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Indoleamine derivatives, which have hallucinogenic properties, are formed in 
humans as metabolites of tryptophan, especially N-methyltryptamine, N,N,-dimeth- 
yltryptamine and N,N-dimethyl-Shydroxytryptamine, and are contained in some 
mushrooms (psilocin and psilocybin). As these substances are important in the di- 
agnosis of some psychic diseases, e.g., epilepsy and schizophrenia, and psilocybin 
and psilocin extracted from mushrooms can be abused, sensitive methods are re- 
quired for their determination in psychiatry and forensic medicine. 

A great variety of analytical methods have been applied to the determination 
of indole derivatives, but only gas chromatography in combination with mass spec- 
trometry has found wide use (see, e.g., refs. l-3), as it is sufficiently sensitive and 
exhibits a high separation efficiency. However, these substances are poorly volatile 
and therefore derivatization is required, which makes the determination tedious and 
introduces additional errors. These drawbacks do not arise with high-performance 
liquid chromatography (HPLC), which has been used to determine indoleamines in 
body fluids and tissues (e.g., refs. 4-12) and in mushroom extracts1 j-la. Whereas 
tryptophan metabolites are best separated on non-polar chemically bonded 
phases 10,12,i~, silica ge113,16,17 and ion exchangers14 have been used successfully to 
separate psilocin and psilocybin. In addition to more universal UV photometric de- 
tectors, spectrofluorimetric4-6~14~16~18 and recently electrochemical detectors (e.g., 
refs. 8-11) have been used. The latter detectors are marked by high sensitivity and 
selectivity, which are especially important in analyses of biological samples with com- 
plicated matrices. For reviews of electrochemical detectors and their application in 
HPLC see, e.g., refs. 19-21. By connecting a W photometric and an electrochemical 
detector series at the column outlet, the resolution of the test mixture is improved in 
a non-chromatographic manner and identification of the sample components is fa- 
cilitated. 
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In this paper we describe the separation of some hallucinogenic indoleamines 
with detection with a UV photometric and a voltammetric detector in tandem and 
the application of the procedure to the determination of these substances in cere- 
brospinal fluid and some mushrooms. 

EXPERIMENTAL 

Chemicals 
The compounds studied were tryptophan (TRP) (Kodak, U.S.A.); tryptamine 

(TPA) (Calbiochem, U.S.A.); S-hydroxytryptamine (5OH-TPA; serotonin), 5-hy- 
droxy-N,N-dimethyltryptamine (5-OH-DMTPA; bufetonin), 5-hydroxy-N-acetyl- 
tryptamine (S-OH-N-acetyl-TPA), N-methyltryptamine (MTPA), N,N-dimethyl- 
tryptamine (DMTPA), 5-methoxytryptamine (5-MeO-TPA), 5-methoxy-N,N-dimeth- 
yltryptamine (5MeO-DMTPA) (all from Sigma, U.S.A.); 4-hydroxy-N,N-dimeth- 
yltryptamine @silo&) and 4-phosphoryloxy-N-methyltryptamine (psilocybin) 
(Merck, F.R.G.). All other chemicals were of analytical-reagent grade from Lachema 
(Czechoslovakia), except perchloric acid (Merck). 

Instrumentation 
The liquid chromatograph consisted of a 3B high-pressure pump, a sampling 

valve with a lo-p1 loop, an LC-75 UV photometric detector and a Chromatographics 
2 data system (all from Perkin-Elmer, U.S.A.). The UV photometric detector was 
connected in series with an EDLC voltammetric detector (Laboratorni Pfistroje, 
Czechoslovakia). The chromatographic column used contained Partisil ODS, 10 pm 
(25 cm x 4.6 mm I.D.) (Pye Unicam, U.K.) or Separon SI Ci8, 10 pm (25 cm x 4 
mm I.D.) (Laboratorni Pfistroje). The mobile phase consisted of aqueous citrate 
phosphate buffer of pH 3.8 (300 ml 0.1 M citric acid and 160 ml of 0.1 M NaH,PO,) 
and various amounts of methanol or ethanol. The flow-rate was 1.0 ml/mm. All the 
measurements were carried out at laboratory temperature. The electrode potentials 
are related to the standard saturated aqueous silver chloride reference electrode (po- 
tassium chloride), 

Stock solutions of the studied substances were prepared at a concentration of 
about lop3 M in the particular mobile phase and were appropriately diluted with 
the mobile phase immediately before the measurement. 

