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CHROM. 5354 

SEPARATION OF I-DIRI~:THYI~A~IINO-NAPHTHALENE-5- 

SULI’HONYLAMIDES BY GEL CI-IROhI~~OGIIAl’HY 

SUMMARY 

For the determination of biogenic amincs as their I-dinlctl.iylanli~~~-llapl-ltllalcnc- 
g-sulpl~onyl derivatives in tissue samples it is often necessary to remove I-climcthyl- 
amino-naphtlxdene-5-sulpl~onylamides and the I-clin~ctl~~~la~iiin~-na~l~t~i~lene_5-sul- 
phony1 derivatives of some other amines present in large amounts in tile tissue. 
Moreover a pre-separation of tlie comples niisture of amines is desirable. We re- 
commencl the pre-separation of clansylated tissue estracts by clux~matograpliy on 
molecular sieves (Sepliacles LH-20). The niethocl is universal in its applicability, 
simple and has a number of advantages over other pre-separation methocls. 

INTRODUCTIOB 

The iclentification of biogcnic amines in the form of tlieir I-diiiletliStlanliiio- 
napllthalene-5-sulphonyl (DANS) clcrivatives is normally performed. after their sep- 
aration by thin-layer chromatography (TLC)l-“. The concentrations of biogenic 
amines in tissues are generally very low, and the amounts var’y over a wide range. 
Ammonia and the polyainines sperinicline ancl spermine, are often present in much 
greater amounts than tlic other amines, so that they cause trouble in tlie TLC, 
particularly, when large amounts of tissue have to be worliecl ‘up for tlic determination 
of certain amincs. The lligll concentration of y-amixlobut?fric acid (Gk1EA) can also 
give overlapping spots, if clansyh.ted lxain or retina estracts are separatccl on thin- 
layer chromatograms. The DANS clerix:ative of GABA mo\-es together with the DANS- 
amicles5. 

Dansylation also gives rise to siclc reactions. One of tlie chief sick reaction 
products is I>ANS-clixnetllylamidc~~, wliich is produced. in a fairly high concentration, 
if escessivc amounts of DANS-Cl are usecl for completion of the clansylation reaction. 
Owing to tllis it is neccssaq~, in many casts, to apply lx-c-separation metliocls before 
certain aniincs c;~n 1x2 clctcrminecl in tissues, in spite of tlic sensitivity of the cla11sy1 
method ancl tllc effectiveness of TLC on Silica Gel G for the separation of DANS 
dcrivntives. 

In principle the wliole spectrum of clirolliato~rnp?~i~ ancl electroplioretic tccll- 
niqucs is applicable for tlie pre-separation 0I tlie tissue estracts before clansylation. 
.-- 
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However, in some cases certain dansyl derivatives can be concentrated from a dans- 
ylated tissue extract on account of their specific properties; e.g. in the determination 
of GABA and related compoundsU~7. 

On the basis of our experience with the dansylation method it seemed desirable 
to develop a generally applicable pre-separation method for dansylated tissue extracts. 
Gel column chromatography recommended itself for this purpose, since separations 
roughly according to molecular weight could be expected. The molecular weights 
of the DANS-derivatives of biogenic amines are in the range of 250 (DANS-NH,) 
to 1134 (tetra-DANS-spermine). 

In the present paper, the chromatographic behaviour of some DANS derivatives 
on Sephadex LH-20 gel columns is described and the applicability of gel column chro- 
matography to the determination of biogenic amines from tissues, in form of their 
DANS derivatives, is discussed. 

MATERIALS AND METHODS 

DANS-amides were prepared in our laboratory on a preparative scale. They 
moved on thin-layer chromatograms as single spots in many different solvent systems 
and were further characterized by elemental analysis3p8 and mass spectrometry0. 

Sephadex LH-zo was purchased from Pharmacia Fine Chemicals, Uppsala, 
Sweden. Solvents were obtained from E, Merck, Darmstadt, G.F.R., and were of 
analytical grade. 

Sephadex LH-20 was allowed to swell in an excess of solvent for at least 3 h 
with occasional stirring with a glass rod. The suspension of the gel in solvents with 
a low specific gravity were poured into ordinary chromatographic glass columns 
(0.9 x IZO cm) in the usual manner (see the instructions by Pharmacia for the prep- 
aration of gel columns). The height of the gel bed was : IOO cm; the flow rate was 
IO ml/h. Gel suspensions in chloroform were poured into glass columns (2 x IOO cm) 

with special PTFE end assemblies with porous polyethylene support discs, which 
enablecl us to use the column for ascending or descending chromatography. Height 
of the gel bed was: 70 cm.; flow rht:e, 30 ml/h. 

