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eee. p&bway of tryptophan, COlljUgWZS (SUJP~tes, a=bkS, li$~~~O~d% 
etc.) of f&e tryptophan metabohtes and peptides. A redent trend in analyt- 
ical bio&em&$ry was therefore the development of methods that allow the; 
determination of fmz&ionaUy and metabolically related compounds from 
the same sample. However, although in certain instances interest may be 
focused exdeveIy on a single amine, one must devise methods that allow 
the determination of the individual amine in the presence of many other 
related compounds of comparable concentration. In methods of this type 
chromatography is particularly useful. 

The concentration of biogenic amines in tissues is, with few exceptions, low, 
i.e., generally lower than 10 mole per gram of wet tissue. The necessity for 
the determination of low concentrations of biogenic amines in discrete areas of 
the brain, in small cell populations and in single cells stimulated the improve- 
ment of the sensitivity of the methods. The possibility of achieving the quanti- 
&tive determination of picomoh or even femtomole amounts of amines, amino 
acids and peptides is a major criterion for the suitability of a method in neuro- 
chemistry. Less sensitive methods may be applied successfUJ.ly to urine analysis. 

Many naturally occurring amines and amino acids have been identified and 
quantitated in tissues and body fluids in th’e iast 20 years. The application of 
more advanced methods to their assay frequently revealed, however, that their 
actual concentrations were sometimes lower than. was originally thought by 
several orders of magnitude. &Hydroxy-r-aminobutyric acid ]1,2], choline and 
acetylchohne 131, piperidine [ 4] and putrescine [ 5,6] in the brain are examples 
of compounds for which revisions of their concentration in tissues were made 
of the basis of advanced methods. Improvements in the specificity of the 
methods was as important as an increase in sensitivity. The still increasing 
application of mass spectrometry in combination with other separation 
methods if analy+kal biochemistry is one of the latest trends aimed at im- 
proving specificity. The exploitation of the specificity of enzymic reactions, 
mostly combined with the use of radioactive substrates, and immunological 
methods are alternatives to separation methods for increasing sensitivity and 
specificity [7,8 1. Radioenzymic assays have been established for catechol- 
amineS 19-121, serotonin [ 13,141, fi-phenylethylamines [X5,16] , histamine 
[17-191, choline and acetylcholine [20--251 and putiescine IS], among 
others, and radioimmunoassays are available for a few important biogenic 
amines [ 26-291. : 

Further insight into the motecular events associated with mekbolic aber- 
=tions enormously increased the demands for routine assays of an increasing 
number of amines and amino acids for diagnostic p-zoses, and for the man- 
itiring of therapeutic measures. Autumated methods had to be developed to 
meet the special requirem ents of clinical analysis. Automated methods, with 
few exceptions, do not include separation steps, but ut&ze specific sfmcturap 
features of the amines for determination. They are normally of Emif& specifie- 
ity and applicable only under thoroughiy defined ckcm~_ 

in addition to autimation and theincrease insensitti~ and specificity,% 
further Qemi became apparent. After two decades of nearly exclrtatve con- 
sideration of a small number or' physioiogieaEy a& ph~~x~&&~ imwi 
tant amines, the catecholamines, -tonin, his- anb, ~tykholine, in- :-- 



West was extended to other amines of biological origin for which the physio- 
logical significance is less apparent or less wea established. Methods for the 
determination of these amines are being developed. The term “biogenic amine” 
has gradually seemed to regain its literal sense, which was origin&y ~4, for 
instance, by Guggenheim in his nom c&sic book “Die biagenen Amine” [30]. 

Comprehensive reviews of analytical procedures for the assay of biogenic 
amines do not seem to exist, if we neglect the short chapters in standard books 
on thin-layer chromatography (TLC) and gtiiquid chroma@raphy (GLC), 
and the autfior's short reviews 131,321. The reason for this is clew: most 
papers reviewing analytical methods for biogenic amines are devoted either to 
a special method or to a special approach [V&33451 or 8 certain compound 
[46--S?]. Furthermore, establish&, generally accepted and gene-y apple- 
cable chromatographic methods for the determination of zrnims are, with few 
exceptions, not avaiiab!e. Any given &ple of biological origin poses different 
problems, depending on its complexity and the concentration of the amines 
in the sample. It is not possibte, by using a single method, to establish a com- 
plete profile of all important amines in a given biological sample. Most methods 
are in principle not suitable for such an analysis: with the exception of the 
completely non-specific detection methods used mainly in GLC, the flame- 
ionization detector and the more specific nitrogen-sensitive alkali detitor, 
and the mass spectrometer, virtually no sensitive method exis& for the deter- 
mination of tertiary amines. They are normally not recognized, provided that 
the moIecule has specific features for sensitive detection, as is the case, for in- 
stance, with bufotenin. Colour and fluorescent reagents for terizuy amines do 
not meet the requirements of the sensitivity needed for tissue analysis. 

Disregarding these limitations, methods exist that are sufficiently versatile 
to be adapted to a given andytical problem. Existing methods have been im- 
proved successwly during recent years by the appk&iOn of refined chro- 
matographic procedures or by increasing the sensitivity of detection by suitable 
derivative formation. it is the purpose of this paper to review these methods. 

.Z.GEMERALLYAPPLiCABLE ~XETHODS 

Alfphatic mono-, di- and polyamines do not exhibit structural features that 
permit their sensitive or specific detection. Interference refractimetry was sug- 
gesti for the determination of amines after elution from thin-layer chroma- 
t~g~ms, but its low sensitivity (pg amounts of amphetamine 158)) is one of 
several reasms for the restricted application of this method. 

Disregarding detection with non-specific flame-ionization detectors, in all 
methods currently in use for the asay of primary and secondary amines- the 
amiao groups are utiiized for the formation of derivatives suitable for sensitive 
determination sad/or improvement of separation. While the sensitivity of 
detection depends on the derivatization reaction, the specificity is limited 
solely by the quality of the sepzmtion procedure. En practice, nearly alI de- 
tection reactions have been combined with aEl separation procedures. 



