Alkaloids from Catecholamines in
Adrenal Tissue: Possible Role
in Alcoholism

Abstract. Epinephrine and norepi-
nephrine condensed with acetaldehyde
or with formaldehyde in dilute aqueous
solution at neutral pH and room tem-
perature to form 1,2,34-tetrahydroiso-
quinoline alkaloids. Similar condensation
reactions occurred in cow adrenal glands
perfused with dilute aldehyde solutions
at 37°C. Biosynthesis of these alkaloids
in vivo could play a role in altering an
individual’s behavior during and after
the ingestion of alcohol.

We report that when cow adrenal
glands are perfused with dilute solutions
of acetaldehyde, 1,2,3,4-tetrahydroiso-
quinoline (TIQ) alkaloids are formed.
These substances are derived from a
condensation reaction of acetaldehyde
with the tissue catecholamines, epineph-
rine and norepinephrine (Fig. 1); they
are related to certain plant alkaloids
that exhibit pharmacologic actions on
nerves and smooth muscles. Since acet-
aldehyde is an intermediate in the me-
tabolism of ethanol, we suspect that
TIQ alkaloids are formed in man when
alcoholic beverages are imbided. These
alkaloids could be involved in the de-
velopment of alcohol dependence and
withdrawal symptoms; they could also
contribute, in general, to the pharma-
cologic actions of ethanol.

The impetus for our study was a
recently developed fluorescence method
(Z) for the visualization of catechola-
mines in tissues which is based on
formation of TIQ’s. When freeze-dried
tissue slices are exposed to moist form-
aldehyde vapor at 80°C, the aldehyde
and the endogenous catecholamines un-
dergo a Pictet-Spengler type of conden-
sation (2, 3) to yield TIQ alkaloids.
Subsequently, these alkaloids are OXi-
dized to 3,4-dihydroisoquinolines which
tautomerize to fluorescent quinone im-
ines (I). Recognizing the structural
similarity between these products and
the plant isoquinoline alkaloids, we
sought to determine whether the Pictet-
Spengler reaction would occur in intact
cells under physiologic conditions when
the condensing aldehyde was acetalde-
hyde. If so, a mechanism would be
available for making TIQ alkaloids in
man during alcohol intoxication and
metabolism.

Initial experiments were done at
room temperature with 5 to 10 mM
catecholamine (L-epinephrine and L-
norepinephrine bitartrates and hydro-
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chlorides, Calbiochem., Los Angeles,
Calif., and Sterling-Winthrop, Rensse-
laer, N.Y.) in aqueous buffer (1M ace-
tate, pH 6.0, and 0.1M phosphate, pH
7.0). Acetaldehyde (Eastman Organic
Chemicals, redistilled and sealed in
ampules under nitrogen) or formalde-
hyde (Fisher Certified 40 percent solu-
tion) was added to a final concentration
of 2M. We used formaldehyde in model
experiments because its reaction with
catecholamines has been well-docu-
mented (I) and proceeds more quickly
than does that of acetaldehyde.

The reactions were monitored by re-
moving serial aliquots and oxidizing
the catecholamines with iodine to highly
colored “iodochrome” products (4). As
the condensation with aldehyde pro-
gressed, the iodochrome test became
weaker, until only a yellow color
formed. The condensation of catechola-
mines with formaldehyde was complete
within 1 to 2 minutes; the reaction with
acetaldehyde required 40 to 50 minutes.
Acidification stopped the reactions. The
reaction mixtures were analyzed by
thin-layer chromatography on Adsorbo-
sil-1 (Applied Science Labs, State Col-
lege, Pa.) with a mixture of sec-butanol,
formic acid, and water (15:3:2) in a
nitrogen atmosphere (Fig. 2).

