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SUMMARY 

A method for the analysis of phenylethylarnine based on the formation of a 
fluorophore with alloxan is described:’ The procedure is simple, relatively specific and 
fairly sensitive. A linear relationship exists between the concentration of the amine 
and fluorescence. Application to the analysis of urine, obtained from a control popu- 
lation reveals that the excretion of free phenylethylamine is approximately 47 lug/24 
h; conjugated phenylethylamine excretion is variable in the range 34-365,429 11. 
Free urinary pherrylethylamine seems not to be excreted by patients suffering with 
depression. 

INTRODUCTION 

Abnormalities in the urinary excretion of /&phenylethylamine have been re- 
ported in phenylketonurial and. depression 2, Published procedures for the analysis of 
phenylethylamine have to date been based on the assessment of the ninhydrin 
chromaphore following separation, on paper, in certain solvent systems. Such a 
procedure is lacking in specificity and sensitivity and is, at best, only semiquanti- 
tative. A search of the literature revealed that although some described visualisation 
techniques could be applied to phenylethylamine they suffered from certain defects. 
For instance the fluorophore produced by formaldehyde-HCl-ethanol first described 
by PROCH.&KA~ and later extended by SIXLER~ is not specific with respect to its 
spectral characteristics, it is also not very sensitive. Furthermore, following the 
thin-layer chromatographic (TLC) separation o,f a crude urinary extract the number 
of fluorophores produced after spraying with Prochrizka’s reagent is so numerous as 
to make an assessment of the plate impossible. 

The fluorescent derivatives produced between primary amines and orthto- 
acetoacetylphenol or z-acetoacetyl-4-methylphenol c,U, seemed as though they would 
be appropriate but. unfortunately these particular reagents are not commercially 
available and are difficult to synthesise, 

Following an empirical survey of a variety of commercially available aldehydes 
and ketones we finally selected the fluorescent derivative produced between p- 
phenylethylamine as it exists after separation on a precoated layer of silica gel 
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(Eastman Kodak 6061) and the triketone reagent alloxan 
hydropyrimidine) . 

This fluorophore seems to possess the characteristics 
convenient, sensitive and relatively specific analysis. 

(2,4,5,6-tetraoxohexa- 

required for a simple, 

(I) PREPARATION AND SEPARATION OF A URINE EXTRACT 

Free phenylethylamine along with other non-conjugated basic substances 
were extracted from approximately 40 ml (1/25 of a 24-h urine sample) of urine at 
pH 12.0 with benzene (3 x 40 ml). The benzene extracts were aspirated, combined 
&nd after adding three drops df concentrated ,HCl rotary evaporated under reduced 
p&&ire’ kt 40” 30 ‘approxiniately’ 5 ml. This concentrated ,extract was then quzinti- 
tatively’trainsferred to a smaller flask (25 ml) and the evaporation continued to dry- 
ness. ‘Qtiai+ative’&ansfer to a precoated thin lay&r (20 x 20 cm) of silica gel (East- 
mati”&odik 6061) iGas, accdtiplished using IOO (~1 of 95% ethanol solution. The con- 
ju&+?lb&&c~~ul@an~es remaining in the extracted urine were hydrolysed at pH 1.5 
on. ‘a &te‘a&bath ‘@lufin@ 3ci thin arid after”adjustment to pH 12.0 ‘extracte’d into 
benzene (3 x 45 ml). This benzene extract was then rotary evaporated, under re- 
duced. pressure, to dryness- loss of the volatile amines being prevented by conversion 
to HCl salts-dissolved in 95% ethanol solution (IOO ~1) and transferred to a different 
silica gel chromatogram. Aliquot parts of synthetic phenylethylamine-to serve as 
markers and for quantitative measurements- were applied to other thin-layer sheets 
and treated in parallel with the urine extracts. 

Sep&ation,in the first dimension proceeded during a 6-8 h period in the solvent 
system butanol-acetic acid-water (4 :I :I) and after air drying (1-2 11 or overnight) 
in the second dimension with the solvent: system pyridine-Wt.-butanol-propylene 
~lycol+methyl 2 ethyl ketone (4 :3 :2 :I). .After air drying the ‘chromatograms were 
treated as described in Section 5.. conditions ,for the optimum development of the 
alloxari fluorophore were obtained empirically as described in Sections 2, 3, and 4. * . 8, : 

(2) REACTION OF VARIOUS ALDEHYDES AND KETONES 

. 

