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The specificityof the bindingof serotoninto brainpreparationswas investigatedwith variouscompetitive _

agents.A probable relationshipbetween theirstructureand theircapabilityof displacementwas suggested. '_
Bufotenineand morphine displacedserotonin(0.5 X 10-sM) bindingto synapticmembranes 87 and 49% ..
respectively. Dissociation constants of the binding of 5-HT and tryptamine to synaptic membranes, and displace- _
ment constants of certain drugs were determined. The binding of 5-HT and tryptamine to calf brain preparations

was also investigated by equilibrium dialysis, in order*to determine affinity constants and reversibility of the , ili_
binding. Differences were noted in the specificity of binding sites for serotonin and tryptamine, suggesting a
different binding site for tryptamine. Extrapolations of Scatchard plots were used for determination of the _

constant was found for 5-HT in synaptic membranes (K ~ 1 ×
constants. A characteristic low dissociation
10 -6 M). Probably, the binding macromolecule (receptor?) is a proteolipid.

Serotonin Tryptamine Binding sites Bufotenine Morphine i_:iiii_I|

li
1. Introduction ceptors which may be blocked by morphine i

and dibenzyline or LSD respectively, i_i
During the past few years itwas shown that Alivisatos et al. (1971) have reported that _,

biologically active substances may bind to the interaction of serotonin with specific

specificsitesof tissuemacromolecules (recep- binding sites in the central nervous system iii,
tot structures)ina reversiblemanner, and this may involve Schiff base formation between

- binding may produce conformational changes the ethylamine residue of 5-HT and an acti-

and important physiological effects (Chan- vated carbonyl residue at the binding site.The

geux etal.,1967). reversibleimine formed may be stabilizedby '_!ii
Serotonin (5-hydroxytryptamine, 5-HT) reduction with a mild reducing agent, e.g., 'i

was found to play an important role in the sodium borohydride. !iil
central nervous system, but its main role is Considering some criteria which character-
still unknown. It was suggested (Marchbanks, ize receptors for 5_HT in situ (Alivisatos and :.i_

1966} that high affinity binding of serotonin Seth, 1971) (e.g., chemical structure neces-

was associated with nerve ending particles, sary for its binding, reversibility, high affinity !,]
medium affinity binding with the enzyme constants, in situ displacement by pharmaco- _

monoamine oxidase, and low affinitybinding logical agents) we have investigated in the :I

was omnipresent, present paper the effectof various compounds

, Gaddum and Picarelli (1957) have pro- on the attachment of indoleamines to brain
posed two types of serotonergic receptors in tissues.

guinea pig ileum, the M-receptors and D-re- Equilibrium dialysis was used to establish ::
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the degree of affinity and reversibility of the Packard Tri-Carb liquid scintillation counter.
binding of indoleamines to bovine brain prep- Radioactivity measurements and protein de-
arations, terminations were done as described previous-

ly (Alivisatos et al., 1970).
The dissociation constants of 5-HT and

2. Materials and methods tryptamine, as well as some displacement con-

stants were determined by measuring the
Reagents used in the present work were binding as a function of concentration and

purchased from the following commercial plotting the data graphically in double-recip-
sources: 5-hydroxy-(side chain-2 -14C)-trypt- focal form as described by Lineweaver and
amine creatinine sulfate (specific activity, 55 Burk (1934). At least 5 different _oncentra-
Ci/mole) from Amersham/Searle Corp.; trypt- tions were used for each determination of the
amine bissuccinate [2 -14C] (side chain label), dissociation constant. The displacement con-
specific activity, 47 Ci/mole, from New Eng- stant Ki (dissociation constant of inhibitor--
land Nuclear Corp., 5-hydroxytryptamine cre- macromolecule complex) was determined
atinine sulfate (5-HT) and tryptamine • HCI from graphic analysis of data on displacement
[3-(2-aminoethyl)-indole . HCI] from Sigma of the binding, stabilized by sodium borohy-
Chem. Company, U.S.A. Other reagents used dride, at 2 or 3 concentrations of the displac-
in this study were of the highest commercially ing agent.
available quality. Besides the sodium borohydride methodol-

Mouse and calf brain tissue.: was used in our ogy, we also used equilibrium dialysis for the
studies. Calf thalamus homogenates were used investigation of the affinity of the indole-

for the preparation of synaptosomes accord- aminergic attachmeut. Equilibrium dialysis
ing to Whittaker (1959}. After osmotic dis- was performed according to the method used
ruption of the synaptosome fraction, subfrac, by Eldefrawi et al. (1971) and O'Brien et al.
tionation of this fraction in discontinuous su- (1970).

