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SUMMARY 

The determination of serotonin and 5-hydroxyindoleacetic acid in urine is described. The com- 
pounds are separated by means of reversed-phase chromatography using tri-n-butylphosphate as the 
stationary phase and a mobile phase containing perchlorate as an ion-pairing agent. Detection is 
performed fluorimetrically. The compounds can be assayed directly, using two mobile phases with 
different pH values. Alternatively, both compounds can be determined with the same mobile phase 
after urine extraction on a small XAD-2 column for clean-up of serotonin. Two different approaches 
were evaIuated for this XAD-2 extraction, viz.: (i) desorption of serotonin with a methanol-rich 
solvent after a washing step with an aqueous solvent; (ii) direct desorption of serotonin in the washing 
step using a solvent with a small percentage of methanol. Only the latter approach proved to be 
successful. The linearity of the method was investigated by standard additions to urine. The method 
was applied to the determination of both compounds in urine. The stability of the compounds in 
standard solutions and in urine was investigated under various storage conditions. 

INTRODUCTION 

Serotonin (5_hydroxytryptamine, 5-HT) is mainly stored in blood platelets 
and in the enterochromaffin cells of the gastrointestinal tract. Carcinoid tumours, 
mainly originating from the gastrointestinal tract, are characterized by an exces- 
sive production of 5-HT and can be diagnosed by increased levels of 5-HT and/or 
5-hydroxyindoleacetic acid (5-HIAA) in urine [ 11. The combined determination 
of 5-HT and 5-HIM in urine could yield information on the histogenesis and 
metastatic spread of the carcinoid tumour. 

Nowadays high-performance liquid chromatography (HPLC) is the most pop- 
ular method for the determination of indole derivatives, such as 5-HT and 5- 
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HIAA, in body fluids and tissues. B-HIAA has been assayed in urine after filtra- 
tion and/or centrifugation [ 2-10 1, liquid-liquid extraction with ethyl acetate 
[ 11,121 or diethyl ether [ 131, liquid-solid extraction with Sephadex [ 14-171, 
Cl8 cartridges [l&19] or XAD-2 resin [ 201. Sample pretreatment of urine for 
the determination of 5HT was performed by centrifugation and filtration [ 81, 
liquid-solid extraction with XAD-2 resin [ 201 or cation-exchange material 
[ 16,21,22] or by ethyl acetate extraction after derivatization with o-phthalalde- 
hyde [ 231. The simultaneous assay of 5HT and 5HIAA from urine by HPLC 
has ‘been described in only one paper [ 81. However, for the separation a step 
gradient was required with analysis times of ca. 40 min, and no baseline separa- 
tion of 5-HT and 5-HIAA was obtained. 

Our purpose was to develop a method for the determination of 5-HT and 5- 
HIAA in urine, requiring only minimal sample pretreatment. We investigated the 
possibilities of direct injection of urine under various chromatographic conditions 
in order to determine both compounds simultaneously; furthermore, we evalu- 
ated sample pretreatment by means of liquid-solid extraction on small XAD-2 
columns as described previously by Segura et al. [ 201. Similar extraction proce- 
dures have been described, based on the adsorption of 5-HT and 5-HIAA through 
apolar interactions, and using Cl8 cartridges for the determination of indoles in 
urine [ 18,191 or TSK resin for the determination of indoles in plasma [ 251. 

The chromatographic system that we used for the separation was modified 
from a reversed-phase ion-pair system developed for the separation of 5-HT and 
its precursors and metabolites [ 241. This system, which uses tri-n-butylphos- 
phate (TBP) as the liquid stationary phase, can be applied to the assay of 5-HT, 
5-HIAA, 5-hydroxytryptophan, tryptophan and tryptamine in brain tissues f 24 3. 
Preliminary results showed that the system is also suited to the direct determi- 
nation of 5-HIAA in urine samples [ 24 1, which application was also described 
by Wahlund and Edlen ,[ 451. 

EXPERIMENTAL 

Apparatus 
The apparatus was essentially the same as described previously [ 24 1. The com- 

pounds were separated on laboratory-packed stainless-steel columns (100 x 3.0 
mm I.D.) and detected by means of their native fluorescence, using an SFM 23 
LC spectrofluorimeter (Kontron, Zurich, Switzerland), with excitation and 
emission wavelengths set at 296 and 333 nm, respectively. Peak areas were cal- 
culated by means of a Chromatopac-ElA integrator ( Shimadzu, Kyoto, Japan). 

