Biochemical Pharmacology.-Vol VJS_.‘: pp. 1123 112K Pergamon Press. 1976, Printed in Great Britain.

COMMENTARY

T@Hq

E-//Z)QAJ/
AQ//CJ‘/'U]\ |

ALKALOID PRODUCTS IN THE METABOLISM
OF ALCOHOL AND BIOGENIC AMINES
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Tetrahydroisoquinoline (TIQ) alkaloids comprise a
large group of naturally occurring (plant kingdom)
as well as synthetic compounds. many of which exhi-
bit pharmacologic actions on nerves and smooth
muscles. Recently. two hypotheses attempted to relate
the potential biosynthesis of TIQ alkaloids from cate-
cholamines in mammalian tissues to some of the ac-
tions of alcoholic beverages and the sequelae of alco-
hol intoxication. Both hypotheses invoked the ethanol
metabolite. acetaldehyde. as a critical intermediate.
Acetaldehyde is generated mainly in the liver where
a small portion escapes metabolism and passes into
the blood stream. As a result. all tissues of the body
are perfused with acetaldehyde.

TIQ alkaloids

Simple TIQ alkaloids. One hypothesis [1-3] pro-
posed that acetaldehyde condensed directly with en-
dogenous catecholamines in tissues to form substi-
tuted 6.7-dihydroxy-TIQs (Fig. 1). The similarity in
structure between the TIQs and the catecholamines
opened the possibility that TIQs would interact with
mechanisms that normally regulate the physiologic
properties of catecholamines. For example. TIQs
might be sequestered within adrenergic nerve ter-
minals and subsequently leaked or discharged into
adrenergic receptor areas. there to function as acti-
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Fig. 1. Top panel: the Pictet-Spengler condensation of
catecholamines with aldehydes to form substituted
1,2,3.4-tetrahydroisoquinolines (TIQs). Bottom panel: (I)
salsolinol, the condensation product of dopamine with ace-
taldehyde: (II) tetrahydropapaveroline, the condensation
product of dopamine with 3,4-dihydroxyphenylacetalde-
hyde: and (IIl) 1-methyl-6-hydroxy-1.2,3,4-tetrahydro-p-
carboline, the condensation product of serotonin with
acetaldehyde.

vators (agonists) or inhibitors (antagonists) of cate-
cholamine receptors. Or. TIQs might bind compcti-
tivelv to enzyme systems that svnthesize or limit the
actions of catecholamines. The physiologic end result
was envisaged as an unusual alteration in function
within the affected adrenergic system. In this way.
TIQ alkaloids in adrenergic systems might contribute
to the development of dependence upon alcohol and
or to the general pharmacologic effects of cthanol in-
gestion.

The experimental basis for the hypothesis was the
demonstration that TIQs were formed within the cu-
techolamine-rich cells of the adrenal medulla during
perfusion of cow adrenal glands with solutions of :ce-
taldehyde [1. 2]. Synthesis of TIQs was observed with
a concentration of acetaldehyde as low as 1 ug ml
(2 x 1073 M). a level reported in the blood stream
of persons ingesting alcoholic beverages [4].

Complex  TIQs and “morphine-like™  alkaloids.
Another hypothesis [5.6] proposed the biosynthesis
of a special TIQ. not formed directly from acetalde-
hyde. Since acetaldehyde can competitively inhibit the
aromatic aldehyde dchydrogenase. it was suggested
that the aldehyde product of dopamine (DA). pro-
duced in brain by monoamine oxidase. would be di-
verted from further oxidation to an acid. This alde-
hyde (namely. 3.4-dihydroxyphenylacetaldehyde) can
condense with DA to form the TIQ derivative tetra-
hydropapaveroline (THP. see Fig. 1). Davis and
Walsh. the proponents of this hypothesis. were inter-
ested in the possibility that THP. formed in mam-
malian cells. would be transformed to complex multi-
ring structured alkaloids. termed “morphine-like™ al-
kaloids. The basis for this supposition was the obser-
vation that THP served as an intermediate in the syn-
thesis of morphine in the opium poppy. The bio-
chemical basis for physical dependence on alcohol
was envisaged as formation of THP. which might
have an addictive liability of its own. and which
would be further transformed to addictive alkaloids
of the morphine type. The molecular mechanisms for
addiction to ethanol were not further specified. except
for the presumption that they would be similar to
morphine.

