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SUMMARY 

Aberrations in the metabolic pathways of catecholamines in patients with 
neural crest tumors result in characteristic urinary excretion patterns of their catab- 
o&s. Tumors such as pheochromocytoma, neuroblastoma and ganglioneuroma 
usually defy clinical diagnosis because of their rarity, small size, intraatiominal 
position and clinical symptoms similar to those of essential hypertension. 

Quantitative determination of catecholamiue metabolites such as vauillyl- 
mandelic acid (VMA) and 3-methoxy4hydroxyphenylethyleneglycol (MHPG) offers 
possibilities for reliable confirmation of diagnosis. However, previous techniques for 
the assessment of catabolite levels suffered from inadequate sensitivity, reproducibility 
or specikity, which seriously diminished their usefulness as biochemical determinants 
in the prognosis of these life-threatening tumors. 

Reported in this paper is the analysis of urinary levels of VMA and MHPG 
using reversed-phase high-performance liquid chromatography with electrochemical 
and spectrophotometric detection. We present the excretion patterns showing these 
metabolites iu 15 control subjects, 15 patients with pheochromocytoma and 5 patients 
with neuroblastoma. 

INTEtODUCI’ION 

Since the discovery of the metabolic pathways of catecholamines by Armstrong 
et al-l in 1957, the determination of catccholamines, their precursors and major 
metabolites has become of considerable importance in certain disease states and 
particularly in clinical oncology. 

Abnormal secretion patterns of catecholamines and their catabolites have 

* To whom correspondence should be addressed. 



contriiuted considerably to the understanding of parkinsonis&, essential hyper- 
tension3, muscular dystrophy’ and neural crest tumors- such as pheochromocytoma, 
neuroblastoma and ganghoneuroma, 

Pheochromocytoma, a lethal tumor which is a rare cause of hypertension, 
manifests itself in symptoms commonly associated with elevated catecholamine 
excretion. Tumors belonging to the neuroblastoma group are one of the most common 
solid malignant neoplasms of childhood, while ganglioneuromas are rare benign or 
mahgnant tumors oamrring in young adults. 

The r&tiveIy small size of these intraabdominal tumors and the possibility of 
GompIete remission of patients with malignant neural crest lesions cause great ditZ- 
cuhies in clinical and even histopathologic diagnosis. 

The dsctivation of the catecholamines norepinepbrine (NE), epinephrine (E) 
and dopamine (D) proceeds via 3-0-methylation by the enzyme catechoEO-methyl- 
transferase and oxidation by monoamine oxidase. While homovaniihc acid (BYA) is 
the major metabolite of D, vanillyhnandelic acid (VMA) resuits from deactivation of 
NE and E in peripheral tissues and 3-methoxy4hydroxyphenyiethyleneglycol 
(MHPG) is the terminal product of NE and E in the brain. The precise quantitative 
assessment of urinary catechofamines and their catabolites such as VMA, MHPG, 
HVA and total metanephrines (TM) enables the clinician to differentiate between 
patients with neuraI crest tumors and ffie vast majority of those with hypertension of 
d-rent etiofo_q. 

Due to the compiexity of the sample matrix, anaIytical procedures for the 
determination of endogeneous IeveIs of urinary catecholamine metabolites demand 
high de_- of sensitivity anti great resolving power from the separation technique. 
Most separation and identification methods such as spectrophotometry9~10, electro- 
phoresisll, isotope diIution=, paper chromatography’ and thin-layer chromato- 
graphy13 are too time consuming and/or not adequateIy quantitative to permit routine 
and reliable. determination of these compounds in bioIogicaI samples. Gas-Iiquid 
chromato_mphy (GLC) with electron-capture or game-ionization detection, alone” 
or in tandem operati,on with mass spectrometry15 offers great sensitivity and speci- 
ficity, but requires &borate sample pre-treatment which makes the technique un- 
suitable for routine cIinica1 use. 

The known abiiity of high-performance liquid chromatography (HPLC) to 
anaIyze thermally-IabiIe, nonvolatile or poIar compounds is well documented in the 
literature_ RecentIy, Horvath and co-workers “S have demonstrated in several 
excellent articies the advantages of the reversed-phase mode of HPLC in the analysis 
of urinary constituents. They have separated over a hundred IX-absorbing com- 
pounds, showing that a wide spectrum of compounds of different poI;rrity can be 
separated simuItaneousIy_ Combined with the use of highIy sensitive electrochemical 
detection, HPLC, particuiarly in its reversed-phase mode, affords great speed of 
analysis and reproducible quantitation which are mandatory in establishing clinically 
useful assays. 