:’ Thin-layer silica gel chromatograms on which phenylethylamine at concen- 
tration levels in the,range 0.05-15 ,ug had been unidimensionally separated were air 
dried, sprayed with the various aldehydes and ketones (o;I% solutions in acetone) 
listed in, Table 1, and then heated for Io,min ,at 1250. ,After inspection in UV light 
(365 nm and ,265 nm) the minimum atidunt of phenylethylamine detectable and the 
a@pearande,.of the fluorophore were: noted, The results are tabulated in Table I. 

Although several other aldehydes and ketones were tested they have not been 
recorded. btic&tise.,th+ either did not react or else produced instead an absorptive 
zone. or. a.‘substantial, background fluorescence.’ From Table 1. it is apparent that al- 
loxan and’ s,c/-dichloroisatin reacted. to form the most sensitive and spectrally ac- 
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RILACTION OF VARIOUS ALDEllYI3ES ANT) WETONES WITH P-PI-I~NYL~:TI~YLAMINE 

Reagent 

---_--_ 

Lower delectior~. 
lim.it (pg) 

_-- 

Appearance of fltrovofihove 
- 

2 G 5 1 n/.1. 36.5 m/.1 

-~--- -- 

13cnzophcnonc 
Acctophenonc 
Acctalclchyclc 
4-Aminovcratrolc 
Alloxan 
p-Anisaldchyclc 
Hcnzil 
fi-Bromophcnacil bromide 
~-[N,N-Bis(a-chlorocthyl)amino~- 

bcnzalclehvclc 
tcvt.-Butylh~clroquinonc 
4-(tert.-l3utyl)pyrocatcchol 
Cacothalcina 
d-Io-Campliorsulphonic acid 
Catccllol 
Carvacrol 
Chloranilic acid 
I Xhloro-z : 3-cpoxypropanc 
p-Chlorobenzaldehyclc 
g-Uromoisatin 
5-Nitroisatin 
5,7-Dichloroisatin 
N-Acctylisatin 

2.0 

3.0 
0.8 

:2.s 

0.0s 

2.0 

3.0 

0.7 

0.6 

0.7 
1.0 

I.5 
2.0 

I.5 
2.0 

2.0 

I.5 

1.5 
I.0 

o-5 
0.08 

0.7 

-.. . 
salmon 
buff ‘. 
yellow-white 
gmy 
lcmoll-yellow 
buff 
_II 
gray 

yellow 
white 
whi tc 
yellow 
yellow 
white 
yellow 
ycllowc 
yellow 
yellow 
gray 
yellow 
gray 
yellow 

- 
. .I 

- 

yellow-gra> 

yellow 
Lx1 ff 
yc11o\v 
wliitc 

gray 
- 
gray 
- 
-- 
- 
- 
- 

fg-ay 
yellow 
yellow-gray 
yellow 

R 0.1 o/O suspension. 
IJ = no observable fluorescent zone. 
c This yellow fluorcsccncc was prcscnt on EL purple fluorcsccnt background. 

ceptable fluorophores. The g,7-dichloroisatin derivative was rejected on the grounds 
that it produced a less pleasing yellow fluorescence than that of alloxan, in addition 
there existed a not insignificant contaminating background fluorescence. 

Elution of the fluorescent zone from the alloxan-sprayed chroma.tograms re- 
vealed that the derivative was sufficiently stable to permit quantitative assessment 
in the Aminco-Bowman spectrophotofluorimeter. By trial and error methanol was 
selected as.the best eluting solvent. In this solvent the fluorescent yield was highest 
and the background blank lowest. 

(3) EFFECT OF THE REAGENT SOLVENT 

In order to investigate .fhe effect of the reagent solvent on the reaction, chro- 
matograms on which I ,wg of phenylethylamine had been unidimensionally separated 
were sprayed with alloxan hydrate (o.I~/~) dissolved in a variety of organic solvents. 
As can be seen from Table II the fluorescent yield was highest in the case of gz- 
propanol. 

