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Certain biogenic amines, such as epinephrine, norepinephrine, serotonin, and hista- 
mine, have been known for some time to be of physiological importance. It is reason- 
able to suppose that some among the many other amines that are escreted in human 
urine may also have important functions in some tissues of the body. 

Biogenic amines are likel_v candidates for the role of synaptic transmitters within 
the central nervous s>-stem, and the differential distribution of such amines as seroto- 
nin, norepinephrine, and dopamine within the brain suggests their possible relation- 
ship to specialized functions. Other chemically related an&es, such as bufotenin, 
S,Sdir.methyltryptamine, psilocin, and mescaline, are known to have psychotomirne- 
tic effects in man- Pharmacological modification of the metabolism of such amines 
may be associated with altered brain function- For esample, a recent study1 suggests 
the possible implication of toxic amines in the etiology of schizophrenia, since an ex- 
acerbation of mental dysfunction occurred in certain schizophrenic patients on mono- 
amine o-sidase blockade after the administration of oral loads of tryptophan or 
methionine- Thus, a knowledge of the normal pattern of urinary excretion of amines 
in man, and an identification of the unknown amines regulariy present in urine, 
should be useful not only as a basis for the study of a wide variety of metabolic 
d&ass, but in particular for esploration of the mechanisms of mental dysfunc- 
tion. 

\\-ith this view in mind, a preliminary study of the urinary excretion of amines 
in normal children was carried out- Although more than 40 amines were found to be 
regularl_v present in urine, less than half of these could be identifiede. In the course 
of the investigation, it became obvious that two-dimensional paper chromatography 
done was not sufficient for a complete separation and identification of these amines, 
even after they had been concentrated and separated from amino acids and the acidic 
and neutral constituents of urine- 

* Supported b?; grants from the Richard W. Lippman Memorial Fund and from the National 
Institutes of Health_ 
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Several investigators have developed ion eschange chromatographic techniques 
for purifying individual amines originally present in physiological fluids3-5. The 
esperirnents reported here were designed to devise a method of separating the com- 
ponents of a complex misture of .amines by the consecutive use of ion exchange 
column chromatography and paper chromatography and to apply the method to a 
study of the amines present in the urine of children. The results have confirmed the 
tentative identifkationZ of several amines not previously reported in human urine 
and have shown that the number of amines regularly present in urine is greater 
than had been demonstrated previously through the use of paper chromatography 
alone. The method provides a means for the isolation of unidentified urinary arnines 
in relatively pure form. 

General 
JIATERIAL ASD METHODS 

Preliminary esperiments with authentic arnines demonstrated the impracticability 
of separating both aliphatic and aromatic amines on a single ion eschange resin or 
with a single developing buffer. Although aliphatic monoamines could be separated 
on columns of Amberlite CG-IZO, aliphatic diamines and aromatic ax-nines were so 
firmly bound to the resin that they could be eluted only by strongly basic buffers, 
which either destroyed them or made subsequent paper chromatography difficult. 
The aromatic arnines and aliphatic diarnines could be separated on columns of Amber- 
Iite CG-50, but on this resin many aliphatic monoarnines were so readily eluted that 
little or no separation occurred. Therefore, a procedure was adopted in which both 
ion eschange resins were employed. 

Sources of antirres 

Most of the authentic amines used in this investigation were obtained from commer- 
cial sources. o-Tyramine was prepared enzymatically from o-tyrosine by incubation 
with Streptococczrs fecalis decarbosylase, and $-hydroxybenzylamine was prepared 
from p-methosybcnzylamine by demethylation bvith hydrioclic acid. Five amines 
were obtained as gifts from other investigators *. 

Preparation. of developers 

Recause the amine fractions from the ion eschange columns were later to be chro- 
matographed on paper, it was desirable to use volatile developers for the coiumn 
chromatograms. Four aqueous pyridine-acetic acid buffers were prepared. Their 
composition and the quantities of reagents used to prepare them are shown in 
Table I. 