Chemicals and reageqts 
The chromatographic support material Polygosil Cl8 (mean particle size 5 pm) 

was obtained from Macherey & Nagel (D&end F.R,G.) . Serotonin creatinine 
sulphate monohydrate .and 5-HIAA were obtained from Aldriih (Beerse, Bel- 
gium ) as was TBP (99% ) . Water was purified with a Milli-Q water purification 
system (Millipore, Bedford, MA, USA). All other chemicals were of analytical 
or reagent grade and were used without further purification. 
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Chromatography 
The column-packing procedure and the technique used for the in situ loading 

of the column with TBP were as described previously [ 241. Unless stated oth- 
erwise, the mobile phase consisted of water-methanol (85:15, v/v) containing 
0.05 M oxalate and 0.15 Mperchlorate. Prior to the addition of the methanol, the 
pH of the mobile phase was adjusted to 4.2. The mobile phase and column were 
thermostatted at 35 or 41 ‘C. In order to avoid stripping of the stationary phase, 
the mobile phase must be saturated with TBP, which is done by squirting TBP 
(ca. 2-5 ml/l) into the mobile phase, adjusted to the appropriate temperature. 
The mobile phase is ready for use when the two phases have separated, which 
takes ca. 15 min when the solution in the eluent reservoir is stirred gently. 

Sample pretreatment 
After collection, urine samples were stored in containers wrapped in tinfoil at 

4°C or, if the time between sampling and analysis was longer than a week, at 
- 20’ C. All sample handling was performed in containers wrapped in tinfoil or 
under exclusion of strong light. 

For the determination of &HIAA, urine was diluted 1:l (v/v) with 0.6 M 
hydrochloric acid and filtered through a plug of Whatman GF/B filter by cen- 
trifugation, as described elsewhere [ 261. A 50-~1 aliquot of the filtrate was injected 
on to the HPLC column. 

For the determination of 5HT, 10 ml of urine were acidified with 0.3 ml of 12 
M hydrochloric acid, yielding a pH of ca. 0.8; 1 ml was applied to an XAD-2 
column (see below) and allowed to drain through under gravity. 5-HT was eluted 
with 3 ml of water-methanol (8:2, v/v) containing 0.2% (w/v) mercaptoethanol. 
A 50-~1 aliquot of the eluate was injected on to the HPLC column. 

Preparation of the XAD-2 extraction columns 
Before use, XAD-2 (Serva, Heidelberg, F.R.G.; particle size 150-200 pm) was 

washed in methanol. After sedimentation for 10 min, the supernatant, containing 
the smaller particles, was decanted. This procedure was repeated twice, after which 
the XAD-2 was dried, and 200 mg of it were poured into a Pasteur pipette between 
two plugs of cotton wool moistened with methanol. The column material was 
conditioned by washing it twice with 1.5 ml of methanol and then twice with 1.5 
ml of water. The solvents were allowed to drain through under gravity. In order 
to improve the packing of the XAD-2 particles in the column, during the washing 
step with water, air pressure (ca. 5 bar) was applied to the column for a moment, 
preventing the column from being blown dry. After urine extraction the XAD-2 
column could be reconditioned by applying the same washing procedure. 

Calibration and quantification 
For preparation of the calibration curves standards were prepared as follows: 

aliquots of a stock solution (10 ,&ml 5-HT and 300 pug/ml 5-HIM in 0.3 M 
hydrochloric acid) and 0.3 M hydrochloric acid were combined to final volumes 
of 0.25 ml. Then 10 ml of water-methanol (8:2, v/v) containing 0.2% (w/v) 
mercaptoethanol and 0.3 ml of 12 M hydrochloric acid were added, yielding cali- 



bration standards with final concentrations of 47.4-237 ng/ml5-HT and 1.42-7.11 
B/ml 5-HIAA. The stock soIution and calibration standards were stored at 4” C 
in containers wrapped in tinfoil (polypropylene for the standards, polypropylene 
or glass for the stock solution). Under these conditions, the stock solution was 
stable for one month, the standards should be prepared freshly every week. Quan- 
tification was performed by comparing the peak areas of the processed urine sam- 
ples with the peak areas of the calibration curves. 

Stability studi 
The standards of pH 0.7 were prepared in 0.3 M hydrochloric acid, and from 

these the standards of pH 2.0 were prepared by addition of 5 Msodium hydroxide. 
The urine sample (pH 6.5) was acidified with 1 M hydrochloric acid to a final 
pH of 2.0 or with 12 M hydrochloric acid (0.3 ml plus 10 ml of urine) to a final 
pH of 0.8. Prior to HPLC injection the concentrated standards were diluted 200- 
fold with 0.3 M hydrochloric acid, whereas the diluted standards were injected 
directly. The urine samples were pretreated as described above, except for the 
urine of pH 0.8, which was applied directly on to the XAD-2 column for the deter- 
mination of 5-HT or diluted 1:l (v/v) with 0.3 M hydrochloric acid for the deter- 
mination of 5-HIAA. 