Although THP is not recognized as a product of
DA metabolism in mammalian tissues under basal
conditions. earlier work by Holtz ¢t al. [7] had shown
that THP was formed when liver mitochondria were
incubated with DA. The experimental support for the
Davis and Walsh hypothesis was based on similar
studies with homogenates of rat brainstem [S.6]. In
this system, when ['*C]DA was added. 47 per cent
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of the deaminated product appeared as ['*CJTHP.
When acetaldehyde was added in concentrations of
05, 10 and 20 mM. the amount of ['*CJTHP rose
in increments to 58. 64 and 65 per cent respectively.
During these experiments. not only THP was formed
but. additionally. the acetaldehyde condensed directly
with ["*C]DA to yield the simple TIQ. ['*CJsalso-
linol (Fig. 1). Consideration was given to the possibi-
lity that salsolinol might also play a role in mediating
some of the actions of cthanol [8].

In more recent work. Davis ¢t al. [9] have reported
that ['*C]norepinephrine (['*C]NE) added to rat
brainstem homogenates was transformed to a sub-
stance possessing the physical properties of an hy-
droxylated form of THP. Product formation was en-
hanced by the addition of barbiturates. Additionally.
the metabolism of injected ['*CJTHP was studied in
rats. and 2-5 per cent was excreted as a group of
complex protoberberine alkaloids [10].

Portions of the morphine-alkaloid hypothesis have
been criticized [11- 13] and Davis and Walsh [14. 15]
have responded. One technical point that requires
clarification is that while acetaldchyde is invoked as
an inhibitor of the oxidation of aromatic aldehydes.
similar inhibition is obtained with antabuse (disulfir-
am). a drug frequently used in the treatment of alco-
holism. It would seem that antabuse by itself (no alco-
hol) should promote formation of THP in brain.

Although the remainder of this commentary will
not deal further with the hypothesis concerning “mor-
phine-like™ alkaloids and alcoholism. experiments
with THP are included in some of the discussion
about the properties of TIQs.

Svathesis and hiosynthesis of TIQ alkaloids

Organic chemists have utilized the condensation
reaction of aldehydes with phenylethylamines (Pictet-
Spengler condensation) under conditions of strong
acidity and high temperature to synthesize a variety
of simple and complex TIQs [16]. As carly as 1934.
it was shown that two catecholamines. DA and
epinine. condensed spontaneously with acetaldehyde
at neutral pH and ambient temperature [17] and this
route was proposed as a biosynthetic pathway in
plants. The hydroxyl group in the 3-position (Fig. 1).
but not a methoxyl group. activates the benzene ring
and facilitates spontaneous ring closure of the
intermediate Schiff's base at neutral pH [18].

The Pictet-Spengler condensation reactions of
epinephrine (E). NE. DA and L-dopa with aldchydes,
such as formaldchyde. acctaldehyde and pyridoxal
phosphate. have been studied in aqueous neutral solu-
tion [2.3.17 20] and in the presence of tissue homo-
genates [6.8]. Inadvertent synthesis of the TIQ con-
densation product of dopa and acctaldchyde was re-
ported in samples of stored [*H]dopa [21]: appar-
ently. acctaldechyde was generated from the cthanol
prescrvative during radio-decay of the [*H]dopa.
TIQs are also recognized intermediates in the formalde-
hyde condensation method for visualizing DA, NE
or E under the fluorescence microscope [22].

Condensation products are formed in adrenal chro-
maffin cells during perfusion of cow adrenal glands

*E. E. Smissman. J. R. Reid. D. A. Walsh and R. T.
Borchardt. manuscript in preparation.
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with acetaldchyde [2.23 23], Total conversion of en-
dogenous E and NE to the corresponding TIQs has
been observed after perfusion of glands with | mg
formaldehyde/ml [3]. In perfusion  studies  with
[**CJacetaldchyde. over 935 per cent of the **C within
the adrenal chromaftin granules was in the form of
['*CITIQs [24].

