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SUMMARY 

A high-performance liquid column chromatographic technique is reported for the analysis 
of some tryptophan and phenylalanine acid metabolites in the urine. An acidified and NaCl- 
saturated urine sample is loaded on to a C,,-bonded silica microcolumn_ After washing the 
microcolumn with clean and deionized water, the metabolites of interest are selectively 
extracted by successive elutions with organic solvents of variable polarity. Acids are eluted 
fkt and the neutral compounds with the next fraction_ Basic compounds and other neutral 
substances of higher polarities were eliminated during the washing procedure. 

The chromatography was performed in the straight-phase isocratic elution mode utilizing 
5-pm silica-gel columns loaded with a triethanolammonium perchlorate-perchloric acid 
aqueous solution The separations achieved have permitted the application of the cbromato- 
graphic technique to the analysis of urinary metabolites with acceptable accuracy. 

INTRODUCTION 

Interest in techniques for the separation, identification and quantitation of 
tryptophan and phenylalanme acid metabolites stems from specific require- 
ments in @n&l diagnosis. The analysis of hydroxyindole acid metabolites and 
some mandelic acid derivatives _in urine is not only important for the diagnosis 
of carcinoid malignancies and catecholamme-secreting tumors [l-4] , but it 
also serves as a monitoring system in the course of treatment of these diseases. 

Furthermore, study of the vast number of affections in which abnormalities 
in the tryptophan excretory pattern have been noticed [5,6], but in which no 
real insight into the relationship of cause and effect has yet been achieved, 
requires the introduction .of new analytical methods in addition to the existing 
paper chromatographic J’7], thi+ayer chronzatogkphic (TLC) [S-12], gas 
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chromatographic 1131 and electrophoretic [14] techniques, which have proved 
to be sometimes time-consuming, relatively insensitive and low in accuracy for 
the quantitative estimation of the compounds of interest. 

For these reasons a large number of studies have recently been undertaken 
on the application of high-performance liquid chromatography (HPLC) to the 
analysis of biogenic amines and related metabolites [15-20]_ Relative 
simplicity, good reproducibility as well as high efficiency are the practical 
advantages of HPLC over the techniques mentioned above and ionexchange 
chromatography; moreover, HPLC does not require any chemical processing of 
the samples before analysis. 

The reversed-phase mode of HPLC, when it is operated under gradientelu- 
tion conditions, affords excellent simultaneous separations of a large number 
of aromatic acids [17] so that urine extracts can be effectively assayed for 
their phenylaltie and tryptophan acid metabolites. 

On the other hand, normal-phase ion-pair HPLC has been found to give rapid 
and fair separations of some biogenic amines and their metabolites [18]. Such 
a procedure, despite the reduced number of compounds separated, indeed has 
the advantage of being simpler as it is performed isocratically. However, the 
ion-pair partition mode requires a sample preparation step (i.e. ion-pair forma- 
tion in an organic phase of the compounds being tested before injection on to 
the chromatographic columns), which may complicate the application of this 
technique to the assay of physiological materials, where direct injection of 
underivatized and if possible not pretreated samples is to be preferred. 

In the present paper we describe a normal-phase HPLC method that allows 
the isocratic separation of a relatively high number of metabolites, and its 
application to the analysis of clinically important uriiary acid metabolites of 
tryptophan and phenylalanine. 

EXPERIMENTAL 

Materials 
For chromatographic purposes use was made of the following analytical- 

grade organic solvents, without any further purification: n-heptane, isobutanol 
and 2-propanol. Ethyl acetate and methanol of highest purity grade (ACS 
UvaSol certified grade from Carlo Erba, Milan, Italy) were used for the 
extraction procedures. Urine extraction was accomplished on Sep-Paktm C18- 
bonded silica cartridges (I17aters Assoc., IMilford, MA, U.S.A.). 

Distilled and deionized water was used. T’riethanolammonium perchlorate 
(TETOLA’CIO-,) was formed by neutralizing an aqueous perchloric acid solu- 
tion of 2 given molarity by an equal amount of triethanolamine. 

The standard compounds listed in Table I were purchased from Sigma (St. 
Louis, MO, U.S.A.). 

