the HVA

concentrations remained within the normal range, with no exaggerated response to flavonol intake.

Several studies have investigated the influence of a catecholamine-rich diet on the excretion of both
urinary and plasma catecholamines and catecholamine metabolites [23-26], with catecholamine-rich
foods interfering in particular with plama and urinary 3-O-methylated metabolites of
catecholamines, as well as deconjugated normetanephrines [24]. Other potential dietary sources of
HVA elevation include tyramine, a monoamine found in a range of food stuff including processed

meats and cheese, avocado and bananas, which can be metabolized to dopamine by the hepatic
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microsome [27], and hydroxytyrosol, found in olive oil and red wine, a dopamine precursor [28,
29]. Our study, a randomized cross-over intervention, adds to this body of evidence, showing that a
normal diet, rich in flavonols, such as the quercetin and rutin contained in common foodstuff (e.g.
tomatoes and onions), do indeed significantly increase urinary HVA excretion in healthy volunteers,
and therefore interfere with the HVA assay used during diagnosis of catecholamine-producing
tumours. A single previous intervention on infants revealed that a diet rich in catecholamine and
phenolic acids did not significantly interfere with either catecholamine or their metabolites
(including HVA); however, the small sample size (n=6) and analytical techniques used at the time

may explain for the lack of effect of the test diet [26].

The diagnosis of catecholamine-producing tumours depends on the measurement of elevated levels
of catecholamines and/or their metabolites, with free metanephrines emerging as a robust marker
[30], relatively insensitive to dietary variations, but however sensitive to blood sampling position
[24]. However, biochemical testing of catecholamine-secreting tumours still routinely involves
urinary HVA measurement [31, 32], which we showed to be susceptible to variations linked to
dietary interferences. In light of our results, it is therefore appropriate to advise patients to restrict
their diets prior to taking the test, avoiding flavonol-rich foodstuff, as listed in Table 1, for a period
of time lasting at least three days. The three day flavonol free diet should allow for urinary
excretion of phenolic acid metabolites (HVA) of dietary flavonols (50.5% of the dose excreted in
urine 48h post-ingestion) [33]. Alternatively, measurements not subject to dietary interference, such
as free metanephrines, should be favoured for the diagnosis of catecholamine-secreting tumours

[24].

Acknowledgements:

11



HVA assay: interference from dietary flavonols

This study was funded by a Chief Scientist Office research grant (Scotland, UK). The authors are
most grateful to Mr Robert James and the skilled laboratory staff at the biochemistry department,

Crosshouse hospital, for their assistance throughout this study.

12



HVA assay: interference from dietary flavonols

References

[1] Eisenhofer G, Kopin 1J, Goldstein DS. Catecholamine metabolism: A contemporary view
with implications for physiology and medicine. Pharmacol Rev 2004; 56:331-349.

[2] Dubois LA, Gray DK. Dopamine-secreting pheochromocytomas: In search of a syndrome.
World J Surg 2005; 29:909-913.

[3] Januszewicz W, Wocial B, Januszewicz A, Gryglas P, Prejbisz A. Dopamine and dopa
urinary excretion in patients with pheochromocytoma - Diagnostic implications. Blood Press 2001;
10:212-216.

[4] Davidson DF. Simultaneous assay for urinary 4-hydroxy-3-methoxy-mandelic acid, 5-
hydroxyindoleacetic acid and homovanillic-acid by isocratic HPLC with electrochemical detection.
Ann Clin Biochem 1989; 26:137-143.

[5] Mathieu P, Greffe J, Chazot G, Szestak M, Bonnand M, Hann LT. Assay of Urinary
Homovanillic-Acid Using Gas-Phase Chromatography with a Capillary-Tube. Ann Biol Clin (Paris)
1984; 42:129-134.

[6] Peaston RT, Weinkove C. Measurement of catecholamines and their metabolites. Ann Clin
Biochem 2004; 41:17-38.

[7] Henderson MJ, Heney D, Mcginlay JM, Lewis |, Bailey C. Measurement of Dopamine,
Hva and Hmma in Untimed Urine Samples - Establishment of Age-Related Reference Data in
Children. Ann Clin Biochem 1992; 29:162-167.

[8] Davidson DF. Phaeochromocytoma with normal urinary catecholamines: the potential value
of urinary free metadrenalines. Ann Clin Biochem 2002; 39:557-566.

[9] Shi RZ, Ho YP, Yeung JHK, et al. Development of an enzyme-linked immunosorbent assay
with monoclonal antibody for quantification of homovanillic in human urine samples. Clin Chem

1998; 44:1674-1679.

13



HVA assay: interference from dietary flavonols

[10] Davidson DF, Grosset K, Grosset D. Parkinson's disease: the effect of L-dopa therapy on
urinary free catecholamines and metabolites. Ann Clin Biochem 2007; 44:364-368.

[11] Barthelemy C, Garreau B, Leddet I, Ernouf D, Muh JP, Lelord G. Behavioral and biological
effects of oral magnesium, vitamin B6 and combined magnesium — vitamin B6 administration in
autistic children. Magnesium-Bulletin 1981; 3:150-153.

[12]  Birkmayer GJD, Birkmayer W. Stimulation of endogenous L-dopa biosynthesis - a new
principle for the therapy of parkinsons disease - the clinical effect of nicotinamide adenine-
dinucleotide (NADH) and nicotinamide adenine dinucleotidephosphate (NADPH). Acta Neurol
Scand 1989; 80:183-187.

