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Abstract-Luminescence characteristics of gramine, dimethyltryptamine and related indoles on Si gel TLC are 
described, chromatographic conditions are devised which enhance the luminescence, and a fluorometric TLC 
scanning procedure is developed for the quantitative determination of gramine in Phalaris arundinacea. 5-Methoxy- 
and 5-hydroxyindoles are readily distinguished from the indoles lacking a polar substituent at position 5. 

INTRODUCTION 

Recent studies have shown that the forage potential 
of reed canarygrass (Phalaris arundinacea) can be 
improved by developing alkaloid-deficient varieties [ 11. 
Improved palatability and animal weight gains coin- 
cided with low levels ot 5-methoxy-N.N-dimethyl- 
tryptamine (5-MeODMT), gramine [3_dimethylamino- 
methyl)-indole] and 2-methyl-6-methoxy-1,2,3,4-tetra- 
hydro+carboline [l]. Martin et al. [l]. however 
did not detect symptoms of ‘phalaris staggers’ during 
their two-year study. Earlier workers had linked this 
peracute disease, characterized by neurological disorders 
in sheep, to the occurrence of dimethylated tryptamines 
such as N,N-dimethyltryptamine (DMT), 5-MeODMT 
and 5-hydroxy-DMT (bufotenine) in P. aquatica (P. 
tuberosa) [2]. 

As new reed canarygrass varieties are introduced 
and distributed, screening procedures are required 
to assess the effects of different enviromental factors 
on alkaloid levels. Previously, we reported a quantitative 
TLC scanning procedure based on the acid-induced 
fluorescence of 5-methoxy- and 5-hydroxytryptamines 
in UV light [3]. We now describe TLC fluorescent 
properties of gramine and related indoles lacking a 
polar substituent at position 5. A fluorometric TLC 
scanning procedure has been developed to efficiently 
quantify gramine. 

RESULTS AND DISCUSSION 

There have been a number of different approaches 
to the quantitative and qualitative determination of 
gramine and related indole alkaloids. Procedures based 
on PC followed by elution and calorimetric estimation 
with the xanthydrol reagent are subject to the limitations 
of PC resolution [4]. We have also encountered diffl- 
culties in obtaining quantitative recoveries in prepara- 
tive scale separations [3] and direct calorimetric 
analysis of crude indole alkaloid extracts by the xanthy- 
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drol reagent suffer from the obvious lack of specificity 
when more than one indolealkylamine is present [S]. 
While a quantitative GLC approach for gramine analysis 
looks promising [6, 71 it would be desirable to have 
available an alternative sensitive quantitative TLC 
procedure for gramine and related indole derivatives. 

The direct fluorometric analysis of gramine and related 
indole derivatives in solution was examined earlier by 
Burnett and Audus [S] but their method appears to 
have received little further attention. At the same time, 
several methods based on the generation of the highly 
fluorescent carbolines from tryptamines by reaction 
with formaldehyde, ninhydrin and o-phthalaldehyde 
were desribed [9]. The formation of highly coloured 
charge-transfer complexes of gramine and other indole 
derivatives with a variety of electron acceptors has 
been described by Hutzinger et al. [lo] on both silica 
gel layers and paper chromatograms. While these 
authors established a linear relationship between the 
concentration of indole acetic acid and the colour 
intensity of the complexes formed, no such dependence 
was established for gramine and related tryptamines. 

The highly fluorescent products of reaction of para- 
formaldehyde with tryptamine derivatives were examined 
on silica gel TLC by Toneby [ll]. However, the reaction 
failed for both N,N-dialkyltryptamines and gramine. 

