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ABSTRACT 

A high-performance liquid chromatographic method for the routine determination of elevated urinary levels of the serotonin 

metabolite 5-hydroxytryptophol (5HTOL) is described. Urine samples were treated with /I-glucuronidase, and 5-HTOL was isolated 

by solid-phase extraction on a small Sephadex G-10 column prior to injection onto an isocratically eluted C,, reversed-phase column. 

Detection of 5-HTOL was performed electrochemically at +0.60 V vs. Ag/AgCl. The limit of detection was ca. 0.05 PM, and the 

intra-assay coefficients of variation were below 6% with urine samples containing 0.2 and 2.1 pA4 5-HTOL and a standard solution of 

2.0 PM (n = 5). The recovery of 5-HTOL after the sample clean-up procedure was close to 100%. A good correlation (r’ = 0.97; n = 

12) was obtained between the present method and a sensitive and specific gas chromatographic-mass spectrometric method. The total 

(free plus conjugated) S-HTOL levels in urine were normally below 0.2 pM, but after an acute dose of alcohol they increased to 0.5-15 

W. 
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INTRODUCTION 

The catabolic pathway of serotonin (5hydroxy- 
tryptamine; 5-HT) begins with oxidative deam- 
ination to 5-hydroxyindole-3-acetaldehyde (5 
HIAL) by the action of monoamine oxidase (EC 
1.4.3.4). 5-HIAL is then either oxidized to 5-hy- 
droxyindole-3-acetic acid (5-HIAA) by aldehyde 
dehydrogenase (EC 1.2.1.3) or reduced to 5-hy- 
droxytryptophol (5-HTOL) by alcohol dehydro- 
genase (EC 1 .l. 1.1) or aldehyde reductase (EC 
1.1.1.2). 

In humans, the major portion of 5-HT is ulti- 
mately converted into 5-HIAA, which is excreted 
in the urine [l]. The 5-HTOL level in human 
urine is normally less than 1% of the 5-HIAA 
level, and it is excreted predominantly in conju- 
gated form [2,3]. Although 5-HTOL is normally 
a minor metabolite, it becomes more important 
quantitatively during alcohol intoxication, when 
a shift in the 5-HT catabolism occurs from 5- 
HIAA toward increased formation of 5-HTOL 
[3,4]. This effect has been attributed to either 
competitive inhibition of aldehyde dehydroge- 
nase by acetaldehyde, the first product of ethanol 
oxidation, or to the increased ratio of NADH to 
NAD+, both of which favour reduction of 5- 
HIAL to 5-HTOL [5]. Shortly after ingestion of 
alcohol, a marked and dose-dependent increase 
in the urinary excretion of 5-HTOL is observ- 
able, and the level remains elevated several hours 
after ethanol itself is no longer detectable [2]. 
Based on these findings, an elevated urinary level 
of 5-HTOL is presently considered as a biochem- 
ical marker indicative of recent alcohol consump- 
tion [6]. However, ingestion of foods rich in 5-HT 
(e.g. banana, pineapple, kiwi, and walnut) [7] 
greatly enhances the urinary excretion of both 5- 
HTOL and 5-HIAA [8], and might thus yield 
false-positive results unless 5-HTOL is expressed 
as a ratio relative to 5-HIAA [8]. 

So far, the normally very low urinary concen- 
trations of 5-HTOL have been determined by a 
sensitive and specific gas chromatograpic-mass 
spectrometric (GC-MS) method [2]. However, 
this technique is unsuitable when samples are to 

be analysed routinely. Since no alternative meth- 
ods for measuring 5-HTOL in urine have been 
published to our knowledge, the aim of the pres- 
ent study was to develop a high-performance 
liquid chromatographic (HPLC) method for the 
routine quantitative determination of elevated 
urinary levels of total (free plus conjugated) 5- 
HTOL. 