A. P&er and fizinn_Cayer chivmatogmphy 
phore~is of five amines 

and paper and tfrin-layer e&&m- 

.A large numher of solvent and buffer systems suitable for the separation of 
nonderivatized amines on paper [59-741 and thin layers hy chromatography 
]80-1061 or electrophoresis ]63--65,38,107-1x41 have been proposed. In ad- 
dition to the usual layers (ceUulose, alumina and silica gel), ion-exchange paper 
and thin layers f&S, 1151 have been considered, and also separations by l&and 
exchange 11163. The references cited in this paragraph mainly describe sep- 
a&ions of aliphatic amines. Although the reference list is incomplete, it dem- 
onstrates the wide application of amine separations in analytical biochemis- 
try. Ch~om&ographic separations of underivatized @-phenyiethylamines, cate- 
cholamines, histamine, indoleamines and acetytcholine will be discussed in a 
subsequent paper. 

For the detection and determination of separated primary and secondary 
amines, ninhydrin has most commonly been used, and Dragendorff reagent for 
tertiary. amines ]117]. A number of other generally applicable detection reac- 
tions are available [105]_ Colour reactions of primary amines with 2,5-d& 
methoxytetrahydrofuran plus p-diiethyiaminobenzaldehyde ]llS] , and the 
more generally applicable reactions with 2,Sdichloroquinone 4chloroimide 
[I193 or potassium permanganate [77] ,orthe fluorimetric procedure of Segura 
and Gotto [ 1201 for the detection of organic compounds on thin-layer chroma- 
tograms, may prove us&d in certain amine analyses, as well as the reaction of 
tertiary amines with cr,y-anhydroaconitic acid to give coloured products [121] _ 
Considerable progress in the detection of primary amines was made, however, 
by using fluorescamine as spray reagent [122-1241, which can reveal pico- 
mole amounts. The reaction of fluorescamine with primary amines is illustrated 
in Fig. 1. Ahhough there are certain difficulties, quantitative evaluation of 
chromatograms sprayed with or dipped in Buorescamine is possible. An a&er- 
native method is the application of the o-phthaldialdehyde reaction in the 
presence of thiolcontainmg compounds (Zmercaptoethanol) Cl251 for the 
fluorescence staining in TLC, thin-layer electrophoresis (TLE), paper chroma- 
tography (PC) or paper electrophoresis (PE). Tine sensitivity of this method 
11261 in OUT hands was not as good as that of the reaction with fluorescamine, 
but was useful. 

Fig. I. Reaction of fhm-escarnine with B primary amine. 

Despite considerable experience, there is no generally accepted approach to 
the analysis of the free amines in a bioZogic$ sample. Disregarding~ffie com- 
plexity of the mixture and the varying concentrations of its eomponen&. there 
is an additional difficulty inherent in their struekral feature: the S&S arid the 
free bases of many natural aiiihatic an&es qd 8-phenylethykmines are 



readiiy soluble in m&er. Elomogeuization with acids [0,2-0.4 M HClO, ; IQ% 
ti&kmwz&i~ acid; a2etone-O.l M H4=E (95: 5)] is effective for their extraction 
from tissues, but it is diMcult ta concentrate huge volumes of the acidic 
solutions without lo- of trace amounts of the mines. Some of the low- 
moIecular-weight arnines zue volatile. On the other hand, certain &mjug&es (for 
instance acetates) may be hydroiyzed dur&ag evaporation, and evaporation of 
neutr&ized solutions causes heavy losses. In fact, water-vapour distillation of 
alkaline solutions was used uutil recentay for the separation of volatile from 
non-volatile mines and amino acids [62,63,127J28]. 

Aromatic mines and some &pheuylethykunines can be extracted from &l- 
kaline soh&ions with ethyl acetate, diethyl ether and sinGI& solvents. The 
polyamides spermidiue and spermine were mostly extracted _tith n-butauol 
[86,IOs] before chromatographic separation. A generally app&zble solvent- 
extraction procedure for amines does not exist and, moreover, some biologicah- 
Iy important amines aze unstzble In alkaliue solutions. Not only catecholmines 
and related eompo~unds but even simple aliphatic d&nines may c3’e paxtially lost 
due to decomposition in ail&in@ solutions_ 

A method known as ion-pair extraction may form a basis for-future develop- 
ment. Armnonium compounds (choline, acetylcholine, etc.), primary, second- 
ary and tertiary amines aud an&m acids form iou p&s with anions. The ion 
pais with tetrapheuylborate [129]. Hg& 2- f 130], anthmcene-2.sulphonate 
11311 and di-(Zethylhexyl)phosphate [ 132 J , among others [133--1371, can 
be extracted with organic sofvenb. 

Ion-pair extraction has proved useful in drug analysis [13’7,138] and the 
determination of acetylcholine 11391 and of enzymes involved iu acetyleho- 
line metabolism [X29, 130,140]. Ion pairs are suitable for separation by par- 
tition chmmatographic methods. Column chromaiographic separations utillzing 
this principle for the assay of some biogenic ami.nes have recently been pub- 
lished [X41-1431. 

Among the alipbatic arnines, a group of di- and polyamines (Fig. 2) deserves 
specie! mention. These ermines are ubiquitous in the natural world and prob- 
ably p&y ba& roles in ceil biology [ 144,145]. Moreover, they might be useful 
as markers of neoplastic growth and indicators of the effectiveness of cancer 
chemotherapy [146--1481. These mines can sewe as a typical example of the 
present situation in the analysis of amines in tissues and body fluids, and to 
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2 = puQe&ne ~~~klialni~b~tane); 3 = ca~yd (r,s_diamino~tane);4 = spenaidine; 
S=qhmaine. 



&nxm.stra~ the various strategies applied to the solution of a mod impotit 
dyticd problem. 

me theore&zd and practical importance of the polyamides has stimuiated 
the e&abhshment of a large number of an&&cd methods. %chrc,ch [x45] 
summa&ed about 30 solvents for PC, 11 solvents for TLC and 12 different 
buffers for PE of the nonderivatized potyamines. Most workers used extrac- 
tion of alkaline solutions with rt-butanol in order to at~u.~~~&~ti the po)yamines 
and to separate them from amino acids. It should be emphasized that the 
chromatographic systems used for the separation of diphatic emines are also 
generally suitable for ammo acid separations. Ninhydrin was nearEy dways 
used for detection and determination. Some laboratories preferred, however, 
to determine spermidine and spermine by staining with amid0 black [IOS] . 