crose gradients was performed according to 1 ml of bovine brain homogenate (4 mg
De Robertis et al. (1962) and Azcurra and De protein) or 1 M sucrose layer membrane frac-

Robertis (1967). Membrane particles were used tion (1 mg protein) was placed into a segment
for binding experiments, of 1/4 inch dialysis tubing, tied at both ends

Brain preparations were preincubated in and suspended in 50 ml of [ ! 4C] -serotonin or

0.1 M bicarbonate buffer, pH 8.9, 0.1 M su- [14C]-tryptamine in Krebs--Ringer solution
crose, 0.7 mM pargyline for 20 rain at 30°C, pH 7.4 or pH 9 (Dawson et al., 1959) which
to eliminate monoamine oxidase activity, contained 0.4 mM pargyline and 0.85 mM
Subsequently, the samples were incubated CaCl_. The samples were shaken for 20 hr at
with radioactive serotonin or tryptamine in 4°C. Subsequently, aliquots from the bath
presence or absence of displacing agents for and the inside of the bag were counted in a
10 min at 30°C in a final volume of 1 ml. Packard Tri-Carb liquid Scintillation counter.
After incubation, the samples were treated The difference between radioactivity of the

with sodium borohydride (5 mg in 0.1 ml inside fluid and an equal volume of the out-
ethylene glycol monomethyl ether) where in- side fluid, represented the amount of ligand
dicated and incubation was continued for 30 bound. Each dialysis experiment was done
min with shaking. The samples were then with duplicate or triplicate samples. Scatchard
acidified with 10% trichloroacetic acid and plots were used for the determination of the
washed with 10 ml of the same acid 5 times, dissociation constants of serotonin and trypt-
The washed precipitates were dissolved in hy- amine (Klotz et al., 1948; Klotz, 1953).
droxide of hyamine 10-X, transferred into The reversibility of the binding of 5-HT
vials with scintillation fluid, and counted in a and tryptamine to calf thalamus preparations
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was determined by performing dialysis of 6 (5 mM CaCI:) or trypsin at pet 8 (10 mM |

equal samples at pH 7.4 and pH 9.0 for 20 hr. CaCl:) at 37°C for 1 hr. After incubation the i
i;

The degree of binding was determined from ice cooled samples were placed into dialysis
3 bags (controls). The other 3 bags were trans- bags, which were immersed in baths, contain- z i
ferred to ligand-free Ringer solution and dial- ing [ _4C] -serotonin in Ringer solution pH 7.4 :!
yzed for 24 hr at 4°C. Subsequently, the last and dialyzed for 20 hr at 4°C. Binding of _
procedure was repeated and dialysis contin- [ t 4C]-serotonin was determined as above, i
ued for 24 hr. Thefinalcountswerecom-
pared to the counts of the controls and the t

reversibilitywas computedfrom the sharp :i_
decrease of the binding of the radioactive 3. Results ;
ligand after 48 hr of dialysis. To determine r
the approximate nature of the binding macro- The degree of displacement of the binding ! i

_ molecule, the effect of treatment with trypsin of [ _4C]-serotonin to mouse brain homoge-

; and phospholipase C was explored. Calf thala- nates by various compounds is shown in ta- _i i
mus homogenates were incubated in presence ble 1. As evident from this table, substances :_
and absence of phospholipase C at pH 7.4 used for displacement studies were of differ- i

TABLE1

EFFECT OF VARIOUS AGENTS ON THE BINDING OF SEROTONIN TO BRAIN ttOMOGENATES f

Brain homogenates of untreated white Swiss, male mice were preincubated in 0.5 mM pargyline for 20 rain. After !
preincubation the samples were incubated 10 rain at 30°C with [14C]-serotonin, 2 x 10 -s M, specific activity 56 i
Ci/mole in presence and absence of displacing agents. Subsequently, incubation was continued in presence and j
absence of sodium borohydride for 30 rain. The washed precipitates were counted in a TriCarb scintillator. The
percentage of displacement was calculated from the decrease of the binding, stabilized by borohydride, in the i

presence of displacing agents as compared to the stabilized binding of incubations having no displacing agents. IIncubation at 0°C was done to prevent the rapid oxidation of ortho hydroxyl groups. Values are the means *_
standard deviations of 3 experiments performed in duplicates. Samples used in each of the 3 experiments derived
from pooled homogenates, obtained from a group of ten mice. Significance of difference from controls: p <
0.001, except for salsolinol: p < 0.01 and for tetrahydropapaveroline: p < 0.5, for d-tubocurarine: p <:.0.l and
for _-phenylethylamine: p < 0.01.