EXPERIMENTAL 

Chemicals 
5-Hydroxytryptophol, sulphatase (from Helix 

pomatia; type H-l) and sodium octyl sulphate 
were purchased from Sigma (St. Louis, MO, 
USA). /I-Glucuronidase [P-D-glucuronide glucu- 
runosohydrolase, EC 3.2.1.3 1, from Escherichia 
coli; water solution in 50% (v/v) glycerol] was 
obtained from Boehringer Mannheim (Mann- 
heim, Germany). The enzymatic preparation did 
not contain detectable amounts of 5-HTOL. All 
other chemicals used were of analytical grade 
from Merck (Darmstadt, Germany). All solu- 
tions were prepared in deionized Mini-Q water 
(Millipore, Bedford, MA, USA). 

Apparatus and chromatographic conditions 
The HPLC system consisted of a Milton Roy 

Model 396 minipump (LDC, Riviera Beach, FL, 
USA) and a Model LC-3 electrochemical detec- 
tor with a glassy carbon working electrode (Bio- 
analytical Systems, West Lafayette, IN, USA). 
The potential was maintained at + 0.60 V KS. an 
Ag/AgCl reference electrode, and the detector 
sensitivity range was usually set at 0.5 or 1.0 
nA/V. The analytical column was a Nucleo- 
sil-120 Cls reversed-phase column (75 mm x 4.0 
mm I.D., particle size 3 pm) from Skandinaviska 
GeneTec (Kungsbacka, Sweden). The column 
was eluted isocratically at a flow-rate of 1.0 ml/ 
min at ambient temperature with a mobile phase 
consisting of 105 mM citric acid, 10 ml/l metha- 
nol, 50 PM EDTA and 25 ,uM sodium octyl sul- 
phate (pH 2.2). The mobile phase was vacuum- 
filtered through a 0.45~,um type HA filter (Milli- 
pore) before use. 
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Urine samples 
Samples of urine were obtained from healthy 

subjects and from patients participating in an al- 
cohol-dependence treatment programme. Morn- 
ing urine samples were collected in plastic tubes 
and stored at - 80°C until analysis. Most of the 
samples were collected from subjects who had 
been drinking unknown amounts of alcohol at 
different times before sampling. 

Analytical procedures 
After thawing at room temperature, a 200~~1 

aliquot of the urine sample was mixed with 200 ~1 
of 50 mM sodium phosphate buffer (pH 6.5) and 
20 1.11 of the P-glucuronidase solution and incu- 
bated in capped plastic tubes for 1 h at 37°C. The 
samples were then centrifuged at 13 000 g for 5 
min and stored on ice until analysis. 

5-HTOL was isolated by a one-step sample 
clean-up procedure on a small “disposable” Po- 
ly-Prep column (Bio-Rad Labs., Kent, UK) 
packed with Sephadex G-10 (0.6 ml bed volume; 
Pharmacia, Uppsala, Sweden). Of the hydrolysed 
urine sample, 250 ~1 were applied onto the resin 
equilibrated with 0.1 M sodium acetate buffer 
(pH 5.5). The column was then washed with 4.0 
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ml (in l.O-ml portions) of the sodium acetate 
buffer, after which 5-HTOL was eluted with 2.5 
ml (in 0.5-ml portions) of a 1:l (v/v) mixture of 
NaCl(l.5 M> and methanol. The eluate was vor- 
texed and a 20+1 aliquot injected into the HPLC 
system. 

The Sephadex columns were regenerated by 
washing the resin with 3 ml of 0.1 M NH40H, 
followed by 3 ml of 0.1 M acetic acid, and were 
re-equilibrated with the sodium acetate buffer. 
Trapped air bubbles were removed by stirring the 
resin with a wooden stick. 

Alternatively, a centrifuged 20-~1 aliquot of the 
hydrolysed urine sample was diluted ten- or 
twenty-fold in ice-cold deionized water and in- 
jected directly into the chromatographic system. 

The recovery of 5-HTOL after the Sephadex 
G-10 sample clean-up procedure was determined 
by comparing the 5-HTOL level in the 2.5-ml el- 
uate collected with that of the originally applied 
sample, as determined by the direct injection pro- 
cedure. Correction was made for the ten-fold di- 
lution obtained with the Sephadex procedure. 