Formation in rivo of small quantitics of TIQs has
been reported. Evidence for the formation of formal-
dehyde-derived TIQs in the adrenal glands of rats
during methanol intonication was obtained  with
fluorescence and *C-tracer methods [26.27]. Collins
and Bigdeli [2%] used a gas chromatographic method
to demonstrate the formation of salsolinol in the
brains of rats treated with cthanol combined with
other drugs. Sandler ¢ al. [29] used o gas chromato-
graph mass spectrometer combination to observe the
presence of salsolinol and THP in the urine of Par-
kinson patients in treatment with L-dopa. who drank
a test dose of cthanol: levels of salsolinol before eth-
anol intoxication. as originally reported. were subse-
quently found to be due mainly to trace aldehyde
contamination of the solvents used for extraction (M.
Sandler and M. Lengyel personal communication).

Transmitter-like propertios of TIQs

Uptake. TIQ condensation products of DA or NE
with formaldehyde or acetaldehsde are taken up into
rat brain synaptosomes [30] and into sympathetic
nerve endings in the heart. iris. pineal and salivary
glands [31-33]. Uptake is blocked by traditional
agents such as desmethylimipramine and cocaine
[31.32]. Additionally. TIQs inhibit uptake of cate-
cholamines into rat brain synaptosomes and tissue
slices [30, 34-36]; the inhibition by salsolinol is of
the competitive type [35]. Therefore. the uptake sys-
tems for TIQs appear to be similar to those for the
catecholamines. TIQs are also weak inhibitors of the
uptake of serotonin into brain slices [34.37].

Storage. TIQs formed in the adrenal gland during
perfusion with acetaldehyde are stored in chromaffin
granules [24. 38]. Electron microscopy has shown
that 6,7-dihydroxy-TIQ is stored in the catechol-

- amine-binding vesicles of the iris and pineal gland

[33]. Fluorescence microscopic evidence indicates
that the latter TIQ is taken up into vesicles. even
in reserpinized animals [32]. 4.6.7-Trihydroxy-TIQ
(NE condensed with formaldehyde). on the other
hand. does not enter reserpinized vesicles [32].

Release of catecholamines. The addition of TIQs to
rat brain synaptosomes or tissue slices labeled with
[*H]catecholamine results in efflux of the [3H]cate-
cholamine [30.35.39]. This is probably due to the
displacement of catecholamines from storage sites.
The releasing action of 6.7-dihydroxy-TIQ on
[*H]DA in rat brain slices can be distinguished from
a stronger inhibitory action on the uptake and ac-
cumulation of [*H]DA [39]. Release of [*H]NE from
sympathetic nerve terminals of the heart in vivo by
several TIQs administered subcutaneously has been
described.* There is evidence that direct injection of
6.7-dihydroxy-TIQ into the lateral ventricles of the
brain results in the release of catecholamines from
central nerve terminals. [40].

Release of T1Qs. TIQs formed in situ in the adrenal
medulla during perfusion of adrenal glands with ace-
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taldehyde are released along with catecholamines dur-
ing stimulation of the glands with agents such as ace-
nlcholine or carbamylcholine [23.25]. The release
process for TIQs is Ca* " dependent and is probably
identical to that for the catecholamines (viz. exocyto-
sis). In the absence of Ca®*, the efflux of catechol-
amines during perfusion with acetaldehyde becomes
dissociated from the efflux of TIQs. which are re-
tained within the gland [25]. Depletion of 6.7-dihyd-
roxy-T1Q from sympathetic nerve terminals of the iris
during clectrical stimulation of the sympathetic trunk
(ie. the preganglionic fiber) has been observed by
fluorescence microscopy [32]. In addition to release
by stimulation. there is a propensity for TIQs to
“leak™ from the unstimulated adrenal and from decen-
tralized sympathetic nerves [23.32].

