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ABSTRACT

A selective and sensitive method for the determination of urinary f-phenylethylamine (PEA) by gas chromatography (GC) has been
developed. After extraction of the urine sample with n-pentane, PEA was converted into its N-benzenesulphonamide derivative and
then determined by GC with flame photometric detection using a DB-1301 capillary column. By using this method, nanogram amounts
of PEA in urine could be accurately and precisely determined without any influence from coexisting substances. Analytical results for
the determination of PEA in urine samples from normal subjects are presented.

INTRODUCTION

B-Phenylethylamine (PEA) is a biogenic mono-
amine occurring naturally in tissues and body
fluids, and is considered to play the part of a neu-
romodulator in the central nervous system. Ab-
normalities in the urinary excretion of PEA have
been reported in neurological diseases such as
schizophrenia [1,2], depression [3,4], phenylketo-
nuria [5] and Parkinson’s disease [6].

The determination of PEA in urine samples
has been carried out by fluorimetric assay [7],
thin-layer chromatography (TLC) [3], gas chro-
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matography-mass spectrometry (GC-MS) [8.9],
GC [10-12] and high-performance liquid chro-
matography (HPLC) [13]. However, the fluori-
metric assay requires time-consuming prelimina-
ry clean-up of the sample by solvent extraction
and TLC requires time-consuming separation.
The GC-MS method has picogram sensitivity,
but it requires expensive equipment. Some of the
GC and HPLC methods lack sensitivity or speci-
ficity and require complicated preliminary clean-
up of the sample.

A selective and sensitive method has been de-
veloped for the determination of primary amines
by GC with flame photometric detection (FPD)
in which these compounds are analysed as their
N-benzenesulphonamide derivatives [14]. This
paper reports the extension of this work to the
determination of PEA in urine samples.
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EXPERIMENTAL

Chemicals

PEA and 3-phenyl-1-propylamine (PPA) as an
internal standard (1.S.) were purchased from To-
kyo Kasei Kogyo (Tokyo, Japan), and each was
dissolved in water to make a stock solution at a
concentration of 1 mg/ml. Benzenesulphonyl
chloride (BSC) was obtained from Nacalai Tes-
que (Kyoto, Japan). All other chemicals were of
analytical-reagent grade.

Preparation of urine samples

Urine samples from healthy volunteers were
collected under hydrochloric acid and the creati-
nine concentrations were determined by the
method of Folin [15]. A 4-ml aliquot of the urine
sample was pipetted into a 10-ml Pyrex glass tube
with a PTFE-lined screw-cap. After the addition
of 0.1 ml of 1 ug/ml 1.S. solution and 0.5 ml of
50% potassium hydroxide, the solution (pH 14)
was saturated with sodium chloride and then ex-
tracted twice with 3 ml of #-pentane. The pooled
pentane extracts were back-extracted into 0.45 ml
of 0.05 M hydrochloric acid solution and the
aqueous layer (pH 1-2) was used for the analysis
as a urine extract.

Derivatization procedure

The urine extract was made alkaline by the ad-
dition of 0.05 ml of 50% potassium hydroxide
and 20 ul of BSC were added. The mixture was
then shaken at 300 rpm (up and down) for 15 min
at room temperature. To the reaction mixture
were added 1.5 ml of 65% potassium hydroxide
solution containing 30% methanol, and the mix-
ture (pH > 14) was extracted three times with 3
ml of n-hexane to remove excess reagent and N-
benzenesulphonamide derivatives of secondary
amines. After the hexane extracts were discarded,
3.5 ml of 15% hydrochloric acid were added to
the aqueous layer, and the mixture (pH 6-8) was
extracted twice with 3 ml of diethyl ether. After
the solvent had been evaporated to dryness at
80°C, the residue was dissolved in 0.1 ml of ethyl
acetate, and 1 ul of this solution was injected into
the gas chromatograph.
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Gas chromatography

The GC analysis was carried out with a Shi-
madzu 14A gas chromatograph equipped with a
flame ionization detector and a flame photomet-
ric detector (S-filter). A fused-silica capillary col-
umn (15 m X 0.53 mm I.D., 1.0 um film thick-
ness) of cross-linked DB-1301 (J & W, Folsom,
CA, USA) was used. The operating conditions
were as follows: column temperature, pro-
grammed at 10°C/min from 200 to 280°C and iso-
thermal at 280°C for 2 min; injection and detector
temperature, 290°C; nitrogen flow-rate, 10 ml/
min.

Gas chromatography—mass spectrometry

A Hewlett-Packard 5890A gas chromatograph
was operated in conjunction with a VG Analyt-
ical 70-SE mass spectrometer and a VG 11-250J
mass data system. The GC column was of the
same type as used for GC analysis, with an ioniz-
ing voltage of 40 eV, an ion-source temperature
of 240°C and a helium flow-rate of 8 ml/min.