We observed that when gramine was separated by 
TLC on Avicel-silica gel (1 : 1) in isoPrOH-EtOAc-conc 
NH,OH (60: 15:3), and the plate was immediately 
examined under short-wave UV light the spot corre- 
sponding to gramine gave a violet fluorescence. Attempts 
to quantify gramine fluorometrically, however, were 
not reproducible since the intensity was not persistent. 
The loss of fluorescence coincided with the evaporation 
of solvent from the plate and could be prevented by 
incorporating one or more high boiling point solvents 
into the developing solvent system. For example, 
inclusion of 6% 2-ethoxy-EtOH in the aforementioned 
solvent system increased the persistence of fluorescence of 
gramine (10 pg) on a silica gel plate (EM Lab no. 5763) 
from 10 to 15 min. The best system proved to be 
(PrOH-EtOAcxonc NH,OH-2Zethoxy-EtOH (60: 15. 
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3 ..5, ‘PENE’). where fluorescence under UV persisted 
for 30min following development of the plate. It was 
further observed that when the developed plate was 
dried in the cold room (30min. 2’. 88’:” r.h.) rather 
than m the laboratory as is the normal practice. a 
further improvement in the persistence and a 5-fold 
increase in intensity of fluorescence was observed. 
It appeared that fluorescence of gramine and other 
indolealkylamines of interest is strongly influenced by 
sorptive forces on the silica gel surface and quenching 
is substantially altered by the presence of residual 
solvents and possibly water. This was supported by 
the fact that the simple expedient of spraying the 
developed and dried silica gel plate with water fully 
restored the intense violet fluorescence of gramine. 
Fluorescence of gramine on silica gel TLC was also 
induced by chromatographic development in 20”;, 
aqueous solutions of monoethanol-amine or trietheanol- 
amine or N NaOH. Ammonia fumes only induced 
gramine fluorescence on silica gel plates when the 
plate was initially treated with a fine spray of water. 

The following indoles (2 pg) yielded a violet fluorescent 
colour following the TLC on silica gel in PENE: 
tryptamine hydrochloride(R, = 0.33 :relativeintensity of 
luminescence = 100 p/,) ; 5-methyltryptamine hydrochlo- 
ride (0.35 ; 87 “/‘,) ; tryptophan (0.06 ; 83 %) ; DMT (0.57 : 
88 %); N-methyltryptamine (0.23 ; 110 %) ; gramine (0.39 ; 
55 %); and 3-methylindole (0.98 ; 140 %). These indole- 
alkylamines which lack polar substituents at position 5 
were readily distinguishable from S-hydroxy- and 5- 
methoxytryptamines which gave pale yellow fluorescent 
colours on silica gel TLC (PENE). The latter group of 
compounds could also be identified with increasing 
sensitivity by the acid-induced fluorescence on TLC 
(bright yellow) described previously [3]. 

The photophysical processes involved in substances 
adsorbed on solid surfaces are uresumablv complex 
[12] and the apparent contradict;on between different 
studies has done little to clarifv the issue. In mixed , 
solvents, for example, indoles become increasingly 
more fluorescent with decreasing proportions of water 
[ 131, while the general statment has been made [14, 
151 that substances adsorbed on thin layers of cellulose 
and silica gel fluoresce more intensely in the presence 
of solvent than on dry plates. Lloyd [16], by contrast 
cites examples in which direct interaction between 
analyte and adsorbate effectively enhances fluorescence 
and such interactions on cellulose [ 17, 183 and on 
silica gel [19] enabled the determination of a wide 
range of organic substances. The photophysics of 
indole derivatives vary greatly and Herschberger and 
Lumry [ZO] have shown 5-methoxy- and 5-hydroxy- 
mdole to be atypical indoles in that they are non-exciplex 
forming as they are less basic in their excited than ground 
states and would therefore be expected to behave 
differently on silica gel than indoles lacking 0x0 substi- 
tuents in the 5 position. 