Receptor responses. During electrically stimulated
(preganglionic stimulation of the superior cervical
ganglion) rclease of 6.7-dihydroxy-TIQ from sym-
pathetic nerve terminals of the eye in NE-depleted
rats. the following changes indicated activation of al-
pha adrenergic receptors: retraction of the upper eye-
lid. protrusion of the cyeball and dilation of the pupil
[32]. Such responses are typical for the stimulated
release of the natural transmitter (NE) in normal rats.
Therefore. 6.7-dihyvdroxy-TIQ appears to exhibit
agonist actions in this system. However. 6.7-dihydroxy-
TIQ was relatively ineflective in altering blood pres-
sure or heart rate in rats [41]. Some central and peri-
pheral actions of a series of hydroxylated and O-
methylated T1Qs have been described by Hjort ¢t al.
[42.43]. Incubation of the isolated vas deferens with
6 x 107% M concentrations of 6.7-dihydroxy-T1Q or
S(—)-salsolinol results in modifications in the end
organresponse to stimulation of the sympathetic trunk;
both the “twitch™ (rapid contraction and relaxation)
and the second phase (sustained contraction) were
altered [44].

Miller ¢t al. [45] have studied the activation of
adeny] cyclase in the striatum by 6.7-dihydroxy-TIQ:
in their system. salsolinol appeared inactive. Sheppard
and Burghardt [46] reported blockade of striatal
adenyl cyclase by the R(+)- and s(—)-stereoisomers
of salsolinol and THP. There is extensive literature
on beta-agonist action by THP and other 1-benzyl-
substituted TIQs on. for example. the guinea pig
trachea [47] and rat adipose tissue [48]. The s(—)
conformation appears to be favored in these systems
[36.47-49]. Injection of 6.7-dihydroxy-TIQ or salso-
linol into the brain evokes changes in body tempera-
ture [40.50]. which may be due largely to release
of endogenous catecholamines [40].

Other properties of T1Qs

Metabolism of TI1Qs. O-methylation of TIQs by ca-
techol-O-methyl-transferase has been studied in tissue
homogenates and with purified enzyme preparations
[S1- 54.]. O-mecthylation of both DA-derived TIQs
[52-54.*] and NE-derived TIQs [51] was reported.
Creveling ¢t al. [52] reported that both the 6- and
T-positions of two DA-derived TIQs were methylated.
Salsolinol and THP were competitive inhibitors of
the O-methylation of DA [53]. There is no evidence
that TIQs arc metabolized by monoamine oxidase.

Inhibition of monoamine oxidase. Salsolinol and
THP [53.55] competitively inhibit the deamination
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of serotonin in rat brain and liver homogenates: K;
values in the range of 014 to 0-35 mM were reported.
6.7-Dihydroxy-TIQ. taken up into nerves of the reser-
pinized rat. markedly improved the accumulation of
[*H]NE and diminished the levels of *H-dcaminated
metabolites in the sympathetic nerve plexus of the
heart in rivo [56]; such results are typical for in-
traneuronal inhibition of monoamine oxidasc.

Stereoisomers. Substitution in the I-position ol the
TIQ ring provides a center of asymmetry. Thus. two
stercoisomeric forms are possible on condensation of
catecholamines with acetaldchyde. Teitel and Bross
[57] have discussed the potential importance of the
absolute configuration in the l-position. If' the conden-
sation reactions in tissues were to be catalyzed by
enzymes, preferential formation of one of the stereo-
isomers would not be unexpected. Recent studies have
demonstrated differential pharmacologic propertics
for the R- and s-stereoisomers of several TIQx. includ-
ing salsolinol and THP [36. 46. 48. 49]. When o center
of asymmetry pre-exists in the parent catecholamme
(e.g. L-norepinephrine or L-dopa). ¢is-0r (ram-1somers
can be formed preferentially. even in non-cn/svmuatic
reactions [57.58]. For example. acctaldehivde con-
denses with L-dopa to form the cis-product prelvion-
tially under acidic conditions. but the vield of r-ais-
product can be increased from 5 10 25 per cont
carrying out the cyclization reaction in phosphate
buffer at pH 7-0 [57].

