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Abstract-The identification and quantification of three 1,2.3,4-tetrahydro-P-carbolines as normal 
constitutents of rat brain and adrenal gland, using combined gas chromatographicimass spectrometric 
techniques, are reported. Qualitative analyses of these tissues led to the identification of 1,2,3,4- 
tetrahydro-P-carboline (THBC), 2-methyl-THBC (2-MTHBC) and 6-methoxy-THBC (6-MeOTHBC), 
as determined by observed peak retention times, mass fragments, and ion mass ratios. Quantitative 
analyses, using deuterated internal standards, gave the following results: THBC (ngig wet wt) in brain = 
17.5 t 4.86, adrenal = 500.3 ? 163. 6-MeOTHBC (ngig wet wt) in brain = 35.6 t 16.6, adrenal = 
1113.7 2 300. Mechanisms for the formation of these P-carbolines as well as their possible function in 
vivo are discussed. 

The formation of 1,2,3,4-tetrahydro-/3-carbolines 
(THBCs), via the Pictet-Spengler condensation of 
tryptamines with formaldehyde, has been demon- 
strated repeatedly in incubations of various mam- 
malian tissues containing added indolethylamine 
substrate and the methyl donors .5-methyltetra- 
hydrofolate (5-MTHF) or S-adenosylmethionine 
(SAM) [l-13]. Investigators have concluded that the 
formation of these THBCs is an artifact produced 
by the enzymatic liberation of formaldehyde from 
the methyl donors and the subsequent non-enzymatic 
condensation of this formaldehyde with the indole 
substrates [l-3,6. l&15]. The formation of THBCs 
in vivo has thus remained a point of contention. 

In this report we present gas chromato- 
graphic/mass spectrometric (GCIMS) evidence for 
the identification of THBC (I), 2-methyl-THBC (2- 
MTHBC, II) and 6-methoxy-THBC (6-MeOTHBC, 
III, Fig. 1) as in vivo constituents of rat brain and 
adrenal gland. Data concerning the quantification 
of these compounds in these tissues are also reported. 

MATERIALS ANDMETHODS 

Tryptamine (TA) . HCI, 5-methoxy-TA . HCl (5 
MeOTA) and glyoxalic acid were obtained from the 

* Presented in part at the Ninth Annual Society for 
Neuroscience Meeting, Atlanta, GA, 1979. 

t Supported by NIH Grant 5ROl-HD11893. 
$ Author to whom reprint requests should be addressed. 

I R,=R,=H=THBC 

-II R, = CH, R,= H =2- MTHBC 

m R, = H, RF= OCH,= 6- MeOTHBC 

Fig. 1. Structures of the tetrahydro-P-carbolines identified 
in this study. 

Aldrich Chemical Co., Milwaukee, WI, U.S.A. 
Tryptamine-@,a-d,,P,P-d, (DTA) and 5-methoxy- 
tryptamine-a,ar-d2,P$-dz (5-MeODTA) were 
obtained from Merck, Sharp & Dohme Isotopes, 
Montreal, Canada. An authentic sample of N-meth- 
yltryptamine (NMT) was provided by Professors 
Fred Benington and Richard Morin of this labora- 
tory. Samples of 1,2,3,4-tetrahydro-fi-carboline 
(THBC), 1,2-dihydro-3,3,4,4-tetradeutero-fi-carbo- 
line (TDBC), 6-methoxy-THBC (6-MeOTHBC), 6- 
methoxy-TDBC (6-MeOTDBC) and 2-methyl- 
THBC (ZMTHBC) were prepared by the reaction 
of TA, DTA, 5-MeOTA, 5-MeODTA and NMT, 
respectively, with glyoxalic acid, according to the 
method of Ho and Walker [16]. Heptafluorobutyr- 
ylimidazole was a gift from the Pierce Chemical Co., 
Rockford, IL, U.S.A. All other reagents were 
obtained from commercial sources and were of the 
highest available purity. 
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Gus cl~ronluro~ruph~lr,ln.F.\ .sl~t,~‘frarllr~tr~, c!/’ \INII- 
dards. Authentic samples of TA. DTA. 5-MeOTA. 
S-MeODTA, 6-MeOTHBC. h-McOTDBC‘. Tf IB(‘. 
TDBC. NMT and 2-MTHBC were quantitati\el\ 
converted to their corresponding l~cptafluorohutyr~i 
(HFB) derivatives [ 171 for GCiMS anal!,sis. The 
GUMS characteristics of these compounds were 
determined using a liewlett Packard WS.iA G<‘:MS 
equipped with a data analvsis svstcm. Gils chroma- 
tography was conducted ;,n ;I -Supelcc, 1 ft. 2 mm 
internal diameter, glas\ column containintl 2”; SP- 
2250 on lOtI- mesh (‘hronlo~orl,-~~-~ll’. A 
stepped temperature program \\as uscci to obtain 