RESULTS AND DISCUSSION

PEA could be conveniently converted into its
N-benzenesulphonamide derivative as described
previously [14]. The benzenesulphonylation of
PEA proceeded rapidly and quantitatively in an
aqueous alkaline medium at room temperature.
After benzenesulphonylation, primary amines
such as PEA were completely separated from sec-
ondary amines by extraction with hexane in an
alkaline medium containing methanol. The ben-
zenesulphonamide derivative of PEA remained
in the aqueous layer was quantitatively extracted
by diethyl ether under aqueous acidic conditions.
As the ether extracts contained methanol, the sol-
vent was evaporated at 80°C. The derivative
could be prepared within 40 min. The structure of
the derivative was confirmed by GC-MS. The
mass spectrum of the PEA derivative is shown in
Fig. 1. A molecular ion peak (M ") with postulat-
ed m/z 261 and the prominent fragment ion
peaks, m/z 170 [M™ — 91 (CH,—CsHs)], m/z
141 (SOZ - C6H5), I’}’l/Z 91 (CHZ - C6H5) and m/z
77 (CeHs) were observed, and these peaks were
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Fig. 1. GC-MS spectrum obtained from the N-benzenesulphon-
amide derivative of PEA.

useful for structure elucidation. The derivative
was found to be very stable under normal lab-
oratory conditions, and no thermal decomposi-
tion was observed during GC analysis. As shown
in Fig. 2A, the PEA derivative was eluted as sin-
gle peak and provided an excellent response in
the flame photometric detector. The minimum
detectable amount of PEA required to give a sig-
nal three times as high as the noise under our
instrumental conditions was ca. 50 pg as an in-
jection amount, which was twenty times more
sensitive than that obtained by GC with flame
ionization detection. To test the linearity of the
calibration graph, various amounts of PEA rang-
ing from 10 to 200 ng were derivatized and ali-
quots representing 0.1-2 ng of PEA were inject-
ed. A linear relationship was obtained from both
logarithmic plots, and the regression line was log
y = 1.364log x — 2.559 (r = 09998, n = 15),
where y is the peak-height ratio and x is the
amount of PEA.

The method developed was successfully ap-

TABLE 1
RECOVERIES OF PEA ADDED TO URINE SAMPLES

Sample Added Found (mean + S.D., n = 4) (ng/m})
(ng/ml) —
No added PEA Added PEA
A 12.5 14.1 £ 02 259 + 0.1
B 12.5 337 £ 0.2 46.0 + 0.2
C 12.5 23.7 £ 0.1 36.1 + 0.4
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Fig. 2. Gas chromatograms obtained from the standard solu-
tions and several urine samples. (A) Standard (containing 50 ng
of PEA); (B)«D) urine samples. GC conditions as given under
Experimental; attenuation 10 x 16. Peaks: | = PEA;2 = PPA
(I.S.).

plied to urine samples. PEA in urine was quanti-
tatively extracted from alkaline medium into the
n-pentane layer and then back-extracted into
0.05 M hydrochloric acid solution. By this treat-
ment, low-molecular-mass amines and amino
acids were removed, and PEA in urine was reco-
vered at amounts greater than 97%. Fig. 2B-D
shows the typical chromatograms obtained from
several urine samples. PEA in the urine samples
could be detected without any influence from
coexistent substances. The quantitation limit of
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TABLE 11
URINARY EXCRETION OF PEA IN NORMAL SUBJECTS

Subject  Age Sex”  Concentration of PEA
No. (years) (mean £ S.D. . »n = 3)
(ng/mg of creatinine)

I 22 M 3.38 £ 0.02

2 22 M 15.61 £ 0.07

3 22 M 12.61 + 0.05

4 24 M 6.79 + 0.04

5 26 M 4,01 £ 0.04

6 21 F 10.06 + 0.06

7 21 F 4.13 £ 0.02

8 21 F 4.17 £ 0.03

9 21 F 6.13 £ 0.03

10 21 F 5.33 £ 0.01

“M = male; F = female.

urinary PEA was ca. 2.5 ng/ml. As shown in Ta-
ble I, the overall recoveries of PEA added to
urine samples were 94-99%, and the relative
standard deviations were less than 1.4%, indicat-
ing that this method is accurate and precise. The
urinary levels of PEA in five men and five women
were 8.39 + 5.40 and 5.96 + 2.44 ng/mg of cre-
atinine, respectively (Table I1), and no statistical
difference was found between the sexes.

In conclusion, a convenient and reliable meth-
od for the determination of PEA in urine samples
has been established. The method is based on the
isolation of PEA by n-pentane extraction, and
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subsequent determination by GC-FPD as the N-
benzenesulphonamide derivative of PEA. This
method is selective and sensitive, and urine sam-
ples can be analysed without any interference
from other coexistent substances. We believe that
this method provides a useful tool in chinical and
biochemical research.
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