Most of these methods never gamed much attention, but certain versions 
of PE [107,108] found wide appheation u&ii recently. It turned out, however, 
that the urinary spermine concentrations, as measured with the PE method, 
were higher than those found with other procedures ]148] _ Prrkescine concen- 
trations in .&sues were even higher by an order of magnitude than the results 
obtained with more advanced methods [5,6,149]. Therefore, virtueBy all of 
these methods have been abandoned as far as tissue, blood and urine analysis 
are concerned. For the. estabhshment of metabolite patterns of radioactive 
pmcur~m, PE and preferably TLE [X50, 1511 are, however, the most suitable 
techniques. For this purpose, it is advisahb to apply trichkxtxcetic acid or 
neutrahzeci perchloric acid extracts (neutralized with KHCQ~, in order to 
remove perchlorate) instead of n-butanol extracts on the chromatographic 
plates. Putrescine, and probabiy other d&nines, might form degradation 
pmducts in alkaline soMions, as was mentioned before. 

A recentversion ofTLC,nvnely separation on si.licageistitered-glassplates 
combined wi*& in situ fluorimetry after reaction with fluorescamine, was sug- 
gested as an improvement of the determination of polyammes on a microscale 
11231. N-3-Ammopmpylheptane-l,7d.iamine was used as the internal standard. 
The sensitivity of detection with this method is of the order of 100 pmole. Its 
specificity and apphcabihty in tissue and body-fluid analysis have not yet been 
established. However, this example shows that the TLC of free amines is still 
under development. 

B_ ion-exchange chrwmatogmpizy of amines 

The ion-exchange cohunn chromatographic pm-separation of complex bio- 
logica? mixtures, and sub_equent determination of amines in the fmctions by 
using specific methods, has a long history. This approach is still one of the most 
important in the chemical analysis of biogenic amines. 

The construction of automated devices for ammo acid analysis following the 
work of Spa&man et d. ]l52] suggested the utilization of these devices for 
amine analysis in the seme way es for s.mho acid ansly& The p7ork of Ferry 
and co-workers ]67-72,153] is exemplary in this respect_ This group, and 
others [XX--1601, uss almost exciusivefy cohunns packed with sdphonated 
polystyrene resins and either pH or salt -g.ra&entss, or com5in# pH and salt 

“; grzdients, for the succe_tive ehrtion of the different amines. As aromatic amines 



in particular show considerable interactions with the polymer matrix, the 
elution patterns do arot follow exactly the ion competition equilibria. The com- 
plete &so&ion of a compkx mixture of biogenic amines cannot be expected 
with this method, but starting from large tissue samples it was possible to iden- 
tify a number of aliphatic amines and phenylethylamines in the brain if addi- 
tional separation methods (PC, FE) were applied [72,153,154]. The same ap- 
proach was successful for the detection of amines in urine [68,71,155,16L] 
and cerebrospind fitid [69]. On of the drawbacks of this approach Is that 
identification of the amines is based exclusively on chromatographic criteria, 
which are insufficient in principle and may read to erroneous conclusions. 

Technical improvements to commercial amino acid analyzers have been con- 
siderable during the last decade. The development of spherical resins and 
polymercoated glass spheres with a narrow range of diameters of 10 pm and 
less increased the resolution and sensitivity. Even with ninhydrin as the detec- 
tion reagent, the sensitivity is now in the nanomole range. An improvement in 
sensitivity came from the application of continuous fluorescence monitoring, 
using fluorescamine [162,163] or o-phthaldialdehyde [164,165] as reagents. 
Under favourable conditions, these methods ahow the measurement of pico- 
mole amounts of amines eIuted from columns with diameters of l-3 mm. 
Nevertheless, the routine measurement of ahphatic amines or of &phenyl- 
ethylamines in tissues and body fluids plays only a negligible role, and even the 
c2inicaUy important catechol- and indoleamirres and their metabohtes are norm-. 
ally not determined by automated ionexchange methods. However, as will be 
discussed in a subsequent paper, some procedures meet the requirements of 
routine clinical analysis_ 

The interest in .polyamines as possible markers of malignancy induced 
methodical developments, which are briefly summarised here. They illustrate 
the general trends of the current development of ion-exchange column chro- 
matography. 

Ion exchangers for the separation of di- and polyamines from amino acids 
and other amines have been in use for 20 years 11661 and almost all types of 
commercid resins have been appliecl~L45] _ Elaborate separations were achieved 
using cellulose phosphate columns [X67]. The amines were eIuted by salt or 
pH gradients, and were determined in the cotfected fractions using dinitrophe- 
nylation [l66,l68,169~, enzymatic methods [l69,170] or condensation with 
o-phthaldia.Fdehyde [167,169,171] _ The t&iotEsness of these procedures was 
snrmounted by the automated modifications. Commercial amino acid analyzers 
were adapted in several laboratories for polyamine separations-using, with one 
exception fl72], reaction with ninhydrim and cotorimetry at 570 nm for puan- 
tit&ion 1x73~lSla]i . Separations are achieved by two-or multi-step ‘gradient 
elution using pM and/or sodium chloride gradients. An example is shown in 
Fig. 3. Recently, an attempt was made to apply hgandexchange’ chromato- 
graphy to the separation of poayamines [IS21 _ Cdiukxe ion errchangers and 
different polystyrene sufphonated n&ns were loaded with 0~‘: &I*’ and 
Ni*. l , but the results were not adequate to meet current standards. 

The sensiti&y of detection was increased from about 560 to 0.2 nmole 
when ~fluorezam ine was used [X72]. The standard deviation of the procedure 
ii of the order of f 5% and the recavery is better than 90% [17’7-1791, 



Fig. 3. El&on pattern of amines from a sulpbonated polystyrene ion-exchange column 
using a two-step buffer system with an exponential pH and NaCl edient in the second step. 
For details, see ref. 176. Buffer flow-rate. 70 ml/h- 1 = Ammonia; 2 = monoacetyi-1.3-dia- 
minopropane; 3 = monoacetyi-1,4diaminobutane; 4 = monacarbamyl-2.,4diaminobutane; 5 
= arginiue; 6 = 1,4diamino-2-bydroxybutaue; 7 = diaminopropane; 8 = N’ -monoacetyi- 
spermidine; 3 = Ns-monoacetylsperrnidie; 10 = 1,4_biaminobutzure (putrescine); 11 = 1,5- 
diaminopeatane (eadaverine); 12 = N-(3aminopropyl)-1,3diaminopropene; 13 = spermidine; 
14 = agmatine; 15 = N, N’-bis-(3-aminopropyl)-1,3diaminopropane; 16 = spermine (20 nmol 
of each amine). According to Tabor et al- [176]. 