Instrumentation 

Chromatography was performed on a Hewlett-Packard liquid chromatograph 
Model IOIOA, equipped with an UV absorption detector (Model HP 1032A) at 
two interchangeable fixed wavelengths (280 and 254 run), 2 linear potentio- 
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Fig. 1. Diagram of the packing apparatus. 1 = slurry reservoir; 2a, 2b, 2c = two-way high- 
pressure valves (Whitey); 3 = glass funnel; 4 = PTFE tube; 5 = precolumn; 6 = column. 

metic recorder (Model HP 71278) and with a high-pressure on-line injection 
block, 

Throughout the iuvestigation 24.75 X 0.4 cm I.D. stainless-steel columns, 
packed with IXhrosorb silica-gel particles (5 pm) were used. The column was 
packed using the equipment represented in Fig. 1, Pressure was applied to the 
packing system by one of the Iiquid chromatograph pumps, operating at the 
maximum feed capacity (about 240 bars). 

Packingpmcedures 
Cohmns were wet-packed using the shury method with isopropanol- 

stationary-phase (53, v/v) as dispersing solvent. The stationary phase consisted 
of an aqueous solution of 0-5 M ‘FETOLA”ClO~ -0.3 M HcIo,_ 

A 1.8-g amount -of LiChrosorb SE1005 (E. Merck, Darn&&t, G.F.R.) is 
dispersed by mechan.icaI agitation in the isopropanolstationary phase mixture 
(10 ml).. The opalescent suspension formed is then heated in a water-bath at 
50-6O”C for 3-4 h to remove any gas residue, and cooled at ambient 
tempe%atum_ Using a pasteur pipette the suspension is rapid@ deiivered into the 
column- aud previously connected precohunn; then the precohunn is assembled 
on to the reservoir via the two-way balIvalve 2a (Fig. 1). By means of a glass 
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funnel and a flexible PTFE tube attached to the funnel stem, 75 ml of the same 
solvent as that contained in the solvent reservoir (ethyl acetate) are gently 
poured in. 

The funnel Is now completely withdrawn. With valve 2b open and valves 2a 
and 2c closed, the pump is started at its maximum pressure feed, When the first 
drop of ethyl acetate has emerged through valve 2b, this valve is shut and valve 
2a opened. Now the system is allowed to run until 120-150 ml of liquid have 
passed through the column. 

Chromatogmphic procedure 
All chromatographic experiments were performed at ambient temperature, 

in the isocratic elution mode_ The mobiIe phase was n-heptane-isobutanol-2- 
propanol (10:10:30, v/v/v) saturated with 2.5-3.0 ml of stationary phase. 

Equilibration of the chromatographic system with the mobile phase was 
carried out by allowing 150-200 ml of eluent to pass through the cohunn at 
a fiow-rate of 0.66-0.75 ml/min. 

The standard compounds were prepared by dissolving weighed amounts in 1 
ml ol^ either n-butanol-dichloromethan~ N HCl (5:5:0-l) or 2-propanol- 
diethyl ether-O.15 A4 HCl (4_5:4.5:1_0), depending on the solubiliQ of the 
substances. Five microlitres of these solutions, containing O-05-2.0 pg of each 
solute, were injected into the column. The standard solutions had to be 
prepared fresh before injection because most of the compounds are easily 
degraded in organic solvents_ 

Sample prepamiion 
Urine samples were obtained from ten of our laboratory technicians and 

students, from five children admitted to the Pediatric Department for diseases 
not correlated with any of the tryptophan or the phenylalanine metabolic 
anomalies, from one patient affected with neuroblastoma, from two cases of 
phenylketonuria, and from one patient affected with a hypochromic micro- 
cytic anemia. The specimens were in every case 24-h urines collected under 
controlled nutritional conditions and kept frozen after being acidified to about 
pH 2 with hydrochloric acid. 

