
135 

Journalof Ckromatograpky,163(1979)135-142 
Biomedical Applications 
o Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROMBIO. 332 

URINARY PHENYLETHYLAMINE EXCRETION: GAS 
CHROMATOGRAPHIC ASSAY WITH ELECTRON-CAPTURE 
DE’I’ECTION OF THE PENTAFLUOROBENZOYL DERIVATIVE 

KARL BLAU and IRENE M. CLAXTON 

Department of Chemical Pathology, Bernhard Baron Memorial Research Laboratories and 
Institute of Obstetrics and Gynaecology, Queen Charlotte’s Maternity Hospital, London 
W6 OXG (Great Britain) 

GiiL ISMAHAN 

University of Paris, Unitk de Neuropharmacologie, Laboratoire de Physiologie G&&-ale, 
F-91405 Orsay (France) 

M. SANDLER 

Department of Chemical Pathology, Bernhard Baron Memorial Research Laboratories and 
Institute of Obstehics and Gynaecology, Queen Charlotte’s Maternity Hospital, London W6 
OXG (Great Britain) 

(First received November 20th, 1978; revised manuscript received February 23rd, 1979) 

SUMMARY 

Phenylethylamine was extracted into n-hexane from alkaline urine saturated with sodium 
chloride, and back-extracted into dilute acid. The acid extract was freeze-dried and the resi- 
due converted to a pentafluorobenzoyl derivative for analysis by gas chromatography on a 
column of OV-225 with electroncapture detection. Quantification was achieved by adding 
an internal standard of tolylethylamine to each sampie prior to extraction. Output values in 
normal subjects and in some patients with phenylketonuria and hyperphenylalaninaemia 
were in agreement with those in some other recent reports. 

INTRODUCTION 

Jepson et al. [l] were the first to measure the urinary excretion of phenyl- 
ethylamine in normal and phenylketonuric subjects, and since that time 
interest in the endogenous role and metabolism of this amine has gradually 
increased [ 2-41. Disagreement over the range of normal urinary output [ 1, 
5-5’1 has made it difficult to evaluate claims of changes in pathological condi- 
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tions. This situation largely reflects differences in methodological approach and 
points to variations in specificity. We therefore felt it necessary to try to 
develop a reliable and sensitive gas chromatographic procedure of high specifi- 
city, and we describe below such a method based on electron-capture detection 
of a pentafluorobenzoyl derivative [S] _ 

MATERIALS AND METHODS 

Reagents 
Solvents were redistilled before use. Phenylethylamine hydrochloride was 

obtained from Koch-Light Labs. (Colnbrook, Great Britain)_ p-Methylphenyl- 
ethylamine (tolylethylamine, Aldrich, Gihingham, Great Britain) was converted 
to its -hydrochloride with 1 M HCl, evaporated to dryness and recrystallized 
twice from ethanol. Pentafluorobenzoyl chloride was purchased from Pierce 
and Warriner (Chester, Great Britain) and stored at -25” _ 

Preparation of Handards 
Stock standard solutions of phenylethylamine and tolylethylamine hydro- 

chlorides (1 mg free amine per ml) were made up in 0.01 M HCI and stored 
frozen. Working standards were diluted to a final free amine concentration of 
1r.rgI:iml. _ 

Extraction of amines from urine 
Urine (1 ml) in a 15 X 110 mm test-tube, to which tolylethylamine (10 ng) 