Fig. 4. Separations of serum and cerebrospinal fluid polyamines using an automated higb- 
performance liquid chmmatigraphic technique in combination with the re~.~ti~n of amines 
with o-pbtbaldialdebyde:-(After acid hydrolysis the equivalents of I.25 ml of serum and 
cerebrospiti fluid were separated). According to Mar-ton and Lee [ 183 I_ 



C.. CWtxmd derivatives afamines far H&z-layer cAmmatagraphic sepat-atim 

A reagent ,tifzble for the analysis of small amounts of amines (and amino 
acids) &odd ftdfiH the f&owing criteria: (a) Rapid quantiMive reaction under 
mZd conditions in water or water-cont9ining media; (b) specificity her primary 
or secondary amid group; (c) high sensitivity of detection; (d) favourable 
chromatu~Mc pmpeties of the derimtives; and (e) few polarity of the rem 
tion prochcts in order to pemit the acmulation of the reaction products by 
solvent extraction. 

Several compounds are available that react either with primary amino groups 
or with primw and second- amino groups, but no reagent is known to be 
specific for secondary amino groups, nor is there a derivative-forming reaction 
known for tertiary amines that is suitable for quantitative am3lysi.s. 

The reagents summarized in Fig. 5 react, with one exception, with primary 
and secondzy amines in weak alkaline soWions to give coloured deriuatives 
in high yields. The derivatives are stable, can be extracted from the reaction 
mixture with organic solvents and are suitable for chromatographic separation 
and specizophotometric determination in the nanomole range. Hence they 
meet at least partially the above-mentioned criteria. 

Solvent systems for the TLC (and PC) of these derivatives have been for- 
mulated for only a few amines. BnEy 2,4&itrofiuorobenzene (Dnp-F), the 
well known end-group reagent of Sanger [PS4,185], and the more speciEcaL 
ly reacting 2,d-dinitrobetienesulphonic acid [X86], which leads to the szme 
derivatives, have been used extensively, both for the determination of certain 
urinary and tissue constituents. PC! [1$7,188] and ‘FIX [X36,189-1941 were 
used for separation, and it was shown that the derivatives are also suitable for 
ionexchange column and GLC separation [190]. As was mentioned before, 
dinitrophenyI&ion was utilized for the determination of amines in column 
elates [195]. The mass spectra of the Dnp derivatives have been studied to 

s.., -$a +q;N& ET% 
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show .*te 8usefulnes of this method for the unambiguous identifkation of 
amine.3 1191:. 

Restriction of the sensitSy of detection to the naaaomob rmge is the main 
reason for the 1imSed use of coloured deriwtives for the an&y& of mines in 
tissues, md for the preference for fluorescent reagents of similar reactivity znd 
separation chm&eristics. In order to make use of existing experience, ami to 
increase the sensiWity of detection, tritiated Dnp-F mms introduced for tissue 
mine &lysis [X281. With this reagent, a few picomoles of a compound cm he 
detected; however, these amounts zxe invisible and it is difficult, therefore, to 
control the quality of the separations on the thin kyers. IT +&e specificity of 
the separations is not adequately controlled, erroneous results might be ob- 
tained. 

Increase of the sensitivity of detection by utilization of radioactive reagents 
is not new. [13’1 ]p-Iodobenzenesulphonyi chloride hzs been known for 30 
years [I%], but it was never gener&y applied, for the above reasons. 

N-c-s 
& 

El 
N 

/ 
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In Fig. 6, reagents currently used for the fluorescence IaheJ.ling of amines 
(and amino acids) are summarized. The same reactive groups (activat&d halogen, 
dphonyl chloride) are used both for fluorescence and colour labelling. fsothio- 
cyanates and aldehydes are used only for special purposes. The specificity of 
the reactions and the formation of side-products during derivative formation 
are, in prinkple, the same for coloured and fluorescent derivatives. The obvious 
advantage of flrrorescence Iabehing is the increased sensitivity ofdetection. An- 
other advantage is the wide range of iinearity between amount of substance and 
fluorescence intensity (i.e., photometer response), which simplifies and im- 
proves the in situ evaluation of TLC separated fluorescent compounds [205- 
2081 and the contirmous monitoring of column effluents_ 

The use of coloured and fluorescent Feeagents involves the same strategies: 
either the total tissue extracts or body fluids are made to react first, and sep- 
aration procedures are applied exclusively to the derivatives, or a certain 
compound OF a group of related compounds is pre-separated by solvent extrac- 
tion, ion-pair extraction, cohnnn chromatography, etc., and tne detection 
reaction is applied to the pre-separated compounds. In no case is a step in- 
volving purification of the derivatives dispensable, because normally side- 
products are formed dcring derivative formation; hydrolytic cleavage of the 
reagent is the most common side-reaction. 

The information available does not permit a thorough com@xison of the 
advantages of the different reagents. The amounts of information about the var- 
ious reagents differ considerably and for some reagents is only fmgmenky. 
Fluorescent reagents are briefly survey& in the following sections; for a more 
detailed detiription, see ref. 209. 

As an aryl halogenide with activated halogen (see Fig. 6, No. 5), 4chloro-7- 
nitrobenzo[c] -X,2,5-oxadiazole (Nbd-Cl) is closely related to Dnp-F. Et reacts 
readily in aqueous sofutions [210,211] or in organic solvents [2X2-214] with 
primary and secondary amines, and less readily with phenols and thiols at pH 
8. Thiolcontaining compounds, however, react rapidly at pH 7 [215;. Usually 
I-20 rg of amine dissolved in 25-500 ~1 of solution is mised with four 
volumes of a 0.05% solution of Nbd-Cl in methanol, and 5O---LOO ~.ll of 0 1 M 
N&CO, solution are added. Completion of the reaction is achieved by heating 
at 55” for 60 rain, and the yields are mostly > 95% [2IOJ. Separation of the 
reaction produet from excess of reagent is trsu&y achieved by silica-gel column 
chromatography_ 

A thorough study of the chemicd and physical properties of Nbd deriv- 
atives has not been published. They afe stable in solution and on thin-layer 
plates. if protected from mdiation. fn eonfxast with most other ffuorescent 

lab&Is, the absor@ttoP maxima of Nbd derivatives are in the visible region 
(kma<k) = 460-4701 nm), so that absorption and emission bands (Amax 
= 516+i20) overlap [210215,216~ _ According to KEimisch and Stadler, about 
50 pmof- of h’bd-dlme&yEamine was measurable per minKiitre of ethyl acet&e- 
By d&et fire situ) fluorescence measurement, direct proportiona&! between 



the recorded cume areas and amounts of sub&m&was observed with 70-700 
pmobs 12101. Nbd derivatives are suitable for my spectrometric identifica- 
tion [217]. .: 

b. Fluorescent suiphonyl chlorides , 

Four sulphonyi chlorides are currently in use foi_ the fluorescence labelling 
of amines and amino acids: B&methylamino naphthalene-l-sulphonyl chloride 
( Dns-Cl), 5&-n-butylaminonaphthalene-l-sulphonyl chloride (Bns-Cl), Gmeth- 
ylanilinonaphthalene-2-sulphonyl chloride (MnsXl) and 2_pchlorosulpho- 
phenyl-39henylindone (DisXl) (see Fig. 4, Nos. I-4). These reagents react 
with primary arid secondary amino groups under the same conditions. Their 
modes of application differ only insignificantly, the differences 6eing confined 
to the optical and chromatographic properties of the derivatives. 