Sample pre-treatment 
Cerebrospinal fluid (CSF). To a 5-ml CSF sample, 70% perchloric acid was 

added up to a concentration of 7% for the removal of proteins and the mixture was 
centrifuged for 30 min at 1000 g. The pH of the separated supernatant was adjusted 
to 12 with 45% potassium hydroxide, while cooling in an ice-bath. The potassium 
perchlorate precipitate formed was separated by centrifugation for 5 min, 1 g of 
sodium chloride was added to the supernatant and the solution was extracted twice 
with 6-ml portions of redistilled dichloromethane (15 min shaking). The combined 
organic extracts were dried by adding 3 g of anhydrous sodium sulphate and centri- 
fuged for 5 min at 1000 g to remove the drying agent. The supernatant was transferred 
into a conical test-tube and the solvent was evaporated in vacua at laboratory tem- 
perature. The residue was dissolved in 200 ~1 of methanol and a loo-p1 sample of 
this solution was injected on to the column. 
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The same procedure was repeated with a 5-ml CSF sample to which standard 
methanolic solutions of 5-OH-DMTPA, 5-MeO-TPA, MTPA, DMTPA and 5-MeO- 
DMTPA were added to give concentrations of these substances of ca. 20 ng in the 
injected sample volume. 

Mu~hrooms’~. A 300-mg sample of the mushroom Psilocybe bohemica Sebek 
was homogenized and extracted for 24 h on a reciprocating shaker into 30 ml of 
methanol. The mixture was then filtered, the solvent evaporated in VacUo and the 
residue dissolved in 3.0 ml of methanol. A lo-$ aliquot was injected into the chro- 
matograph. The standard solutions of psilocin and psilocybin contained 1 and 5 pg 
of the test substances, respectively, in 5 ~1 of methanol. 

RESULTS AND DISCUSSION 

The optimal conditions for the separation and the detection of indoleamines 
were studied. Various stationary phases were tested; the best results were obtained 
with Partisil ODS and Separon SI C r8. Of the mobile phases tested, the best per- 
formance was exhibited by an aqueous citrate-phophate buffer mixed with methanol 
or ethanol in various proportions (with methanol, the column efficiencies for the 
studied compounds were low; therefore, ethanol was used in subsequent experi- 
ments). The dependences of the logarithms of the capacity ratios on the ethanol 
content in the mobile phase were approximately linear within a range of l&20% 
(v/v) (Fig. 1). The optimal separation was obtained with 10% (v/v) ethanol. An 
example of a separation under these conditions is shown in Fig. 2. 

The substances studied adsorb in spectral regions around 220 and 26&290 nm. 
The optimal wavelength for the detection is 280 nm, where the absorption of the 
mobile phase is minimal. The substances can further be electrochemically oxidized 
at carbon electrodes, with half-wave potentials around + 0.5 V for hydroxy deriva- 
tives and + 0.9 to + 1 .O V for the other substances. Therefore, a potential of + 1.0 
V was used for voltammetric detection. Under the optimal conditions for HPLC 

k’ 
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Fig. 1. Dependence of capacity ratio on the ethanol content in the mobile phase. 1, TRP; 2, TPA; 3, 5- 
OH-TPA; 4, S-MeO-TPA; 5, MTPA; 6, DMTPA; 7, 5-OH-DMTPA; 8, 5-MeO-DMTPA; 9, 5-OH-N- 
acetyl-TPA. 
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Fig. 2. Chromatogram of a mixture of indoleamines. 1, Methanol; 2, 5-OH-TPA; 3, TRP; 4, SOH-N- 
acetyl-TPA; 5, S-OH-DMTPA; 6, 5-MeO-TPA; 7, MTPA; 8, TPA; 9, DMTPA; 10, 5-MeO-DMTPA. 
Electrochemical detector, + 1 .O V (Ag/AgCl). Partisil ODS; mobile phase, 0.1 M phosphate buffer + 10% 
(v/v) ethanol, pH 3.8; flow-rate, 1.0 ml/min. 

separation and detection, the calibration graphs and the detection limits were mea- 
sured and are given in Table I, from which it can be seen that electrochemical de- 
tection is more sensitive for all the compounds studied and an especially high sen- 
sitivity is obtained for the hydroxy derivatives. 

The method was applied to the determination of these compounds in cere- 
braspinal fluid. The CSF samples available did not contain detectable amounts of 
the studied substances and thus they were “spiked” with them in order to test the 
method. The recovery using the procedure described under Experimental was deter- 
mined by adding known amounts of the standard substances (30 ng of each) to the 
CSF (obtained from hydrocephalic child patients) and analysing the samples by 
HPLC with electrochemical detection, The measurements were carried out in quin- 

TABLE I 

CALIBRATION DATA FOR THE INDOLE DERIVATIVES STUDIED 

For conditions, see text. Six parallel determinations, o! = 0.05. 

