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THIN-LAYER CHROMATOGRAPHIC FLUORIMETRY Ok INDOLE 
A-I-IVES AFTER CONDENSATION BY A PARAFORMALDEHYDE 
REAGENT 

MARK I_ TONEBY 

DERIV- 
SPRAY 

_ _________ ____.__ ._--. _. ._...~___ ._.. ~. 

SUMMARY 

A sensitive ptlrt~f~~rmafdeh~de spray reagent for the thin-layer chromato~raphic 
detection of indofe derivatives at the nanogram level is described_ Paraformafdehyde 
is dissolved in sfightl_v alkaline etfmnof and the ethnnofic solution is neutralized by 
addition of acetic acid. The tluorescence is measured spectrophotofluorin~etric~fl~ on 
tRin-fa:er cfimnatogran~s and observations are made visually and on photogizlphic 
lilrns esposed through filters_ Excitation and emission spectra are given for nine indofe 
derivatives reacted \vith the part~formtlldef~~de spray reagent. 

- .--. __- ..__. -.. 

INTRODL’CTION 

Several methods have been described for the determination of tryptophn 

metabolites from biological tissues. based mainly on extraction and purification pro- 
cedures’--’ follo\\ed by nlemmnients oftile fiuorescencc obtained in the final sofurion 
nhen activated under UV lig-h?‘_ It is often desirable to start, or fo make further 
investigations, u ith cflrol~~atogn1pllic procedures’-‘_ For the development of chro- 
matogrtlphic spots of indole substances on thin-layer chromatogrrtms, colour re- 
itc(ioEs have been described’-‘_ The most sensitive reagents, ho\vever, are those which 
give fluorescent products”-‘“-*3_ In his~ocheniistry, gaseous l~orn~tddehyde is used for 
rhe detection of 5-h_\‘dr~~s~tr~pt:!minc and c~~techol~~mines’J. In paper and thin-layer 
cfm~tnatogrt~pf~y (TLC) “-*z-13, it has also been used as a cf~romatographic reagent for 
indofe substtlnces itnd for catecf~ofnmines. it is believed tfmt in the first step indole- 
amines k-mm \\eakly or non-fluorescent tetrahydro-+xrboIines M hich will be fluores- 
cent upon oxidation. In the histochemicttl method, the dehydrogenation reactIons 
are catalyxf by protein_ Fluorescent products are also obtained on silica gel rhin- 
layer chromatograms, thus indicatin g that the dehydrogenation step will take place 
readily in the presence of silica gel’j. Bjiirklund et rd. I5 found that the indoleanline 
fluorophores formed on dry protein and those formed on silica gel are identical. 

In order to obtain _gtlseous formaldehyde, BjBrklund et a/_” heated solid para- 
forn-tafdehyde to SO-100” at 50 :x, humidity, whereas Con fes et al.” heated paraform- 
aldehgde to 150” to obtain drier conditions. In earlier experiments, ProchiiZk;L’-‘” 
introduced formaldehyde as a spray reagent for obtaining fluorescent products of 
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indolts. In the method described here, paraformaldefqde was dissolved in sfigthly 
alkaline ethanol and the ethanofic solution was then evenly distributed over the thin- 
Iayer chromatogram by spraying The tluorescence of various indofe substances 
after grtscous formaldehyde condensation was studied in !JV light and photographed 
through filters whicfl increased the sensitivity_ For nine fluorophores, the excitation 
and emission spectra were recorded in sitrr on the chromntogrtu~~. 

ESPERIMEKI-AL 

The following reagents lvere used: Etfwnof. absolute, spectrograde (AB Vin- 
& Spritcentrafen, Stockhofm_ Slveden). Ethanol, 9571 (AB Vin- & Spritcentrafen). 
Hydrochloric acid, Titrisof, 0.1 M (Merck, Darmstadt, G.F.R.). Acetic acid, glacinf, 
p-a_ (Merck)_ Ammonia, 257; solution, p-a_. Aristar (BDH, Poole, Great Britain)_ 
Methyl acetate, zur Synthcse (Msrck). Ethyl acetate, p-a_ (Merck). Isopropanof_ 
pa_ (Merck). fr-Butanof, pa. (Merck). Parr~formaldef~_vttr, purum (Kebo, Stockholm_ 
Sweden)_ Sodium hydroxide, p-a. (Eka, Bohus. Saedcn). Indofc derivatives, listed in 
Txble I_ 

DcvcIopin_r solvents used \verer (A) methyl tcetatc-isoprop3Ilol-~~ :r;, am- 
monia (9171-l): (B) ethyl acetate-isoproptlnof-25’;;; ammonia (9171-f): (C) isopropanof 
-ethyl acetate-acetic acid-water (75:X:2:3): (D) Iz-butanol-Hcetic acid-\vater (4: 1 :5), 
upper layer_ Solvents A, B and C \vere freshly prepared before exh run_ 