Reported in this paper is the use of reversed-phase HPLC as a diagnostic tool 
for rapid detection of neural crest tumors such as pheochromocytoma and neuro- 
b&stoma. 
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EXPERIMENTAL 

Lwtrumentution 
A Model 6000 A solvent delivery system, Model U6K Universal injector and 

Model 660 solvent programmer, all from Waters -4ssoc. (MiJford, Mass., USA_) 
were used in all determinations. The detection system consisted of a continuously 
variable UV detector and electrochemical detector. The variable wavelength detector 
was a Spectroffow monitor, Model SF 770 (E&&OS, Schoeffel, Westwood, N.J., 
U.S.A.) wit& the cell volume of 8 ~1. The detector was also equipped with a SFA 339 
wavelength drive and MM 700 memory module which were used for obtaining 
stopped-fiow w spectra. 

The voltammetric/amperometric detector, Model E 611 (BUM, West- 
bury, N-Y., U.S.A.) operates on a three-electrode potentiostatic system and uses a 
glassy carbon electrode as the working electrode and the Ag/AgCI as the reference. 
The effective cell volume is 1~1. 

The chromatographic column was a prepacked PBondapak C,, (10 ,um average 
pastiche size) from Waters Assoc. 

Materials and methods 
All reagents were of highest purity (A.C.S. certified grade). Reference com- 

pounds were purchased from Sigma (St. Louis, MO., U.S.A.), glusulase from Endo 
Laboratories (Garden City, N-Y., U.S.A.) and potassium dihydrogen phosphate from 
Mallinckrodt (St. Louis, MO., U.S.A.). Solutions of reference compounds were pre- 
pared in distilled-deiouized water and kept frozen when not in use. &&o&rile, 
distihed-in-glass, was purchased from Burdic & Jackson (Muskegon, Mich., U.S.A.) 
and ethyl acetate (pesticide grade) from Fisher Scientific (Springfield, N.J., U.S.A.). 

Chromatographic conditions 
Urinary catccholamine metabolites were determined by means of a gradient 

elution mode of reversed-phase HPLC. The low-strength eluent was 0.1 F KH,PO,, 
pH 2.50, and the high-stren,ti eluent an acetonitrile-water (3:2) mixture. The low- 
strength ehxent was always filtered through a Millipore membrane filter (Milhpore, 
Bedford, Mass., U.S.A.), pore size 0.22 pl and the high-strength eluent was regularly 
degasses under vacuum. 

A 4Emin linear gradient from 0 to 60% of the high-strength eluent was used_ 
The cohuun was periodically flushed with pure acetouitrile in order to elute com- 
pounds which exhibit excessively tong retention under the chromatographic con- 
ditions used. The flow-rate was l-4 ml/min, and the temperature was ambient in all 
cases. 

Sample preparztion 
Random urine samples were obtained from 15 healthy subjects, 15 patients 

with clinically documented pheochromocytoma and 5 patients with neuroblastoma. 
Determination of VMA a&free MIIPG. A 3-ml volume of urine, acid&d to 

a pH of approximately 1 using 6 iV HCl, were extracted with three portions of ethyl 
acetate (6,3 and 3 ml). The extracts were pooled and evaporated to dryness under a 



stream of dry nitrogen The residue was then redissolved in L_Oml of distilkd- 
de&r&d water and the extracts subsequently chrosnatographed. 

Detemination of coqkgated &iAY..G. Since MHPG is excreted into urine as 
su?ffate and glucuronide conjugate, the aqueous phase, remaining after the initial ethyl 
acetate extraction had to be enzymatically hydrolyzed. Therefore, the pH of the 
aqueous phase was adjusted to 5.2 and the -sample was incubated for 16 h with 0.1 ml 
of g&&se (mixture of sulfatase and gkuronidase). The incubated sample was 
acid&d to a .pH of approximately 1 and extracted with ethyl acetate (6,3 and 3 ml). 
The pooled organic layer phase was then treated as described for VMA and free 
MHPG. 

Ektraction e#ciency 
Prior to the analysis of physiological samples, the efficiency of the extraction 

procedure was determined by means of radioactively-labeled VMA and rMHPG. The 
recovery for both compounds was found to be between 95 and 99%. 