Epinephrine and norepinephrine each
produced a major product that migrated
with lower Ry than the corresponding
catecholamine. In addition, there ap-
peared one minor product with formal-
dehyde and two minor products with
acetaldehyde, all with higher Ry than
the corresponding major product (5).
The yield of major product was about
70 to 80 percent for reactions of form-
aldehyde with norepinephrine and
epinephrine, while for reactions of
acetaldehyde it was about 70 percent
with norepinephrine and about 50 per-
cent with epinephrine. Condensation
products were also observed after incu-
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Fig. 1. Reaction scheme for the formation
of tetrahydroisoquinolines from catechola-
mines. (I) R = H = norepinephrine, R =
CH; = epinephrine. (II) R = H = 1-
methyl-4,6,7-trihydroxy-1,2,3,4-tetrahydro-
isoquinoline; R = CHs=1,2-dimethyl-4,6,7-
trihydroxy-1,2,3,4-tetrahydroisoquinoline.

bation of dopamine or dopa (dihydroxy-
phenylalanine) with acetaldehyde or
formaldehyde.

The major products of the reactions
are tentatively identified as the 1-methyl-
4,6,7-trihydroxy analog of TIQ from
norepinephrine and the 1,2-dimethyl-4,
6,7-trihydroxy analog of TIQ from epi-
nephrine. These are the expected prod-
ucts of Pictet-Spengler type condensa-
tions. To our knowledge, the formation
of TIQ alkaloids by condensation of
acetaldehyde with epinephrine or norepi-
nephrine has not been previously de-
scribed.

As judged by thin-layer chromatog-
raphy, the major products of dopamine
with formaldehyde and acetaldehyde
were identical, respectively, to the syn-
thetic 6,7-dihydroxy analog of TIQ (6)
and to the commercial 1-methyl-6,7-
dihydroxy analog of TIQ (salsolinol
HBr, K and K Labs, Plainview, N.Y.).
The major products of dopamine, nor-
epinephrine, and epinephrine with either
formaldehyde or acetaldehyde became
fluorescent on heating the chromato-
grams at 100°C for 30 minutes. The
fluorescence was quenched with 1 per-
cent sodium borohydride. This behavior
is consistent with the reversible redox
reactions of tetrahydroisoquinolines and
fluorescent 3,4-dihydroisoquinolines (7).

Alternative condensation products
that might have formed are Schiff bases
or oxazolidines; however, these were
eliminated on the basis of infrared
spectra and stability to acid (pH 1)
and to reducing conditions (8). One of
the minor products may be the 4,7,8-
trihydroxy analog of TIQ formed by
ring closure ortho to the phenolic hy-
droxyl (9). Another possibility is the
presence of cis and trans isomers of the
1-methyl and 4-hydroxyl groups as was
recently reported by Fourneau et al.
(10) for the condensations of epineph-
rine and norepinephrine with glyoxalic
aldehyde under neutral conditions.

Pictet-Spengler condensations had
previously been carried out under
strongly acidic conditions (2, 3). How-
ever, in 1934, Schopf and Bayerle (11)
reported the isolation of TIQ alkaloids
from the condensation of acetaldehyde,
under physiologic conditions of pH
and temperature, with two catechola-
mines, dopamine and its N-methyl
congener (epinine). Since then investi-
gators have reported the formation of
TIQ alkaloids on condensation of cate-
cholamine derivatives under neutral
conditions with various aldehydes—
namely, formaldehyde (I, 12), acetalde-
hyde (13), 3,4- dihydroxyphenylacetalde-
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Fig. 2. Thin-layer chromatograms of two perfusion experiments with cow adrenals.
The catecholamines and their condensation products with acetaldehyde were visualized
by spraying first with K:Fe(CN); (0.25 mg/ml in 0.2M phosphate buffer, pH 8.3),
drying, and then respraying with FeCl; (2.5 percent FeCl; in water, freshly mixed with
1.5 volumes of acetone); this spray combination yields Prussian-blue spots with catechols
(25). Standards: lane 1, epinephrine (arrow, lower spot) and norepinephrine (arrow,
upper spot); lane 2, major (large arrow) and minor (small arrows) reaction products
of epinephrine with acetaldehyde; lane 3, major (large arrow) and minor (small arrows)
reaction products of norepinephrine with acetaldehyde. Experiment 1: lane 4, gland
perfused with acetaldehyde (100 ug/ml); lane 5, cochromatography of lanes 2, 3, and 4;
lane 6, control gland perfused with saline. Experiment 2: gland perfused with acetalde-
hyde (100 pg/ml); lane 8, control gland perfused with saline.

hyde (I/4), pyridoxal phosphate (I5),
and glyoxalic aldehyde (/0). Some of
these reactions are believed to be bio-
synthetic pathways in plants for forma-
tion of simple TIQ alkaloids (for exam-
ple, salsoline) as well as the 1-benzyl-
TIQ alkaloids (for example, norlau-
danosoline) ; the latter serve as precur-
sors of more complex plant alkaloids
such as morphine and codeine (3, 11,
16).

