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It is suggested that certain natural serotonin metabolites [1], as well as their cyclic
analogs, representing compounds of the group of B~carbolines, may play a substantial role in
processes of formation and manifestation of alcohol dependence, since they intervene in the
regulation of alcohol consumption [2, 3], being products of in vivo cyclization of serotonin
and its metabolites with acetaldehyde — a metabolite of ethanol [4]. The incorporation of
these compounds into the mechanism of formation of alcohol dependence may be determined by
their ability to intervene in certain neurochemical processes [4], in particular, the sero-
toninergic processes. Moreover, the high affinity for the benzodiazepine receptor [5]
suggests possible intervention of the compounds under consideration in the emotional pro-
cesses associated with the attraction to alcohol.

In connection with the aforementioned, the aim of this work was to synthesize model
compounds (analogs of natural serotonin metabolites), cyclization products of serotonin and
mexamine with acetaldehyde, as well as related compounds (Ia~l, IIa-d, IIIa-d), and to study
their influence on the voluntary consumption of alcohol in an experiment on animals to es-
tablish the possible dependence of their pharmacological activity on their chemical structure.

The syntheses were performed according to the schemes
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EXPERIMENTAL PHARMACOLOGY

The experiments were conducted on 160 noninbred mice (males), weighing 26-36 g, under
conditions of free selection between a 10% solution of ethanol and water for 1-6 months.
The animals were kept individually in cages with dimensions 4 x 14 x 5 cm with two graduated
water dispensers, filled round-the-clock with alcohol and water. Mice whose daily alcochol
consumption was 5-11 g/kg, converted to pure ethanol, were selected for the experiments.

The daily consumption of alcohol and water five days before the beginning of administration
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TABLE 1. Influence of Some Metabolites of Serotonin,
B-Carbolines, and Their Analogs on Voluntary Consumption
of a 10% Ethanol Solution by Mice
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Note, Here and in Table 2, the indices in the control are cited in parentheses; s statistically significant

difference at P < 0,05 (relative to the background level) is marked by an asterisk, .
of the substances studied (background), after five days of their administration, and five
days before the end of the administration (deprivation) of the substances studied, was deter-
mined. Each experimental group of animals had its corresponding control group of mice with
the same periods of contact with alcohol, which received intraperitoneal injections of dis-
tilled water in volumes equal to the volumes of the solutions of the substances studied to
be introduced. The substances were introduced twice a day for a period of five days (at 1000
and 1600 h) intraperitoneally in doses of 1/10 LDso. Experiments conducted on 36 noninbred
rats (males) differed from the experiments on mice in the period of voluntary consumption '
of alcohol (more than eight months), its concentration (15% ethanol solution), duration of
the background period and deprivation period (one week each), and duration of administration
of the substances (for two weeks). LDso of the synthesized compounds was determined by the
method of Lichfield and Wilcoxon [7]. Statistical treatment of the data on the consumption
of liquids was performed by the Meddis method [7].

The results of our experiments showed (Table 1) that under the influence of compounds
belonging to the group of 1,2,3,4~tetrahydrocarbolines, the level of voluntary consumption
of alcohol is lowered. The greatest activity in this respect was exhibited by model compounds
— cyclic derivatives of serotonin (compound Ih) and mexamine (compound Ib). The indicated
compounds reduce the alcohol consumption by more than 50% when they are administered and by
more than 907 after their deprivation in comparison with the control; they reduce water con-
sumption simultaneously with this.

Homologs of Ih (Ii, Ij, Tk, and IZ) inhibit alcohol consumption less than compound Ih.
Moreover, their activity disappears when the aliphatic chain is lengthened by only one car-
bon atom and increases in the presence of three to four carbon atoms in the indicated posi-
tion. A further lengthening of the chain (I7) again leads to a substantial weakening of the
effect against a background of administration of the substance; however, in this case an
aftereffect begins to appear: a decrease in alcohol consumption after the introduction of
the substance. It should be noted that the strength of the inhibiting action on alcohol con-
sumption among the compounds under consideration is not associated with the degree of their
toxicity: The more active substances (Ij, Ik) have lower toxicity than the less active
substances (17, Ii).

Homologs of compound Ib also proved less active with respect to inhibition of the volun-
tary consumption of alcohol than compound Ib. 1In this series there is no activity both for
the lower homolog Ia and when the aliphatic chain is lengthened to 2, 3, and 4 carbon atoms;
activity begins to appear in the presence of an aliphatic chain with six carbon atoms. Com-—
pound Ie, possessing an isopropyl group in the l-position, proved active. On the whole,
analogs Ib are less toxic than analogs Th..

Melatonin (IIc) exhibits an ability to increase the average daily ethanol consumption
against a background of its use (in comparison with the control). After its administration,
a certain increase in the water consumption is noted. Lengthening the aliphatic chain of
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melatonin by one carbon atom (IId) eliminates the indicated ability. The analog of IIc with-
out a methoxy group in the S~position and with an acyl radical lengthened by one carbon atom
(IIb) induces an increase in the ethanol consumption after the administration of this sub=-
stance 1s stopped. .

With respect to influence on water consumption, among the analogs of Ib and Ih, rela-
tively low activity was exhibited by compound Ij, which increased the water consumption when
it was administered. The nature of the changes in the water consumption under the influence
of the remaining analogs considered proved statistically insignificant.