Peak identifcation 
titial peak identikation was performed on the basis of retention behavior 

and co-chromatography with the reference solutions. 
Separation of acidic compounds from the neutral and basic urinary constituents 

by means of au ethyl acetate extraction, coupled with the selectivity of the electro- 
chemical detection for species containing an electrophore, gave further information 
concerning the peak identity_ The conditions for the ekctrochemical detection were 
optimized in order to m aximize the response of the compounds under study without 
loss of sp~ticity. The optimal oxidation voltage was found to be f 1 .OO V. In addi- 
tion, whenever the levels of the compounds under study permitted the use of W 
detection, stopped-flow W spectra of the peaks in urine were obtained and com- 
pared with those of the reference compounds. This technique, used in combination 
with retention behavior and co-chromatography with the reference compounds, has 
proven to be a valuable aid in identification, The details of the use of W scanning 
techniques are given in the literaturel*. 

Linearity of response mrd detection limits 
Linearity of detector response with concentration was determined for the com- 

pounds under study over the entire working range. Plots of peak heights vs, amount 
of sample injected were found to be linear at kast three orders of magnitude beyond 
the concentration range of interest_ For the electrochemical detection, the lower limit 
of detection for both compounds was found to be approximately 20 pg. 

Reproduciiiility of retention times and peak heights 
- Ten repetitive injections of urine extracts gave relative standard deviation of 

1.0% for the retention times, and 1.2 % for the peak heights. 

Interferences 
The described zu~Iyti~A technique was found to be interfkrence-fkee for the 

samples anal_yzed_ Whenever possible, the spectroscopic purity of the peaks under 
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study was checked by means of absorbance F&OS at several Wavelengths, and peri- 
odically by obtaining stopped-flow W spectra 

En the absence of reliabIe biochemical techniques for routine diagnosis of 
neti crest tumors, the clinicians have often been misled by unreliable calorimetric 
assays for catecholamine metabolites. This has proven to be pM&xlarly dangerous 
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Fig. 1. Separation of a synthetic mixture containing approximately 2 nmoks each of the following: 
1 = 3&dihydroxymmdelic acid; 2 = dopa; 3 = IIietmephriue; 4 = tyrosine; 5 = vanillylmaudelic 
acid; 6 = Emethoxy-4-hydroxyphenylethyleneglycol; 7 = Ehydrozqtryptophan; 8 = 3&dihy- 
droxyphenylacetic acid; 9 = anthmnilic acid; 10 = tryptophao; Ii = 5-hyckoxyindole-3-acetic acid; 
12 = vanillic acid; 13 = 3+dihydrortycinnam ic acid; 14 = 3-indokxetamide and 15 = 3-indole 
Iactic acid. Chromatographic condition.s Column: @ondapak C Is; eluents: (low strength) 0.1 F 
=wa, PH 2% (high strength) acetonitribwater (3:2); gradient: linear from 0 to 60% of the 
bigb-smxgth eiuent in 45 min; flow-me: 1.4 ml/min; temperature: ambient; detection: electro- 
chemical at $-LOO V and W absorption at 285 sun. 



due to the absence of characteristic chnicol symptoms -which would enable rehable 
dif5erentiation of these persistantiy secmting tumors from cases of essentiaI hyper- 
teusion- 

In an effort to establish the usefuhtess of VMA and MEIPG as biochemid 
determinants for reliable diagnosis of neural crest tumors, we have investigated the 
use of reversed-phase EIPLC coupled w?th electrochemical and spectrophotometric 
detection. 

The semtion of some catechohunine met&o&s of clinical signi.tIca.nce is 
shown in Fig. 1. As can be seen from this ikstration, the UV absorption is con- 
siderably less sensitive than the electrochemical detection_ This difference is partic- 
ularly crucial in the aualysis of the free levels of MEIPG for which the W absorption 
is not stdkierdy sensitive. In addition, the ethyl acetate extracts of urine samples 

contain more W absorbing than ekctroactive substances which can be oxidized at 
the selected potential. In order to optimim the conditions for electrochemical detec- 
tion in terms of sensitivity and selectivity, a reference sofution of the compounds under 
study was chromatographed and detected at different oxidation potentials. Fig. 2 
shows the change in response of MHPG with change in oxidation potential. Since 
optimal response for both compounds was obtained at f 1.00 V, this potential was 
adopted for the protocol procedure. 

