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Intestinal carcmold tumors, which secrete large amounts of serotomn, are 
often discovered by the enhanced excretion of 5-hydroxy-3-mdoleacetlc acid 
(5-HIAA) 5-HIAA determmatlon has also been suggested as an aid m the 
diagnosis of certain neurological [ 1,2] and psychlatrlc &sorders [ 3,4] Homo- 
vamlhc acid (HVA) 1s the mam metabohte of dopamme m the brain Neuro- 
blastomas and ganghoneuromonas are generally accompanied by increased 
levels of HVA [5]. Interactions between the dopammerglc and serotonerglc 
systems have been assumed [ 61. However, to our knowledge, no simple method 
for the simultaneous determmatlon of 5-HIAA and HVA m urine has been 
reported 

Most of the published methods for monoamme determmatlons concentrated 
on high-performance liquid chromatography (HPLC ) with electrochemical 
detection and/or required sample purlficatlon (e g , ion-exchange chromato- 
graphy, solvent extraction), easy matrices such as cerebrospmal fluid were 
used or complex methodology, mcludmg gradient systems, were described All 
pubhcatlons m the field of monoamme determmatlons agree on the &fficult 
aspect of the complexity of the urine sample In this paper, we present a simple 
automated HPLC method for the simultaneous measurement of HVA and 5 
HIAA m urine without sample pretreatment 
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EXPERIMENTAL 

Reagents and materials 
Ethylenedlammetetraacet1c acid sodium salt (EDTA) and sodium dlhydro- 

genphosphate were obtained from Merck (Darmstadt, F R G ) and tetrame- 
thylammomum hydrogensulphate from Fluka (Buchs, Switzerland) 3,4-D1- 
hydroxymandellc acid, 3,4-dlhydroxyphenylacet1c acid, L-3,4- 
d1hydroxyphenylalanlne (L-DOPA), 3,4-dlhydroxyphenyl glycol, dopamlne, 
homogentlslc acid, HVA, 5-HIAA, 5-hydroxy-2-mdolecarbonlc acid, hydroxy- 
3-methoxyphenylethylene glycol (MOPEG), 5hydroxytryptophan, 3-mdole- 
acetic acid, kynurenme, noreplnephrlne, normetanephrlne, serotonln, tyra- 
mme, tyroslne, tryptamme, tryptophan, van1111c acid and van1llylmandel1c acid 
(VMA) were purchased from Sigma (Delsenhofen, F R G ) Lyphochek con- 
trol urines were obtained from Blo-Rad Labs (Munich, F R G I 

Stock solutions of reference compounds were prepared m methanol and stored 
at 4’ C Working solutions were freshly prepared every day 

Apparatus 
The chromatographlc analysis was performed with two 655.4-12 hqtnd chro- 

matography pumps, an L5000 LC controller, a D2000 integrator (Merck ) and 
an EL7000 electromagnetic valve (Kranmch, Gottlngen, F R G ) Analyses 
were carried out on a 25 mm x 4 mm I D L1Chrospher RP- 18e pre-column 
(end-capped, 5 pm) and a 125 mm x 4 mm I D LlChrospher RP-18e analytical 

ON LINE MODE OFF LINE MODE 

Fig 1 Diagram of the HPLC column-swltchmg system m on-be and off-hne modes AC = analytical 
column, AS = autosampler, D = fluorescence detector, INT = Integrator, P = pump, PC = pre-col- 
umn, W = waste 
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column (end-capped, 5 pm) (Merck) An FlOOO fluorlmetrlc detector (Merck) 
with a 40-~1 flow cell set at an excltatlon wavelength of 275 nm and an emlsslon 
wavelength of 330 nm was employed The system was automated by a &%A-10 
autosampler (Merck) The flow diagram of the column-swltchmg system 1s 
given m Fig 1 

Chromatographlc condklons 
The aqueous part of the mobile phase was prepared by addmg 0 2 g of EDTA, 

13 8 g of sodmm dlhydrogenphosphate and 0 7 g of tetramethylammomum hy- 
drogensulphate to deionized water to a final volume of 1 1 and adJusted to pH 
5 4 with 13 M ammonia The eluent was buffer-methanol (95 5, v/v) The 
flow-rate was 1 2 ml/mm 