Reagent grade glacial acetic acid and redistilled reagent grade pyridine were used. 
The normality of the pH 6.32 and pH 6.12 buffers refers to their acetic acid content, 
while the normali@ of the pH 3.50 and pH 3.50 buffers refers to their, pyridine 
content. : 

* The authors are indebted to the following for gifts of rare amines: Dr. MARVIN ~~ARLISTRONC, 

Yellow Springs, Ohio. for 3-cthoxy-.+-hydroxybcnzylamine; Dr. JULIUS .&SE~R&~, Bethesda, 
Md., for N-methyl-metanephrine ; Dr. SYDSEY ARCHER, Rensselaer, N. Y.; sol: ‘octopamirie ; 
Burroughs \Vellcome & Co., Tuckahoe, X. Y., for epinine; and F. Hoffman-La Roche & Co., 
Base], Switzerland. for p-methoxyphenylethylaminc. - ‘_ b -_;, j ,f,’ 
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TABLE I. 

~~MP~S~TION OF AQUEOUSVOLATILIZ BUFFERS (PER LITER) 

PH 3.50 G-12. 
Normality o.zN+ 

5.50 
O..SLN' 0.2N" 

Reagents (ml) 
Pyridinc 16.1 64.4 175 
Glacial acetic acid 1x5 21.0 zr._s 

‘- -~- --.. --_ .___.. _._._. ___._ 
* Normality in terms of pyridinc. 

** Normality in terms of acetic acid. 

G.32 
0.1 N” 

150 

5.75 

Cfzvo?nutogva$lzy of aromatic mo~~oamines ad alifhatic diantines 

Amberlite CG-50, type 2, a weakly acidic carboxylic acid type cation eschange resin, 
was first purified initially according to the procedure described by HIRS et al.“. A 100-g 
portion of resin in the hydrogen form was suspended in 300 ml of pH 6.32 buffer and 
was stirred for 20 min. SufEcient pyridine was added to raise the pH of the suspension 
to pH 6.32 (A 0.05). After the resin had been filtered off on a coarse sintered glass 
Biichner funnel and washed 3 times with IOO ml of pH 6.32 buffer, it was suspended 
in 2 volumes of this buffer and stored at 5” until used. 

A 45 cm column of Amberlite CG-50 was poured in sections in a jacketed glass 
tube with an internal diameter of 0.9 to 1.0 cm. The suspension of resin was preheated 
to 40~ before pouring the column, which was maintained constantly at 40” throughout 
pouring, equilibration, and the running of the chromatogram in order to prevent 
bubble formation and shrinkage. The column was equilibrated with at least IOO ml 
of pH 6.32 buffer before commencing the chromatogram. Passage of developer during 
equilibration and during the subsequent chromatogram was controlled with a Milton 
Roy Chromatographic Minipump *. 

The sample containing from 0.02 to 0.1 mmole of authentic amines was dissolved 
in 2 ml of pH 6.32 buffer, applied directly to the top of the resin column, and rinsed 
in with small portions of developer. The chromatogram was first developed with 
pH 6.32 buffer at a flow rate of IO ml/h, and 2-ml fractions were collected. After 25 h, 
or when 250 ml of effluent had been collected, the develo,ping solution above the 
resin column, in the pump, and in the reservoir was replaced with pH 6.12 buffer. 
The chromatogram was then continued at the same flow rate for another 25 h, or 
until a total of 500 ml of effluent had been collected. 

CItvomrctogvafilay of at?i$hztic ntolzoantilaes 

Amberlite CG-120, a strongly acidic sulfonic acid type cation exchange resin, was 
initially prepared by the hydraulic separation method of MOOXE et al.‘. A Ioo-ml 
portion of settled resin from Fraction C was washed on a coarse sintered glass Btichner 
funnel su.ccessively with 600 ml of iV sodium hydroside, 600 ml of water, 600 ml of 
2 N hydrochloric acid, 600 ml of water, 400 ml of IV pyridine, and finally with three 
zoo-ml portions of pH 3.50 buffer. The resin was then suspended in 2 volumes ,of 
this buffer and was stored at 5” until used. 