efficient separation: X0’ initial tempcratu~-e. iso- 
thermal for 3 min. whereupon the temperature was 
raised to 250” at a rate of2O”:min. High purit) helium 
was used as the carrier gas. and :I 11~1\\ ~-ate of 
40 mlimin was maintained throughout the run. 

Electron impact (EI) mass spectra ol the con- 
pounds were recorded by total ion (7‘1) monitoring 
of the effluent. Each compound ws characterized 
with respect to its base peak (normalired to I(!0 per 
cent) and other prominent secondary nwss frag- 
ments. The retention times were rccordcd and the 
chosen diagnostic mass fragments a’crc monitored 
for each compound in the selected ion monitoring 
(SIM) mode. Ion ratios wcrc noted and the per- cent 
cross-talk between the ions chosen for the proteo 
and deutero compounds u’;t\ calculated. liefcrcncc 
standards were examined in the SIM mo~Ic*. rccord- 
ing retention times and ion ratio\. prior to and fol- 
lowing injection of the samples ohtaincct l’rom the 
tissue extracts. 

Prepartrtiorl of’rul hrriitl rriltl cidrcwtrlglrr~itl ~‘.\trtrc’t.c. 
Male SpragueeDawlcy rats ( I20 days old) nt’l-c’ how 
sed singly for 2 I days and were fed and V, atered trtl 
lib. The animals were decapitated. and the bl-ain and 

adrenal glands were rapidly es&ccl. The brain anti 

adrenal glands from individual rats tvcrc immcdiatel~ 
placed in separate. tared glass homogenizing tubes 
that contained IWOng each of D-f.4 and 5- 
MeODTA in 2.5 ml of 13’ i perchloric acid at 4’ 

A- 107737 

The tissues were weighed and then thoroughly hom- 
ogenized with ;I Teflon pestle. The samples uere 
treated turther and extracted as described previously 
[IX]. These samples were used for the qualitative 
analysis of P-carbolines in these tissues and for mon- 
itoring the possible artifactual formation of (i-car- 
holines during the work-up procedure. 

A second set of pooled tissue samples (cisht 
brains. sixteen adrenals) was spiked with increasing 
concentrations of proteo standards for THBC and 
6-MeOTHBC while holding the corresponding deu- 
tero standard concentration constant ( 1000 ng each). 
The samples were then homogenized and treated as 
described previously [IX]. These samples were used 
to determine the linearity of recovery and correlation 
of ion ratios for the respective compounds. 

A third set of tissue samples was spiked with 
1OOOng each of 6-MeOTDBC and TDBC, hom- 
ogenized and treated a\ described [IX]. These 
samples were used to quantify endogenous THBC 
and 6-MeOTHBC by comparing ion mass Iratios 
between the endogenous material and the added 
deutero standards. Due to the una\,ailability of deu- 

teratcd NMT WC were unable to quantify S-MTHBC 
by this method. 

(;(‘IM.Sof.ctrrrlt/nrtb. The retention times and mass 
spectra of I!-MTf IBC‘. T11BC and TDBC. and 6- 
MeOTHBC and h-MeOTDBC‘ arc shown in Figs. 
9 7 -3 . and 3 respectively. The ions 177:~ 133. I, 14-t. 1 1 
1X6.7 and 115.1 wcrc chosen to monitor for the 
presence of endogenous 2-MTHBC‘. The ions /n/c 
143. I. 368.1. 1%. 1 and 115. I were used to monitor 
for THBC. The ions r?l/r 145. I and 160. I were chosen 
for TDBC. there being less than 0. I per cent cross- 
talk between these ions, and the ions 117/e l-13.1 and 
156.1 for THBC. The ions selected for 6-MeOTHBC 
were 177/e 17.7. I 1 39H.0. 158. I and 185. I. The ions rnie 
175. I and 160. I were selected for monitoring 6- 
MeOTDBC. 

80. 

60. 