Critical areas for further work

Measurement of hiosynthesized TIQ alkaloids in tis-
sues. It has been difficult to document the levels of
TIQ alkaloids formed in the brains of experimental
animals during exposure to alcohol. The amounts
present are relatively small and there are difficulties
related to the separation of TIQs from catechol-
amines. The single success to date has been the exper-
iments of Collins and Bigdeli [28]: these investigators
showed that TIQ levels in brain were in the range
of 1 per cent of the endogenous catecholamines in
animals receiving ethanol along with pargyline (a
monoamine oxidase inhibitor) and pyrogallol (a cate-
chol-O-methyltransferase inhibitor). The observed
TIQ levels were close to the lower limit of detectabil-
ity with the available methodology (a gas chromato-
graphic-electron capture method). The importance of
the work lay in its demonstration that TIQs were.
in fact. formed at the proposed sites in rivo. What
is needed now is further development of methods cap-
able of routinely measuring TIQs in tissues. particu-
larly when metabolic inhibitors are not used. This
would provide the means to evaluate the relationships
between quantitics of TIQs in local brain arcas and
behavioral events (e.g. drinking behavior. withdrawal
signs) or pharmacodynamic cvents (e.g. catecholamine
turnover. receptor sensitivity).

A relatively simple radioenzymatic method would
be a most welcome development; the method must
be capable of distinguishing the TIQs from endo-
genous catecholamines and their metabolites. An im-
munologic radioassay could provide the required sen-
sitivity and specificity. Gas chromatography mass
spectrometry represents a potentially valuable. but ex-
pensive approach. There has been limited success with
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a qualitative method based on the conversion of non-
fluorescent TIQs to fluorescent dihydroisoquinolines
(by heat in the absence of formaldchyde) for direct
microscopic examination of the adrenal medulla [26];
but the method could not be applied in the study
of peripheral adrenergic nerves (unpublished observa-
tion).

TI1Q metabolites. In a study with [*H]6.7-dihydroxy-
TIQ. the O-methylated form(s) appeared to be re-
tained in sympathetically innervated tissues, such as
the heart and salivary glands. in amounts greater than
or cqual to the unmetabolized TIQ [31]. With the
exception of the early studies of Hjort et al. [42.43]
little or no work has been directed toward the phar-
macologic properties of O-methylated TIQs. now re-
cognized as metabolites. It is not known whether or
not O-methylated forms can exert neurotransmitter
or other actions in adrenergic systems.

Because there is an inherent difficulty in evaluating
the significance of unmetabolized TIQs excreted in
the urine. metabolite studies would be most impor-
tant in investigations concerned with human subjects.
Do TIQ products found in urine arise from the con-
densation of excreted aldehyde and excreted catechol-
amines during storage in the bladder? Since 3-O-
methylated catecholamines appear not to undergo
spontaneous ring-closure reactions with aldehydes.
the presence of the corresponding 6-O-methylated
TI1Qs in urine could mean that such TIQ metabolites
were not formed in the bladder. Are excreted TIQs
formed in liver (a trivial site) or at adrenergic loci?
This question will be more difficult to ahswer.
Nonetheless. metabolite studies may represent the
best approach for human studies.

How much TIQ is required to alter adrenergic func-
tion? There is no experimental answer to this question
at the current time. mainly because methodology is
not available to routinely measure TIQ levels in ad-
renergically innervated areas. However. some appre-
ciation of the potential effects of TIQs present in
small amounts (e.g. 1 per cent or less of the corre-
sponding catecholamines) can be gleaned from the
following theoretical consideration. It has been esti-
mated from fluorescence microscopic studies that the
absolute concentrations of catecholamines in peri-
pheral sympathetic nerves are in the range of 6 x
1073 M in the rat [59] and 6 x 10" M in the
mouse [60]: Jonsson [61] estimates a conceniration
as high as 0-5 M within the catecholamine storage
vesicles. These are not outrageous estimates. as the
levels of catecholamines in the adrenal medulla.
measured by standard chemical techniques. are in the
range of 8 x 1072 M [62]. Condensation of 1 per
cent of endogenous catecholamine with acetaldehyde
in nerve terminal areas could result in endogenous
TIQ concentrations in the range of 6 x 107> M to
5 x 1073 M. Expressed as ug/g of tissue. TIQs might
appear to be present in “trace” amounts. But, local-
ized in nerve terminals, these concentrations could
suffice to cxert pharmacologic actions. When TIQs
are pharmacologically inert or when they function as
weak agonists. as do many of the known “false trans-
mitters.” no change in adrenergic function would be
expected when the amounts of TIQ are small relative
to the endogenous catecholamines. However. when
there is an unusually high affinity for a receptor or
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enzyme and/or when TIQs possess a property not
dircctly competitive with the catecholamines. physio-
logic sequelae would be anticipated.