RESULTS AND DISCUSSION 

Direct determinations in urine 
Fig. 1 shows the effect of variation of the pH of the mobile phase on the selec- 

tivity of the chromatographic system. The retention of 5-HT hardly changes while 
the retention of the interfering compounds strongly depends on the pH, presum- 
ably as the result of acid-base equilibria. Thus, at pH 7.2, a rather clean chro- 
matogram is obtained from which 5-HT can readily be quantified. However, at 
this pH the retention of 5-HIAA is negligibly small [ 241. Consequently, the direct 
determination of 5-HT and 5-HIAA is only possible when two different mobile 
phases are used. 

In addition to fluorimetric detection (see Fig. 1) amperometric detection was 
also used under conditions similar to those described elsewhere [ 241 at a working 
electrode potential of + 0.8 V vs. Ag/AgCl. In our experience fluorimetric detec- 
tion was more selective, so because the detection limits of both methods were 
about the same [ 241 only fluorimetric detection was used in further experiments. 

Sample pretreatment on XAD-2 
From the published methods a liquid-solid extraction on a non-polar adsorbent 

[ l&20,25] seemed promising. In this method, which can be performed batchwise 
[ 20 ] or on small columns [ 18,251, interfering compounds are removed in a wash- 
ing step and the indoles are desorbed with an organic solvent. The method is 
relativeIy simple, it can be used for 5-HT and 5-HIAA, and it allows the cormerr- 
tration of the compounds to be determined. We selected XAD-2, a copolymer of 
styrene and divinylbenzene, because it is cheap and easy to handle and it can be 
reconditioned and used repeatedly. 
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Fig. 1. Direct injection of urine: effect of the mobile phase pH on the selectivity of the chromato- 
graphic system. Mobile phase, water-methanol (8~2, v/v) with 0.15 M perchlorate and 0.05 Mphos- 
phate; pH of the aqueous part of the mobile phase, 2.2 (A), 3.5 (B) (4.8 (C) and 7.2 (D) ; temperature, 
35°C; flow-rate, 1.0 ml/min; injection volume, 40~1. Peaks: TRP=tryptophan; 5-HT=serotonin; 5- 
HIAA = 5-hydroxyindoleacetic acid. 

5-HIAA is significantly retained on XAD-2. At pH values of the urine sample 
and the aqueous washing solvent below 4, only a small fraction (less than 10% ) 
is lost when the washing volume is 6 ml. In contrast, 5-HT has a low retention 
on XAD-2, even when an ion-pairing agent (0.3 M perchlorate) is added to the 
sample and to the washing solvent. Using a washing volume of only 2 ml, at least 
10% of the 5-HT is lost in the washing step. Segura et al. [ 201, who used a batch 
extraction method, also found a low recovery (20% ) of 5-HT on XAD-2. Never- 
theless, they used this method for the determination of 5-HT in urine by means 
of gas chromatography-mass spectrometry. In our hands, the XAD-2 extraction 
did not lead to the desired clean-up: the compounds interfering in the determi- 
nation of 5-HT were still present in the samples. 

Because the above approach proved to be unsuccessful, we tried to find condi- 
tions under which 5-HT and 5-HIAA would be selectively eluted from the XAD- 
2 column while the interfering compounds are still retained. Recently, this 
approach was applied to the assay of 5-HIAA in urine, using Cl8 cartridges for 
sample clean-up [ 191. 

Using water containing 0.3 M hydrochloric acid, the XAD-2 column must be 
washed with at least 6 ml for quantitative recovery of 5-HT and with a larger 
volume for quantitative recovery of 5-HIAA. The elution strength can be increased 
by addition of methanol: using an eluent that contains 20% (v/v) methanol, 5- 
HT is quantitatively recovered in 3 ml. This method of sample preparatien results 
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Fig. 2. Urine extraction on XAD-2: distribution of S-HT in the first (A), second (B), third (C) and 
fourth (D) millilitze of the eluate of the XAD-2 extraction, Sample pretreatment, see Experimental 
(procedure for S-NT); chromatographia system, gee Experimental+ temperature, 41QC; flow-rate, 1 
ml/min; injectian volume, SO @. 