(4) EFFECT OF TEMPERATURE AND TIME OF 

Examination of precoated silica gel 

HEATING 

chromatograms on which 

J. Citro~~latogv.. 

1 ,ug of phenyl- 
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TABLE11 

EFBECT OF THE REAGENT SOLVENT ON THE INTENSITY OF FLUORESCENCE 
- 

.SoZvent 

- 

--___ 

lG4ovescence~ 
(arbitrary units) 

-- -..------ . . . . 

rt-Butanol 0.34 
Methanol” 0.51 

Isoarnyl slcol~ol 0.59 
Water O.SG 

Acctonec I.09 

Etllanol 1.S4 
Isopropanol I.94 
n-Propanol 2.92 

-- --- 

a Average of cluplicate samples. 
in When this solvent was used the fluorophore was red and not the usual yellow. 
c With this solvent the intensity of, fluorcsccncc varied quite erratically from chromato- 

gram to chromatogram. 

ethylamine had been unidimensionally separated, sprayed with the alloxan reagent 
and heated for 3 min, revealed on examination following their removal from the oven 
that a temperature of less than 115~ was insufficient immediately to producd a 
fluorescent derivative. Although after prolonged standing (i.e. overnight) a fluores- 
cent derivative’ forms it does not reach the value produced on heating. Tempera- 
tures in excess of 125~ caused warping and disintegration of the Kodak sheets. A 
temperature,of 1z5O was therefore selected as being convenient. The effect of time of 
exposure to this temperature on the amount of fluorescence produced is expressed 
graphically in Fig. I. It can be seen that an 8imin exposure results in the maximum 
fluorescent yield. 
,. ,ci, ,, 

(5) OPTIMUM R-&ACTION CONDITIONS 

The optimum reaction conditions finally selected for the analysis of urine 
“extracts,involved spraying the air-dried plates separated as described. in Section I 

with the ,alloxan. hydrate reagent (0.1% in +z-propanol) followed by heating at 125~ 
for“8 min. ,TheClemon yellow phenylethylamine fluorophore (see Fig. 2) is dilineated 
in pencil and the zone scraped from the plate and eluted by shaking for I min with 
methanol (2 ml) in a 5 ml centrifuge tube. After low-speed centrifugation the super- 
natant is transferred to a I-cm cuvette and measured in the spectrophotofluorimeter 
(exitation 435 nm, fluorescence 523 nm). A typical calibration curve, the useful 
working :range and the errors involved in the analysis are shown in Fig. 3 ; the un- 
corrected activationand fluorescence spectra are illustrated in Fig. 4. 

,Although the overall recovery on different occasions is somewhat variable, 
being in ‘the range’ ‘45~75%, it, is constant during the extraction. on any particular 
occasion. An internal standard (3 ,ug) of phenylethylamine is therefore always added 
to a duplicate urine sample in order to obtain the recovery value for that occasion. 
The minimum detectable amount of phenylethylamine using this technique is 0.05 pg. 
In a urine extract separated two dimensionally 0.1 ,ug is, i.n the most favourable 
condition, the smallest detectable amount. 
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Fig. I. Graphical rcprcscntation of the effect of hcnting time on the inCcnsity of fluorcscci~cc. 

(6) SPECIFICITY 

Numerous biogenic am.ines and synthetic amines have been tested. In the main 
the reaction seems to be specific for unsubstituted phenylall~ylamines. Hydroxylation 
of the phenyl’ring in susceptible cases causes a fluorescence shift towards the red end 
of the spectrum. $-Tyramine for example exhibits a weak golden coloured fluore- 
scence, catecholamines (noradrenaline, dopamine) exhibit an orange fluorescence of 
even weaker intensity. Indoylalkylamines produce a grayish-white fluorescence. N- 
Methylated amines do not react. None of the reactive amines tested produced a 
fluorophore which after separation in the solvent systems quoted overlapped with 
the phenylethylamine fluorophore. 