T&e developed analytical procedure was then tested in the analysis of urinary 
VMA and MEIPG. In the analysis of free glycol in samples from normal subjects, the 
use of electrochemical detection is mandatory. A typical separation of the constituents 
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Fig. 2. Chmge in tzhctor response of h4HPG reference solution with change in oxidation potential. 
chromatographic amditi~ zs in Fig. 1. 
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Fig. 3. Chmmatogram of the extract of a urine sample from healthy subject. Chromtograpbic 
conditions as in Fig. 1; detedion: electme bemicA 2t +l.OO V; voIume of extract injected: 5 ~41. 

of the ethyl acetate extract of a urine sample from a normal subject, detected e&o- 
chemically at f- 1 .OQ V, is shown in Fig. 3_ In order to determine the level of the UIQ- 
jugated MHPG in the same sample, the sulfate and glucuronide conjugates of MEIPG 
have to be enzymatically hydrolyzed. A chromatogram of the ethyl acetate extract of 
the incubated sample is shown in Fig. 4. 

The levels of VMA and free MHPG in the ethyl acetate extract of the urine 
sample from i pat&t with pheochromocytoma is shown in Fig. 5. Sot& catabolites 
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Fig. 4. cflmmiitogram of the extract of the urine -ample fmm a he&by subject @es inc~~bation 
with gkulase fo!lowing initial extraction of free acidic cam_pounds. Cbromatographic conditiozls 
as in Fig. 1; detection: ekctmchemical at -i-l_00 V; volume of extract i@cted: 5~1. 

were found to be elevated in this sampIe. As can be seen from Fig. 6, decoojugation 
of MHPG in the urine sample from the same patient also showed an elevated level of 
MHPG. 

In spite of the lower sensitivity and specificity of the W detection, its use is 
still possibb in the analysis of urinaty levels of catecholamine metab&tes in patients 
with catecholamine-secreting tumors, Fig- 7 shows a typical W proBe (detected at 
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Fig. 5 Chromatogram of the mine extract of a sampie from a patient with cIinicalIy diagnosed 
pheochromoqtoma. ChromatogsapSic conditions as in Fig. 1; detection: electrochemical at +l.oO 
V; volume of extract iq+tedr 5pl. 

285 nm) ofttie ethyl acetate extract of a urine sample from a patient with pheockomo- 
cytoma. Due to the high levels of VMA and MHPG it was possible to obtain stopped- 
flow UV specb~ which, zdthough lacking in tie structure, are nevertheless an im- 
portant fingerprint of the absorber. The comparison of the stopped-flow UV spectra 
of the reference compounds and the corresponding peaks in the mine extract (Fig. 5) 
are shown in Fig. 8. It should be noted that this method is more reliable than the use 
of absorbance ratios since it permits examination of the entire UV spec&um, rather 
than comparison of several points along the absorption curve. 

Analtigous resuks were also found in the case of patients harboring tumors of 
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Fig. 6. Chnjmatcgram of the extract of a urine sample from a patient with pheocbromocytoma, 
incubated with ghsuhe, following initial extraction of free acidic c~mpound.s. Cbromatographic 
ccsditi5ns as in Fig_ 1; detectio~r e at ;l.ClO V; volume of extract injected: 5~1. 

the neuroblastoma type. A typical chromatogram of the urine extract from a patient 
with this tumor are &own in Fig. 9. 

An ultimate proof of the sensitivity of tie proposed analytical method is 
exemplifxed by the detemka tion of the physiological levels of catechoiaminc met&- 
elites in samples of amniotic fluid. TIie knowledge of the exact composition of 
amniotic fluid as a function of gestational age is usef& as an index of maturity of the 
baby, in elucidation of the nature of solute transfer between the fluid, fetus and the 
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Fig. 7. UV prome of the ethyl acetate extract of a urine sample from a patient wiffi pheochromo- 
cytoma. Chromatographic conditions as in Fig. 1; volume of extract injected: 5~1. 

mother, and also in diagnosis of congenital neuroblastoma and maternal pheochromo- 
cytoma. Fig. 10 shows a chromatogram of the amniotic fluid extract detected electro- 
chemicaIIy at an oxidation potential of t 1 .oO V. T&e concentration of both catabolites 
is in the ngJml range. 