Column-swltchLng system 
The configuration of the column-swltchmg apparatus m on-lme and off-line 

modes 1s given m Fig 1 In the on-line mode the urine samples were injected 
via an autosampler and were preseparated from hpophlhc lmpurltles on a pre- 
column For 2 mm all hydrophlhc compounds, including 5-HIAA and HVA, 
eluted from the precolumn and passed for subsequent separation to an analyt- 
ical column After valve-switching the system went mto the off-lme mode and 
all hpophlhc urme constituents retarded on the pre-column were eluted in the 
back-flushmg mode for 8 mm with the same eluent The cycle time for one 
analysis was 12 mm The integrator, electromagnetic valve and autosampler 
were controlled by the L5000 LC controller 

Sample preparation 

Urine samples for analysis were collected over a 24-h period m polyethylene 
containers and 10 ml of 8 M hydrochloric acid were added as a preservative 
Samples were stored at - 20 “C until analysis Before analysis the thawed sam- 
ples were vortex-mixed and centrifuged at 10 000 g for 10 mm at 8>C A 50-~1 
sample of the urme supernatant was diluted with 1 5 ml of HPLC buffer and 
20-~1 ahquots were mjected at 4°C via an autosampler Cahbratlon was per- 
formed with stock solutions, freshly diluted with the HPLC buffer and checked 
perlodlcally with Lyphochek control urines 

RESULTS 

To achieve the separation of 5-HIAA and HVA from other co-elutmg sub- 
stances without extraction procedures and wlthout mcreasmg the total anal- 
ysis time, the column-swltchmg techmque was useful Under the described 
optimum assay condltlons, retention times and correspondmg relative reten- 
tion t lmes calculated on 5-HIAA were measured (Table II HVA and 5-HIAA 
are well separated, and also serotomn and homogentlslc acid (see Fig 2A) 
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TABLE I 

RETENTION TIMES (RT) OF BIOGENIC AMINE METABOLITES AND INTERFERING 
COMPOUNDS 

All relative retention times (RRT ) are quoted relative to 5-HIAA 

Substance RT RRT Substance RT RRT 
(mm) (mm) 

3,4-Dlhydroxymandehc acid 0 99 0 14 5-Hydroxytryptophan 450 064 
Norepmephrme 102 0 15 Vamlhc acid 470 067 
VMA 1 30 0 19 MOPEG 5 14 oi4 
I -DOPA 144 0 21 Serotonin 600 0 86 
Normetanephrme 158 0 23 5-HIAA 698 100 
Tyrosme 190 0 27 HVA 813 116 

&4-Dlhydroxyphenyl glycol 2 00 0 29 Tryptamme 9 40 135 
Dopamme 2 13 0 31 Kynurenme 942 135 
3,4-Dlhydroxyphenylacetlc acid 2 65 0 38 Tryptophan 9 70 1 39 

Homogentwc aLld 2 90 0 42 5-Hydroxy-2-mdolecarbomr arld 11 52 1 65 
Tyramme 3 40 0 49 3-Indoleacetrc acid 1459 209 
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Fig 2 HPLC traces for different samples (A) Aqueous mixture (5 mg/ml of each compound) 
measured at 275/330 nm, (B) aqueous mixture (5 mg/ml of each compound) measured at 300/ 
355 nm, (C) external cahbratlon sample of homogentwc acid (20 mg/ml). 5-HIAA (5 mg/ml) 
and HVA (5 mg/ml) measured at 275/330 nm, (D) normal urme sample measured at 275/330 
nm (5HIAA 2 23 mg/l and HVA 3 07 mg/l), (E) abnormal elevated urine sample measured at 
275/330 nm (5-HIAA 15 28 mg/l and HVA 8 85 mg/l), (F) normal unne sample (D) measured 
at 300/355 nm Peaks 1 =VMA, 2 =dopamme, 3 = homogentlwc acid, 4 =vamlhc acid, 
5 = serotonm, 6 = +HIAA, 7 = HVA, 8= tryptophan 



Serotonm, with a much lower physlologlcal urme level than the compounds of 
interest, cannot be determmed with this HPLC assay system at normal phys- 
lologlcal urine concentrations, and 1s measurable only with abnormally high 
urine levels 