had been added, was mixed on a vortex mixer and adjusted to pH 12.5 with 
2.5 M NaOH (0.2 ml). After adding solid NaCl (0.3 g), the mixture was 
extracted with n-hexane (2 ml) by vortex mixing for 30 set and centrifuged at 
1500 g for 10 min. The upper organic layer was then carefully transferred to a 
15-ml conical centrifuge tube with a Pasteur pipette. The hexane layer was 
back-extracted into 1 M HCI (0.4 ml) by vortex mixing for 60 set, and the 
mixture was centrifuged at 1500 g for 5 min. The lower aqueous layer was 
transferred to a 2-ml screw-cap glass vial with a Pasteur pipette. Vials in a batch 
of analyses were put into a rack which was stood on edge in a deep-freeze, so 
that the extracts were frozen in a nearly horizontal position to increase their 
surface area. When the extracts were frozen, the whole rack, with the tubes still 
horizontal, was subjected to freeze-drying with anhydrous “Linde” molecular 
sieve 34 as desiccant and KOH pellets to absorb acid. This procedure took 
about 2 h and resulted in barely visible residues. Salt crystals in the vial indi- 
cated that aqueous solution had inadvertently been transferred, and such 
samples were rejected, because alkali in the aqueous layer liberates the free 
amines, including the internal standard, which are then lost during the drying 
stage. The amines were isolated in 75-85x yield. 

Calibration 
Duplicate standards containing increasing ratios of phenylethylamine:tolyl- 

ethylamine were prepared by measuring, say, 10, 20, 30, 40, 50 ~1 working 
standard solution into 2-ml screw-cap vials with 509.A Hamilton syringes and 
adding 10 ~1 tolylethylamine to each. To each vial were also added 10 1.~11 M 
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HCl to prevent amine loss. Solvent was removed rapidly in vacua and the 
residues derivatized as described below. 

Derivative formation 
To the residue in each vial, test or standard, was added freshly prepared 1% 

pentafluorobenzoyl (PFB) chloride in dry diethyl ether (40 ~1). The vial was 
covered with a glass microscope cover-slip and left at 37’ for 5 min. Excess 
r&gent was evaporated off in vacua for about 15 min, after which the proce- 
dure was stopped to avoid losses. All-glass derivatization vessels were used 
because it was found that screw-caps lined with polytetrafluoroethylene caused 
losses of up to 75% and often gave rise to a large interfering peak of pentaflu- 
orobenzoic acid which emerged just before that of the phenylethylamine deriv- 
ative (Fig. 1). The dried residue of derivatized amine in each vial was dissolved 
in ethyl acetate (40 ~1) for analysis. Where it was desirable to use a reference 
standard to check the volume injected, the pesticide p,p-DDD (l,l-dichloro-2, 
2-bis@-chlorophenyl)ethane, Field Instruments, Twickenham, Great Britain) 
was added to the ethyl acetate used to dissolve the samples, at a concentration 
of 2.5 pg/l, but this is optional. The use of an injection standard.does, however, 
identify samples with low yields and analyses where the correct volume was not 
injected for some reason. 

Gas chromatography 
Analyses were done on a Hewlett-Packard 5713A instrument with an 

18713A 63Ni electroncapture detector and a 5709A pulse-modulated electron- 
capture control module. A coiled Pyrex column (180 cm X 0.3 cm I.D.) packed 
with 3% silicone OV-225 on 80-100 mesh Chromosorb W HP (Applied Science 
Labs.) was used isothermally at 190” _ Injection port temperature was 250” and 
detector 300”. The carrier gas was 5% methane in argon at 55 ml/min. Before 
columns were put into service they were conditioned with several injections of 
the strongest working standard solution. 

RESULTS 

The isolation procedure was chosen to discriminate against phenolic amines 
by extracting phenylethylamine at pH 12.5. Various solvents (diethyl ether, 
ethyl acetate, benzene, chloroform, methylene chloride and hexane) were 
investigated but hexane proved to be the most suitable because of clean separa- 
tion, specific extraction and optimal amine recovery. The PFB derivative [S] 
was chosen as one of the most sensitive for the determination of primary and 
secondary amines by electron-capture detection [g-11] . PFB chloride reacted. 
rapidly and completely with both phenylethylamine and internal standard, 
and the resulting derivatives gave clean sharp peaks, well-resolved from other 
peaks in the urinary profile and from one another. A typical profile from a 
normal urine extract is shown in Fig. 2. The profile includes unknowns and 
peaks identified as the PFB derivatives of other arnines; our analytical scheme 
can, in fact, be used to quantify a range of these compounds both endogenous 
and exogenous and these findings have been reported elsewhere [l&19]. Table 
I shows relative retention times of certain amine PFB derivatives and of some 
reference compounds. 
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Fig. 1. The effect of polytetrafluoroethylene on derivatization. PFB derivatives of 10 ng 
each of amine and internal standard were prepared as described in the text. A, Vial was 
sealed with a glass cover-slip. B, Vial sealed with a PTFE-lined screwcap. Note reduced peak 
heights, interfering peaks and slower fall of solvent and reagent peaks in B. Gas chromato- 
graphy was performed at 210” _ 