We adapted the alkali-induced fluorescence reaction 
on silica gel for the quantitative determination of 
gramine in reed canarygrass extracts. The fractionation 
procedure described previously [3] recovered authentic 
gramine in 939, yield. The fluorometric scannmg 
technique was sensitive to 0.1 micrograms gramine, 
and gave a linear relationship over 0.5-4.0 ug range. 
Table 1 illustrates the range of values obtained for 
gramine and 5-MeOMT from 22 samples of reed 

Table 1. Concentrations (mg,‘lOOg dry wt) of gramine and 
5-methou~-‘V-methyltryptamine (5-MeOMT) in 3 varieties 

Variety 

NRG 741* NRG 721* Castort 
Sample Sample Sample Sample Range Mean 

lndole 1 2 1 2 

Gramme 59 63 27 74 Z--78 56 
5-MeOMT 115 67 0 0 951 25 

*Experimental varretres with hrgh (741) and low (721) 
tryptamine respectively. 

+ Mean derrved from samples collected at 18 dtfferent 
plots. 

canarygrass representing 3 varieties. The range in values 
for Castor points to the possible fluctuations within a 
variety. The levels in Table 1 for gramine fall within the 
range of values reported by others using the xanthydrol 
procedure for gramine determination in tryptaminee 
carboline-free strains of P. arundinucea [21]. 

The fluorescence on TLC under UV of a number 
of synthetic tetrahydro-/Gcarbolines, indicated that 
6-methoxy- and 6-hydroxytetrahydro-fi-carbolines 
could be detected via the acid-induced fluorescence 
reaction [3] and that the tetrahydro-fi-carboline deriva- 
tives lacking the polar substituents at position 6 (equiva- 
lent to position 5 on the indole nucleus of tryptamines) 
were readily distinguished by the violet luminescence 
reaction on silica gel TLC (PENE). Tetrahydro-fi- 
carbolines have been reported as constituents of P. 
arundinacea [22, 231 but these compounds were not 
detected in our screening experiments employing a 
variety of TLC solvent systems, the xanthydrol spray 
reagent 1241 and the fluorescence reactions described 
above. 

EXPERIMENTAL 

Samples of P. urundinaceu L. were collected at Beaverlodge, 
Alberta, in September 1976 from the aftermath following 
seed harvest. Fresh-frozen IOg portrons were extracted, 
fractionated and the final CHCI, extract was coned to dryness 
and redissolved m 0.5 ml 2-methoxy-EtOH as m ref. [3] 
Followmg the mitral extractron, glass-distilled solvents were 
used throughout the fractronation procedure and chromato- 
graphy steps. 

Quanrirarm determination. Duplicate 2 pi ahquots were 
used for quantrfying the concn of 5-MeOMT [3]. For gramme 
determination, duplicate 2 1.11 aliquots were applied to a pre- 
coated Si gel 60 plate (250 pm thick, EM Laboratories No. 
5763) under a stream of Nz. Adjacent standards (1 to 3 ug) 
were applied, the plate was developed m PENE and drred 
for 30 min at 2”. The gramme spots (violet under short-wave UV 
hght) were located and the plate was allowed to eqmhbrate 
for 10min m the Camag TLC scanner at room temp. The 
Camag scanner was attached to a Turner fluorometer (Model 
I 11) employmg a 7-51 prrmary filter, a 47B secondary filter 
and a far UV lamp (Turner No. 1 lo-85 1 J. Alternatrvely for the 
secondary filter system a 47B can be combined with a 24 per- 
muting a wrder selection of sht widths and range selector settings. 
A narrow slit width (IO”,, max) was essenttal at the x 3 range 
selector setting The gramme spots were scanned at right angles 
to the solvent flow, yielding sharp symmetrrcal peaks and conse- 
quently peak herght was used to determme concentration, The 
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fluorescence of the gramine spots was fugitive, however, resulting 10. Hutzinger. O., Heacock, R. A., MacNeil. 
in a slight decrease (1 to 2%) in fluorescence intensity between R. W. (1972) J. Chromatog. 68, 173. 
scans of a 20 x 20 cm plate, and therefore it was essential 11. Toneby, M. I. (1974) J. Chromatog. ¶, 47. 
to include standards with each run. 12. Nicholls, C. H. and Leermakers, P. A. 
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