This automated HPLC system for simultaneous 5-HIAA and HVA deter- 
minations 1s advantageous because other urinary physlologlcal metabolic com- 
pounds are detectable m a single run and may give mdlcatlons of other meta- 
bolic disorders or diseases Homogentlslc acid 1s well separated from other 
urmary constituents (see Fig 2) and can easily be detected by this method In 
prmclple, this compound 1s measurable by the described method but Its deter- 
mmatlon IS hardly demanded m chmcal laboratories Abnormally high levels 
of homogentlslc acid were found m alkaptonuna, a rare metabohc disorder 

Tryptophan, with a retention time of 10 41 mm, 1s well separated from HVA 
A problem m Its determmatlon m urme 1s the presence of other possible en- 
dogenous mterferents such as tryptamme and kynuremne Therefore, no exact 
tryptophan determination 1s possible Despite this fact, a metabohc disorder 
m this pathway would be mdlcated by very high peak signals 

Another interesting compound 1s VMA, with a retention time of 1 3 mm 
Only high levels of VMA would be recorded because other unknown urine con- 
stltuents interfere with this peak However, for these two compounds, trypto- 
phan and VMA, this automated HPLC method may serve as an indicator for 
further mvestlgatlons when high signals are observed m routme 5-HIAA and 
HVA analysis 

5-HIAA and HVA were detected selectively by fluorescence detection, which 
was demonstrated with chosen excitation and emlsslon wavelengths (Fig 2A 
and B) 5-HIAA showed nearly the same slgnal mtenslty at both settmgs 
whereas HVA, tryptophan and homogentlslc acid revealed 50-, 10 6- and 3 7- 
fold higher intensity, respectively, at 275nm excltatlon and 330-nm emission 
wavelengths m comparison with 300/355 nm Norepmephrme, VMA and do- 
pamme were not detectable at 300/355 nm 

Fig 2D and E show typical chromatograms with normal and elevated 5- 
HIAA concentrations, the latter havmg been caused by a carcmold tumor In 
Fig 2F the same analysis as m Fig 2D was carried out at 300-nm excltatlon 
and 3S5-nm emlsslon wavelengths This demonstrated that selertlvlty may be 
favourable for abnormally high sample compound levels for control purposes 

Cahbratlon of the HPLC system was performed with aqueous dilute stan- 
dards and controlled with Lypochek urmes For lmeanty, recovery and precl- 
slon studies on 5-HIAA and HVA, the standard addition method was apphed 
to a pooled urine sample Good linearity was observed m the range 0 5-20 mg/ 
1 Assuming a slgnal-to-noise ratio of at least 3, the detection llmlts of the assay 
were 0 2 and 0 5 mg/l for 5-HIAA and HVA, respectively Recoveries of 5 
HIAA and HVA m urine at concentrations of 2,4 and 6 mg/l for each analyte 
were 98 3 + 2 3 and 97 1% 3 9%) respectively The mtra-assay (n = 10 ) and In- 



ter-assay (12=9) relative standard deviations for spiked urine ramples at a 
level of 4 mg/l for each analyte were 2 9 and 4 2% (5-HIAA 1 and 2 5 and 3 9% 

(HVA) 

DISCUSSION 

The described HPLC methodprovldes a simultaneous, automated, rapid and 
sensltlve determination of 5-HIAA and HVA by a column-switching tech- 
nique No sample pretreatment was required and the use of fluorescence de- 
tection slmphfled its use m comparison with the more troublesome electro- 
chemical detection Recent pubhcatlons on HVA and 5-HIAA determmatlons 
described electrochemical detection m combmatlon w&h urine extraction pro- 
cedures such as ion-exchange [7], gel permeation [B] or solvent-solvent ex- 
traction [9,10 ] Further, some of these HPLC systems required long analysis 
times of 30-60 mm [B,lO] Only one pubhcatlon reported direct urme mJectlon 
[ 111, but one analysis required 30 mm and the complexity of the urine sample 

was emphasized One advantage of the column-switching technique 1s the use 
of the black-flushing mode, which elutes strongly retarded urme constituents 
during the analysis and as a consequence no interference problems arose and 
the analysis time was shortened 

In conclusion, the proposed method improved the condltlons for the routme 
chmcal determmatlon of 5-HIAA and HVA This system has been m operation 
for over two years without disturbances and with a mnumum of technical 
attendance 
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