Fig. 2. Gas chromatographic profile of a typical derivatized extract of normal human urine. 
Peak 1, PFB-phenylethylamine; peak 2, PFB-tolylethylamine. Conditions as in text. 

TABLE1 

RETENTION TIMES OF PFB-A.MINES AND REFERENCE COMPOUNDS, RELATIVE TO 
PFBPHENYLETHYLAMINE 

Chromatography was carried out on a 180 x 0.3 cm column of 3% OV-225 at 190”. For 
further details see text. 

Compound Relative retention time 
-___ 

PFB-Phenylethylarnine* 1.0 
PFB-N-Methylphenylethylamine 0.74 
PFB-N-Methylamphetamine 0.75 
PFB-Benzylamine 0.79 
PFB-Amphetamine 0.82 
PFBp-Methylphenylethylamine (tolylethylamine) 1.20 
l,l,l-Trichloro-2,2-bisb+hlorophenyl)ethane (DDT) 1.62 
PFB-Phenylpropylamine 1.65 
l,l-Dichloro-2,2-bis@chlorophenyl)ethane @,p-DDD) 1.68 
PFB-truns-Phenylcyclopropylamine (tranylcypromine) 1.87 

“Retention time under these conditions was 15.6 min. 
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The structure of the PFB derivative of phenylethylamine was confirmed 
mass spectrometrically (Fig. 3). Several urinary extracts were investigated by 
combined gas chromatography-mass spectrometry under conditions similar to 
those used for the standard procedure, and gave mass spectra of the PFB- 
phenylethylamine peak indistinguishable from that in Fig. 3. No evidence of 
any interfering compound with a retention time equal to that of the phenyl-- 
ethylamine derivative was found in any of these extracts, so that the amine 
could be determined with high specificity. Fig. 4 shows the linearity of peak 
height ratios of the phenylethylamine derivative to that of the internal 
standard, tolylethyla.mine, plotted against phenylethylamine concentration, 
using a set of standards as described in the section on calibration. 

The internal standard was introduced before analysis, and carried through the 
entire procedure. It was therefore subjected to the same manipulations as endo- 
genous phenylethylamine, behaved like phenylethylamine during isolation and 
derivatization, but was resolved from it by gas chromatography. Peak height 
ratios were calculated and used to determine phenylethylamine concentrations 
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Fig. 3. Electron-impact mass spectra of a PFB derivative of the amine extracted from urine 
(A) and of authentic PFB-phenylethylamine (B). 



I/ 0 1 t 1 

0 10 20 30 40 50 

PHENYLETHYLAMINE Cng) 

Fig. 4. Typical calibration curve obtained as described in the text. Each point is the average 
of duplicate determinations. PE, phenylethylamine; TE, tolylethylamine. 

in urine samples by reference to the calibration curve (Fig. 4). To check the 
simplicity and reproducibility of the method, phenylethylamine was deter- 
mined in ten aliquots of the same urine by a worker who had not previously 
performed gas chromatographic analyses. The result was 2.31 +_ 0.238 pg/l, a 
standard deviation of just over lo%, and better results have generally been 
obtained by experienced workers in our department. 