Further proof of the identity of phenylethylamine in the urine extracts in ad- 
dition to the demonstration of isographic behaviour between the urinary phenyl- 
ethylamine zone and synthetic phenylethylamine and the enhancement of the 
phenylethylamine zone when phenylethylamine was added to the urine sample before 
extraction was obtained in two different ways. First I nCi of [z-f4C]pl~enyletl~ylamine 
(New England Nuclear, 11475 C&e de Liesse, Dorval, Quebec) was added to the urine 
before extraction. After processing as described in Sections I and 5 it was shown that 
all the radiocativity on the plate was associated with the phenylethylamine fluoro- 
phore zone. The recovery of the added label agreed with the recovery of added 
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whit 

EIUO 

0 
Blue 

U’ Lemon yellow 

YLETHVLAMINEI 

Fig. 2. Schematic representation of the appearance of a chrornatogratn on which a urine extract 
hks been separated after trcatrnent with the alloxnn rcngcnt. Hatchccl areas, absorptive zones; 
open ;~rcas, fluorcsccnt zones. 

phenylethylamine standard on this occasion. Secondly, instead of forming the fluoro- 
phore after the two-dimensional chromatographic separation the phenylethylamine 
‘zone was eluted,in go% methanol solution (2 ml) containing three drops of concen- 
trated HCl. This eluate was then rotary evaporated to dryness under reduced pres- 
.sure,’ dissolved in 0.1 M sodium bicarbonate solution and dansylated overnight as 
previously described 79s. The presence of DNS phenylethylamine in the eluate and the 
demonstration of identical behaviour with authentic DNS, phenylethylamine was 
shown following separation, on precoated layers of silica gel, in numerous different 
,solvent system@. 

In a final comment about the alloxan reaction we must draw attention to the 
remarkable,sensitivity of the reaction to ozone. Even the slightest esposure to ozone 
as for. instance being in the vicinity of a high-pressure xenon arc after spraying tiith 
the alloxan reagent and before heating completely inhibits the reaction. 

(7) ANALYSIS OF URINE 

8’ Using the technique described in Sections I and 5 the free and conjugated 
urinary phenylethylamine contents in a control population (laboratory and related 
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p+henylethylemine bg) 

Fig. 3. Typical calibration curve for phcnylcthylan~inc. 

personnel) and in patients suffering with depression have been determined. A sche- 
matic diagram of a typical urine chromatogram is shown in Fig. 2. The actual values 
obtained in ,ug/z4 h for free and conjugated urinary pl~enyletl~ylamine in a control 
population are listed in Table III. In the analysis of twenty patients suffering with 
various depressive illnesses (manic-depressive depressions and involutional melan- 
cholias) we have so far not been able to demonstrate any phenylethylamine at all in 
the zone corresponding to free urinary phenylethylamine. Whether this means that 
free phenylethylamine isnot excreted in the urine obtained from these patients or 
whether it is excreted in such small amounts as to be below our detection level of ap- 
proximately 5 pg/z4 h is not at present known. It is clear that the excretion of urinary 
conjugated phenylethylamine exhibits quite marked person-to-person variation. In 
the case of the depressive population 43% excreted conjugated phenylethylamine in 
the range 23-149 pg/z4 11. The remaining 57% did not excrete any measurable con- 
jugated phenylethylamine. 

DISCUSSION 

To our knowledge alloxan has not hitherto been used as a spray reagent in the 
production of phenylalkylamine fluorophores. As such it seems to possess many 
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WAVELENGTH (mp) 

Fig. 4. Activation ancl emission spectra (uncorrcctcd) of the allosan-phcnylethylarnillic fluo- 
rophore. (- ) Activation ; (- - -) emission. 

/ 
*,. .% . 