Sulphonyl chlorides react with primary and se#ondary amino groups even 
under slightly alkaline conditions, and with phenols, imidazoles [44,45] and 
even with some alcohols at higher pi?. For instan&, a method for the sensitive 
determination of choline has been devised [218j. Thiol compounds form the 
corresponding disulphides [44,45,219] _ The reaction of sulphonyl chlorides 
with amines, phenols, alcohols and thiols is shown in Fig. 7. 

R%ii l Ar-SO,-Cl 
R2’ 

+N-So+r l tia 

R-M - Ar-54&-a -R-O-SO~-Ar-tta 

2R -SH * Ar-S02-CI -R-S-S-R + Ar-Z+IJ-C+i * tiCl 

Fig. 7. Reaction of sulphonyl chlorides with amines, phenols dcohols and thiok 

In acetone--water (3:l) saturated with sodium carbonate or, in favourable 
circumstances, with sodium hydrogen carbonate, it is possible to obtain St&- 
chiometic amounts of reaction products of primary and secondary amines if 
the reagents are applied in excess. Poiyfunctional molecules, such as polyamines 
and aminophenols, react under these conditions with all functional groups, 
i.e., one obtains O,N-bis-Dns-tyramine, IV,N&ii-Dns-histamine, tri-Dns-sper- 
midine, tetra-Dns-spermine, tri-Dns-dopamine and tri-Dns-norepinephrine with 
excess of DR.&~. 

Amino acids react fit with the amino group. With excess of reagent, how- 
ever, mixed anhydrides are formed, especially at elevated PH. The anhydrides 
of a-amino acids are partially fraaented under the user& reaction conditions 
to carbon monoxide, the aldehyde with one carbon atom less than the parent 
amino acid and the ammonia derivative [22Ol_ Under the same conditions 
r-amiao acids form substituted y-lzctis, as was shown with Dns-Cl as reagent. 
This reaction is the basis for a sensitive arid specific method for the determina- 
tion of the biologically important y-aminobutyric acid [1,5’?,221f. T&&y 
amines may be attacked ~-LB a significant extent, especially at elevated pE$ and 
temperature, forming the derivative of a secondary amine by elimination of an 
alkyl or aryl group [222]_ 

Increasing reaction ‘velocities are nor&ly paralleled 6y increased r&s of 
hydrolysis. The forn@ion..of the correspqnding -%ulph+c a&d~+ F +$-&&@ct 
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of the reaction is inevitable and methods applied for the further se&ration of 
the Buorescent derivatives have-to take this into account. &I the amine analyses 
the separ&ion of the bulk of the sulphonic acid can us&Iy he achieved by sol- 
ve& ex&tion from aB&.ine sofution. 

The reaction of amines with sdphonyl chlorides ia water-free organic sol- 
dents is possible C2231, but has rarely heen applied. This .possibiEity of deriv- 
ative formation deserves more atfzntion. 

Virtually all types of chromatographic procedures. can he applied to the 
separation of the fluorescent sulphonamides. The most effective separations 
were performed on active surfaces, which have the advantage of the appli- 
cabSty of a wide range of sepz&ion methods, from pure adsorption syskems 
to pure partition systems. In fact, there are few separation probtems that can- 
not he solved on this basis by the selection of appropriate solvent’ mixtures, 
especially if the possibilities of twodimensiond separations by TLC are uti- 
lized. Numerous solvents for Dhs-amide separations on thin layers have been 
published [44,45,209]. Ens derivatives are less polar than the corresponding 
Dns derivatives, but the general experience gained with Dns derivatives can be 
applied to their separation 12241. Less experience with other fluorescent 
derivatives exists. In fact, Mns and Dis derivatives, with few exceptions, have 
been only uSed for amino acid determinations [225,226]. En addition to active 
surfaces, polyamide sheets have been used for the separation of small amounts 
of amino acids and amines [40,4X,43]. The high sensitivity 6f detection for 
fluorescent spots on polyamide sheets is mainly a consequence of the small 
diameters of the spots that cam be obtained owing to the srnti particle size 
of the polyamide layers. This advantage is offset by the restriction to partition 
chromatigraphic systems, the relatively high background fluorescence of 
commercial sheets and especially the low cap&Q of the layer_ This low 
capacity seriously limits the separation of complex mixtures with widely vary- 
ing concentrations of the components, such as urine sampfes and tissue ex- 
tracts_ The recently developed high-performance thin-layer plates with silica 
gel Iayers combine the advantages of polyamide sheets with those of conven- 
tional active layers. They are especially useful for the detection of micro- 
amounts of biological amines in the form of fluorescent derivatives [227- 
2281. Fig. 8 shows an example of the separation of the Dns derivatives of the 
perchloric acid extra& of mouse liver. The sensitivity of the method is shown 
by the fact that 5pmole amounts of spermidine and spermine were measur- 
able in 5 gg of liver tissue. 

For the improvement of separzttions and especiaHy to allow automated 
procedures to be introduced, column chrornatogrrrphic methods have more 
recently been suggested for the separation of Dns derivatives of amines [229-- 
233] _ ACCOL&X~ k~ rurpubMed ES&S in our Iabaratiry, Dns and especially 
Bns .der&at&es are suitable for reversed-phase high-performance liquid chroma- 
tographic seps.Mion_ About 3 pmoies of the poiyamines spermidine and sperm- 
ine in ~SSSWS WIXZ messurahb within 30 ti with repeated sepzu&ions by 
using E~EOI~ZZXIX~ monitartng of the coErrmn effluent. 