A provocative theoretic aspect to be considered for
TIQ function is their apparent tendeney o “leak”
from cells [23. 32]: this phenomenon could result in
a relative concentrating cffect for TIQ over catechol-
amine in the synaptic clelt. Additonally. trunsient cle-
vations of TIQs relative to catecholumines at receptor
sites could result from the relatively weaker ailinity
of TIQs for neuronal uptake mechunisms | 34] as well
as their failure to be metabolized by monoamine ovi-
dase.

Auailability of TIQs. Collins and Kernosek [63]
have successfully synthesized 4.6.7-trihyvdrony-TIQ.
the condensation product of NF with formaldehyde.
However. pure samples of acctaldehyde-derived TIQ
derivatives hydroxylated in the 4-position (corre-
sponding to the fi-hydroxyl group of NF and by hane
never been prepared. Organic synthesis of these com-
pounds. making them available for hiologic cvalu-
ation. is urgently required. The dircet condensation
of NE or E with acetaldehyvde in aqucous solution
can provide these T1Qs. but contaminated with sever-
al products of uncertain identity [2. 3]: these contu-
minants may represent stereoisomers [ 37, 38] or ring-
closure to the 2-position of the catecholamine ring
(ortho to the activating hydrosyl group. see Fig. 1)
[16. 58. 64]. Stereoisomers of TIQs derived from DA
and L-dopa have been recently synthesized [37].

Pharmacological and hchavioral studies. Further
work is needed to evaluate the actions of TIQs on
various isolated adrenergic systems. as well as on
drinking behavior and other behavioral events in in-
tact animals. Some recent studies offer promising new
leads. M. Hamilton and M. Hirst (personal communi-
cation) have observed that salsolinol antagonizes the
contractions induced by serotonin in rat stomach and
uterus preparations; of particular interest. antagonism
of responses to the pituitary hormones. oxytocin and
vasopressin. was observed in isolated tissue prep-
arations. Blum et al. [65] reported that intracerebral
injections of 6.7-dihydroxy-TIQ increased “withdraw-
al” scores (hyper-excitability on handling) in mice pre-
viously exposed to ethanol. Amit and associates have
observed changes in free-choice alcohol consumption
in animals receiving central infusions of TIQs (per-
sonal communication: cf. Ref. 66).

Ross et al. [67.68] have provided an interesting
observation that links the effects of salsolinol. ethanol
and morphine on brain calcium levels. The depletion
of brain calcium levels by each of these agents is anta-
gonized by naloxone. a specific morphine antagonist.
Control studies with other calcium depletors (pheno-
barbital. reserpine) showed unresponsiveness to nalo-
xone; similarly, naloxone did not affect t-butyl alco-
hol or isopropanol. neither of which can be trans-
formed in vivo to aldehydes (TIQ precursors). Ross
suggests that alcohol (via formation of a TIQ) and
morphine interact with a common pool of brain cal-
cium and. therefore. share certain common loci of ac-
tion for their effects on central neurons.

Related areas of interest

Beta-carbolines. The condensation reactions of
tryptamines with aldehydes yields a class of 1.2.3.4-
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tetrahydro-f-carbolines. This reaction is analogous to
the formation of TIQs from catecholamines. The reac-
tion in vitro of S-methoxytryptamine with acctalde-
hvde has been studied by Mclsaac [69]. Urinary ex-
cretion of tetrahydro-f-carbolines by rats receiving
ethanol has been reported [69. 70]. Tetrahydro-fi-car-
bolines arc of interest because they are structurally
related to the class of harmala alkaloids (c.g. harma-
line) which are hallucinogenic and arc strong inhibi-
tors of monoaminc oxidase. The tetrahydro-f-carbo-
line condensation product of serotonin with acetalde-
hyde (Fig. 1) may play a physiologic role at serotoner-
gic sites. similar to the one proposed for TIQs at
adrenergic sites.