,’ 
&efu~ advanta&s; ,& is cheap and commercially available, simple to’use, relatively 
specific to : phenylall~ylami~es, relatively sensitive .and capab!e of producing linear 
dalibration curves in the O.I-3.5 ,ug range following two dimension.al separation and 
elution from thin-layer silicag$ sheets. That only p,henylethylamke is being measured 
when the technique described in this’paper is utilised would’seem to be established 
by virtue of.the inherent specificity of a twq-dimensional cl!romatographic separation 
yhen this ,is,followed by a relatively selective visualisation procedure. That phenyl- 
ethylamine ,is ,definitely. pre?ent in. the measured fluorescent ,zone was established by 
showing.that thi+was,the ,qnly zone to contain radioactivity onthe final chromaiogram 
when:,:T?C-labelled phenylethylamine was I added to ,the .urine before extraction. In 
addition dansylation of the phenylethylamine zone eluate after two:dimensional 
separation of the urine extract but before spraying with the alloxan reagent followed 
by ,chromatographic separation of the formed dansyl derivatives showed that. DNS 
phenylethylamine was present. 
i Phenyl@hy!amine has been shown to.be present in bpth the free and,conjugated 

forms in t+. urine of a contra! population; The .level of ,excre$ion of the free form- 

J., Chroyaalogr., 57 (1971.) +3~-~gG 



DETERMINATION OF URINARY /%PH@NYLETHYtAMINE 295 

TABLE III 

PHENYLETHYLAMINE EXCRETION IN THE URINE OF A CONTROL POPULA’L’ION 

E.Z. 
A.Z. 
L&2* 
A.N. 
L.M. 
T.M. 
H.P. 
N.A. 
L.M. 
D.W. 
S.M. 
.T.P. 
A.N. 
R.B. 
H.H. 

W.R. 
ES. 

56 
18 

45 
32 

9 
5 

24 
I7 
13 
25 
53 
85 
16 

140 
35 

167 
50 

8 

93 

-b 

- 

- 

- 
- 
-- 
- 

II9 

365 
128 

45 
34 . 

c 
c 

C 

82 
c 

35 

a Corrected for recovery. 
b - = these samples were not annlyscd, 
c Contamination in the phcnylcthyl,ztnixlc fluorophorc zone prevented analysis in thcsc 

CPSCS. 

.’ 

47 zt 44 PccglZ4 11 (7% = 19) -is somewhat below the amounts of other free urinary 
primary aromatic amine+O-fi-ty ramine, 312 j= 162 ,ug/g creatinine (PZ = 31) and 
tryptamine, 83 j= 36 ,ug/g creatinine (VZ = 16). The level of urinary free phenyl- 
ethylamine estimated by this technique is in quite good agreement with a previous 
assessment2. 

Levels of conjugated urinary phenylethylamine for the control group are some- 
what more difficult to obtain because of contamination on the chromatogram around 
the phenylethylamine zone. In those urines that were quantitated (12 = 7) the amount 
of phenylethylamine varied widely between subjects, being in the range 34-365 
pg/o4 h. Otl ler workers seem not to have analysed the conjugated form of this amine. 
Such a wide variation in excretion values and the difficulty of analysis of conjugated 
urinary extracts is again similar to the situation obtaining for the other urinary 
aromatic primary amines lOJ1. The.,excretion of urinary conjugated +tyramine is in 
the range 0-3640 ,ug/g creatinine while tryptamine excretion is in the range 4-95 ,ug/g 
creatinine. 

The finding of little, if any, urinary free phenylethylamine in patients suffering 
with depression confirms the observation first made by FISCHER~. Whether the ex- 
cretion is actually nil or merely below our present lower detection level of approxi- 
mately 5 pLlglz.4 h must await the development of more sensitive and refined tech- 
niques. If the excretion were actually zero this would raise the interesting possibility 
of some enzyme deficiency in this condition. Whether the excretion of urinary free 
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phenylethylamine appears, increases or returns to normal values following an im- 
provement in the condition as a consequence of remission or therapy is currently 
under study. The observation that 43% of our depressed patients excreted conjugated 
phenylethylamine in the range 23-149 ,~g/24 h is interesting. The remaining 57% 
either excreted none or else the amount was below our detection level of 5 pg/24 11. 
Why conjugated phenylethylamine might be present when free phenylethylamine is 
absent is at present not understood. Efforts aimed towards understanding more 
about the metabolism of phenylethylamine both in the whole body and in the brain 
are presently under investigation in our laboratory. It is of interest to note that 
phenylethylamine has recently been identified as a cerebral constituent of both the 
rats and manls. 
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