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Several methods for the separation of amincs from urine samples havca 
been published. Chief among these are ion-exchange chromatography ( 1). 
solvent extraction (24), and acetone treatment of the butanol concen- 
trate (4). However, because these methods lack the ability to fractionate 
different amines, their use results in a multiplicity of possibly overlapping 
spots in thin-layer chromatography (TLC j or a multiplicity of peaks in 
gas-liquid chromatography ( GLC ) . Gross and Franzen ( 5,6 ) in detcr- 
mining bufotenin and N,N-dimethyltryptamine in blood and urine used 
a carbon disulfide reaction to remove the primary and secondary amines 
but did not confirm the efficacy of the method by the concomitant use of 
alternate methods such as paper chromatography or TLC. The non- 
specificity of their method has been stressed in several critical reports 
and will be discussed in the latter part of this paper. Fisher and Spatz ( 7 ‘1 
used the reaction with acetic anhydride to acetylatc the primary and 
secondary amines. Since this reaction is not specific for the primary and 
secondary amino groups only, hydroxy and phenolic compounds from the 
tertiary amines may also be acetylated and result in more than one spot 
by TLC. 

In our studies on the determination of dimethylated indoleamincs WC‘ 
reevaluated the carbon disulfide method of Gross and Franzen (5) by 
monitoring the reaction with two-dimensional TLC and GLC techniques. 

A mixture containing either 100 or 10 :~.g ot cacb 01: thaw toJlo\vin~ 
:uninns: tryptamine, 5-methoxytryptamim~ (S-MT), serotonin (S-I-IT), 
N-methyltryptamine ( NMT), N-methylsc,rotonill ( NMS ), N,N-dimethyl- 
tryptaminc ( DMT), Fj-,,:thoxy-N.N-dinl~~tl~yltryptamil~e ( S-Mc~0 DMT) 
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and bufotenin (5-OH DMT) was dissolved in 10 ml of ethyl acetate ad 
shaken with 1 ml of carbon disulfide for 1S minutes. The ethyl acetate 
solution was washed with 0.1 N borate buffer (pH 10.1) (3 ml). The 
ethyl acetate layer was then extracted with 0.5 N HCl (2 ml) and the 
acid extract made alkaline (pH lo+) with ammonia, and reextracted 
into ethyl acetate after adding sodium chloride (1 gm). The ethyl acetate 
extract was dried over sodium sulfate and concentrated under vacuum. 
With either mixture TLCs of the final fraction showecl only three spots 
corresponding to the three tertiary amines DMT, 5-Me0 DMT, and 
bufotynin. GLC of this fraction also showed three peaks corresponding 
to the standards. The TLC and GLC data showed a recovery of 80-90% 
of the added tertiary amines after separation. 

The same results were obtained when amounts as low as 5 pg of the 
dimethylated amines DMT, 5-Me0 DMT, and bufotenin were added to 
urine samples and the same separation technique was used. When 5 ,ug 
of each of the standards (DMT, S-Me0 DMT, and bufotenin) was 
added to a 24-hr urine collection and subjected to the different steps of 
extraction and separation, an aliquot corresponding to one-fifth of the 
final concentrate showed distinct spots of the added standards on TLC. 
This indicates that levels as low as 5 pg per 24-hour collection of urine 
can be identified by this extraction procedure and TLC. These results 
were also confirmed by GLC. The recoveries in a series of experiments 
done by different technicians varied between 70 and 80%. 

Modified Method. A slight modification of the above method was used 
to combine the extraction of the free amines from an aqueous solution 
and the reaction with carbon disulfide. The aqueous solution (5 ml) 
containing 10 ,~g each of the eight amines listed above in 0.2 N HCl was 
adjusted to pH 10 with ammonia and shaken with ethyl acetate (10 ml) 
containing 1% (v/v) of carbon disulfide for 15 minutes. The aqueous 
layer turned yellow during this procedure. After centrifuging, the ethyl 
acetate layer was separated and extracted with 2 ml of 0.5 N HCl. The 
acid extract was reextracted into ethyl acetate at pH 10.0. This fraction 
showed only the three tertiary amines on GLC and TLC. 

