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SUMMARY
Based on gas chromatographic/mass spectrometric data, obtained using
the method of selected ion monitoring, the compound 1,2,3,4-tetrahydro-g-

carboline has been tentatively identified as an in vivo constituent of rat
brain.

The formation of 1,2,3,4-tetrahydro-g-carbolines (aka., tryptolines)
under biomimetic conditions via the condensation of tryptamines with for-
maldehyde (HCHO) was reported as early as 1934 (1). The in vitro formation
of 2-methyil-1,2,3,4-tetrahydro-g-carboline (2-MTHBC, V, Fig. 1) and 1,2,3,4-
tetrahydro-g-carboline (THBC, VI, Fig. 1) from N-methyltryptamine (NMT, I,
Fig. 1) and tryptamine (TA, II, Fig. 1), respectively, has now been repeat-
edly demonstrated in incubations of various mammalian tissues containing
the added methyl donors 5-methyltetrahydrofolate (5-MTHF) and S-adenosyl-
methionine (SAM) (2-13). Investigators have concluded that the formation
of the tetrahydro-g-carbolines in such studies is, however, an artifact pro-
duced by the enzymatic oxidation of the methyl donor to HCHO (2,3,6,10-15).
The HCHO then presumably condenses non-enzymatically with the indole sub-
strates via a Pictet-Spengler reaction (16) (Fig. 1) to form the g-carbo-

lines. The formation of THBC in vivo from endogenous TA (17-21) and meta-

bolically formed HCHO via either enzymatic or non-enzymatic mechanisms has
thus remained a point in question.
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Fig. 1. Mechanism for the Pictet~Spengler reaction in the formation of tetra-—
hydro-8-carbolines from tryptamines and formaldehyde.

In this report we present gas chromatographic/mass spectrometric (GC/MS)
evidence for the identification of 1,2,3,4-tetrahydro-g-carboline (THBC, VI,

Fig. 1) as an in vivo constituent of rat brain.

MATERIALS AND METHODS

Tryptamine (TA)-HC1 and glyoxylic acid were purchased from Aldrich
Chemical Co., Milwaukee, Wisc. Tryptamine-a,a-dp,8,8-dp (DTA)-HC1 (98
atom % Dp) was purchased from Merck Sharpe and Dohme Isotopes, Montreal,
Canada. Reference standards for 1,2,3,4-tetrahydro-g-carboline (THBC)
and 1,2-dihydro-3,3,4,4-tetradeutero-g-carboline (TDBC) were prepared by
the method of Ho and Walker and purified by repeated recrystallizations
from ethanol: M.P. -204-2059C (21). Heptafluorobutyrylimidazole (HFBI)
was a gift from Pierce Chemical Co., Rockford, I11.

GC/MS of Standards: Authentic samples of TA, DTA, THBC and TDBC were
quantitatively converted to their corresponding heptafluorobutyryl (HFB)
derivatives (22) for GC/MS analysis. The GC/MS characteristics of these
compounds were determined using a Hewlett Packard 5985 GC/MS equipped with

a data analysis system. The GC was conducted on a Supelco 4', 2 mm inter-
nal diameter, glass column containing 2% SP-2250 on 100-120 mesh Chromosorb-
W-HP. A stepped temperature program was used to obtain efficient separa-
tion: 150°C initial T, isothermal for 2 minutes, rising 109C/minute to 1900C
whereupon the rate of T rise increased to 309C/minute to 2500C. High

purity helium was used as the carrier gas and a flow rate of 40 ml/minute
was maintained throughout the run. Electron impact (EI) mass spectra of the
compounds studied were recorded by total ion (TI) monitoring of the effluent
(Fig. 2) and were characterized with respect to their base peaks (normalized
to 100%) and other prominent secondary mass fragments.

The retention times were recorded and the chosen mass fragments were
monitored in the selected jon monitoring (SIM) mode to determine ion ratios.
The mass spectrometer was tuned daily, using the m/e peaks 69.0, 219.0 and
502.0 amu of the calibration standard perfluorotributyl amine for the EI-TI
studies. For the SIM studies the instrument was detuned for the 69.0 peak
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to maximize the sensitivity at the lower mass ranges. Reference standards
were examined in the SIM mode, recording retention times and ion ratios,
prior to and following injection of the rodent brain extract samples.