To determine whether the TIQ alka-
loids would form in mammalian tissues
under “physiologic” conditions, we per-
formed retrograde perfusions (I7) of
cow adrenal glands with dilute solutions
of aldehyde in an isotonic saline—
0.01M sodium phosphate buffer (pH 7.4)
at 37°C. Cow adrenals were chosen be-
cause they are rich and convenient
sources of epinephrine and norepineph-
rine. Paired glands were stored on ice
until use, generally 2 to 3 hours after
removal from the cow. One gland was
perfused, first with aldehyde solution
and then, briefly, with saline-phosphate
buffer to remove excess aldehyde. Per-
fusion rates were maintained with a
peristaltic pump (Buchler Instruments,
Fort Lee, N.J.). The second gland
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served as a control and was perfused
simultaneously with saline-phosphate
buffer which did not contain aldehyde.
Then, the whole adrenal medulla or a
1-g portion was homogenized in the
cold with 5 volumes of a mixture of 95
percent ethanol and concentrated HCI
(99:1). Homogenates were stored over-
night at 0°C, homogenized again, and
centrifuged at 700g for 15 minutes.
Thin-layer chromatography was per-
formed directly on the supernatant fluid
or on fivefold concentrates (evapora-
tion at 40°C under a stream of nitro-
gen) or after the catecholamines and
their acetaldehyde-condensation prod-
ucts had been isolated by adsorption
onto, and elution from, freshly precipi-
tated AI(OH), (I8).

Results of two experiments in which
the glands were perfused with 100 upg
of acetaldehyde per milliliter (about
0.002M) at 16 ml/min for 90 to 120
minutes are shown in Fig. 2. The saline-
perfused control glands (lanes 6 and 8)
show the expected catecholamines while
the acetaldehyde-perfused glands (lanes
4 and 7) show, in addition, several new
substances that are identical in Ry to
the condensation products of the cate-

cholamines with acetaldehyde. To elim-
inate the possibility that the new
substances arose as artifacts of the ex-
traction procedure, we homogenized
fresh glands in ethanolic HCI to which
formaldehyde or acetaldehyde had been
added and then treated them as de-
scribed above. Since no products ap-
peared, we conclude that the TIQ alka-
loids formed in the gland tissue during
perfusion.

Other perfusion experiments were
performed with higher concentrations
of formaldehyde or acetaldehyde [1
mg/ml (0.02 to 0.03M)] yielding in-
creased amounts of products. Glands
were perfused at 37°C for 60 to 180
minutes with flow rates of 0.5 to 2.0
ml/min. The conversion of catechol-
amines to products was in the range of
25 to 100 percent; formaldehyde, in
particular, produced large conversions.

Concentrations of acetaldehyde in the
blood of man have been reported over
a wide range. However, the specificity
of earlier methods has been challenged
and the most recent estimates lie below
1 pg/ml for nonalcoholic subjects in-
gesting “moderate” amounts of alcohol
(19). The lowest acetaldehyde concen-
tration with which we observed TIQ
synthesis in perfused cow adrenal glands
was 100 pg/ml (Fig. 2). However, we
feel that the limitation was in the cur-
rent technology; specifically, the streak-
ing and merging of catecholamines on
the chromatograms when larger quanti-
ties of extract were chromatographed
tended to obscure smaller amounts of
TIQ alkaloids that may have been pres-
ent.