40 

2 -MTHBC 
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Qualitative analysis of rat brain and adrenal gland 
extracts. Qualitative analysis of rat brain and adrenal 
extracts led to the identification of 2-MTHBC, 
THBC, and 6-MeOTHBC as normal constituents of 
these tissues (Fig. 5). The peaks observed had the 
same retention times, mass fragments and ion mass 
ratios as those observed for the standards (Table 1). 
Added DTA and 5-MeODTA served as internal 
controls for the possible artifactual formation of 
THBC and 6-MeOTHBC from the in vitro conden- 
sation of endogenous TA and 5-MeOTA with 
endogenous formaldehyde. If such a reaction were 
to occur, TDBC and 6-MeOTDBC formation would 
also have been observed. In agreement with our 
preliminary results [18], the addition of DTA or 6- 
MeODTA did not lead to the formation of TDBC 
or 6-MeOTDBC, indicating that the THBC and 6- 
MeOTHBC peaks observed in these studies did not 
arise from the condensation of endogenous TA or 
5-MeOTA with HCHO as an artifact of the 
procedure. 

The recoveries of THBC and 6-MeOTHBC from 
brain or adrenal tissues were observed to be linear 
with increasing concentration (Fig. 6). The point of 
intercept on the ordinate of Fig. 6 represents the 
ratio of endogenous THBC and 6-MeOTHBC to the 
added deutero standards in the pooled tissue samples 
(see Materials and Methods). 

Quantification of THBC and 6-MeOTHBC in rat 
brain and adrenal gland extracts. A representative 
chromatogram for the quantification of THBC and 
6-MeOTHBC is presented in Fig. 7. The results of 
the analyses of individual rat brain and adrenal gland 
samples are presented in Table 2. The ratio of the 
ions m/e 1561160 was used to quantify THBC, while 
the ions mle 1731175 were used to quantify 6- 
MeOTHBC. These ions were chosen because of the 

excellent correlation of ion ratios for the respective 
compounds (Fig. 6). 

Localization of 6-MeOTHBC and THBC in rat 
brain. Qualitative GCiMS evidence for the identi- 
fication of 2-MTHBC and THBC as normal constitu- 
ents of rat brain was previously reported by this 
laboratory [19]. The identification of THBC in rat 
brain was subsequently confirmed [ l&20]. Honecker 
and Rommelspacher [20] have estimated the con- 
centration of THBC in rat forebrain as being 
47.3 rig/g.. This value was obtained by labeling the 
extracted THBC with [‘HIacetic anhydride, followed 
by t.1.c. isolation and scintillation counting. Using 
a semi-quantitative GCiMS technique, Barker et al. 
[18] estimated the level of THBC to be 2.0 ngig of 
rat whole brain. Shoemaker et al. [21] have presented 
evidence suggesting the identification of 6- 
MeOTHBC and 1-methyl-p-carboline as naturally 
occurring substances in the rat arcuate nucleus, using 
a He-Cd ultraviolet laser microfluorimeter and t.1.c. 
techniques. Honecker and Rommelspacher [20] have 
reported, however, that 6-MeOTHBC was appar- 
ently not a constituent of rat forebrain. 

The difference in the quantity of THBC reported 
in this study (17.5 ngig) for rat whole brain and that 
reported for THBC in rat forebrain (47.3 ngig) [20] 
may indicate that THBC is more concentrated or 
localized in forebrain tissues. This appears to be the 
case for the apparent precursor for THBC, TA, with 
highest levels being located mainly in the caudate 
nucleus [22]. Similarly, with the identification of 6- 
MeOTHBC in the rat arcuate nucleus and its appar- 
ent absence in rat forebrain tissues, 6-MeOTHBC 
may be more localized in mid- and hindbrain struc- 
tures. Indeed, Prozialeck et al. [23] have observed 
5-MeOTA, the apparent precursor for 6- 
MeOTHBC, to be located mainly in mid- and hind- 

Table 1. Qualitative analyses of rat brain and adrenal glands for 2-MTHBC, THBC, and 6-MeOTHBC 

Sample 

2-MTHBC 143.1 

Ions (m/e) and ion ratios (‘%) 

186.21143.1 115.1/143.1 

Retention time 
(min) 