Both 1.5- and 2.5-1111 fractions of the eluates were collected in test tubes by 
means of an automatic fraction collector (FRS 63/E, Serva, I-Ieidelberg, G.F.R.). 

For the identification of the DANS derivatives, aliquots of the fractions were 
applied to Silica Gel G plates (layer thicltncss 200 ,u). The chromatograms were de- 
veloped by ascending chromatography in normal solvent vapour saturatecl tanks. 
The solvents were : trichloroethylene-methanol (95 : 5) ; cliethyl ether-cyclohesane 
(go:~o) ; benzene-cyclohesane-methanol (55 : 15 : 2)3. The fluorescent spots were ob- 
served under a UV lamp (365 nm). 

RESULTS 

Preliminary experiments clemonstrated that the separation of DANS-NH, from 
most of the PANS derivatives of the natural amines is possible on gel columns fillecl 
with Sephacles G-IO, if alcohol-water mistures were used for swelling the gel. How- 
ever, the separation of the different DANS-amines from each other was rather poor in 
this system. Better separations were obtained with LH-zo in ethyl acetate, methanol 
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and acetone. But really satisfactory separations were only observed when dioxane “. . . . *. .a.. ,.v,“.. .,.,..,. b . . . . . . . . ..m... . ., ) . . . ., . . ..,. .., 
was’tised ‘as solvent. The oXl’;tr important diklvanlage of using di6&.ti6 ‘is’ tliG”‘f’ijrma- 
tion of perosides, which can destroy the DANS-amides. Table I sl~ows the elution 
volumes obtained on elution of DANS-amides from a Sephades LH-zo column wit11 
diosane. 

Iv~OLIICULAIZ \3'EIGIITS OF DANS-A~~II~ES AND -PHISNOL @STERS AND TI~EIIE IXLUTION VoLUbIES 0s 

SlwHaI,Iss %H-20 COLUMNS 

Column A: 0.9 % 120 cm; gel lxx1 volunw, 63 ml; flow rate, 10 nil/h; solvent, cliosanc. Column n: 
3 x IO0 cm; gel bccl volunl~, 220 1111; flow rstc, 30 nil/h: .solvcnt, cllloroform. 

‘~:ctra-DANS-spcrnlillc 
Tri-I~ANS-adrenaline 
Tri-D.4NS-spcrniidinc 
nis-l~r\NS-5-hydrosy-tryptamirle (scrotonin) 
Bis-DANS-pyriclosrtriiitlc 
l3is-DANS-cystcnminc 
13is-D,\NS-tvramilIc 
I3is-DANS-l-;istallli*l~ 
Uis-DnNS-putrcscinc 
Uis-DANS-N-methyl-trimcthylcnccli~~~~~inc 
I3is-D~~NS-trimctl~yl~~~ccli~~~~~i~~c 
Mono-DANS-Rlucosaminc 
RIono-I~ANS-horclcninc 
R’fono-I~ANS-try~~t~~lliitic 
hlono-Dt-\NS-~-l~ytlrosy-P-pl~c~~~~letl~~~l~~~~~i~~c 
~Xoxio-DANS-aclcnilic 
R’lono-Di\NS-f)-plic~~yl~tllylalninc 
RIono-Di\NS-p11e1101 

Mono-DANS-pipcriclinc 
h’Iono-DANS-pyrroliclonc’l 
Mono-DANS-iniiclazolc 
ItIono-IOWANS-ctlialiolati~irie 
Motio-DANS-climctli~~laniinc 
niono-D.~~NS-mctl~yl~~~iii~i~ 
DANS-NH, 

II.34 -F7 
ss2 51 
8.15 51 
6-i” 
631 GG 
GIlcj 56 
Go3 
577 g 

554. 59 
55-l. 
510 59 
..+I2 100 

39s 02 

393 69 
370 69 
30s 56 
354 Gq 
327 GI 
31s 62 

31s 70 
301 69 
“-9-!- 
27s 2 
36.l - 72 
250 94 

90 
IOG 
IO6 
200 

11s 

>I000 

II9 
223 

2SO 

132 

rzr 

‘100 

121 

Go0 

1’ licaction ~lrocltict of GAl3.4 with CSCDSS DANS-Cl. 