Taking into account the fact that among the investigated compounds substances Ib and Ih
decrease the alcohol consumption by mice to the greatest degree, we studied their influence
on the alcohol motivation in rats that had voluntarily consumed a 15% ethanol solution for
more than eight months, i.e., at the periods when there may be an established dependence on
ethanol under these conditions [8]. The results of our experiments showed (Table 2) that the
nature of the changes in alcohol consumption among rats under the indicated conditions de-
pends on the initial level of alcohol motivation. 1In rats that had initially consumed rela-
tively large amounts of ethanol (from 7.5 to 11.8 g/kg per day — "heavy drinking" animals),
both compounds decreased the alcohol consumption both while they are being administered and
after deprivation. Among rats that had been consuming relatively small amounts of ethanol
(from 3 to 4.3 g/kg per day — "light-drinking" animals), under the influence of Ib the al-
cohol consumption increases while it is being administered, especially in the first week of
administration. Under the influence of Th, the alcohol consumption decreases negligibly
during this period. After cessation of the administration of both compounds under considera-
tion, the alcohol consumption increases among the "light-drinking" animals.

Thus, investigations conducted on mice provide evidence that the greatest suppressing
effect on alcohol consumption is given by cyclic derivatives of serotonin and mexamine. All
the' compounds with a modified structure studied proved less active. Melatonin increases the
alcohol consumption while it is being administered; after deprivation of melatonin there is
a weakening of the alcohol motivation. Among compounds differing from melatonin by the ab-
sence of the methoxy group and the presence of a longer aliphatic chain, an aftereffect is
detected: an increase in alcohol consumption after the substance has ceased to be adminis-
tered. A compound differing from the latter by the presence of a methoxy group causes a
decrease in alcohol consumption while this substance is being administered and after its
administration has ceased. An analogous effect is given by a cyclic analog of melatonin —
1-methyl-6-methoxy-3,4~dihydro-B~carboline (IIIc).

The data obtained in experiments on rats show that cyclic derivatives of serotonin (Th)
and mexamine (Ib) intervene in the regulation of the voluntary consumption of aleohol; in
this case their effect depends on the initial level of alcohol motivation under conditions of
a physical dependence on ethanol.

EXPERIMENTAL CHEMISTRY

1-Methyl~6-methoxy~1,2,3,4-tetrahydro~f—carboline Hydrochloride (Ib)., To a solution of
53.3 g (0.235 mole) mexamine hydrochloride in 1.8 liters of acetate buffer (pH 4.7), 14.3 g

TABLE 3. Properties of Compeounds I-III

Com |Yietd] mp, ) Found, % Gross Calculated, %
o
ia | 87 |262—3 11,63 | 14,97 | CosHuCIN,O 11,78 15,27
1t | 48 |246—7 9,451 12.05 | CLHMCINSO 9.5 |12,03
g | 21 |246—7 8,69 ] 10,92 | CrsHuGINIO 8,67(10,98
i | 19 |233—4 10763 [ 14,50 | CoAHLCINg 11,068 | 14,03
ik | 38 |i98—9 | .11 ] 974 | 12,80 CouHaCINGO T -10 | .00} 9.98]12.653
11 65 1856 e ces 8,94{ 11,54 ] CysHas o N ‘e 9,07{11,48
n | 87 | 83—4 |72 02]7.68113506] ... §CiaHaMO |72,i917, 46 12,95] ...
”3 78 90 ~—1 68.21|7,5 11,62 vas CytHi1sNsO 68,26{7,36111,37 P
102 | 61 [2478 | svs §oowe | svn 115,08 CoaHaaCINGO | vy | a4 0% 16,07
Hib | 88 |2a5—¢ 166.32]6,96]11.,85]156.5 | ChRWCING 86,5 |64 [1i.6 ]13)1
Tie | 63 |24728,51 . 1o [11:32113.9 | CoaHuCINGD | .v. | wv. {11517} 14,14
11 d 47 24t-—-1,5}63,31}6,55}10,73)13,7 C“H“CIN,O 63,5116,47[10,58) 13,39

Note. The base Ii, mp 179.5-180.5 °C. Found,%: C 72.35;H 7.48;N 13.01. C,;H,,N,O. Calculated, .
%: C 72.18; H745;N 1295, The base I/, mp 165.5-167 °C. Found,%: C 75.25;H 8.85;N 10.28
Cy4H; g N, O. Calculated, %: C 74.95;H 8.88; N 10.28.
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(0.325 mole) acetaldehyde is added, and the mixture left for two days at room temperature.
The reaction mass is alkalinized with a 30% solution of sodium hydroxide, extracted with
chloroform, and dried with magnesium sulfate. The chloroform is distilled off, the residue
dissolved in alcohol, a solution of hydrogen in alcohol added, and 50.2 g (84%) of the
hydrochloride Ib is obtained. The hydrochlorides Ia, c~h are produced analogously.

1-Propyl-6-hydroxyl-1,2,3,4~tetrahydro-B—carboline Hydrochloride (Ij). To a solution
of IHE'(B mmoles) serotonin adipate in 20 ml of acetate buffer (pH 4.7) and 5 ml of alcohol,
0.4 g (0.55 mole) butyraldehyde was added. The reaction mass was heated on a water bath for
4 h, a solution of potash was added, extracted with methylene chloride, the solvent dis-
tilled off, and 0.6 g (74%Z) of the base Ij obtained; it was converted to the hydrochloride
just like the preceding compound. The hydrochlorides Ii, Tk, and Il were produced analogously.

Compounds la, If, Ig, Ii, Ik, IZ, IId, and IIId have not been described in the litera-
ture (Table 3). Substances I and II were produced according to the well-known procedures
[9-11]; moreover, according to the literature data, substance IIb was obtained in the form
of an oil, while substances Ia and IITa-c were characterized only in the form of the bases.
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