144.11143.1 

Standards 100 21 -c 8 9k9 14 ir 4 6.2 
Adrenal 1 100 18.8 19.1 16.5 6.2 

2 100 30.8 20.9 16.0 6.2 
Brain 1 100 25.3 18.3 15.4 6.2 

2 100 20.1 14.1 14.4 6.2 

THBC 143.1 368.U143.1 156.11143.1 115.11143.1 

Standards 100 84 I? 5 41 -’ 5 19 k 3 7.6 
Adrenal 1 100 83.1 30.8 1X.6 7.6 

2 100 90.1 43.1 17.6 7.6 
Brain 1 100 86.3 39.2 19.1 7.6 

2 100 89.1 41.0 18.5 7.6 

6-MeOTHBC 173.1 158.11173.1 398.01173.1 185.1!173.1 

Standards 100 71 t 4 100 f 6 35 2 3 8.8 
Adrenal 1 100 69.0 106.0 31.2 8.8 

2 100 67.9 101.1 33.5 8.8 
Brain 1 100 69.8 100.0 32.1 8.8 

2 100 71.0 98.8 34.7 8.8 
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Fig. 6. Recovery curves for THBC (top panel) and 6 
MeOTHBC (bottom panel) from pooled samples of rat 
brain and adrenal glands. The data were obtained bl 
increasing the concentration of THBC and 6-MeOTHBC‘ 
while holding the concentrations of TDBC and 6.. 
MeOTDBC constant and measuring the ion (m/e) ratios 

for each compound respectively. 

brain structures and to the greatest extent in the 
pineal. Further research on the localization of 1% 
carbolines in discrete brain areas may provide 
additional support for these observations and ma) 
lead us to an understanding of their role irk vice. 

Idenrification of 6-MeOTHBC and THBC in rat 
adrenal glands. The identification of 2-MTHBC. 6- 
MeOTHBC, and THBC in rat adrenal glands is a 
most interesting observation. Similar to the findings 
in brain tissues, 6-MeOTHBC appears to be present 
in the adrenal glands at approximately twice the 
concentration of THBC (Table 2). [Concen- 
tration/adrenal gland (0.066 g average weight) = 
16.5 ng for THBC and 36.8 ng for h-MeOTHBC. 1 
While the precursors for the formation of THBC 
and 6-MeOTHBC have been identified in the 
adrenals of the rat. they are present at much lower 
levels (TA = 11.4 ? 2.5 ngig [22]; 5-MeOTA = < 
3.0ng/g [23]). Thus. the possibility still exists that 

these fi-carbolines may be sequestered in the 
adrenals following their formation in other areas of 
the body. 

Possible mecluni.vns for the formation of b-car- 
bolines in vivo. The apparent precursors for the 
formation of the I3-carbolines identified in this study, 
TA 1221, NMT 1241. and 5-MeOTA [23]. have all 
been identified as normal products of mammalian 
metabolism. Thus, THBC, 2-MTHBC. and 6- 
MeOTHBC may be formed non-enzymatically from 
the condensation of these indoleamines with for- 
maldehyde. Honecker and Rommelspacher [20] 
have observed a 2(J-fold increase in THBC level in 
rat forebrain tissues following an intraperitoneal 
injection of TA (150 me/kg). This dramatic increase 
in THBC may be due to increased condensation 
reactions of TA with formaldehyde, but an as yet 
unidentified enzymatic process for the formation of 
fi-carbolines should not be ruled out. We have 
recently shown that 2-MTHBC and THBC are 
formed during the metabolism of N.N-dimethyltryp- 
tamine (DMT) or DMT-N-oxide. a major metabolite 
of DMT. in rat whole brain homogenates (251. 
Although the addition of a formaldehyde trapping 
reagent to these incubations attenuated the forma- 
tion of 2-MTIIBC and THBC from DMT. it did not 
eliminate their production. This finding suggests that 
the formation of [LI-carbolines may occur by mech- 
anisms other than those requiring the availability of 
formaldehyde in the free state. Mechanistically, 
intermediates in the formation of @arbolines from 
an indoleamine and formaldehyde and those pro- 
posed in the demethylation of secondary and tertiary 
amines, via either direct C-hydroxylation or N-oxide 
rearrangement, are identical (Fig. 8). Thus, fi-car- 
bolines may also be formed in virlo from the enzy- 
matic demethylation of secondary or tertiary indo- 
leamines such as NMT [24], DMT [26]. 5-methoxy- 
DMT 127,281 or S-hydroxy-DMT (bufotenin) [29- 
311. Furthermore, the secondary amine /3-carbolines. 
such as THBC. may also be formed by the demethyl- 
ation of the tertiary amine /%carbolines. such as 2- 
MTHBC, or the secondary amine P-carbolines may 
be methylated to form the tertiary amine [j-carbo- 
lines. The P-carbolines may also be derived from the 
formation of 3-carboxy-THBC, produced from the 
reaction of tryptophan with formaldehyde, Theor- 
etically this compound could be decarboxylated, N- 
methylated, 6-hydroxylated and/or 0-methylated to 
give rise to the /%carbolines identified in this study. 
Honecker and Rommelspacher. however. observed 
that a tryptophan load (150 mgikg. i.p.) produced 
only a 2-fold increase in THBC in rat forebrain [20]. 
The fact that the same dosage of TA produced a 20- 
fold increase in THBC may indicate that the indo- 
leamine provides a more direct and favorable route 
for the formation of the /i-carbolines than the route 
involving the amino acid tryptophan. 