lon-Exchange Chromatography. The method used was similar to that 
described by Kakimoto and Armstrong ( 1) . After the urine was extracted 
with ethyl acetate to remove the acidic and neutral compounds, and the 
pH adjusted to 5.5 with ammonia, it was passed through a Dowex SO 
(H+ Form) column. The effluent was discarded. The column was washed 
with water and with ethanol and was then eluted with ethanolic ammo- 
nium hydroxide (3.5% in 60% ethanol) and the eluate was collected in 
three fractions, pH 5-7, 7-9, and >9. The fractions D-l, D-2, and D-3 
were then concentrated under reduced pressure, frozen, and lyophilized. 
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The lyophilized residues wcrc their cstractc*d illto (thyl ;rcctatc> I 10 ml) 
The ethyl acetate extracts containing the frccb amincs \I-crc fracti0natetl 
into the tertiary amiricss by the carbon disulfidc~ nn~thotl tlc*scribctl c4ier. 
In experiments with adtkd standards ( 5, !Ig cwh ) D\IT. 3-Md) DklT. 
and bufotenin wcro fom~tl in the D-2 md II-3 fractioll\. Ethyl :icctatc,- 

insoluble residues in these fractions wercs fou~rtl to be rnainl!~ ,glucuronidcs 
of amines since on glucuronidase or HCI hydrolysis th(,sct gave the frcc% 
amines on TLC and GLC. With added standards ( 5 :~g:/24-hour sarnplc ! 
recoveries in the range of 7545% were obtaiiictl. 

Thin-Layer Chron~atogmphy ( TLC ) : Sprwy Reagerds. 7‘1~ fillal C’OII- 
centrate containing thr tertiary amine fraction was dissolved it I ethyl 
acetate (50 Jiters), A IO-Jiter aliquot as we’ll as a rcfcrcncc~ rnixturc~ 
were applied on each silica gel G (Merck) thin-layer plate. Thc~ two 
solvent systems used were CHCl,, MeOH, NH,. ( 12: 7: 1 i ant1 isopro- 
panel, NH,,, H,O (85: 15: 5). A solution of p-dimethylarni~~oci~~~~~~~~~alde- 
hyde (DACA) in cthanolic HCl is the spray rcagcnt of choice for indolc- 
amines. However, in view of the controversial findirigs iu the tktection 
of bufotenin we felt it necessary to confirm that identification of this auk- 
stance by a second spray reagent. Diazotizcd o-tolidinr \vas rwd md 

found to bc even more sensitive than DAC,L\. O-Phthalal[lrhvd(, i OPT ). 
also reported to be a scusitive reagent for .‘i-hvclrosyintlolc,s, liits bccrl 
used in the quantitatiou of low concrntrations of 5IIT ad 5-t-1 I;\,-2 in 
biological material. 5-MT also gives an intww fluorcsccncc uiitlcr U\’ 
when sprayed with OPT. There has lx~w no report OII tht, 115th of this 

reagent for dimethylatcd indoleamines such as bufotcanin awl 3-hlc0 
DMT. We evaluated this reagent for thcw two cxmqx~~mds i h: ). -\fter 
spraying with the reagent (10 mg OPT, 100 mg I.-csstcim ilr 5 1111 

methanol and 5 ml coned. HCl) and heating that TLC plate for 15 Ininutrs 
at 100” an intense yellowish fluorescent spot was seen under C’V for bufo- 
tenin and a blue fluorescent spot for 5-Me0 DMT. Thcb silica gel whc~r 
scraped from the plate and extracted with 6 r HC1 (2 1111 ) shcn~cd tllc 
characteristic fluorescent maxima at 490 IX/I ( CY. 360 III/I i. This is tllc, 
most sensitive of the three spray reagents, the lower limit of identification 
being 0.05 /lg. 

Gas-Liquid Chromutogruphy ( GLC ). The GLC scparatioiI of the 
three dimethylated tryptamines (DMT, 5-Me0 DMT. and bufotrnin ) is 
reported in the literature (9). In our studies ~‘(5 used a 1 or 3% SE-30 6-R 
column. The retention times of the three compounds art in the ratio of 
1: 2.3 : 3.26. 

When the standard mixture of the three amines ( 1 {Iliter) was injected 
along with 3 pliters of Regisil TM-TMCS (bistrimethylsilyltrifluoro- 
acetamide plus 1% trimethylchorosilanc ), DMT and 5-M& DMT wcrcb 
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OV 225 2.5% 4 FT. COLUMN 3.5 mm ID 210°C Iso 

FIG. 1. GLC of dimethylated tlyptamines on OV 225. 
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unaffected and bufotcnin gave a sharp peak Lvith ;I rt+cwtion tirnc 0.8 of 
that of the parent compound. This would bc thr 0-tril)Icthylsilyl (TMS ) 
derivative of bufotenin. This reaction on the (:I,<: ~&nn~ could b(> used 
for the identification of specific peaks. 