The GC-MS analyses were performed as de- 
scribed in detail elsewhere [2,6]. The urinary cre- 
atinine concentration was determined according 
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Fig. 1. Determination of 5-HTOL (free plus conjugated form) in human urine. Authentic urine samples were treated with p-glucuroni- 

dase, and 5-HTOL was analysed by HPLC with electrochemical detection (+ 0.60 V W. Ag/AgCl). The detector sensitivity range was 
set at 0.5 nA/V. (A) A standard solution containing 5.0 nLM 5-HTOL; (B) a urine sample containing cu. 0.2 pM 5-HTOL, injected after a 

one-step sample clean-up procedure on Sephadex G-10; (C) a urine sample containing 4.6 pM 5-HTOL, injected after Sephadex G-10 

clean-up; (D) the same urine sample as in C, but instead diluted in ice-cold water and injected directly into the HPLC system. Peak 1 = 
5-HTOL. 
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to the Jaffe reaction [9], using a Monarch 1000 
Chemistry System (Instrumentation Laboratory, 
Lexington, MA, USA). 

RESULTS 

drolysis procedure did not differ significantly 
from the ones obtained with the previous proce- 
dure [2], which used a sulphatase preparation 
containing /I-glucuronidase activity and a 16-h 
incubation period (r2 = 0.99). 

Methodology 
The HPLC elution profiles obtained after in- 

jection of a 5-HTOL standard solution and au- 
thentic urine samples containing normal and ele- 
vated 5-HTOL levels are shown in Fig. 1. The 
retention time for 5-HTOL was cu. 7 min. After 
the Sephadex G-10 sample clean-up procedure, 
an improved separation of 5-HTOL from the 
background was obtained (Fig. 1). 

A calibration curve covering 0.1-5.0 PM was 
prepared with water solutions of 5-HTOL treated 
according to the standard procedure. A good lin- 
ear relationship (Y ’ = 0.99) between the peak 
height and the amount of 5-HTOL was observed 
in the concentration range used. The 5-HTOL 
level of unknowns was determined from the peak 
height in the chromatogram by reference to the 
standard curve. 

The liberation of 5-HTOL from the conjugated 
form was studied as a function of time and the 
amount of /I-glucuronidase, using urine samples 
containing elevated levels of 5-HTOL. In assays 
carried out under standard conditions with a 
urine sample containing 1.6 @4 5-HTOL, the 
amount of free 5-HTOL had reached its maxi- 
mum after only 10 min incubation, and remained 
stable during the 2 h studied. The amount of en- 
zyme could be reduced to 10% of the standard 
without significantly affecting the final analytical 
result, as studied with a urine sample containing 
5.9 @4 5-HTOL. However, when the /3-glucuro- 
nidase solution was diluted lOO-fold, only cu. 
60% of 5-HTOL was recovered in the free form. 
The 5-HTOL levels obtained with the present hy- 

After the Sephadex G- 10 sample clean-up pro- 
cedure, 98 f 3% (mean f SD. for eight authen- 
tic urine samples) of 5-HTOL was recovered in 
the 2.5-ml eluate collected, whereas less than 1% 
was found in the fractions collected before and 
after this volume. This implies that analyses can 
be performed without using an internal standard. 
The limit of detection for the clean-up procedure 
was ca. 0.05 PCIM, assuming a signal-to-noise ratio 
of at least 3: 1, and it was in the range 0.3-0.5 @4 
when diluted samples were injected directly into 

TABLE I 

REPRODUCIBILITY OF THE HPLC METHOD FOR DE- 

TERMINATION OF URINARY 5-HYDROXYTRYPTO- 

PHOL 

5-HTOL C.V. (n = 5) 

concentration @CM) (%) 

DIRECT INJECTION I@.41 

Authentic urine samples 

Intra-assay 0.2 

Intra-assay 2.1 

Inter-assay” 2.1 

Standard 

Intra-assay 2.0 

a Assays were carried out on separate days. 
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Fig. 2. (A) Correlation between the present HPLC method (both 

using direct injection of a diluted sample and injection after a 

one-step sample clean-up on Sephadex G-10) and a sensitive and 

specific GC-MS method [2] for the quantitative determination of 

urinary 5-HTOL. (B) Correlation between the direct injection 

and sample clean-up procedures for HPLC determination’ of 

urinary 5-HTOL (r* = 0.97; n = 12). 
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the HPLC system. The intra- and inter-assay 
coefficients of variation (C.V.) of the method are 
given in Table I. 