Isolation of aromatic acids and neutral compomds 
Two &-bonded silica cartridges were prepared for each urine sample to be 

extra&A by inserting the longer end iuto the tip of a lo-ml disposable plastic 
syringe barrel (after rerroval of plunger)_ 

The CIs microcolumns are then pm-wetted by allovGng to pass successively 
through the cartridges 2.5 ml of isopropanol and 5 ml of clean distilled and 
deionized water_ 

Then 5 ml of urine, previously acidified to pH 2 and saturated with NaCl, are 
poured into the syringe barrel of one of the two cartridges and, after the liquid 
has passed completely through the microcolumn, it is washed with 3.0 ml of 
water and the effluents are discarded_ 

Then 5 ml of a glycine-NaOH buffer (pH 9.0) 1211 are allowed to pass 
through the cartridge and the effluent collected in a lo-ml test-tube and care- 
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fully acidifiecl to pH 1.5-2.0 with 125 ~1 of 3 N HCl_ The acidified solution is 
then poured into the second cartridge and the effluent discarded. Now the 
column is washed with 3.0 ml of clean water and finally witb 0.5 ml of ethyl 
acetate. 

Acid metabolites are now extracted by eluting with 2.5 ml of ethyl acetate- 
methanol (1:l). The eluate is collected and evaporated to dryness under a 
stream of dry nitrogen under mild temperature conditions (50-6O”C); the 
residue is redissolved in 100-500 ~1 of ethyl acetate-2propanol (1:l) and 
constitutes fraction A. 

The residual neutral substances on the first microcohunn are now extra&cd 
by 2.0 ml of ethyl acetate--methanol (1:l) of which the first 0.5 ml are 
discarded, while the successive effluent liquid, collected and evaporated as 
above, constitutes fraction B, 

Another fraction (C) may still be obtained by subjectiig the first micro- 
column to further elution with methanol_ 

The fractions A, B and, eventuelIy, C are kept frozen until they are subjected 
to cbromatographic analysis. 

In all cases, the passage of the liquids through the cartridges may be 
accelerated by gently pushing the syringe plunger. Any air bubbles that may be 
formed inside the narrow bore between the syringe and the cartridge must be 
removed by a pasteur pipette. 

RESULTS 

The chromatographic parameters of tienty tryptophan and phenylalanine 
metabolites are reported in Table I, where a wide range of k’ values is displayed 
that permits the separation of a group of indole and catcchol derivatives (Fig. 
2). The number of compounds separated is even higher when urine extracts 
were subjected to analysis (Figs_ 3-7) 

hr some urine extracts identification of the peaks corresponding to homo- 
vanihic acid (HVA), vanilmandelic acid (VMA), 5hydroxyindole3acetic acid 
(5HlLU) and 5-methoxyindole3acetic acid (5MIAA) was tentatively carried 
out by co-chromatography with standard compounds once the effective 
presence of the considered metabolites has been ascertained by specific detec- 
tion reagents on TLC [22]_ 

For quantitative purposes, plots of peak heights versus amount of injected 
sample were performed for 5HIAA, indole-3-acetic acid (IAA), HVA, VMA and 
tryptophan (Try)_ They were found to be linear over the range of the quantities 
tested: 0.15-1.5 pg/pl for 5 HIAA and IAA; O-45-3-5 yg/pl for HVA, VMA 
and Try. 

The reproducibility of the retention times of the compounds tested over 
repeated injections of reference solutions and urine extracts (ten and five times, 
respectively) gave relative standard deviations of 1.3%. The standard deviation 
for peak height was 1.1%. 

The efficiency of the present extraction procechrre was tested for IAA, HVA 
and VMA. The recovery was approximately 98%. Similarly, the selectiviQ was 
found to be fairly high (see Table Ii). 
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TABLE I 

CHBOMATOGBAP~HIC PABAIIBS AND SENSITIVITY LlMlTS OF SOME 
TRYProPHANANDP~MEPAB0LITES 

Solve& system: n-heptane-2-propanol-isobutanol + 2.50 mI of stationary phase. Flow-rate: 

0.71 mllmin. to = 2 min 21 sec. 