For &e ~am;tit&ive issay of fluorescent sdphoticks, at least four dif- 
ferenf ~me&xls are svaiEable: abmrptimetry. fiuotimetrg, quantitative mass 
spectaomem an& tie appiicatioa of radioactive rezgenk 
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Fig. 8. One-diiensional separation of dansylated perchloric acid extracts of mouse liver on 
a 5 X 5 cm high-performance thiMayer plate (E. Merck, Darms tadt, G.F.R.). I = Bis-Dns- 
putrescine (reference sxmph); 2.3.4 and 5 = Dns derivatives corresponding to 5. 10, 50 and 
100 pg. respectively of mouse liver tissue (about 5.10.50 and 100 pmoks of spermidine and 
spermine). Solvent, cyclohexanethyl acetate (1:l) (two runs). According to Seiler and 
Knijdgen 1228 ]_ 

The high molar extinction of the fluorescent sulphonamides EMnsNH, : 

E255 = 42-10’ ; Es21 = 2.3. lOa (in npropsnol) 12251; DnsNH, :ezS2 = 1.3- lo4 ; 
C3T2 _. _. = 0.43.lo4 (in methanol)] 144,234) allows their sensitive detection by 
absorptimetry, for instance in column effluents 12322352361. However, the 
most obvious method for their determination is fhzorimetry. Dns derivatives are 
excited most effectively at 356-355 nm and the fluorescence is measured at 
510-540 nm, depending on the strwtura! features of the compound [44,45, 
234 J . The excitation maximum of the Ens derivatives nearly coincides with 
the 365nm mercury line [224], which has considerable practical a.dva.nQfges 
as the xenon arc lamp can be replaced by the more intense end stable mercury 
am lamp for fluorescence excitetion. The fluorescence maxima of Bns deriv- 
atives occur at shorter wavelengths than those of the Dns derivatives (5OO- 
530 nm); their fluorescence quantum yields are comparable. Mns derivatives 
are excited at about 320 nm and their fluorescence maxinm occur in the range 
440-460 nm 12251. Dis derivatives form orwge-red spots on thin-layer chro- 
ma’tograms, and can he detected y&h about the same sensitivity as Dnp deriv- 
ativesF nameIy in the nanomole range. IEn strongly &r&me solutions~ Dis de&- 
atiwes are rearranged tb stro~&y green fhzorescing I-phenyL3-p-sulphophenyt- 
isobenzofuranic derivatives (Fig. 91, a&wing their detection in the &l--l- 
pmoIe range on $in-layer p&&es [237] _ Direct (in situ) fluorescence me-- 
ment of these spots, however, was not feasible, in contrast with alI other 
fluorescent. sulphonamides. It was &srefobre recommended {238] that the 
separated Dis derivatives be extra&& with acetone,:the acetone sohrtion 
okporated and the rearrangement induced by the addition of 5 n&of asohrtion 



Fig. 9. Remngement of 2p-sulphophenyl-3-phenylindone (Es) derivatives to l-phenyi- 
3psulphophenylisobenzofuranic derivatives with sodium ethoxide [237 ] _ 

of sodium ethoxide in ethanol. For the determination of pyridoxarnine, the 
fluorescence is a&vat&d at 410 run and emission measured at 480 run. 

Extraction of the fluorescent derivates of the adsorbent layer and in situ 
fluorescence scanning of the chromatograms are equally suitable procedures 
for the quantitative evaluation of thin-layer chromatogmms [44,45,208,234]. 
Amounts of 100 pmoles of amines of biological origin can be determined 
without difficulty with a standard deviation of less than 2 5%. 

In order to simpli,~ measurements in small volumes of solvent and thus to 
increase the sensitivity of routine flrrorescence measurements, an extraction 
procedure has been developed that allows the elution of TLC separated com- 
pounds with a solvent volume of about 50 ccl [I,2281 _ In order to prevent de- 
composition of the Dns derivatives on the active surface, the plates are sprayed 
with triethanolamine-propanol-2 (1:4) immediately after chronratographic 
development 12341. The fluorescent spots are marked under a UV lamp (365- 
nm mercury line), then scraped out either using a glass capillary with a con- 
striction [I] or a PTFE tube of about L mm I.D., with a cotton-wool plug 
fixed in the constriction (with the PTFE tube, constrictions are made with 
tweezers) 12281. The adsorbent is collected in one of the two compartments 
of the capillaries by suction with a suitable vacuum pump. For eiution, the end 
of the tube containing the adsorbent is dipped into the solvent, and the solvent- 
is moved through the capillary by gentle suction or, preferably, the adsorbent 
filled side of the tube is connected with a motor-driven syringe, which is fill- 
ed with solvent. A defined solvent volume is pumped fh~ough the capillary, 
the eluent being collected in the other capillary compartment, or ‘else it is 
transferred dkctiy into a smah vessel, which is capped and stored at 0” until 
fluorescence measurements are carried out. If a spectrofhrorimeter with an 
8-10 ~1 flow-through cell or a fluorescence flow detector of a high-pressure 
column equipment is used for quantitative fluorimetry, an eluent volrrme of 
50-75 ~1 is suitable. A few picomoles of the Dns and Bns derivatives of the 
polyamines spermidine and spermine can be determined routinely by using 
this technique, especially if high-performance thin-layer plates are used for the 
separations ] 2281. 

EMion of TLC sepmti compounds with small soivent vohrmes is of great 
hpor&mce for subsequent mass spectrometry: impurities can he kept to a 
minimum in the sampte, and smah solvent volumes simpli& the transfer of the 
samples into the probe capiHaries of the mass spectrometer. llte above eMion 
techniques, however, without prior spraying of ffie plates with triethanol- 
an&e,. have been used in many mass Sp~~o~etic determinations of PUti- 



tine f_149,239], pipetidine 141 and serotaonlm [240] and for the preparation 
of mass spectra of TLC isolated compounds. The selection of the appropriate 
solvent is important. Ehrtion should he carried out with a solvent with as low 
a polarity as possible, in order to minimise ehrtion of conkxninants in the 
adsorbent. For the elation of DIE- and &as-amine derivatives from silica-gel 
plates and similar active layers, ethyl acetate is normally suitable. For sub- 
sequent radioactivity measurements, dioxan may be preferable. For deriva- 
tives of higher polarity, acetone or even methanol can be used. Dns-amino 
acids are extracted with methanol--25% ammonia solution (95:5) ]44,234] _ 
Silica gel 6 plates are preferable to plates with organic binders. If mass 
spectra of compounds separated on polyamide sheets are prepared, it is advis- 
able to wash the sheets with methano1-acetic acid (3:1) before use as the spec- 
tra othe’rwise exhibit high backgrounds [24X]_ 