Possible roles of THBC and h-MeOTHBC in rut 
bruin and adrenalgland. The presence of 2-MTHBC. 
THBC, and 6-MeOTHBC in rat brain and adrenal 
glands implies an as yet unidentified biochemical 
role for this family of compounds in these and per- 
haps other organs. THBC and 6-MeOTHBC have 
been shown to be potent inhibitors of 5-hydroxy- 
tryptamine (S-HT) neuronal uptake and to elevate 
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Fig. 7. Representative chromatograms showing the results of the quantitative analysts of rat brain and 
adrenal gland samples for (A) THBC and (B) 6-MeOTHBC using deuterated internal \t;mdards and 

selected ion monitoring (SIM) techniques. (Brain sample shown ) 

plasma and brain levels of .5-HT [32-391. These com- 
pounds are also inhibitors of monoamine oxidase 
(MAO) [33,40]. Recent work has also shown that 
THBC has an exceedingly potent effect on alcohol 
consumption in the rat [41]. 

In 1961 McIsaac [42] described a factor in pineal 
tissue that was believed to be l-methyl-6- 
MeOTHBC. Submicrogram quantities of this com- 
pound were shown to produce a maximal secretion 

of aldosterone without affecting levels of cortisol. 
Similarly, Meyer and Buckholtz [U] have observed 
that 6-MeOTHBC causes an increase in corticoster- 
one secretion in mice, indicative of enhanced pitui- 
tary-adrenal axis activity. Thus, 1%carbolines may 
be involved in stress modulation. Their apparent 
storage in adrenal glands may provide a mechanism 
for their release during stressful situations to exert 
hormone-like effects. Localization of the j%carbo- 

Table 2. Quantitative analyses of rat brain and adrenal glands for THBC and 6-MeOTHBC 

Ion ratio (m/e) 

Sample 

Brain 
1 
2 
3 
4 
5 
6 
7 

Adrenal 
1 
2 
3 
4 
5 
6 
7 

Tissue 

wt (g) 

2.103 
2.208 
2.183 
2.150 
2.247 
2.084 
2.236 

0.088 
0.071 
0.045 
0.058 
0.075 
0.082 
0.044 

THBCiTDBC 
(156/16(I) 

0.147 
0.294 
0.175 

0.310 
0.232 

0.160 
0.180 
0.214 
0.153 
0.196 
0.230 
0.171 

6-MeOTHBC! 
6-MeOTDBC 

(1731175) 

0.0893 
0.1152 
0.2057 
0.2463 

0. 1039 
O.OY37 

Mean 2 S.D. 

0. IYh 

0. 151 
0. I14 
0.114 

0. 130 
Mean 2 s.11. 

t I .h 
3, 7 
__.- 

13.3 

24.0 
16.4 

17.S -t 1.X6 

302.7 
422.5 

7Yl.I 
14l.S 
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DIRECT C-HYDROXYLATtDN CYCLIZATION 

( PICTET-SPENGLER) 

TERTIARY AMINE N-OXIDE 

REARRANGEMENT 

Fig. 8. Mechanisms for the demethylation of tertiary amines and tertiary amine N-oxides illustrating 
the intermediates that are identical with those proposed in the Pictet-Spengler reaction. 

lines in either the adrenal medulla or cortex may 
provide further insight into their possible role in 
stress. 

In conclusion, the endogenous P-carbolines, given 
their known pharmacological effects, may be a new 
class of hormonal or neuromodulatory compounds. 
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