Preparation of Rodent Whole Brain Extract: Individual male Sprague-Dawley
rats were killed by decapitation and the whole brain was rapidly (~ 30 sec-
onds) excised. The brain was immediately placed in a tared glass homoge-
nizing tube which contained 1000 ng of DTA in 2.5 ml of 14% perchloric acid
at 40C. The brain was weighed and then thoroughly homogenized with a teflon
pestle. The volume of the sample was brought to 5.0 ml by the addition of
glass distilled water and then vigorously agitated to insure good mixing.
The sample was centrifuged at 1000 x g for 20 minutes at 4°C ?Sorva]] RC2-B).
The supernatant was saved and the pellet was further washed with 3.0 ml of 7%
perchloric acid. This was recentrifuged and the supernatants were combined.
The final volume was brought to 8.0 m1 by the addition of glass distilled
water. Salt (0.25 g NaCl) was added and the samples were vigorously shaken
for 15 minutes with 2.0 ml of 15% isooctane in hexane to remove lipids.

The organic layer was removed with a pasteur pipette and the aqueous phase
was saturated with NaCl. The samples were placed in an ice bath and the pH
was adjusted to 12 by the slow addition of 45% KOH. The resulting precipi-
tate was removed by centrifugation (International Clinical Centrifuge) and
the supernatant was extracted twice with 6 ml each of methylene chloride
(CHoC12). The CHoClp extract was dried with 3.0 g of NapSO4 and evaporated
in three portions in a conical flask (15 m1). The resulting residue was
dérivatized by the addition of 20 ul of HFBI and heating for 1 hour at 85°C
(22). After cooling to room temperature the reaction was taken up in 1.0 ml
of CHpCly and washed four times with water (1.0 ml/wash). The CH2C1z layer
was dried with NapSOq and a 1.5 ul aliquot of the sample was used for GC/MS
analysis. The overall extraction efficiency for TA was > 90% while that for
THBC was > 80% as determined by GC/MS analyses of control samples containing
known amounts of each compound.

RESULTS AND DISCUSSION

The masses 129.1 and 131.1 amu were monitored for endogenous tryptamine
(TA) and added deutero-tryptamine (DTA), respectively (Fig. 2, 3). The DTA
was in excess of endogenous TA (see Fig. 3 for a representative graph) and
thus served as an internal control for the possible artifactual formation of
THBC from in vitro condensation of TA with HCHO. If such a reaction were to
occur TDBC formation would also be observed. This possibility precluded the
addition of TDBC to the samples as an internal standard.

Thus, three ions were monitored for the identification of THBC as an in
vivo constituent of rat brain; 143.1, the base peak, 115.1, a secondary ion,

and 368.2 amu, the molecular ion of the HFB-THBC derivative (Fig. 2). A fourth

Fig. 2. Gas chromatographic/mass spectrometric data for the heptafluorobutyryl
derivatives of the tryptamine (TA), tetradeutero-tryptamine (DTA),
1,2,3,4-tetrahydro~-B-carboline (THBC) and 1,2, dihydro-3,3,4,4-tetra-
deutero~B-carboline (TDBC) standards, respectively.
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Fig. 3. Representative graph of GC/MS analyses for added DTA and endogenous
TA in rat whole brain extract.

jon was monitored at 145.1 amu for the base peak of HFB-TDBC, there being < 1.0%
contribution to this peak by the HFB-THBC (Table 1).

The results of the GC/MS analyses of six rodent brain extracts are pre-
sented in Table 1 and are compared to the retention time and jon ratios ob-
tained for the THBC reference standard. A representative GC/MS graph is shown
in Figure 4. Following these analyses, a spike (100 pg/ul) of HFB-TDBC was

added to the samples. The mass fragments 145.1, 160.1 and 372.1 amu were then
monitored for the added HFB-TDBC (Fig. 2) and the 143.1 jon was monitored

for the endogenous THBC (Table 1 and Fig. 5). This provided a confirmation
of retention times and served as a semiquantitative measure of endogenous
THBC concentration.

The fact that the ijon-current profiles of the three selected jons for
THBC showed the same intensity ratio as those seen in the reference standard
and that the retention times of the sample, the reference and the TDBC spike
were in agreement provides good evidence for the presence of THBC in vivo (23).
The low concentration (avg. = 11.8 pmoles/g wet wt. tissue} of the THBC pre-
cluded obtaining a complete mass spectrum of the peak. The addition of DTA
during the homogenization step did not lead to the formation of TDBC indi-
cating that the THBC peak observed in these studies did not arise from the

condensation of endogenous TA and HCHO as an artifact of the procedure.
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Fig. 4. Representative graph of GC/MS analyses for endogenous THBC and the
possible artifactual formation of TDBC, monitored as internal control.

Fig. 5. Representative graph of GC/MS analyses of samples spiked with 100
pg/ul of TDBC-HFB as an external standard.

Although the tetrahydro-8-carbolines may be formed from simple chemical
condensation in vivo, an enzymatic process involving an aldehyde and an indol-
amine remains a viable alternative. Furthermore, any metabolic process that
would produce the carbinolamine (III, Fig. 1) and subsequently the iminium ion
(IV, Fig. 1) intermediates proposed in the Pictet-Spengler reaction (16, Fig.1),
possibly arising from indolalkylamine metabolism, could lead to B-carboline
formation.