A good correlation between the present HPLC 
method and the GC-MS method was obtained 
(equation: HPLC = l.O6GC-MS - O.Ol), when 
analyses were performed on urine samples con- 
taining up to 2.2 PLM 5-HTOL (Fig. 2A). This 
also confirmed the identity of the 5-HTOL peak 
in the HPLC chromatogram. Moreover, there 
was a good correlation between the direct injec- 
tion and Sephadex G-10 procedures (Fig. 2B). 

Untreated samples of urine could be stored for 
one week at 4, 25 and 30°C and for several 
months at - 80°C without detectable decline in 
5-HTOL levels. After the solid-phase extraction 
procedure, 5-HTOL was stable in the eluate for 
several days at 4°C. 

Levels of 5-HTOL in urine 
The level of 5-HTOL in urine normally ranged 

between 0.03 and 0.25 @4 or, if expressed rela- 
tive to the creatinine concentration, between 3 
and 10 nmol5-HTOL per mmol creatinine. After 
alcohol consumption, the levels increased to 0.5- 
15 PM (50-800 nmol/mmol creatinine). Elevated 
5-HTOL levels (greater than 0.5 @4) were also 
observable following ingestion of bananas, a 
food rich in 5-HT. 

DISCUSSION 

So far, the low 5-HTOL levels that normally 
occur in human urine have been determined by a 
sensitive and specific GC-MS method [2]. The 
present study shows that elevated urinary 5- 
HTOL levels, which occur after ingestion of alco- 
hol or 5-HT-rich foods, are also measurable by 
HPLC with electrochemical detection, using ei- 
ther direct injection of a diluted sample or, pref- 
erably, a solid-phase extraction procedure using 
Sephadex G- 10 prior to injection. Similar sample 
clean-up procedures using small Sephadex G-10 
columns have previously been used for the isola- 
tion of indoleamines and catecholamines from 
various biological sources [10-l 31. 

Although the sample preparation makes the 5- 

HTOL method more time-consuming, injections 
into the HPLC system can be made more often, 
since late-eluting peaks occur occasionally when 
diluted crude urine samples are injected directly. 
Moreover, it was usually impossible to quantitate 
5-HTOL concentrations reliably in the low nor- 
mal range using the direct injection procedure, 
since interfering peaks often occurred in the chro- 
matograms of concentrated urine samples con- 
taining high levels of creatinine. Elevated 5- 
HTOL levels (greater than 0.5 ,uw were, how- 
ever, detectable with equal reliability with either 
of the two analytical procedures. 

In humans 5-HTOL is excreted in urine pre- 
dominantly in the conjugated form [2,3]. It was 
previously reported that 5-HTOL appeared in 
roughly equal amounts as glucuronide and sul- 
phate conjugates following oral administration 
of 5-HT substance [3]. However, in the present 
study, no difference in the total (free plus conju- 
gated) levels of 5-HTOL was observed when the 
enzymatic hydrolysis was performed with either a 
sulphatase preparation containing P-glucuroni- 
dase activity or with fi-glucuronidase only. Since 
the 5-HTOL measured originated from endoge- 
nous sources of 5-HT, this indicated that glucu- 
ronidation followed by urinary excretion is nor- 
mally the predominant route for the elimination 
of peripheral 5-HTOL. The cause of these dis- 
crepant results may be that the glusulase used by 
Davis et al. [3] contained enough P-glucuronidase 
activity to hydrolyse the 5-HTOL glucuronide 
present. 

In conclusion, the present HPLC method per- 
mits rapid quantitative determination of elevated 
urinary levels of total 5-HTOL. The method 
might be of value as a screening method for rou- 
tine monitoring of recent (i.e. within 24 h) alco- 
hol consumption, for example in the treatment of 
alcohol dependence. If desired, positive results 
can subsequently be verified by GC-MS [2]. 
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