The chromatography \v;is perfIwmcd on commercially prc-coatsd thin-layer 
plates of dimensions 20 _. 20 or 5 :- 20 cm \vitfi a 0.25411111 Iil~tX of silica gel 
(Merck). The plates \vere purified in ;t Sfxmdon chromatogrr~ph~ tank fitted \vith the 
equipment for descending chr~~I~~ato~ri~pf~~_ UV fight NXS Stnertltcd by :I General 
Efectric GSTS tube mounted in ;L Chromt~tofus (Pleuger, Wijnegem. Belgium) and 
filtered through ;L UC 5 lilter, thickness 2 mm (Carl Zeiss, Obcrkochcn,‘WL?rttc~~~ber~, 
G.r’_R.)_ The photographic recordin, ‘1 \vas made on A&t Scientia 50B65 or Kodak 
24% iifm with a Canon Fl- camera, fens 50 mmfl_S or :L ix3inolta SRT 101, lens 
55 mmif.7. A Kodak \Vrittten gelatin lifter No. S, 
(Hoya,. Tokyo, Japan) were mounted on the lenses. 

yellow, and a sky-light filter 
The emission and excitation 

spectra were obtained from a Perkin-Elmer spectrophototluorimeter to \vhich a 
TLC scanning attachment was connectrd. 

Sjma_v r~wpvrr. In 100 ml absolute ethanol, 60 tns of sodium hydroside \vere 

dissolved. Paraformafdehyde (2 g) wts added to the alkaline ethanol and, when it had 

completely dissolved, 0.1 ml of &&I acetic acid aas added_ The ragent CX~ be 
stored refri_eerated for at least Z \veeks beFore any loss in activity occurs. For com- 
parison, par~~formtlfdeh_vde \vas also dissolved in lower and flighcr concentrations 
and in 95% ethanol. WI ien higher concentrations of parrlformaldeh_vde lvere used. 

additional sodium hydroxide had to be dissolved in the allafine ethtlnof. 

PnriJic-don of t-lrromato~ro~hic- platcx The commercial pre-coated ehromato- 

graphic piatcj were puritied in a continuously descendin, =I chromatography system \vith 
a Whatman chromatogaphy paper bridge btt\veen the solvent jar and the silica gel 
Isyx_ Purification was performed with solvent A. The ettluent \vzts allowed to drip 
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from the lower part ofthe cfxomatogram. After a run of at feast 24 11, the plates were 
dried in air for 15 min and then heated to 1 IO” for 30 min. The plates were stored in 
a desiccator over silica gel. Omission of the purification step caused severe inter- 
actions between tluorescent products below tfle front. 

Derdoptmwt of spots_ The substances were dissolved according IO tfle notes 
in Table I. Normally 1 ,~f of tfle solutions, with substance concentrations of MO, 100, 
50. _____) 3.125 and 1_6,O.S, 0.4 and 0.2 ng/;tf of base, was spotted 1.5 cm from &e edge 
of the plate.. For tfle spectrophotofluorimetric measurements, S-20 !icg were spotted 
on the base fine_ After efution for 10 cm, the plates lvere dried i/r IYICIIO for 15-20 
min, then sprayed with 10 ml of the paraform~tfdeh~de reagent. The sprayed plates 
xvere heated at 150” for 20 min_ When the silica gel layer \vas wetted wit11 the spray 
reagent (which is not necessary), the plates \\pre dried in air tbr 3-5 min before heat- 
ing. 

The plates lvere studied under UV figflt generated bv the 25Lnm lamp, the 
fight from which was filtered through a UG 5 filter. The &cording and further in- 
vestig~tions were made on a panchromatic black and white tilm_ The \Vratten gelatin 
filter No_ S cuts elf the blue-violet background fight from the silica gel and its use is 
necessary for the pf~otographic recording_ The lJ\’ lamp \vas placed 35 cm and the 
camera 65 cm above the chromatogram_ The esposure time for the .&$a film \vas 3 
min and for the Kodak 2484 15 set with the diaphragm set at 4.0. The Agfa film was 
developed in Kodak D76 for S min, while rhe Kodak film was devefopecf in Kodak 
Df9 for 6 min. 