On account of drawbacks clue to peroside formation in diosane we looked for 
other useful solvents. Chloroform was found to give the best separations. Since, how- 
ever, chloro.fornl has a higher specific gravity than the gel in the swollen state, it was 
necessary to use chromatographic columns with adjustable end assemblies. Table I 
sllows the elution volumes olh_inecl for some DANS-amides in LH-zo-chloroform. 

The clution volumes of the DANS derivatives obtained by Sephades LI-I-20 
gel cl~ronlato~ral~ll~~ do not, however, correspond to tlleir molecular weights. There 
are significant interactions between the DANS derivatives nnd the gel matris, wllicll 
influence tlic elution volumes considerably. These internctions are obviously cle- 
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pendent on the polarity of the solvent. In methanol for instance, DANS-dimethyl- 
am.id.e . ..is eluted. from the ..,. c.olumn..befo~e...even. tetm-DANSspermine and,,tri-DANS-.’ “’ 
spermidine, because the latter molecules are reversibly adsorbed on the matrix. 

A decrease in the dielectric constant of the solvent generally improves the sep- 
aration of the DRNS derivatives on LH-20, provided that the gel swells sufficiently. 
Dielectric constants and gel volumes per g dry gel after swelling in the solvents, we 
have studied, are summarized in Table II. The ratios between gel volume and dielectric 
constant are maximal in the case of dioxane and chloroform, i.e. for those solvents 
which effected the best separations. It seems that the magnitude of the gel volume/di- 
electric constant ratio is to some estent a measure for the efficacy of the separating 
system for DANS derivatives. 

TABLE II 

DIELECTRIC CONSTANTS’” OF *rME soLvm*rs GNU ~315~ ~‘0Luh11s 1’ER G DRY GI2L OF ~IEPII:\JI)ISS 

LH-20 IN DIFFERENT SOLVENTS 

Dioxanc 
Diisopropyl ether 
Chloroform 
Ethyl acetate 
Butanone-2 
Cyclohesanone 
Acetone 
Propanol-2 
Methanol 

3-o 
3.9 
5.1 
G.1 

10.0 

IS.2 

21.5 

26.0 

31.2 

1.20 

0.3s 
0.82 
0.39 
0. I.$ 
0.16 
0.13 
0.15 
0. I.# 

With non-polar solvents DANS-NH,, DANS-ethanolamine and other hydroxyl- 
group containing compounds are strongly retained by the gel column (see Table I), 
This effect of non-polar solvents together with the rapid elution of tetra-DANS- 
spermine and tri-DANS-spermidine is of great importance in the application of the 
gel column to the separation of dansylated tissue extracts, since the main sources 
of interference with the TLC can thus be eliminated very simply. It is possible to 
remove DANS-NH, nearly completely by chromatography of a dansylated estract 
of r-z g tissue even with a gel column I x 15 cm. However, the separation of DANS- 
dimethylamide from some of the other significant components is not possible by gel 
chromatography, as can be seen from the values in Table I. This compound overlaps, 
among other compounds, the DANS derivative of GADA, piperidine, hordenine and 
partially overlaps p-plienyletliylaniine as well. 

The use of our pre-separation method for DANS derivatives has a number of 
advantages in comparison to other pre-separation methocls, providecl that no specific 
method for the concentration of a particular amine is available. They are: 

(I) Large amounts of tissue can be worked up without difficulty, since the ca- 
pacity of the gel column is high. This is especially of interest for the identification of 
amines by mass spectrometry, since larger samples are necessary for this method 
than for the quantitation of the DANS derivatives by fluorometrysy0. 

J. C?wor?~.flto~v., 59 (197x) 3C7-371 
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(2) Dansylation prevents certain compounds from autosidation, vl’z. catecllol- 
GiiinkG. HowWer, LutcGosidation’ of these co’m+nKds hks to be j+z~~nted dtiring’t’hk 
dansylation by suitable precautions. 

(3) The quantitative estraction of many axnines and phenols in form of their 
DANS derivatives is in many cases simpler than the isolation of the free amines, 
since DANS-amides and -phenol esters are soluble in non-polar solvents. 

(4) The by-products of the dansylation reactions accumulate only in certain 
fractions of the gel column cliromatogram. Because of this the thin-layer clzromato- 
grams prepared from gel column cl~romatography fractions are generally very clean, 
ancl therefore tllcy are especially suited for quantitative evaluation. By combination 
of gel chromatography with suitable TLC separations, quantitative methods can be 
worked out for practically all those amines and phenols in a tissue sample, which 
react in a reproducible way with DANS-Cl. 

DANS-amino acids are strongly retained 13\7 the gel under the conditions de- 
scribed. 
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