Usually molecular ions are obserrred in the electron-impact mass spectra of 
Dns and Ens derivatives and other fluorescent derivatives. The quantitative 
evaluation of a molecular ion or a typical fragment ion is much more specific 
then is fluorimetry or any other quantitative method that is currently avail- 
able. Although under&at&d compounds can be determined by the integrated 
ion current +kchnique 12421, it is advantegeo-us to use fluorescent derivatives: 
(a) all separation steps in advance of the quantitative evaluation can be con- 
trolled visually; (b) owing to the high molecuiar weight of the derivatives, the 
background at the mass range cf the kAecular ions Is normally low: and (c) 
erroneous peak identification is much less probable than with low-molecular- 
vreigbt free amines owing to the low background_ 

Usually, the sample ehrted from a thin-layer chromatigmm is evaporated 
together with a suitab!e standard (generally the corresponding derivative of a 
homologue of the amine to be determined 12431 or a deuterated sample 
12441) from the direct probe of the mass spectrometer. The ion current of 
the molecular ion (or fragment ion) of the sample and standard are recorded 
ahemately during evaporation and subsequently integrated. ‘Fhe ratio of the 
integrated ion currents of the sample andr standard is a measure of the amount 
of sample, and is nearly independent of changes in instrumental sensitivity 
during the measurement. Fig. 10 shows the recorded ion currents of the molec- 
ular ions of varying amounts of his-Dns-putrescine (m/e 554) and constant 
anxxm?s of the internal standard his-Dns-hexamethylenediamine (m/e 582). 
It is one of the pre-requisites of the method that the sample and standard 
should have similar evaporation profiles. The integrated ion current technique, 
using Dns or Bns derivatives, allows the precise determination of picomole or, 
in favourable cases, even of femtomote amounts of biogenic amines. ?%e sen- 
sitivity of the method is dependent on the instrumental sensitivity. 

Among the currently available fluorescent derivatives, Bns derivatives are 
especially suitable for qualitative and quantitative mass spectrometry. Dns deriv- 
atives form the ion corresponding to dtiethyirtminonaphthdene (m/e 1’70 or 
171) with the highest abundance E244-2481. En coutrast, Bns derivatives are 
split preferenttiy in the n-hutyl &de&ah, forming a fragment ion (~-43)’ 
f&hat still confzins the_ complete information of the derivatized mokuk [22&f _ 
because, in sdditicn to the (M--43)+ ion, the moI&nhrr ion -(MT) is o&xv& 
kith about the- same re*&ive intensity as ihat_.of Dti derivatives;-derititive 
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Fig. 10. Ion current curves of mixtures of 25 pmoles of bis-Dns-hesamethyfenediamine 
(m/e 582) with IO-40 pmoles of bis-Drs-putreseine (m/e 554). The numbers are calculated 
peak-area ratios. Evqoration time. 30 sec. (Schematic drawing of two channel recordings 
from an eIectrostatic recorder). (For detaiIs see ref. [ 243 ] )_ 

fornation with Ens derivatives Rot only permits the determitratiqn of smaller 
-o-RRts, but also fk5litates the identification of molecular ions in the mass 
spectta of mixtu~ of compounds by means of the two chma&Mic ions 
M’ and. (&B43)‘, the intensities of which are observed Irp a fixed ratio. In 
addition to electron impact, field desorption may provide useful ionisation 
methods. IR CombiRation with multiple-ion detection if may allow the quan; 
titztive analysis of complex mixtures of amines In the form of their Bns deriv- 
atives, without prior separation. A method c&es metsstable defocusing was 
recently suggested as being applicable to mixtw of Dns derimtives [249]_ 
At 8 low electron beam energy (12 eV), Dns derivatives foorm almost exclusively 
the -fragment ion at m/e 171. The instrument is focused on this f&gmeRt 
ion a.Rd the acceleration voltzqe is then varied while the andyzer voltage is 
kept constant. This procedure has the effect of focusing suceessive~y on the 
collector, during the tzavel tirn the source to the analyw, the precursor 
ions that give rise to the formation of this ment ion. Hence the method 
uses the determktion of ions formed by metastable decomposition in the 
field-free region of the mass spectrometer. Apptications of the method to 
biological sampks have Rot yet heen pub’Esh4. 

AR increase in specificity is the main characteristic of mass spectrometic 
methods, ap& from their sensitivity. An increase in the sensitivity of detec- 
ti0~, dthbaugh ROE Of specificity, is obta.iRed by USiRg tadiOa&ive reageR~. N- 

MethyI-[E4 Cl Dr;s-Cf (specific miioactivi~ IO-30 C/mole) wd EG3 HI DRS- 
Cl (specific radioactivity 3-10 Ci/mmole) are commercially awailabfe. The la- 
belled reagents cam be applied in a similar manneZ to the w&be&d reagent, 
but they Bpe normally restricted to appfications with small w*tioR VOlUmeS 

(I--50 ~1) beem of their high cost. Their appkation &ova fhc? rephcement 
of fkores=eRce meaSs.re MeRtS with C&.omaf;ed Liquid SCiR~&iOR COURting. 

The intmzse fkmrese Rce of the derivatives is + oR.Ey to reveah the separated 
spofs on the c&romatogw~s. If the reagent with the-h*p& anihb~e SpecSC 



radioactivify is used, the sensitivity of the method dhws the detrzmination 
of a few picomoles. A further increase in the sensitivity of detection is gained 
by the preparation of autoradiographs from the jchromatograms, which can be 
evaluated by microscope photometry [250]. Unfortunately, this method has 
disadvantages: high costs and erroneous interpretation of the autxxadiographs 
and quantitative measslrements owing to the presence of non-fluorescent but 
radioactive impurities and degradation products. The application of labelled 
reagents is improved by using double-isotope methods: 

A known amount of the compound to be determined is added to the sample 
in the form of its “C-Melled analogue as an internal standard (in analogy 
with the use of deuterated standards in quantitative mass spectxometry). After 
derivative formation with the 3 H-labelled reagent, the derivative is extensively 
purified. Jixomplete derivative formation, or losses during the purific&ion 
steps do not affect the quantitative result, provided that sufficiently large 
amounts of the purified sample are isolated to allow precise radioactivity mea- 
surements. The ~nount of the non-radioactive compound present in the sample 
can be calculati from the 3H/14 C ratio. The coefficient of vaxiation of this 
method is of the order of 6% 12511. 

c_ Isothiocyatzates 
Isoqanates and isothiocyanates .react with primary and secondary amines to 

give urea and thiourea derivatives, respectively. Several isocyanates have been 
suggested in the past as fluorescence probes [209]. However, as they react 
readily with water and alcohols to give urethanes, they were replaced with the 
less reactive isothiocyanates. 

