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SUMMARY 

Sensitive methods for the determination of deuterated and non-deuterated tryptophan, tryptamine 
and serotonin by combined capillary gas chromatography and negative ion chemical ionization mass 
spectrometry were developed. [ 3,3-‘HZ] -L-Tryptophan, which was used as a tracer, was synthesized 
for studies of their in vivo metabolism. Tryptophan was converted into its trifluoroacetylmethyl 
derivative after prepurification with an AG 5OW-X2 cation-exchange column. Tryptamine and sero- 
tonin were extracted with 20% butanol in diethyl ether and derivatized with trifluoroacetic anhy- 
dride. These derivatives were separated and determined by selected ion monitoring. In these 
determinations, [2’,3,3,4’,5’,6’,7’-xHT] -r&L-tryptophan, [ a,c~,j?,j?-“H~] tryptamine and [ a,~@$- 
xH4] serotonin were used as internal standards. 

INTRODUCTION 

Since the proposal of the biogenic amine hypothesis of affective disorders, many 
investigations have been carried out. These attempts to verify the amine hypoth- 
esis have not given uniform results, suggesting either multifactorial etiologies of 
the disease or complexity in metabolism and transport of biogenic amines in both 
the central nervous and peripheral systems. Therefore, it is important to develop 
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TABLE I 

REPRODUCIBILITY 
DERIVATIZATION 

’ OF THE PEAK-HEIGHT RATIOS AFTER TFA OR TFA-METHYL 
OF MIXTURES OF DEUTERATED AND NON-DEUTERATED 

COMPOUNDS 

Abbreviations: TA = tryptamine; TRP = tryptophan; 5-HTP =5-hydroxytryptophan; 5- 

HT = serotonin. 

SampleNo. [‘H,J/[‘H5] [2fM/[2H,1 

[*H,]TA [‘HJTRP [‘H,] -5-HTP [‘H,] -5-HT [ a,a,j?,~-ZH,] -5HT 

1 2.00 0.76 21.79 50.84 2.79 

2 1.96 0.76 6.39 6.77 2.84 
3 2.00 0.74 21.59 23.55 2.82 
4 2.08 0.76 9.08 47.18 2.75 
5 2.00 0.74 2.83 40.30 2.78 

and for measurement of tryptophan pyrolase activity in viva [ 61. However, they 
do not report on the stability of the labels. 

Table I shows the reproducibility of the peak-height ratios of non-deuterium- 
labelled indolic compounds to their ring-deuterium-labelled ones after TFA or 
TFA-methyl derivatization. The derivatization and the measurement were 
repeated for each mixture containing non-deuterated and deuterated compounds 
in a certain ratio. The mixture of ring-deuterated 5-hydroxytryptophan and sero- 
tonin, which both have a hydroxyl group at the 5’ -position, gave a broad range of 
the ratios, whereas the mixture of tryptamine and tryptophan provided repro- 
ducible values. Similar experiments were carried out for [ a,a,fi,P-2H,] tryptamine 
and [ a,a$,P-‘H4] serotonin. In these cases, reproducible results were obtained 
for both compounds. These results seem to recommend the use of side-chain- 
labelled tryptophan as a tracer for the tracer experiments. Therefore we decided 
to synthesize [ 3,3-*H2] -L-tryptophan as a tracer for the metabolic investigation 
of tryptophan to serotonin and tryptamine in vivo. 

N-Acetyl- [ 3,3-*H2] -D,L-tryptophan was synthesized according to the method 
for N-acetyltryptophan reported by Snyder and Smith [ 31 with some modifica- 
tions. The deuterium was introduced in the gramine preparation step by using 

[ 2H2]paraformaldehyde, and [ 3,3-2H2] -L-tryptophan was obtained by the 
enzymic hydrolysis of N-acetyl- [ 3,3-‘HZ] -D,L-tryptophan. Three multiplets at 
ca. 7.7 ppm, 7.5 ppm and 7.2 ppm, which could be assigned to indole ring protons 

(5H 1, and a singlet at ca. 4.0 ppm, a methine proton (1H) , were found on the lH 
NMR spectrum of [ 3,3-2H2] -L-tryptophan measured in deuterium oxide. lH NMR 

measurements indicated that two deuterium atoms were at the methylene group 
in the side-chain. The percentages of non-, mono- and dideuterated species in 
[ 3,3-2HZ 1 -L-tryptophan preparation were calculated from the relative intensities 
of peaks at m/e 411-416 in a methane CI positive mass spectra measured for L- 
tryptophan and [ 3,3-‘& 1 -L-tryptophan, assuming that the relative peak heights 
ofthe isotopic ions (M+l)+, (M+l-tl)+, (M+1+2)+ and (M+1+3)+ of 
each species are analogous. The isotopic purity of [ 3,3-2H2] -L-tryptophan was 
94.1% (Table 11). 







267 

loo- 

. \ 
p 40- 
l- *\., 

20- 
“...__ 

‘1.. 
-a 

& 
0 M) 120 160 .240 300 366 

Time (min) 

Fig. 4. Time-course of plasma levels of de&rated and non-de&rated tryptophan (TRP) after the 
oral administration of [3,3-‘H,] -L-tryptophan (10 mg/kg) to a healthy subject. O-O, 

[ 2H,] tryptcphan; 0- - -0, non-deuterated tryptophan. 

decreased. Compared with daily changes in these levels, the changes caused by 
the administration of [ 3,3-2H2] -L-tryptophan (10 mg/kg) are not particularly 
large. 

Fig. 5 shows the results of determination of serotonin and [‘H,] serotonin 
excreted into urine after the oral administration of [ 3,3-2H2] -L-tryptophan. The 
results for tryptamine are shown in Fig. 6. It was found that amounts of 
[*Hz] serotonin and [ 2H2] tryptamine comparable with endogenous levels were 
excreted into urine for several hours after administration. However, measurable 
amounts were not found in blood during the same period. Fig. 7 shows mass frag- 
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Fig. 5. Time-course of urinary levels of deuterated and non-deuterated serotonin (5HT) after the oral 
administration of [3,3-2H,]-~-tryptophan (10 mg/kg) to a healthy subject. Dotted areas, 
[‘H,] serotonin; open areas, non-deuterated serotonin. 

Fig. 6. Time-course of urinary levels of deuterated and non-deuterated tryptamine (TA) after the oral 
administration of [3,3-‘H2] -L-tryptophan (10 mg/kg) to a healthy subject. Dotted areas, 
[ ‘HJ tryptamine; open areas, non-deuterated tryptamine. 





maximum excretion of [ 2H,] serotonin or [‘Hz] tryptamine was observed between 
60..min and 90 min after administration, and was identical with that of serotonin 
or tryptamine. The levels of endogenous serotonin and tryptamine (shown as 
dashed lines) were estimated on the assumption that [ 3,3-2H2] -L-tryptophan 
was metabolized in vivo and excreted into urine without biological isotope effects. 
The estimated levels of endogenous serotonin and tryptamine matched 
expectations. 

These data indicate that biological isotope effects might be negligible in the in 
vivo metabolism of [ 3,3-2H2] -L-tryptophan and that the turnover rate of sero- 
tonin or tryptamine in certain organs where they are rapidly synthesized and 
released may reflect the excretion of serotonin and tryptamine. Detailed data 
about these in vivo metabolisms will be discussed in a further paper. 
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