Endogenous alkaloids. Laduron and coworkers have
pioneered the use of 3-methyltetrahydrofolate as a
cofactor in the methylation of biogenic amines;
these [71-72] and other investigators [73-75] found,
however. that the reaction products were not the
expected N-methylated biogenic amines. Instead.
TIQs [71-73] and tetrahydro-f-carbolines [71. 74, 75]
were formed. The reaction in tissue extracts is pro-
moted by an enzyme which catalyzes the formation
of a reactive l-carbon fragment. The intermediate
appears to be formaldehyde [71-73]. One reason for
interest in this research area is the possible synthesis
of aberrant alkaloid metabolites of serotonin or cate-
cholumines in schizophrenia [73, 74]. However, if the
reaction pathway with S-methyltetrahydrofolate is
operable in intact cells under basal conditions, syn-
thesis of alkaloids may take place normally and these
alkaloids may subserve a normal function. perhaps
as neurotransmitters in. as yet unidentified neuronal
tracts.

TIQs and Parkinsonism. Although the formation of
TIQs such as salsolinol or THP would be considered
to be an unusual cellular event. there is a special cir-
cumstance in which the mammalian system may be
predisposed to their formation. In the treatment of
patients with Parkinson’s disease. unusually large
amounts of the amino acid. L-dopa. are used; as much
as 70 g or more are given to patients on a continuous
day-to-day basis. These circumstances are favorable
for the formation of TIQs via the condensation of
either DA or L-dopa with endogenous aldehydes (e.g.
the aldehyde evolved when monoamine nxidase acts
on DA). Sourkes [76] has suggested that THP and
other complex alkialoids may be responsible for some
of the actions of L-dopa. A recent report [77] sug-
gested the presence of THP in the brains of rats
treated with large amounts of L-dopa. The urinary
excretion of THP in Parkinson patients treated with
L-dopa (in the absence of ethanol) has been described
[29]. Inhibition of the DA-sensitive adenylate cyclase
in the striatum of rat brain by salsolinol or THP
has been reported [46]. These latter observations may
indicate that THP or other TIQs formed in vivo can
be responsible, in part, for the “on-off” effect during
L-dopa therapy or for the failure of some subjects
to respond favorably to L-dopa.

Concluding remarks

The supposition that TIQs would be recognized in
adrenergic systems as analogues of catecholamines
has to some extent been borne out. TIQs possess
properties of false or surrogate transmitters in some
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adrenergic systems. In others. they act as inhibitors
of physiologic mechanisms that regulate the actions
of catecholamines. These results are supportive of the
idea. but do not establish that TIQs are involved
in bodily responses to alcohol.

Although present in relatively small amounts. TIQs
can achieve a precision of action by their discharge
from nerve terminals directly into adrencrgic receptor
areas. The capacity of TIQs to be taken up and stored
in nerve endings and their failure to serve as sub-
strates for monoamine oxidasc provide a way to con-
ceive how a chemical residuum of alcohol can persist
into post-intoxication states.

TIQs may conceivably play a role in modulating
cither the pleasurable or unpleasant aspects of expo-
sure to alcoholic beverages. The higher blood levels
of acetaldehyde that occur in alcoholic subjects as
compared to normal subjects [78] may act as a spur
to TIQ synthesis in the alcoholic group. The varicty
of bodily changes seen during social drinking or on
chronic exposure to alcohol range from sedation and
looscning of social constraints during intoxication. to
psychomotor agitation and “hangover™ as immediate
after-effects. to tremulousness. hallucinosis and sci/-
ure after heavy or long-term drinking. The following
questions remain to be answered. Are any of these
changes dependent on the presence of TIQs in ad-
renergic systems? Are some actions of TIQs masked
during alcohol intoxication. but made more cvident
as the general sedative or depressant action of alcohol
wears off? Can an understanding of the pharmacology
of TIQs lead to an understanding of the addictive
aspect of alcoholism?
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