At present, three main fluorescent labels are in use for the labelling of low- 
molecular-weight amino-containing compoundls that bear the isothiocyanate 
moiety: 9-isothiocyanatoacridine 12521 (Fig. 6, No. 8), fluorescein isothio- 
cyanate 12531 (Fig. 6, No. 9) and 4_dimethylaminonaphthalene-l-isothio- 
cyanate [254] (Fig. 6, No. 7). The last two compounds seem to have been 
used only for end-group analysis of peptides and for the detection of free 
amino acids. 

9Jsotbiocyanatoacridine leads to the formation of several fluorescent prod- 
ucts, and the fluorescence of one of these products could be related to the 
amount of amine present in the sample [252]. On chromatographic evidence, 
the fIuorophore is a cyclization product ffiat is formed by photo-oxidation 
tirn the primarily formed thiourea derivative (Fig. Xl) 12551. A few thin- 
layer chromatigraphic separations have been carried out with isuthiocyanato- 
a&dine derivatives. _A Iinear refationship has been obsemed between fluores- 
cence intensity and mount of -pie on the plates (excitition of fiuorescence 
at 295-310 run; emission measurement st 500-525 nm). The usefuhxss of 9- 
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isothioeysnatoacridine as a reagent for the assay of small amounts of biogenic 
amines has not yet been demonstrated conv’kingly. 

Ruorescamine (4-phenylspiro]furan-2(3H),l’qhthalan] -3,3’-dione) (Fig. 6, 
No. 6) reacts with compounds that contain nucleophilic functional groups 
(primary and secondary amines, alcohols, water, etc.). However, only primary 
amines form fluorescent products according to Fig. 1. Fluorescamine is there- 
fore a specific reagent for compounds with primary amino groups 12,561. FOF 
the reaction of aliphatic amines, a pH of 8-8.5 is adequate ]257,258] _ 

Fluorewence measurements are normally carried out in the range of maximal 
stability of the fluorophore between pH 4.5 and 10.5. In this range the ahsorp- 
tion maximum is at 390 nm and the fluorescence maximum at 475 nm [257] _ 

Fluorescamino is normally used for the assay of amines, amino acids and 
peptides in column effluents ] 162,163], OF as a spray reagent for the detection 
of these compounds on thin-layer chromatograms [122--X24} _ However, in 
preliminary work, Emai et al. ]259] ran the Ruorophores of some amines (dopa- 
mine, norepinephrine and their corresponding 3-O-methylation products, poly- 
amines) on silica-gel plates. They showed that about 250-500 pmoles of these 
compounds could be detected. Nakamura and Pisano 12601 suggested that the 
compounds should be derivatized with fluorescamine at the origin of the thin- 
layer plates, prior to separation. As the quantitative evaluation of the fluores- 
cent spots did not seem to be completely satisfactory, high-performance 
liquid chromatographic systems have been devised for the separation of these 
amines 1261,262). The fluorescamine derivatives were measurable at the IOO- 
pmole level. Further experience will be necessary in order to evaluate the use- 
fulness of this promising reagent fully. 

e. Pyridoxal and pyridoxal-5phosphate 
Pyridoxal (Fig. 6, No. II) and pyridoxal-5-phosphate form Schiff bases with 

primary amino-containing compounds_ Complete reaction is usually achieved at 
pH 9.3 in phosphate buffer (yields > 96%). After 30 min, the Schiff bases are 
reduced to the corresponding pyridoxyl derivatives (Fig. 12). The excess of 
NaBH, is removed by acidification 1263, 264]. Ion-exchange column chmma- 
tographic systems have heen used exclusiveiy for the separation of pyridoxyl 
derivatives, which were monitored in the effluent by absorptiometry (ahsorp- 
tion maxima at 255 and 328 nm) or by fluorescene measurement (fluorescence 
emission maximum at 400 nm). Amounts of EG--l60 pmol of an amino acid. 
are detectable. 

Fig. 12. Derivative-forming reaction of a primary amine with pyridox& 

One of the advantages of the reagent is the possibility of radioactive 1abtzUing 
by the application of sodium borotritide (N&P=) as reducing agent. This 
cc&pound is commereiaEy available with high specific activity. 



f; .~-Fonnyl-o-hydmxyaceropttenone and beam-y-pymne 
w-Formyio-hydroxyacetophenone and bensoy-pyrone react with primary 

and secondary aliphatic and aromatic amines to form &uninovinyl o-hydroxy- 
phenyl ketones (Fig. 13). Kostka 12651 utilized this reaction for &e&a&e 

formation with amines, and for their sensitive detection on thin4ayer chroma- 
tograms. The chromatographic characteristics of 54 enamine derivatives were 
studied using ethyl acetate-benzene (I:@, chloroform-xylene (4:1) and 
acetone-qlene (1:9) and sllicz gel G Iayers_ The &aminovinyl o-hydroxy- 
phenyl ketones of .aliphatic amines are yellowish, while the derivatives of 
aromatic amines are orange; they fluoresce in the W region, Amounts of O.I- 
1 gg of the derivatives can be detected on a thin-layer plate. 

Fig. 13. Formation of @-aminovinyl o-hydroxyphenyl ketones from w-formyi-o-hydroxy- 
acetophtinone and benzcj-y-pyrone. 

As the formation of the enamine derivatives is rapid and specific for primary 
and secondary amines, this derivatization procedure deserves more attention 
than it seems to have received hitherto. 

3. SUMMARY 

This first part of the review on “Chromatography of Biogenic Amines” is 
devoted to the description of generally applicable separation and detection 
methods. Gas chromatographic and gas chromatographie-mass spectrometric 
methods, and applications of chromatographic methods to specific amines or 
groups of related amines and their metabolites, will be covered in Part II. 

Trends in the development of separation methods (paper and thin-layer 
chromatography, paper and thin-layer electrophoresis and ion-exchange 
methods) are described, using mostly aliphatic amines as examples as they do 
not exhibit features that permit their specific determination. Reagents sug- 
gested for the formation of coloured and fluorescent derivatives of amines are 
reviewed and their applications are described. Within the limitations of the 
mostly inadequate information that is available, the relative usefulness of the 
different derivative-forming reactions are compared. 
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