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SUMMARY

Alterations in membrane fluidity caused by alcohols and tetrahydro-B-carbolines
(THBCs) have been studied. Dipalmitoylphosphatidylcholine vesicles were used as a
membrane preparation, and changes in the fluidity were revealed by two fluorescent
probes: 1l-anilinonaphthalene-8-sulfonic acid (1,8-ANS) and N-phenylnaphthylamine
(NPN). It was found that THBCs, which are condensation products of tryptamine and
formaldehyde or acetaldehyde, were at least 2 orders of magnitude more potent in causing
fluidity changes than the comparable alcohols (methanol and ethanol). Both 1,8-ANS
(binding close to the polar end of the phospholipid molecules) and NPN (binding to the
hydrophobic region of the membrane) were able to reveal changes in membrane fluidity,
although there were differences between the behavior of the two probes. The condensation
product of acetaldehyde—the primary metabolite of ethanol—and tryptamine were found
to be 200-300 times more potent in causing fluidity changes than ethanol itself (as

determined with both 1,8-ANS and NPN).

INTRODUCTION

Interference with the function of nerve cells is thought
to be the mode of action of a wide range of chemical
compounds. Among these compounds are general and
local anesthetics (1) as well as hallucinogenic agents (2).
It seems that the molecular mechanism of action of these
compounds depends upon their chemical structure. They
can either bind to receptors (3, 4) or—as lipophilic com-
pounds—they can concentrate unspecifically in the phos-
pholipid bilayer, thereby causing changes in the fluidity
or charge of the membrane (5-9).

The psychopharmacological action of ethanol has been
studied by several researchers (10). Its alterations of the
membrane structure are known to some extent (11, 12),
but the detailed mechanism of its action is largely un-
known (10).

One interesting hypothesis suggests that it is not the
ethanol molecule itself but rather the condensation prod-
ucts of acetaldehyde, the initial metabolite of ethanol,
and biogenic amines which are responsible for the biolog-
ical effects of ethanol (13). This hypothesis is based, for
example, on the following facts: (a) acetaldehyde and
biogenic amines react in vitro, forming condensation
products (14), and (b) the structures of some condensa-
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tion products are very similar to those of hallucinogenic
Harmala alkaloids (15).

The formation of condensation products from acetal-
dehyde with indolalkylamines, the tetrahydroharmans,
or with catecholamines, tetrahydroisoquinolines, has
been repeatedly proposed (16-20). Quite recently, our
group has been able to identify 1-Me-THBC® in human
plasma and platelets after ethanol consumption (21).
After verifying the formation of 1-Me-THBC in vivo, our
goal was to study the biological effects of this compound
in vivo and in vitro.

In this report we describe the effects of 1-Me-THBC
and THBC on the fluidity of a model membrane. Changes
in membrane fluidity as determined with the fluorescent
probes 1,8-ANS and NPN are compared with those
caused by comparable alcohols.

MATERIALS AND METHODS

THBC derivatives were synthesized with the Pictet-
Spengler reaction by refluxing tryptamine with aldehydes
(22) (formaldehyde, acetaldehyde, propionaldehyde, and
butyraldehyde). The NMR and mass spectrometry spec-
tra were consistent with the assigned structures of syn-
thesized compounds (23). Prior to use the compounds

% The abbreviations used are: 1-Me-THBC, 1-methyl-tetrahydro-g-
carboline (tetrahydroharman); THBC, tetrahydro-B-carboline; 1,8-
ANS, 1-anilinonaphthalene-8-sulfonic acid; NPN, N-phenylnaphthyl-
amine; DPPC, dipalmitoylphosphatidylcholine; 1-Et-THBC, 1-ethyl-
tetrahydro-g-carboline; 1-Pr-THBC, 1-propyl-tetrahydro-B-carboline.
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were stored in the dark at —20°. No detectable changes
in the structures of the compounds took place.

As a membrane preparation, DPPC vesicles were used,
since changes in their phase transition temperature
(about 42°) are easily monitored (24). DPPC was soni-
cated (MSE, ultrasonic disintegrator) above its phase
transition temperature in 10 mm Tris-HCl buffer (pH
7.4) containing 100 mm KCIl, 0.1 mm dithiothreitol, 0.1
mM EDTA, and 0.05% sodium azide for about 10 min
until the suspension was clear. The sonicated preparation
was then centrifuged at 100,000 X g for 30 min and the
supernatant was used as the source of DPPC vesicles.
This method produces unilamellar vesicles which have
the typical bilayer structure of biological membranes
(25).