Fig. 3. Determination in urine of (A) 5-HT after extraction on XAD-%; (B) 5-HIAA after 1:l (v/v) 
dilution and filtration. Sample pretreatment proceduree, see Experimental; chromatographic condi- 
tions, see Fig. 2; urine concentration, 94 ng/ml 5-HT and 5.2 &ml 5.HIAA. IAA = indoleacetic acid. 

in a sufficient clean-up of the urine samples (see Fig. 2 ) . The absence of inter- 
fering compounds is indicated by the distribution of 5-HT between the l-ml frac- 
tions, which is the same when acidified urine or 1 ml of 0.3 M hydrochloric acid 
containing 150 ng 5HT is applied to the XAD-2 column: 50-60% of the 5-HT 
elutes in the first, 35-50% in the second, 2-4% in the third and 0% in the fourth 
millilitre (see Fig. 2). 

5-HIAA also elutes from XAD-2 (see Fig. 2)) but its recovery is low (ca. 30-40% 
in the first 3 ml), even though the XAD-2 is eluted with a solvent of neutral pH. 
Using an eluent containing 40% methanol (v/v), 5-HIAA is also quantitatively 
recovered in 3 ml. However, this extraction procedure was not generally appli- 
cable because in some urine samples the determination of 5-HT was hampered 
by the presence of interfering compounds, whereas in these samples 5-HT could 
be determined successfully by elution of the XAD-2 column with 20% methanol. 

For these reasons the following conditions were chosen for the determination 
of 5-HT and 5-HIAA: 5-HT was extracted on XAD-2 by elution with 3 ml of 
water-methanol (39, v/v); 50 ~1 of the eluate were separated, using a mobile 
phase buffered at pH 4.2 with 0:05 .M oxalate. A typical chromatogram is shown 
in Fig. 3A. Oxalate ,was used instead of phosphate. [ 24 ] because it has a pKa of 
4.14 [ 271 and thus it buffers very well at pH 4.2. With the same chromatographic 
system, 5-HIAA could be determined directly after 1:l dilution with 0.6 M hydro- 
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chloric acid and filtration (see Fig. 3B). Owing to the presence of indoleacetic 
acid (MA), which eluted after ca. 30 min (see Fig. 3B), the analysis was lengthy. 
However, between 5-HIAA and IAA only some minor peaks were detected. Con- 
sequently, the second sample could be injected after elution of 5-HIAA, the third 
before the elution of the first IAA peak, etc. In this way the effective time per 
sample was reduced to 15 min. After XAD-2 extraction, IAA was retained on the 
column (see Fig. 3A) and consequently the analysis time was ca. 10 min. 

By applying the appropriate reconditioning procedure the XAD-2 column could 
be used many times: after ca. 50 extractions 5-HT was still quantitatively recovered 
in the first 3 ml, although a higher percentage (5-7% ) was found in the third 
millilitre. After another 50 extractions the fourth millilitre of the eluate also con- 
tained 5HT, and the XAD-2 column had to be replaced by a new one. 

There is another interesting possibility that can be considered when, instead 
of the accurate determination of 5-HT and 5-HIAA, a “fingerprint” of the urine 
concentrations suffices: the untreated urine can be diluted with the eluate of the 
XAD-2 extraction and an aliquot of this mixture can be analysed by HPLC. 
Because the concentration of 5-HIAA is much higher than the minimum detect- 
able concentration, only a relatively small volume of untreated urine is required, 
e.g. one part of urine and ten parts of the XAD-2 eluate. In this way, the analysis 
time per sample can be reduced by a factor of 2, while generally a good indication 
of the 5-HT concentration is obtained. 

Quantitative aspects 
Applying the approach described in the previous section, the linearity of the 

method was investigated by standard additions to urine at five concentration 
levels of 5-HT and 5-HIAA up to about five times the normal concentrations. 
Both for peak height and peak area measurements the standard addition curves 
were linear, with correlation coefficients of at least 0.9999 for 5-HT and 0.9995 
for 5-HIM. The linearity of the 5-HT curves indicates that the capacity of the 
XAD-2 column was not exceeded. The recovery of 5-HT after XAD-2 extraction, 
as calculated from the slopes of the standard addition curve and the calibration 
curve (peak area measurements) and taking into account the dilution during 
sample pretreatment, amounted to 96%. The recovery of 5-HIAA, as calculated 
from the peak areas before and after filtration, was 100%. 

The peak shapes of 5-HT and 5-HIAA and, consequently, the peak heights 
depend on the pH and the methanol content of the solutions injected. This means 
that quantification by means of peak-height comparison leads to erroneous results, 
unless prior to HPLC the pH and the methanol content of the standards and 
processed urine samples are adjusted to the same value. 