substance Abbrevia- tR k & sensitivi* 

tiOJl limit (pg/xnl)ff 

3-HydroxyethyIindo!e*** 3HEI 7min22set 2.13 40 
5Hydroxyindole*“* 5HI 9min42sec 3.13 40 
Indole-3-acetide*** 23minO2sec 8.80 60 
Indole-3-acetic acid 7minY_4sec 2-08 60 
Indole-3-acrylic acid I.AcrA 5min21a.a~ 1.27 35 
IndoIeS-gIyoxyIic acid IGA 8min34sec 2.64 40 
Indole-3-lactic acid ILA 12 mm 21 set 4-25 85 
5-Hydroxyindole-3-acetic acid 5HIAA 22min48sec 8.70 60 
5-Methoxyindole-3-acetic acid 5ML4A 10 min 12 set 3.34 60 
TrsptoPh= 27 min48sec 10.83 60 
5Hydroxytryptophan 5HTry 50 min 10 aec 20.34 
An+&raniIic acid Ari 8min54aec 2.78 30 
3-Hydroxyanthranibc acid 3Han 12min17sec 4.15 100 
Xanthurenic acid XA 12min45sec 4.30 25 
Kynurenic acid KA 18min30sec 6.87 70 
VauiIIic acid VA 5min41sec 1.42 20 
HomovaniIIic acid HVA 9min32sec 3.05 90 
VaniImandeIic acid VMA 21 min 50 sac 8.29 150 
3,4Dihydroxycinnamic acid DHCA 6min44sec 1.86 20 
3Methoxy+hydroxycinnamic acid MHCA 6min44sec 1.86 20 

fk’ = t$?(sec) - ‘,, (==I 

t. (se) 
**pg of compound in 1 ml of unconcentrated urine. 
***Compounds extracted in fraction B. Remaining compounds are extracted in fraction A 

TABLE II 

EXTRACTION SELE CTIVITY OF THE C,,-BONDED SILICA CABTBIDGES 

Five miUiIitres of zn acidified (pH = 2) aqeuous solution containing indoleacetamide (5.2 
Hg)_ indoIe-3+&anol (52 sg). indole-3-Iactic acid (6-2 ug) and homovaniIIic acid (6.2 r.& 
were extracted av described in the Experimental section, and the ~UIOIUI~S of these 

.~~bstances in the resdting fractioas A and B determined. Standard error (S-E.) have been 
c&x&ted from the means of six repeated determioations. 

substance Fraction A Fraction B 

Irg = S.E. % rg * SE. % 

&dole-3ethanol 0.052 0.008 1.02 5.096 0.009 98.8 
hddeacetamide 0.425 0.062 8.34 4.60 0.071 90.2 
Fndok-3-Iactic acid 6.07 0.035 98.00 
HomovauiBic acid 6.10 0.035 98.00 
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Fig. 2. Chromatogram of a standard mixture containing some indole and catechol 
derivatives. Volume injected was 2.50 pl, in which 0.08-0.5 pg of each compound was 
dissolved. Column: LiChrosorb SI 100 (Merck); the silica gel was loaded with a triethanol- 
ammonium percblorate-perchloric acid solution (see text)_ Mobile phase: n-heptane-2- 
propanol-isobutanol (60:30:10) saturated with the stationary phase. Flow-rate: 0.71 
ml/min. Temperature, ambient (18-22°C). Chartspeed: O-25 in./min_ For abbreviations see 
Table 1. _ 

HVP 
OHCA 

andI-- 
WCA 

I r I I I t I 
0 8 16 24 32 40 46 

lime in minutes 

Fig. -3: Cbromatogram of fraction A of the extract of a urine sample from a patient with 
neuroblastoma. Volume of extract injected: 2.5 al. Cbromatographic conditions as in Fig_ 2_ 
For abbreviations see Table I. 
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(a) 

(b) 

Fig. 4. Chromatograms of fraction B (a) and fraction C (b) of the extract of the same urine 
sample z.s in Fig. 3_ Volume injected: 2.5 ~1. Chromatographic conditions as in Fig. 2_ 

Fig. 5. cbromatogram of the extract (fraction A) of a urine sample from a case of phenyl- 
ketonplria Volume iujectedr 2.5 &l. Chromatogmphic conditions as in Fig. 2. For abbrevia- 
tions see Table 1. 
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16 24 32 40 46 
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Fig. 6.-Chromatogkns of fraction A (a) and fraction B (b) of the extract of a urine sample 
from a patient affected witbhypochromic micmcytic anemia. A 24-h urine sample was col- 
lected after loading the patient with trgptophm. VO~WIIE injected: 2.5 pl. Cbromatographic 
conditions as in Fig_ 2_ For abbreviations see Table L 

. 