To express changes in the fluidity of the membrane
preparation we used two fluorescent probes, 1,8-ANS (as
the magnesium salt, from Serva, Heidelberg, West Ger-
many) and NPN (Merck, Darmstadt, West Germany,
recrystallized twice from hot methanol).

The fluorescence intensity of a suspension containing
DPPC vesicles [0.1 mg of DPPC/ml of 10 mM Tris-HCl
buffer (pH 7.4)], a fluorescent probe, and a THBC deriv-
ative or an aliphatic alcohol was determined with a
Perkin-Elmer MPF 3A spectrophotofluorometer. The cu-
vette temperature was increased at a constant rate of 2°/
min. Emission was recorded at 472 nm (excitation 382
nm) for 1,8-ANS and at 422 nm (excitation 348 nm) for
NPN. A 5-u sample of 1 mm 1,8-ANS in suspension
buffer or of NPN in acetone was dissolved in vesicle
suspension. The effect of THBC, 1-Me-THBC, 1-Et-
THBC, or 1-Pr-THBC on the fluidity of the membrane
preparation was studied. The compounds were dissolved
in acetone, and 5-ul aliquots were added to vesicle sus-
pensions. THBC and 1-Me-THBC were added at 1.0 mm,
0.5 mMm, 0.1 mM, and 0.05 mM concentrations and inves-
tigated with both fluorescent probes. The effects of 1-Et-
THBC and 1-Pr-THBC on DPPC vesicle fluidization
were determined at 0.5 mM and 1.0 mM with both fluo-
rescent probes. A control experiment was carried under
similar conditions without THBC derivatives in the sus-
pension. Methanol, ethanol, propanol, and butanol were
used at 75 mM concentrations in the experiments. The
partition coefficients of THBC derivatives between 1-
octanol and Tris-HCI buffer (pH 7.4) and their solubility
in the buffer were analyzed.

RESULTS

The effects of THBC and 1-Me-THBC on the phase
transition temperature of DPPC vesicles is shown in Fig.
1. The maximum of the fluorescence intensity in the
model membrane shifted into lower temperature with
increasing concentrations of THBC and 1-Me-THBC.
The fluorescence intensity of a membrane-bound probe
reaches its maximum at the phase transition temperature
(6, 26, 27).

The maximal fluorescence of membrane-bound 1,8-
ANS was reached at 41.5° in the absence of THBC
derivatives and at 39.8° with NPN. At 0.05 mM concen-
tration, THBC and 1-Me-THBC had only a slight effect
on the phase transition temperature recorded with both

42°C
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F1G. 1. Phase transition temperatures of DPPC vesicles
Phase transition temperatures of DPPC vesicles in increasing con-
centrations of THBC (@), 1-Me-THBC (%), and the controls (O)
determined with 1,8-ANS (—) and NPN (- - -).

fluorescent probes. An increase in the concentration of
1-Me-THBC from 0.1 mm to 1.0 mM produced a change
in the phase transition temperature: 1.5° determined
with 1,8-ANS and 1.0° with NPN. THBC changed these
temperatures by 2.5° and 1.0°, respectively. The THBC
derivatives with a longer alkyl side chain fluidized the
model membrane more efficiently.

The fluidization effects of various concentrations of
methanol, ethanol, propanol, and butanol (comparable
to the aldehydes used in synthesizing the THBC deriva-
tives) were also studied. Aliphatic alcohols were found to
have the same kind of effect, although it was much
weaker on the membrane preparation than the compa-
rable THBCs. Accordingly, a 75 mm alcohol concentra-
tion (Table 1) changed the phase transition temperature
approximately as much as 0.1 mm THBC (Fig. 1). Form-
aldehyde, acetaldehyde, propionaldehyde, butyralde-
hyde, and tryptamine had no measurable effects on mem-
brane fluidity even at 25 mM concentrations.