A 30 cm column of Amberlite CC-120 was poured in sections in”a jacketed glass 
tube with an internal diameter of 0.9 to 1.0 cm. Packing of the column was done .at 

* Milton Roy Co., Philadelphia, Pa. 
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The aliphatic monoamines in the urines of 4 normal children and I psychotic 
child were separated on Amberlite CG-IZO columns. One of the~normal children had 
been maintained on a plant-free diet and had been given neomycin orally for 5 days 
prior to urine collection in order to eliminate amines of esogenous plant origin from 
the urine and to minimize those formed by the bacterial flora of the intestinal tract. 

Aromatic amines and aliphatic diamines in the urines of 3 normal children and 
one psychotic child were separated on Amberlite CG-50 coluxnns. Two of the normal 
children so studied were administered monoamine oxidase inhibitors (nialamide or 
pheniprazine) prior to and during urine collections. 

RESULTS 

Chvomatogra$lty of azcthentic amines 

The elution volumes of a number of authentic aromatic or heterocyclic amines and of 
several aliphatic polyamines from Amberlite CG-50 are listed in Table II. Also shown 
are the emergence points of several basic amino acids and aliphatic monoamines 
commonly present in urinary amine concentrates. These compounds are always eluted 
from Amberlite CG-50 at the- same effluent volumes when the columns are operated 
under the conditions described. 

The following observations were made concerning the effect of chemical structure 
on the elution volume from Amberlite CG-50. Methylation of the amino group hastens 
elution from the resin, and tertiary arnines are eluted more rapidly than secondary 
amines. Acetylation of the amino group accelerates elution very markedly. Hydroxyl- 
ation of the /3 carbon atom of the side chain of phenylethylamine derivatives speeds 
elution from the resin. Hydroxylation of the benzene ring of aromatic arnines hastens 
their emergence from the resin, but this effect is greatest when the ring is hydroxylated 
in the para position and least in the ortlzo position. Methylation of a single hydroxyl 
group in the ring of an aromatic amine generally causes the emergence point of the 
compound to revert to that of the original unhydroxylated analogue. If two or more 
ring hydroxyl groups are methylated, however, the opposite holds true, and the 
compound is eluted more rapidly. The longer the carbon chain of aliphatic amines or 
the side chain of aromatic amines, the more elution from Amberlite CG-50 is delayed. 
The presence of the indole nucleus slows elution. Increase in the number of amino 
groups in polyamines delays elution, and when as many as four are present, as in 
spermine, elution from the resin cannot be effected with the developing buffers used. 

Table III presents the elution volumes of a group of authentic aliphatic mono- 
amines from Amberlite CG-IZO columns that were operated as described above. 
Included are the elution volumes of ammonia and the basic amino acids to be found 
in urinary amine concentrates. 

The following observations were made concerning the effect of varying chemical 
structure on the elution volumes of aliphatic monoamines on Amberlite CG-120. 
Substitution of a methyl group on the amino group hastens elution from the resin. 
Hydroxylation of the a1iphati.c chain speeds elution, and the greater the number of 
hydroxyl groups the more rapidly the compound is eluted. Increase in the number of 
carbon atoms in the aliphatic chain delays emergence from the resin. Whereas diamines 
fail completely to be eluted from Amberlite CG-120, acetylation of one of the two 
amino groups results in their early elution. 

J. Clzromatog., 12 (1963) 358-373 
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Although the detection of ninhydrin-reactive amines in the effluent fractions is 
much facilitated by the use of the Technicon Auto Analyzer, the older manual methods 
for detecting ninhydrin-reactive materials in the effluent of chromatographic ~cohmms 
are equally applicable O. Regardless of which ninhydrin procedure is used, it is ade- 
quate to determine the absorbance of the reaction mixture at 570 rnp conly., because 
pyrrolidine is the only amine likely to occur in sufficient amount in urine to produce a 
measurable absorbance at 40 rnp. In our hands, the absolute elution vohunes of 
amines have been very reproducible. In the hands of other investigators, they would 
no doubt vary somewhat from the figures given in Tables II and III because (of 
differences in the dimensions of the columns, but the relative emergence pomts ‘of the 
various amines should not vary. 