The establishment of a screening test for neural crest tumors su’ch as pheo- 
ckromocytoma and neuroblastoma necessitates quantitative assay of VMA and/or 
MHPG. In the past, the latter CataboIite was not often used as an indicator of neural 
crest lesions due to the signi&zantIy- higher degree of CompIexity of the assay pro- 
cedures. 

Previous studies have indicated tkat the excretion of catecholamine metab- 
oIites varied from hour to hour within a narrow range. In order to reduce this 
variability, it was suggested that rather than using a 24-h urine co!!Iection as a reference 
for excretion values, better reproducibility and reliability could be achieved by using 
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Fii 8. CIhmued stamed-f?ow W specrra of the VMA and MEiF reference wnqx~unds and the 
peaks with the same retention times in tke sample shown in Fig 7. !Ibnn& conditions: scanning 
rate: IGO rlm/rn.h; abso-: 0.1 zu.fs_ 

random urine sampks and expressing the catabolite COEIC~Q~Z&~OQ in terms of 
creatinine content6~‘“. Creatiniae, an excretory product of the kidney, is of great 
clinical importance because of its very co-t renal &zsran=_ Quantitative deter- 
mination of creatinine is most commonly performed by the l&6 methoP. Although 
‘tiis EZtiOQ hEiS IOQg been = impOrtant EXL7Lt Of the CtiCd CkQliSt’S a?a.umeQhQQl, 

it is becoming increasi&y apparent that it lacks specScity_ 
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Fig. 9. CIhromatogram of the extract of a mine sample from a patient with neuroblastoma. Cbro- 
matographic conditions as in Fig. 1; detection: eIectmcbemicaI at tl.tlO V; voiume of extract in- 
jxted: 5 pl. 

The we of reversed-phase HPLC with low-wavelength detection 2s a direct 
method for zaas urement of creathine circumvents problems associated with the 
reaction of pseudu-crea tinine chtomogens and aEonIs excellent accuracy and spec- 
i&Sty_ Fig. 11 illustrates a chromatogmn of a dilnted urine sample (I :25), detected 
sh~taneously at 235 and 254 run. Absorbance ratios and stopped-flow l_lV spectrum 
of the protie& peak in the chrom&ogram were used in order to establish peak 
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Fig. 10. Cbromatogsam of the ethyi acetate extract of a sample of amniotic fluid (gestational age: 
17 weeks). Cbromatographic conditions as in Fig. 1; detection: ekctrockmic4 at +1.(W) V; voIume 
of sampfe kjected: 100~1. 

identity_ This simple method for assessmeat of creatinine values facilitates the ex- 
pression of catabolite excretion in terms of creatixzine content, 

Quantitative data for VMA, free and conjugated MHPG in urine samples from 
control subjects and patients with pheochromocytoma and newoblastoma, expressed 
in terms of creatinine coatent, are given in Table 1, By &pection, it is immediately 
evident that both compounds pamIle the onset ofthese tumors. This is to be expected 
since they both have a common precursor, 3_methoxy+hydroxymandeiic aldehyde. 
In the coarse of this study, no false positives were encountered. 

While diet and certain medications6 are kno_wn to iafluence most of.the com- 
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Fig. 11, c~matogram of a urine sample (I 25 dilution) from a normaI subject. @romatogcaphic 
conditions as in Fig. 1; detection: UV absorption at 235 and 254 m; volume of sample injected: 
25pI. 

manly used screening tests, due to its great resolving power tie HPLC procedure is 
not a&&xl by these variabks. 

The great advantage of the described method is in its abiity to monitor simul- 
taneously several compounds of intezst. Thus VMA, in addition to MHFG can be 
measured in the ethyl acetare extract of urinary phenol&z compounds. 

‘In addition to its diagnostic merit, the described procedure can also be used 
for monitoring remissioc of patients follow@g treatment of surgesy: 
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TABLE I -. 

QU-ATXVE DATA FOR VMA, FREE AND C0NJUGATED MHPG FOR NORMAL 
SUBJECTSANDPATIENTS WITH PHEGCHROMGCYTOMA AND NEuROBLAsroMA 

Re¶lItsexpresdpermgofcse&i&e. 

NonrfuZ Pk~~Off& Ncrao6liLnomp 

15 15 5 

2.80 16.1 10.0 
OS-35 4.5-50.0 s-a-21 .o 

0.05 0.44 0.55 
0.02-0.1 0.07-1.1s 0.0%1.50 

0.6 7.7 7.4 
0.0.6 2.4-l 5.9 2.4-l 6.0 
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