The retention times of thcsc amines ww irtclvaasc-d wh(~rl a IIIO~C~ polar 
column packing sl& as OV-225 (2.5%) MXS IW~. ‘Th(* chromntogram 
of the standards on a 4ft 2.5% OV-225 c~olumu is S~O\VII in Fig. 1. Tbc 
relative retention times wcw 1 :2.7:7.7. III this tolur~~n the TMS deriva- 
tive of bufotenin had ;I retention time 0.28 of that of the hydras\, 
compound. 

Quantitatioe Analysis fur IXrwthylated fntlolecznlinc.~. For ;L quantita- 
tive evaluation of the dimethyltryptamines it is necessary to subject the 
tertiary amine fraction to preliminary preparative thin-layer chromatog- 
raphy (PTLC). Two aliquots of urine, one of which contains added 
standards, arc extracted by the procedure outlined charlier, ;md the tcr-- 
tiary amine fractions of the two aliquots arc applied as two scparatc> 
bands and developed in one of the two solvtxllt systcxllrs simultal~couslq 
with a spot of standards on the same platct. Tbc lxwds corresponding to 
the reference standards are eluted with HCl md d&c~nnincd 
spcctrofluorometricall~~. 

In the past, methods used for the quantitation of N,N-dimethylated 
indoleamines (DMT and bufotenin) haves lacked specificity for the con- 
ponents they were claimed to determine. The method of Cross and 
Franzen (5) is based on spectrofluorometry after chemical separation. 
Our experiments reported earlier support the claim of separation of pri- 
mary and secondary amines from the tertiary amincs. Howcvcsr. our 
recovery experiments fully confirm the criticism of Siegel ( 10) in rrgard 
to the nonspecificity of the fluorescence and the abscncc of maxima eve)) 
when standards are added to the urine. WC have found Gross and 
Franzen’s method to be superior to that of Fisher and Spatz (‘i 1, who 
llsed acetic anhydride for the separation of primary and secondar) 
amines from tertiary amines and reported that they obtained only one 
spot positive to diazotized o-tolidine in the urines of both normals and 
schizophrenics. They also clamied that the colors produced by some other 
phenolic amines were different. 

In our experiments with 31 urine samples of normals, chronic schiw- 
phrenics, and acute schizophrenics WC obtained on an average 4.6 spots 
(minimum 2, maximum 8) positive to o-tolidine. 

From the results obtained in the experiments decribetl abolr using 
solvent extraction and the carbon disulfide method of separation it is 
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evident that concentrations of the three dimethylated indoleamines as 
low as 5 pg of these amines in 24-hour urine collections are in the de- 
tectable range and therefore samples reported negative are below this 
range. 

Supportive evidence of the identification is provided by GLC of the 
free amine fraction and of the TMS derivatives. A point worthy of men- 
tion is the incomplete reaction with the silylating agent. While with the 
SE-30 column the reaction was always complete to give a single peak, 
with the OV-22s column there were always two peaks (Fig. l), one of 
the silyl derivative and one of the parent compound. It appears therefore 
the nature of the column plays a part in such column reactions. 

Additional evidence for the presence of bufotenin can be provided by 
using three different spray reagents: ( 1) DACA for indoleamines, 
(2) diazotized o-tolidine for phenolic amines, and (3) OPT for 
5-hydroxyindoles. 

Since both the ion-exchange and the solvent extraction methods gave 
similar results and recoveries of the same order, the latter easier method 
was chosen as a routine procedure in our investigations. The methods 
described here have been in use in our laboratories for the past 2 years 
and have supplied the data presented in recent studies of dimethylated 
indoleamines in samples of urine and blood ( 11, 12). 

The application of a combination of TLC and GLC methods and the 
use of more than one spray reagent in the identification of bufotenin as 
well as the use of 0-phthalaldehyde in its quantitation are discussed in 
detail in a separate communication (13). 

SUMMARY 

The efficacy of the carbon disulfide reaction in separating the tertiary 
amines from the primary and secondary amines was reevaluated by 
monitoring the separation by GLC and TLC techniques. The need of 
more than one method for the identification of dimethylated indole- 
amines is emphasized. 0-Phthalaldehyde is shown to be the most sensi- 
tive reagent for the qualitative identification of bufotenin and 5-Me0 
DMT on TLC. 
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