Ion exchange chromatography as described is not suitable for the ,detection (of 
small amounts of catecholamines, because they appear to be unstable at the pI3 ‘of the 
developing buffer used. Some of the more volatile aliphatic amines, such :as methyl- 
amine, dimethylamine, ethylarnine and piperidine, may partly be lost when ~effluent 
fractions are taken to dryness prior to paper chromatography. When yy-methylmer- 
captopropylamine, the decarboxylation product of methionine, is chromatographed 
on Amberlite CG-120, part is converted to the sulfoxide. This-is not disadvantageous., 
however, because detection of the sulfoxide in a chromatogram strengthens ident%- 
cation of the parent amine. 

Chromatogra$dty of amines in wine 

Table IV lists the arnines regularly present in urine which were detected by ion ex- 
change chromatography on Amberlite CG-50 and subsequent paper chromatography_ 
The unidentified compounds are numbered for the sake of simplicity according ;to the 
system of PERRY et aZ.2, and the solvents and spray reagents used in paper chromatog- 
raphy are those described by these authors. For each compound, Table IV presents its 
elution volume, its RF values on paper in four different solvents, and the !colors 
produced by various spray reagents. 

Table V lists the amines regularly found in urine amine concentrates and separaeed 
on columns of Amberlite CG-12o.The numbering of unidentified compounds 'corre- 
sponds to the system previously reporteds. RF values ,in four different solvents are 
recorded, as well as appropriate color reactions. 

In both Tables IV and V, arnines have been listed in the order of their ,emergence 
from the ion exchange columns. Unidentified compounds have been presumed *o be 
amines because of their chromatographic behavior on resin columns and ,on paper, 
as well as their color reactions. 

Although the number of urines studied by this technique has been small, the 
aromatic amines listed are assumed to be present regularly in urine, because &hey 
were observed routinely in a much larger group of children’s urines that had been 
studied by paper chromatography alone 29 10. The aliphatic arnines listed in Table V 
were present in the 5 urines that were chromatographed on Amberlite CG-rzo- 
The regular occurrence of some of them, however; is more questionable, because two- 
dimensional paper chromatographic examination on a larger number of urines had 
failed to detect their presence. Several additional compounds, presumably :amines, 
that were detected in only one or two of the urines are not listed in Tables IV and V.. 

(Tcti continued& 3699 

J. Chromatog.. 12 (1963) 35'8-373 
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instances, the urinary amines in 300 mg creatinine equiviknts of urinewerea@.ied 
to the resin columns, and the effluent fractions were esamined by reaction with Il’in- 
hydrin on the Technicon Auto Analyzer, recording optical density of the color .pro- 
duced at 570 mp.. The chromatogram depicted in Fig. I was that of a child who had 
been administrated pheniprazine as a monoamine oxidase inhibitor, and the peaks for 
$-tyramine and tryptamine are therefore more prominent than would ordinarily be 
espected. The wide variety of amines present in urine is not apparent in these graphs, 
because many aromatic amines, and all the second-- aliphatic amines, fail to pro- 
duce sufKcient color with ninhydrin to register on the recorder. The location of these 
ninhydrin-negative amines in the column efe,uent is not dif?icult to calculate, however, 
if based upon the emergence points of certain ninhydrin-positive amines, such as those 
shown for normetanephrine, p-tyramine, and tryptamine in Fig. x. 

The present technique has advantages if an amine is present in urine in such iow 
concentration that it cannot easily be detected during routine paper chromatography_ 
By subjecting to paper _chromatography the material in the entire effluent zone In 
which the suspected amine emerges, trace amounts of it may be recognized. In the 
present investigation, z,2’-dithiobiS(efh~\‘iamine). the amine derived from cystine, 
was identified in this way. The appropriate effluent zones from cohmms of Amberlite 
CG-50 were chromatographed on paper, and the sheets were sprayzd with a nitro- 
prusside reagent12 which is specific for certain sulfur-containing amino acids and 
amines. o-Tyramine was similarly identified in the !urine of one normal child on mono- 
amine o.sidase blockade, although it could not be detected in the urines of 21 chikben 