RESULTS 

h’orr-elrrrd _$-_rsrc*~n 

In order IO establish the opCma1 conditions tbr the action of the rcasent, 5 
h_vdrc~syrr~ptamine and other indofes it-we spotted on puritied 5 :-. 20 cm silica gel 
plates. The plates nere sprayed wirh paraf~~rnm3frtch_vde in concentrations ran$ng 
from 0.05 to 10% (w/v) and each plate \vas dried separately in the oven at 150’. 
Optimal ftuorcscence was obtained when the reagent contained 3::;; (wiv_) ofparaCorm- 
aldeli_\-de in absolute ethanol. 

At rhe optimal partlf~ormr~fdeh_vdc concentration, the temperature dependence 
for the tkxmation of the tluorophores \vas studied at IO“ intervals bct\veen 1 IO and 
160’. The hi$esr fluorescence intensity was obtained xt 150 and 160’. When the hent- 
ins time :tt 150’ cscceded 20 min, masimaf fluorescence occurred. \vflifc the lluorcs- 
cence intensity decreased afrer 30 min_ 

In order 20 investigate the influence of li’ater on the reagent, rlie paraformal- 
dehyde was dissolved in a solution in \vhich the absolute ethanol \vas replaced with 
957;; ethanol_ Tfle sensitiviry of this reagent \vas greatly reduced. howcwr: onf) 
2 nb of 5fwdrosvtrvptamine could be detected. while the sensitivity \vas as higfi as 
0.1 ns \vfiei absdfuie ethanol was used. 

Tfle fiuorescence with the Prochazka reagent’-Ih, L -1 misture of formafdefi~de, 
ethanol and hydrochloric acid, is enhanced by esposure to rzq~ wg;il. In order to 
imitate the Procfiazka reagent conditions, the plates were treated with para~lformaf- 
dehyde in alkaline absolute ethanol \vithout acetic acid. They \vere then sprayed either 
with I-5 Al hydrochloric acid in ethanol and heated at 150” t%r 20 min or first dried 
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at 150’ for 20 min and then spra?td with the cthanolic hydrochloric acid. in the latter 
insvance, the plates were heated again at 15OO” i-or IO min. The first method resulted 
in a considerable reduction in the sensitivity, while the second treatment reduced the 
detectable amount of 5-hydrosytryptamine to 4 n z_ The exposure to nq~ffz re.+z of 
the original or the hydrochloric acid-treated plates did not affect the fluorescence in- 
tensity. The addition of 0-l “/:. (v/v) of glacial acetic acid to the reagent, however, in- 
crczlsed the sensitivity above that of the alkaline paraformaldehyde reagent. 

When the plates were chromatogmphed, the sensitivity of the reagent w;ls 
found to depend on the solvent system. Thus, solvent D resulted in geat losses in 
sensitivity_ When an acidic solvent is desired, it is therefore recommended tliat sol- 
\-ent D be replaced with solvent C. The minimum sensitivities ofthe eluted substances 
are given in Table I_ 

The fluorescence sprctm of a number of substances reacted with the pa-a- 
formaldehyde reagent were investigated (Table I). No differences \yere observed for 
spectrct recorded on non-eluted plates and on plates eluted with solvent A. Blank 
ttuorcscence was either measured betlveen t\vo adjacent spots or below the one mcasur- 
ed. The fluorescence of each substance was me:lsured on spots from three or more 
dift’erent esperiments- 

It is interestins to note that several of the substances did not give :I delined 
peak (Table I), but very broad masima rangin, ‘3 from 450 to 550 nm_ The fluorescence 
intensity was also low and not clearly distinguishable from the background. The cmis- 
sion and excitation spectra of tryptamine, tryptophan, 5-h~drosytr~pttlmine and 
other indole substances with blue or yellow fluorescence could eas11y be measured, 
however (Figs_ I-3). 

DISCUSSIOK 

The use of paraformaldehyde as a spray reagent in the manner proposed here 
kilitates the rapid detection of indoles in TLC_ The grtlr\test sensitivit_v is obtained 
when spots are studied visually or by photography_ The photographic recording 
makes it possible to measure the amounts densitometrically on the photographic 

Fis- I- (a, Excitation spectra and (b) iluoresccnce spectra for azatryptophan (.------ ). tryptophan 
(- - - - - -) and tryptnmine (-----) zlfter reaction \vith the pamformaldehyde rcagcnt. The measure- 
ments were made on spots obtainrd after clution with solvent X on silica gel TLC platti. Sprwtra 
are given after correction for blank fluorescence_ Esciration and emission wavricngths. rcspcctiuely: 
azrttryprophan, 300 and 3M nm; tryptophan. X0 and 340 nmr and tryptaminc. 310 and 440 nm. 
Wavelengths are uncorrected. Fiuoresccnce is given in arbitrary units. 