Urinary excretion of free phenylethylamine was determined in normal sub- 
jects, in a group of adults with hyperphenylalaninaemia not on phenylalanine- 
depleted diets, and in three infants with confirmed classical phenylketonuria on 
phenylalanine-reduced diets whose blood phenylalanine concentrations were 
not well controlled (Table II)_ These values broadly agree with those given in 
recent investigations [12-151 in which specific gas chromatographic or mass 
fragmentographic methods were employed_ 

DISCUSSION 

The present method was developed in response to the need for a sensitive 
and reliable way of determining phenylethylamme specifically. The analytical 
conditions were designed accordingly, because earlier reports of high 
phenylethylamine excretion (for example, refs. 5 and 7) suggested that contri- 
butions from interfering substances may have been included. Our procedure 
proved to be rapid and simple, and has routinely delivered reliable and repro- 
ducible results over the last two years. Because of its high sensitivity, only a 
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TABLE Ii 

URINARY PHENYLETHYLAMINE EXCRETION IN NORMAL SUBJECTS, AND 
HYPERPHENYLALANINAEMIC AND PHENYLKETONURIC PATIENTS 

Patient or subject Sex Urinary phenylethylamine 

pg/l pg/g creatinine fig/24 h 

Normal subjects 
S.C. F 1.1 3.7 
CR. M 3.8 5.7 
R.J. 1 M 3.0 4.6 

2 2.3 2.7 
W.W. M 3.3 1.9 
L.N. F 2.4 1.9 
C.B. M 3.9 4.4 
S.B. F 5.6 2.3 
K.B. 1 M 3.8 8.6 6.5 

2 5.5 6.9 9.0 
3 3.3 4.9 6.2 
4 4.2 4.8 7.2 

Hyperphenylalaninaemic patients 
B.J. 1 F 14.0 19.7 21.5 

2 7.6 10.6 12.0 
L.A. 1 M 15.2 8.1 15.6 

2 20.0 11.2 20.8 
E.,4. 1 M 17.0 18.1 33.2 

2 14.2 13.0 30.1 
E.B. 1 F 14.8 5.0 

2 10.0 8.5 
A-F. 1 F 7.0 11.7 

2 9.6 7.7 
L.M. M 6.2 5.5 
L.C. F 8.2 5.6 

Phenylketonuric patients 
V,M. F 29.9 21.2 
R.S. M 40.2 33.5 
K.F. M 51.6 32.2 

small volume of urine is needed, which simplifies experimental manipulations. 
The method is also applicable to biological fluids other than urine, and with 
minor modifications has successfully been applied to the determination of 
phenylethylamine in blood, cerebrospinal fluid and amniotic fluid, and in liver 
perfusates and tissue homogenates. 

The results in Table II are in accordance with previous findings 113,151 on 
the general relationship between urinary phenylethylamine output and blood 
phenylakmine concentration_ The phenylketonuric children had the highest 
phenylethylamine output, while that of the hyperphenylalaninaemic subjects, 
like their phenylalanine blood levels, was intermediate between the values of 
the normal subjects and the higher values of phenylketonuric patients. 

Comparison of the urinary phenylethylamine excretion relative to creatinine 
with 24-h phenylethylamine output when both values were available (Table II) 
indicates that the correlation between them is not very good. This is due partly 



142 

to diurnal fluctuation in blood phenylalanine concentrations affecting random 
urinary phenylethylamine values [16] and partly also to variations in the pH at 
which the urine was excreted by the kidneys [17] _ For reliable metabolic 
studies one should ideally collect 24-h urine samples and also arrange for meta- 
bolic acidification of the urine by ammonium chloride ingestion. 

Tbe agreement of the more recent reports with the present results makes it 
clear that specific chromatographic methods must be used to resolve phenyl- 
ethylamine from interfering substances in order to achieve reliable quantitative 
results. The availability of such methods should now enable us to obtain more 
dependable indications of the significance of phenylethylamine both in normal 
physiology and in pathological conditions. 
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