The TIQ alkaloids we found (Fig. 1)
are similar in structure to a number of
naturally occurring simple alkaloids,
such as anhalamine, carnegine, and sal-
soline, which are found in desert cacti
(20) and which exhibit pharmacologic
actions such as excitation, narcosis,
blood pressure changes, and convul-
sions. According to Schultes (21), the
TIQ alkaloids found in peyote are hallu-
cinogenic and are responsible for differ-
ences between intoxication states pro-
duced by peyote versus that produced
by pure mescaline, the major active in-
gredient. In a survey of pharmacologic
actions of synthetic, phenolic TIQ alka-
loids, all lacking a 4-hydroxyl group,
Hjort, DeBeer, and Fassett (22) ob-
served effects on blood pressure, respira-
tion, and smooth muscle, as well as anti-
anesthetic properties, blockade of pressor
responses to epinephrine, tremor, and
convulsions. The TIQ alkaloids made in
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our experiments by condensation of
acetaldehyde with epinephrine or norepi-
nephrine have not yet been studied.
We observed TIQ alkaloids by fluo-
rescence microscopy in the adrenals of
rats treated in vivo with methanol, a
metabolic precursor of formaldehyde
(23). In 1961, Mclsaac (24) reported
the presence of a 1,2,3,4-tetrahydro-
B-carboline alkaloid in the urine of rats
treated with ethanol, 5-methoxytrypt-
amine, iproniazid (a monoamine oXi-
dase inhibitor), and disulfiram (an
aldehyde oxidase inhibitor). The Pictet-
Spengler condensation of acetaldehyde
with tryptamines to form tetrahydro-£-
carbolines is analogous to the condensa-
tion with catecholamines to yield TIQ
alkaloids; if formed in tissues, the tetra-
hydro-B-carbolines could play a role in
alcoholism analogous to the one we
postulate for the TIQ alkaloids.

Our experiments demonstrate the rel- -

ative ease of formation of TIQ alkaloids
in adrenal tissue. Other areas where
these alkaloids might form are in adre-
nergic fibers of the sympathetic nervous
system and brain. These alkaloids retain
the original catecholamine structure,
but ring closure prevents free rotation
of the ethanolamine side chain; if the
resultant conformational state were to
correspond to that required for binding
to smooth muscle or brain receptor
sites, these substances could be unique
neurotransmitter or blocking agents.
Since the TIQ alkaloids were not lost
during the final perfusion of the glands
with saline, it appears that they may be
bound in tissues, perhaps at the same
loci as the catecholamines. If so, they
would be in a unique anatomical loca-
tion to function physiologically, al-
though present in small amount. We
suggest that the TIQ alkaloids, either
actively secreted or leaked from nerve
termini, contribute to the behavior
changes caused by alcohol. The charac-
teristic neurological disturbances, such
as hyperexcitability, tremulousness, hal-
lucinosis, and seizures, which occur
when concentrations of alcohol in the
blood are falling or absent, could be due
to the persistent physiologic actions of
the TIQ alkaloids. In this way, the ac-
tions of these alkaloids could under-
lie the process of physical dependence
and addiction in alcoholism.
GERALD COHEN

MicHAEL COLLINS
Columbia Upniversity College of
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Physiological Effects of Transcendental Meditation

Abstract. Oxygen consumption, heart rate, skin resistance, and electroenceph-
alograph measurements were recorded before, during, and after subjects practiced
a technique called transcendental meditation. There were significant changes be-
tween the control period and the meditation period in all measurements. During
meditation, oxygen consumption and heart rate decreased, skin resistance in-
creased, and the electroencephalogram showed specific changes in certain frequen-
cies. These results seem to distinguish the state produced by transcendental
meditation from commonly encountered states of consciousness and suggest that

it may have practical applications.

For thousands of years philosophers
have held that it is possible for man to
attain “higher” states of consciousness
through meditation techniques. At pres-
ent, scientists are investigating the phys-
iological changes that take place during
some of these practices and the practical
applications that they may have.

During the practice of various tech-
niques of meditation, expert Zen monks

decreased their rate of respiration, oxy-
gen consumption, and spontaneous Gal-
vanic skin response (GSR), and their
pulse rate and blood pH showed a slight
increase (). The electroencephalograph
(EEG) record was predominantly alpha-
wave activity (even with eyes half open).
The alpha waves progressively increased
in amplitude and decreased in fre-
quency, and occasional theta activity
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