Relative standard deviations ( R.S.D. ) for four subsequent 50-~1 injections at 
normal concentration levels (86 ng of 5-HT and 3.4 m of 5-HUM/ml urine) were 
2.7% for 5-HT and 1.2% for 5-HIAA (peak-area measurements). The R.S.D. for 
four 5-HT extractions from the same urine sample (duplo injection of each XAD- 
2 eluate) was 1.2%. 

Based on a signal-to-noise ratio of 10, the minimum detectable concentrations 
in urine were the same for 5-HT and for 5-HIAA, i.e. 20 ng/ml. 
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Determinations of 5-HT and 5-HIAA in urine 
In urine samples from healthy subjects, 5-HT concentrations ranged from 80 

to 240 ng/ml and 5-HIAA concentrations from 2 to 8@/ml. These concentrations 
are in good agreement with those reported by other authors [4,6,14,16]. For 5- 
HIM the concentrations are much higher than those minimally detectable, while 
5-HT can also be determined with good precision even at relatively low concen- 
trations (see Fig. 3). 

The concentrations were also determined in urine samples from patients with 
carcinoid tumours. In 24-h urines 5-HT concentrations ranged from 54 to 3800 
ng/ml and 5-HIAA concentrations from 4.0 to 630 B/ml. Even at these high 
levels the capacity of the XAD-2 column was not exceeded. This could be con- 
cluded from the distribution of 5-HT between the l-ml fractions of the eluate of 
the XAD-2 extraction and from reanalysis of a urine sample after a lOO-fold dilu- 
tion. The fourth millilitre of the XAD-2 eluate was collected separately. In none 
of these fractions was a peak detected with the retention behaviour of 5-HT, 
indicating that no other compound interfered with its determination. 

Stability 
The stability of 5-HT and B-HIM in concentrated and diluted standards and 

in urine samples was investigated over 27 days under various storage conditions 
with respect to the pH (0.7 and 2.0 for standards and 0.8, 2.0 and 6.5 for urine 
samples), the temperature ( - 20 and 4” C ) and the container material (polypro- 
pylene and glass tubes). In order to prevent photodegradation [ 141, all solutions 
are stored in containers wrapped in tinfoil. 

Generally, only small differences ( less than 5% ) in stability were found between 
glass and polypropylene tubes. In the concentrated standard solution 5-HT and 
5-HIAA were most stable when stored at pH 0.7 and 4”C, with percentages 
remaining after 27 days of 98 and 94%, respectively. In diluted standards 5-HT 
and 5-HIAA were less stable, but stored at pH 0.7 in polypropylene tubes and at 
4’ C no noticeable degradation of the compounds took place within one week. 
Apparently, in urine other factors influence the stability of 5-HT and 5-HIAA. 
At pH 0.8 only ca. 70% of the compounds was left after 27 days. The best results 
were obtained at physiological pH values: after 27 days 88% 5-HT and 99% 5- 
HIAA were unchanged when urine was stored at pH 6.5 and - 20” C. Since the 
stability of 5-HT and 5-HIAA was determined in only one urine sample from a 
healthy person, it cannot be excluded that the stability characteristics are differ- 
ent for other urine samples, e.g. from patients with carcinoid tumours. 

CONCLUSIONS 

5-HT and 5-HIM can be determined directly in urine by reversed-phase ion- 
pair partition chromatography with fluorimetric detection. For B-HIM a mobile 
phase with a pH of 1.95 or 4.2 is used whereas for 5-HT a mobile phase with a pH 
of 7.2 was selected. Fluorimetric detection proved to be more selective than 
amperometric detection and was used throughout this study. 

Alternatively, both compounds can be determined using the same mobile phase 
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(pH 4.2) , after liquid-solid extraction of 5-HT on a small XAD-2 column. In this 
clean-up step 5HT was eluted selectively from the XAD-2 column with 
water-methanol (8~2, v/v) with a recovery of 96 2 1.2% (n= 4). Standard addi- 
tion curves were linear up to at leastfive times the normal urine concentrations. 
Based on a signal-to-noise ratio of 10, the minimum detectable concentrations of 
5-HT and 5HIAA were both 20 ng/ml in urine. The method is suited to the assay 
of 5-HT and 5-HIAA in urine at normal and increased concentration levels. 

Concentrated and diluted standards of 5-HT and 5-HIAA were stable for one 
month and one week, respectively, if stored in 0.3 M hydrochloric acid (pH 0.7) 
at 4°C. Preliminary results seem to indicate that urine samples are most stable 
if stored frozen ( -20°C) at their physiological pH values, but the assay should 
take place within one month after sampling. 
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