on monoamine osidase blockade studied by paper chromatography alone19 

DISCUSSION 

Sixteen aromatic and heterocyclic amines which are usually present in the urines of 
normal children have been identified in this investigation. Fifteen of these had been 
detected in a previous stud> 72 bv means of paper chromatography_ The present _- 
methods have identified r-methylhistamine, which before had been listed as an uniden- 
tified amine. The occurrence of this axniue in human urine has been reported by 
SCHAYER~~. The tentative identification of kynuramin e in win@ has been strengthened 
by the present investigation. The amine present in urine is eluted from Amberlite 
CG-50 at the same volume as authentic kynuramine, has RF values on paper that are 
identical with those of the authentic compound in 4 different solvents, and gives the 
same color reactions with dimethylamin ocinnamaldehyde and with the Ekman spray 
reagent?. The identification of P-hydrosybenzylamine and of 3-methosy-+hydrosy- 
benzylamine, first reported by KAIUMOTO ASD ARWSTIXOSG~, has been confhmed. 

Of the x6 identified aromatic and heterocyclic amines found in children’s urine, 
synephrine, 3-methosy-4-hyl.rox~benzylamin e, and $-methosybenzylamine appear 
to be of exogenous origin, and are eliminated from the urine when children are fed a 
plant-free diet. Bufotenin and kyn uramine are usually detectable onl4_ after the ad- 
ministration of monoamine 0.xidas.e inhibitors. In the urines esamined during this 
study, o-tyramin e was detected in one urine, and benzylamine in another. The latter 
is present in all amine estracts of urines from subjects receiving nialamide. This drug 
is escreted in the urine; and when urine is hydrolyzed during preparation of amine 
extracts, the benzylamine moiety of nialamide is freed. In addition to the x6 identified 

J. cLrowadog., 12 (1963) 3523-373 





may clues to the chemical nature of an unidentikd substauce be xMa.iued ffrom iits 
point of emergence from the ion exchange column, but the proceduremo (doubt e 
also be scaled up to permit isolation in sticient quantity for~chemicalii~cation. 
In the meantime, knowledge about the normal pat&m of escretion &f zuriiues 3x1 
human urine can serve as a useful standard against which to~compare &e &kua&ion 
encountered in various metabolic diseases_ 

The methods described here for the identification of aukes iu ukiue &hmild lbe 
applicable to the study of other physiological $hrids .and :&issue estracts. X* iis Bike& 
that these will be found to contain only a fraction of the mmiber of zauiiues ilisted .ti 
Tables II and III. In such a case, ion exchange column ~chromatograph~ w ;ac- 
complish complete separation of most of the amines present_ 
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A technique has been developed by which complex m&ures of amines can [be .sepa- 
rated by column chromatography on the ion eschange ~&us AuiberWe (G~oand 
Amberlite CG-IZO. Identification of amines is made on the :basis ‘of &he speed of &eir 
elution from the resin column, as well as by subsequent ,paper &roruatogrzr@~y COY 
effluent fractions. The method can be applied to amines d~v~~~ornv~o~ip~~~0 
ical fluids, and offers the possibility of isolating unidentifkd compouuds;for~cheuiic~ 
characterization_ 

Using the combined technique of ion eschange column cbromatogra.hy ifollowed 
by paper chromatography, 26 amines were identified in hurnau &e_ lI&ese were: 
meth+unine, dimethylamine, ethyAami.ne, ethanolamine, #-hydrox~pro&laniiue, 
pyrrolidine, piperidine, putrescine, c3adaverine, z,z’-dithiobisife~ylamine),, ihisk&ue. 
X-aceQilhistamine, I-methylhistamine, $-hydrosybenzylamine, .3-me&o~~-&hy- 
drosyben@un.ine, +tyramin e, ora-tyramine, octopamine. syne#riue, 3-methox~ 
tyramine, normetanephrine, metanephrine, tryptamine, serotoniu, ibufoteriin, z&l 
@uuamine. An additional 20 unidentified bases, pres~bly,amin~,;were;fonndfloIbe 
regularly escreted in urine, 

Evidence is presented supporting the identification of Arm uramine, ,&hydrox~ 
propylamine, putrescine, cadaverine, and 2,2’-dithiobis-l(e~ylar,Gue) _ 7Ehese :s zuxiins 

have not previously been considered to be constituents of normal human ukine. 
It is suggested that study of the urinary escretion of amines may pro&tide useful 

clues as to the mechanisms involved in various metabolic ~disorders. iindluding Mhcse 
characterized by mental dysfunction. 
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