[13] Donnelly CL, McEvoy JP, Wilson WH, Narasimhachari N. A study of the potential
confounding effects of diet, caffeine, nicotine and lorazepam on the stability of plasma and urinary
homovanillic acid levels in patients with schizophrenia. Biol Psychiatry 1996; 40:1218-1221.

[14] Johnston JL, Warsh JJ, Anderson GH. Obesity and precursor availability affect urinary
catecholamine metabolite production in women. Am J Clin Nutr 1983; 38:356-368.

[15] Davidson DF. Elevated urinary dopamine in adults and children. Ann Clin Biochem 2005;
42:200-207.

[16] Sawka AM, Gafni A, Thabane L, Young WF. The economic implications of three
biochemical screening algorithms for pheochromocytoma. J Clin Endocrinol Metab 2004; 89:2859-
2866.

[17]  Jaganath IB, Mullen W, Edwards CA, Crozier A. The relative contribution of the small and
large intestine to the absorption and metabolism of rutin in man. Free Radic Res 2006; 40:1035-
1046.

[18] Grun CH, van Dorsten FA, Jacobs DM, et al. GC-MS methods for metabolic profiling of

microbial fermentation products of dietary polyphenols in human and in vitro intervention studies.

14



HVA assay: interference from dietary flavonols

Journal of Chromatography B-Analytical Technologies in the Biomedical and Life Sciences 2008;
871:212-219.

[19] Passing H, Bablok W. A New Biometrical Procedure for Testing the Equality of
Measurements from 2 Different Analytical Methods - Application of Linear-Regression Procedures
for Method Comparison Studies in Clinical-Chemistry .1. J Clin Chem Clin Biochem 1983; 21:709-
720.

[20]  Stewart AJ, Bozonnet S, Mullen W, Jenkins Gl, Lean MEJ, Crozier A. Occurrence of
flavonols in tomatoes and tomato-based products. J Agric Food Chem 2000; 48:2663-2669.

[21]  Crozier A, Jensen E, Lean MEJ, McDonald MS. Quantitative analysis of flavonoids by
reversed-phase high-performance liquid chromatography. J Chromatogr 1997; 761:315-321.

[22]  Crozier A, Burns J, Aziz AA, et al. Antioxidant flavonols from fruits, vegetables and
beverages: measurements and bioavailability. Biol Res 2000; 33:79-88.

[23] Davidson L, Vandongen R, Beilin LJ. Effect of eating bananas on plasma-free and sulfate-
conjugated catecholamines. Life Sci 1981; 29:1773-1778.

[24] de Jong WHA, Eisenhofer G, Post WJ, Muskiet FAJ, de Vries EGE, Kema IP. Dietary
Influences on Plasma and Urinary Metanephrines: Implications for Diagnosis of Catecholamine-
Producing Tumors. J Clin Endocrinol Metab 2009; 94:2841-2849.

[25] Kema IP, Schellings AMJ, Meiborg G, Hoppenbrouwers CIM, Muskiet FAJ. Influence of a
serotonin-rich and dopamine-rich diet on platelet serotonin content and urinary-excretion of
biogenic-amines and their metabolites. Clin Chem 1992; 38:1730-1736.

[26] Weetman RM, Rider PS, Oei TO, Hempel JS, Baehner RL. Effect of diet on urinary-
excretion of VMA, HVA, metanephrine, and total free catecholamine in normal preschool-children.
J Pediatr 1976; 88:46-50.

[27] Hiroi T, Imaoka S, Funae Y. Dopamine formation from tyramine by CYP2D6. Biochem

Biophys Res Commun 1998; 249:838-843.

15



HVA assay: interference from dietary flavonols

[28] D'Angelo S, Manna C, Migliardi V, et al. Pharmacokinetics and metabolism of
hydroxytyrosol, a natural antioxidant from olive oil. Drug Metab Disposition 2001; 29:1492-1498.
[29] de la Torre R, Covas MI, Pujadas MA, Fito M, Farre M. Is dopamine behind the health
benefits of red wine? Eur J Nutr 2006; 45:307-310.

[30] Boyle JG, Davidson DF, Perry CG, Connell JIMC. Comparison of diagnostic accuracy of
urinary free metanephrines, vanillyl mandelic acid, and catecholamines and plasma catecholamines
for diagnosis of pheochromocytoma. J Clin Endocrinol Metab 2007; 92:4602-4608.

[31] Candito M, Billaud E, Chauffert M, et al. Biochemical diagnosis of pheochromocytoma and
neuroblastomas. Ann Biol Clin (Paris) 2002; 60:15-36.

[32] Lionetto L, Lostia AM, Stigliano A, Cardelli P, Simmaco M. HPLC-mass spectrometry
method for quantitative detection of neuroendocrine tumor markers: Vanillylmandelic acid,
homovanillic acid and 5-hydroxyindoleacetic acid. Clin Chim Acta 2008; 398:53-56.

[33] Sawai Y, Kohsaka K, Nishiyama Y, Ando K. Serum concentrations of rutoside metabolites
after oral-administration of a rutoside formulation to humans. Arzneimittel-Forschung/Drug
Research 1987; 37-1:729-732.

[34] Neveu V, Perez-Jimenez J, Vos F, et al. Phenol-Explorer: an online comprehensive
database on polyphenol contents in foods. Database (Oxford); 2010:bap024.

[35] Perez-Jimenez J, Neveu V, Vos F, Scalbert A. Systematic Analysis of the Content of 502
Polyphenols in 452 Foods and Beverages: An Application of the Phenol-Explorer Database. J Agric

Food Chem; 58:4959-4969.

16



	citation_temp (2).pdf
	http://eprints.gla.ac.uk/40797

	citation_temp (2).pdf
	http://eprints.gla.ac.uk/40797