The formation of B-carbolines in vivo has been postulated by several in-

vestigators (2-15, 24-26). The results of this study demonstrate the in vivo

presence of 1,2,3,4-tetrahydro-g-carboline (THBC) in rat brain and lend a
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degree of validity to the idea that THBC may have a role in the neuroregula-
tory processes of mammalian brain (24, 27). For example, THBC has been re-

ported to be both a potent MAO {28, 23) and serotonin reuptake inhibitor {30,

31). Its function in vivo may thus be to regulate MAQ activity and biogenic

amine levels in mammalian brain. These possibilities and others are currently

under investigation.

REFERENCES

1. Hahn, G. and Ludewig, H. (1934) Mitteil. Chem. Gesell., B 67,
2031-2035.
Rosengarten, H. and Friedhoff, A.J. (1976) Schizo. Bull. 2, 90-105.
Stebbins, R.D., Meller, E., Rosengarten, H., Friedhoff, A. and Silber,
R. (1976) Arch. Biochim, Biophys. 173, 673-679.
4, Barchas, J.D., Elliott, G.R., DoAmaral, J., Erdelyi, E., 0'Conner, S.,
Bowden, M., Brodie, H.K.H., Berger, P.A., Renson, J. and Wyatt, R.dJ.
(1974) Arch. Gen. Psychiat., 31, 862-867.
5. Wyatt, R.J., Erdelyi, J.E., DoAmaral, J.R., Elliott, G.R., Renson, J.
and Barchas, J.D. (1975) Science 187, 853-855.
6. Rommelspacher, H., Coper, H. and Strauss, S. (1976) Life Sci. 18,
81-88.
Hsu, L.L. (1976} Life Sci. 19, 493-496.
Hsu, L.L. and Mandel, L.R. (1975) J. Neurochem. 24, 631-636.
Mandel, L.R., Rosegay, A., Walker, R.W. and VandenHeuvel, W.J.A.
{1974) Science 186, 741-743.
10. Pearson, A.G.M. and Turner, A.J. (1975) Nature 258, 173-174.
11. Taylor, R.T. and Hanna, M.L. (1975) Life Sci. 17, 111-120.
12. Burton, E.G. and Sallach, H.J. {1975) Arch. Biochem. Biophys. 166,
483-494,

13. Laduron, P. and Leyson, J. (1975) Biochem. Pharmacol. 24, 929-932.

14. Meller, E., Rosengarten, H. and Friedhoff, A.J. (1974) Life Sci. 14,
2167-2178.

15. Rosengarten, H., Meller, E. and Friedhoff, A.J. (1976) J. Psychiat.
Res. 13, 23-30.

16. Whaley, M.W. and Govindachari, T.R. (1951) Org. React. 6, 151-190.

17. Saavedra, J.M. and Axelrod, J. (1972) Science 172, 1365-1366.

18. Saavedra, J.M. and Axelrod, J. (1973) J. Pharmac. Exp. Ther. 185,

523-529.

19. Boulton, A.A. and Majer, J.R. (1970) J. Chromat. 48, 322-327.

20. Snodgrass, S.R. and Horn, A.S. (1973) J. Neurochem. 21, 687-696.

21. Ho, B.T. and Walker, K.E. (1964) Org. Syn. 51, 136-138.

22. Benington, F., Christian, S.T. and Morin, R.D. (1975) J. Chromat.

106, 435-439.
23. Lehmann, W.D. and Schulten, H.R. {1978) Angew. Chem. {Int. Ed.)
17, 221-238.

24. Elliott, G.R. and Holman, R.B. (1977) Neuroregulators and Psy-

chiatric Disorders, pp. 220-226, Oxford University Press, New York.

25. Mclsaac, W.M. (1961) Biochim. Biophys. Acta 52, 607-609.

26. Dajani, R.M. and Saheb, S.E. (1973) Ann. N.Y. Acad. Sci. 215, 120-

123.
27. Barker, S.A. (1978) Uni. Ala. B'ham., Ph.D. Diss.

w N

O o~

153



Vol. 87, No. 1, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

28. Ho, B.T., McIsaac, W.M., Walker, K.E. and Estevez, V. (1968) J. Pharm.
Sci. 57, 269-274.

29. Buckholtz, N.S. and Boggan, W.0. (1977) Biochem. Pharmacol. 26, 1991-
1996.

30. Buckholtz, N.S. and Boggan, W.0. (1977) Life Sci. 20, 2093-2100.

31. Rommelspacher, H., Strauss, W.M. and Rehse, K. (1978) J. Neurochem.
30, 1573-1578.

154