Substances 

TRP 
TPA 
S-OH-TPA 
5-MeO-TPA 
MTPA 
DMTPA 
S-OH-DMTPA 
5-MeO-DMTPA 
5-OH-N-acetyl-TPA 
Psilocin 
Psilocybin 

UVphotometric detection Voltammetric detection 

Correlation Detection Relative Correlation Detection Relative 
coeficient limit (ng) standard coeficient limit (ng) standard 

deviation deviation 
IX) (%) 

0.9933 4.0 2.0 0.9980 3.0 2.4 
0.9991 9.0 2.7 0.9928 6.0 2.5 
0.9967 1.7 3.2 0.9986 0.2 3.2 
0.9946 50.0 4.8 0.9996 5.0 2.7 
0.9917 50.0 4.3 0.9972 5.0 3.7 
0.9874 20.0 4.1 0.9897 7.0 3.5 
0.9989 5.5 3.1 0.9994 0.2 3.5 

0.9762 70.0 4.5 0.9823 5.0 3.1 
0.9993 4.4 2.9 0.9995 0.2 2.6 
0.994 I 80.0 3.0 0.9941 2.0 2.9 
0.9996 93.0 2.8 0.9964 12.0 3.5 
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TABLE II 

REPRODUCIBILITY AND RECOVERY IN THE ANALYSlS OF CSF WITH ELECTROCHEMI- 
CAL DETECTION 

Amount of each substance taken, 30 ng. 

Substance Found Relative standard 

(%) deviation (%) 
Recovery 

(%I 

5-OH-TPA 28.4 3.0 94.1 
MTPA 27.4 3.7 91.3 
5-OH-N-acetyl-TPA 26.3 6.3 87.7 
TRP 28.0 5.0 93.3 

tuplicate and the results are given in Table II. It follows that in the procedure em- 
ployed about 10% of the test substances are lost. The relative standard deviation is 
3-6%, which is satisfactory. A chromatogram of a CSF sample, with the addition of 
20 ng of five hallucinogenic indoleamines, is shown in Fig. 3. As can be seen, the 
electrochemical detector is sufficiently sensitive to detect the test substances in these 
amounts, down to the detection limits given in Table I. The W photometric detector 
gave no response under these conditions. 

lJJk/oM ’ 2 6 
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Fig. 3. HPLC analysis of cerebrospinal fluid with electrochemical detection, enriched by the following 
substances (20 ng of each). 1, TRP; 2, 5-OH-DMTPA; 3, 5-MeO-TPA; 4, MTPA; 5, DMTPA; 6, 5- 
MeO-DMTPA. Electrochemical detector, + I.0 V (Ag/AgCl). No response was obtained from the UV 
photometric detector. For other conditions, see Fig. 2. 

The other application concerned the determination of hallucinogenic indole 
amines in mushrooms, where the contents were substantially higher. Under the same 
experimental conditions as described above, standard solutions of psilocin and psilo- 
cybin and samples of the extracts of the mushroom Psilocybe bohemica Sebek were 
analysed, peak heights and areas were evaluated and the contents of these substances 
were determined from both UV photometric and electrochemical detection signals. 
The determination from the peak heights is more precise than that from the peak 
areas and therefore peak-height measurements were subsequently used. The average 
results and the standard deviations obtained from five parallel determinations at a 
significance level of 01 = 0.05 are given in Table III. Chromatograms of the mushroom 
extract, using the two detection techniques, are given in Fig. 4. The detection limits 
are 93 and 12 ng for psilocybin with UV photometric and voltammetric detection, 
respectively, the corresponding values for psilocin being 80 and 2 ng. 
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TABLE III 

DETERMINATION OF PSILOCYBIN AND PSILOCIN IN EXTRACT OF PSZLOCYBE BOHE- 
MICA SEBEK USING UV PHOTOMETRIC AND ELECTROCHEMICAL DETECTION 

Five parallel determinations from the peak heights, u = 0.05. 

Compound UV photometric detection Electrochemical detection 

L f%) Relative standard f (%) Relative standard 
deviation (W) deviation (%) 

Psilocybin 0.58 3.02 0.59 2.35 
Psi&in 0.058 10.10 0.041 1.37 

0 6 IO 15 

t (mid 

Fig. 4. HPLC analysis of the extract of Psilocybe bohemica &bek with UV photometric and electrochem- 
ical detection. Sample, 10 ~1. For experimental conditions, see text. Retention times: 7.25 min for psilo- 
cybin and 11 .O min for psilocin. 

Voltammetric detection seems to be superior to UV detection in determination 
of the hallucinogenic substances studied, in both CSF and mushrooms. Psilocin is 
more readily oxidized than psilocybin, owing to the presence of a hydroxy group in 
the molecule, and its determination with voltammetric detection is much more sen- 
sitive than that with UV photometric detection. With CSF, the UV photometric 
detector gives no signal. The chromatogram of the mushroom extract is simpler when 
voltammetric detection is used, as other components co-extracted from the mush- 
rooms and absorbing in the UV region do not interfere. 
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