The solubility of all of the THBC derivatives studied
in the Tris-HCl buffer was in the same range, 3.2-5.1
mM/liter. However, those compounds with a longer alkyl

TABLE 1

Shifts in phase transition temperatures of DPPC vesicles caused by
75 mM methanol, ethanol, propanol, and butanol as determined by

1,8-ANS and NPN
Phase transition temperature

1,8-ANS NPN
Control 41.8° 40.6°
Methanol 41.2 40.8
Ethanol 40.7 40.6
Propanol 40.5 40.5
Butanol 38.1 39.5
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TABLE 2
Partition coefficients of THBC, 1-Me-THBC, 1-Et-THBC, and 1-Pr-
THBC at 22° between 1-octanol and Tris-HCI buffer (pH 7.4) and
the solubilities of the compounds in the buffer solution

Partition coefficient Solubility

mM/liter
THBC 28 5.1
1-MeTHBC 31 46
1-Et-THBC 6.1 3.8
1-Pr-THBC 123 3.2

side chain showed increased solubility in the 1-octanol
phase (Table 2).

DISCUSSION

The four THBC derivatives investigated shifted the
phase transition temperature of DPPC vesicles toward
lower temperatures. This effect was found with concen-
trations of THBC and 1-Me-THBC as low as 0.1 mm
(Fig. 1). A longer alkyl side chain in the THBCs increases
the fluidity effect of THBCs. This may be due to the
increased lipophilic character of those compounds. The
two fluorescent probes used are known to bind at differ-
ent sites in the membrane (26). 1,8-ANS binds close to
the polar heads of the lipid molecules and NPN to the
inside of the membrane, among the hydrophopic fatty
acid tails (27, 28). By using those probes we tried to
localize THBC derivatives in the membrane preparation.
Both fluorescent probes revealed changes in the mem-
brane fluidity. This indicates that the compounds tested
affect the membrane structure both close to the polar
head and in the deeper layers. However, it is interesting
to note that the shift in the membrane fluorescence
caused by THBC and 1-Me-THBC was somewhat
stronger in the case of 1,8-ANS than in the case of NPN.

By carrying out measurements with several concentra-
tions we were able to estimate that THBC derivatives
were 100-200 times more potent in causing membrane
changes than were the comparable alcohols when 1,8-
ANS was used as a probe. Only butanol at a concentra-
tion of 75 mM caused a considerable change in NPN
fluorescence, whereas methanol, ethanol, and propanol
had only a very weak effect or no effect (Table 1).

The acute effects of ethanol are suggested to result
from interactions of ethanol with membranes (29). The
chronic consumption of ethanol results in tolerance and
dependence, which is suggested to arise from alterations
in the membrane components of the nervous system (30,
31). Feeding ethanol to mice has been reported to in-
crease the cholesterol content in mitochondrial and syn-
aptosomal membranes (32) and to change the ratio be-
tween saturated and unsaturated fatty acids in synapto-
somal membranes (33), which results in decreased flui-
dization of membranes. Low concentrations (20-40 mM)
of ethanol have been reported to increase the fluidity of
erythrocyte, mitochondrial, and synaptosomal mem-
branes of mice in vitro (11). A high concentration of
propanol (1 M) was needed to change the fluidity of
human erythrocyte membranes in vitro (34). However,
those experiments were carried out by ESR techniques.
In our study, the concentration of ethanol required for
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fluidization of the model membrane was quite high (75
mM), but not lethal to mammals.

THBC and 1-Me-THBC forms in vitro easily from
tryptamine and formaldehyde or acetaldehyde, respec-
tively (35). In ethanol intoxication this reaction may
occur, producing 1-Me-THBC, which has been identified
in human plasma after ethanol intake (21). However, the
concentration of the compound in plasma is low com-
pared with the concentration of 1-Me-THBC needed to
change the fluidity of the model membrane, but the
concentration of this compound in the central nervous
system is unknown.

In conclusion, 1-Me-THBC, which appears in plasma
after alcohol consumption, and three of its close ana-
logues were found to be at least 2 orders of magnitude
more potent in causing fluidity changes throughout a
model membrane than were the comparable alcohols.
This should be taken into account in studies concerning
the mode of action of ethanol, especially since several
earlier studies have suggested that ethanol itself ex-
presses its biological effects by changing the fluidity of
the nerve membrane.
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