DISCUSSION 

The present ~chromatographic system was selected from several we tested in 
a preliminary study (unpublished results) because it proved to be fully 
adaptable for the separation of (a) the major tryptophan metabolites of the 
kynurenine- and serotonin pathways, -(b) homovanillic acid, vanilmandelic 
acid and other related compoun&, and:(c) SIIAA, 5MIAA, EIVA and VMA. 
In fact, this kind of separatiori should enable one to examine the pathological 
conditionswhich-involve the acid metabolites of tryptophan and phenylalanine. 

- We have testeL.th~ adaptabLlity of this chrotiatographic technique to the 
soiution of practical problems in clinical pathology, su_bjecting to analysis real 
urines s+nples from heal+y:adulk supjec@-as .weH as from infants affected with 
various -diseases; ‘I%@ results obtain&, (Figs. 3-6) show’that the technique is 
Capable _of:ksolvipg a- discrete number-of cOmp~unds~with acceptable efficien- 
cy A and sekctiv$y even k%hotiti:@enf; .elution, so &at- it can be profitably 
used for testing the aromatic constituents of the urine.: 
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Fig. 7. Chromatogram of 
subject. Volume injected: 

see Table I. 

the extract (fraction A) of a urine sample from a healthy adult 
2.5 ~1. Chromatographic conditions as in Fig. 2. For abbreviations 

It was necessary to employ extraction procedures for the substances of 
interest in the urine prior to chromatography since the number of UV-absorb- 
ing urinary constituents was very high_ However, these procedures do offer 
the advantage that such a multicomponent mixture is fractionated into sub- 
groups of given chemical affinities, for example neutral compounds, acids and 
bases, so as to obtain simpler chromatograpbic responses. 

For this purpose we have devised a method for the extraction of organic 
compounds from urine using C18- bonded silica microcolumns, which appears 
to US less laborious and more flexible than ethyl acetate extraction of acidi.Eed 
and NaCl-saturated urine [17,22,23]. 

Though both extraction methods are based on the same principle, i.e. 
liquid-liquid partition of the substances between two immiscible phases, the 
use of the C18 cartridges offers a more versatile system in as much as more than 
one fraction may be collected from a single specimen by multiple successive 
elutions with solvents of different strengths. Thus we obtained three fractions, 
substantially different from each other, from the urine of a case of neuro- 
blastoma (Figs. 3-5). HVA and VMA were present in the first of these 
fractions (A), while the remaining two fractions yielded chromatograms with 
some high peaks, which have not yet been identified_ 

The fraction -4 obtained from the urine of a phenylketonuric patient was 
found to contain indole-lactic acid and Shydroxytryptophan, as well as some 
unknown substances (Fig. 5). Similarly, HVA was always present in the first 
fraction from urine samples of healthy subjects (Fig_ 7). 

As far as the selectivity of the present extraction method is concerned, we 
have obtained a clearcut separation of some acids and neutral compounds 
(Table II), in fractions A and 8, respectively, while the basic and very polar 
substar~es were not retained by the bonded phase. 
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The drawback of the chromatographic method described is that the strongly 
retaiued compounds, which yield relatively broad peaks, give poor detection 
responses if sensitivity is correlated only with peak height. Generally, the 
sensitivity limits, expressed in terms of peak height, were lower than in 
reversed-phase HPLC, probably because of bathochromic or ipsochromic 
effects of the organic mobile phase on the UV-absorbance maxima of the 
metabolites studied. 

In conclusion, we believe &hat: (A) the HPLC technique described here, 

although still open to further improvement, constitutes a valuable system for 
the rapid and simple analysis of the metabolites considered; and (B) the use of 
the Cla-bonded silica carbcidges further simplifies the analytical procedure and 
offers the possibility of obtaining more highly purified and fractionated 
samples for chromatographic analysis. 
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