Fig. 2. (a) Excitation spectra and (b) fluorescence spcctm t-o r 5_methos_vt~ptarnillc (- .- --). 5 
h~drosyindoleacetic acid ( -_) and f-hydrosyte-ptamine (- - - - - -) after reaction with the para- 
fotkddehyde reagent. Excitation and emission wavelengths. respt~tively: S-methos_vtqptamine, 310 
and 1SO nm; 5-hydrosyindolacetic acid, 396 and 530 nm; 5hydrosytryptsminc, 410 and 530 nm. 
Other detail as in Fig.. I _ 

Fig. 3_ <a) Excitation spectra and (b) fluorescence spectra for 5methyltryptrtmine (- ), mclatonin 
(- - - - - -1 and N-ace&l-5hydroxytryptamine (-----) after rcxtion with the paraformaldchyde rc- 
agent. Excitation and emission wavelengths, rcspcctivety: 5methyltryptamine, 3 CO and 155 nm: 
melatonin. 34s and 150 nm; N-acctyl-5-hydroxytryptamine, 300 and 530 nm. Other details 3s in Fig. I_ 
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negative. The use of easily obtainable gelatin filters increases the sensitivity of the 
method considerably_ 

Commercially pre-coated silica gel thin-layer plates must be purified thorough- 
ly before use. This procedure is time consuming, hwkever. but the use of a descending 
system is necessary only when tv;o-dimensional chromatography is to be used. For 
one-dimensional chromatography, it is sutlicient to puril> the plates by running the 
solvent to the upper edge, prekrably twice with a 30-min drying period at 110’ in 
between. 

The main choice of-solvent is the alkaline solvent A and the acidic solvent C_ 
The sensitivity of the reagent is higher Ithen the acidic solvent is used, presumably 
o\ving to less degradation during elution. The use of solvent D is not recommended, 
as the Ioss in activity of the reagent is high. Solvent B is essentiaiiy identical with A. 
except that methyl acetttte is replaced with ethyl acetate_ 

The heating times and temperatures for the development of the iluorophores 
are similar to those proposed by Cowles ~‘r cri_*j. In the method developed by Aura 
ZI aL”_ the temperature used is much lowzr (SO’)_ As noticed by both groups of work- 
ers, the fluorescence of some of the tluorophores formed from indole derivatives is 
difficult to measure_ This 1~s also found in the present investigation (Table I)_ The 
spectra in Figs_ 1-3 represent substances with mainly blue or _vellow fluorescence. 

The fluorescence of several of the derixttivcs listed in Table 1 is \\eak or not 
clearly distinguishable from the background when the merrsuremcnts are made \vith 
the spectrophototluorimeter_ On the other hand, the visible tluorcsccncc is clear and is 
brown-red, which is to be espected for a mixture of scvcral wa\clcngths with broad 
peaks of equal intensities_ It is considered that this phenomenon is dw to the forma- 
tion ofdilkrent iluorophores from t’3ch substttncc. The dilli-rence bcr\\ecn the fuores- 
cence spectra reported earlier IJ-15 and the present spectra is further cvidcnw for the 
formation of several fluorophores. It has also been reported that changes in pH give 
additional fluorescent peaks with indoles”. If ditkrcnt iluorophores arc formed. 
their formation mi$it be esplained in terms of polymerization products of dimers 
and trimers”-ls’. in various combinations dependin, ~1 of the reaction conditions_ One 
must also consider the degradation of the iluorophorcs 11 ith time and temperature. 

Minor changes to the substitucnts on the indole nucleus cause shifts in csci- 
ration and emission wavelengths. u hich shops that spectra are easily a!tPcted by minor 
moditications of the tluorophores_ For indole and _ ~v:miines, no or cstremely Lieah: 
ftuorescence is to be expected, as the side-chain is lackin s or shorter than that for 
rryprophan derivatives. Thus fi-i-carbolincs cannot be formed. It has been shown that 
the 9ramines_ however, become more fiuoresccnt on prolonged osidation, P’_.:‘_. on 
storage at room temperature for l-1 days. The tryptamine and tryptophan derivatives, 
with the esccption of N,N-dimeth~ltryptamine_ readily form fiuorophorcs at low 
conccntrzfrons_ 

The parnf~~rmztldell~de spray reagent 1~s been used succcssfull_v in our labo- 
ratory for several years for the detection of tryptophan, tryptamine and 5hydrosy- 
tryptamine in biological tissues, mainly from estmcts of sea urchin larvtle” and in 
model s_\-stems in kvhich rat brain estrxts vcere used. The sensitivitv is in the nano- 
gram range for indoles that fluoresce blue or yellow when activated-in UV light. The 
method is ;L simple and useful complement to other analytical methods for the de- 
tection of indole derivatives in biolo$cal tissues_ 
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