.- Displacing agent Binding %displacement
-_ _-_ "_== - . **A dpm/g brain :"

None 102207-+2438 0
D-Lysergic acid diethylamide (d-LSD-25) 81837 -+ 4538 20

- "l-Methyl-d-lysergic acid butanolamide (methysergide) 82646 + 1538 19
_-Phenylethylamine 88016 -+ 3534 14 !
Tyramine 81204 + 5899 21 !'
5-Hydroxy-N,N-dimethYltryptamine (bufotenine) 44971 -+ 3823 56
3-[(Dimethylamino)-methyl]-indole (gramine) 101696 -+ 4068 0
Morphine sulfate 64390 + 2761 37
D-Tubocurarine 83215 +-10415 19
None* 15234 + 1613 0 .
1-Methyl-6,7-dihydroxy-l,2,3,4-tetrahydroisoquinoline

(salsolinol) * 8265 -+ 695 46
Tetrahydropapaveroline * 12443 -+ 2715 18 '

• Incubation at 0.

• * (NaBH4 present minus NaBH4 absent).
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TABLE 2

Effect of various agents on the binding of serotonin and tryptamine to calf brain synaptic membranes.

Membranous material, obtained from 1.2 M sucrose discontinuous gradients of calf thalamus synaptosomes was
incubated 10 rain at 30°C with [J4C]-serotonin or []4C]4ryptamine in presence and absence of displacing
agents, in 0.1 M bicarbonate buffer pH 8.9, 0.7 mM pargyline. Subsequently, incubation was continued in
presence and absence of NaBH4 for 30 rain. After incubation the samples were washed 5 times with ten per cent
trichloroacetic acid and counted in a Tri-Carb liquid scintillator. Specific radioactivity of [I 4C].serotoni n and
[14C|-tryptamine was ]3.7 Ci/mole. The percentage of displacement was calculated from the decrease of the
binding, stabilized hy sodium borohydride in presence of competitors as compared to the stabilized binding in
absence of them. The dissociation constants and displacement constants were determined by double reciprocal
graphs, plotting the binding stabilized by NaBtt4 as a function of the concentrations of indoleamines in presence
and absence of the antagonists. Values are the means ± standard deviations of 6 experiments. Significance of
difference from controls: p < 0.001.

Concentration (mole/liter) Binding Displacement % Displacement
- * A dpm/mg constants

Displacing agent Indoleamine protein (M)

Serotonin
None 0.5 X 10 -s 401 + 48 0
None 1.0 X 10 -s "586-+ 58 0
5-Hydroxy-N,N-dimethyl

tryptamine (bufotenine) 0.8 X 10 -4
2.5 X 10 -4 0.5 X 10 -s 52 + 5 87
2.5 X 10 -4 1.0 X 10 -s 82 -+ 9 86

N,N- Dimethyltryptamine
2.5 X 10 -4 0.5 X 10 -s 481 +- 72 0
2.5 X 10 -4 1.0 X 10 -s 703 -+ 126 0

Morphine 4.2 X 10 .4
5.0 X 10 .4 0.5 X 10 -s 204 -+24 49
5.0X 10 .4 1.0X 10 -s 336+- 44 43

Chlorpromazine 8.9 X 10 -4
5.0 X 10 -4 1.0 X 10 -s 404 -+ 68 31

Tryptamine
None 0.5 X 10 -s 488 + 43 0
None 1.0 X 10 -s 830+ 47 0
5-Hydroxy-N,N-dimethyl-

_ tryptamine (bufotenine) 2.0 X 10 -4
2.5X 10 -4 O.SX 10 -s 244 + 24 50
2.5 X 10-4 1.0X I0-s 440 + 26 47

N,N-Dimethyitryptamine 1.3 X 10 -4
2.5X 10 -a 0.5X 1O-s 190-+ 28 61
2.5 X 10 -4 1.0 X 1O -s 333-+ 46 60

• NaBH4 present minus NaBH 4 absent.

ent chemical structure and pharmacological Scatchard plots of the binding of 5-HT or
effect, tryptamine in presenceand absenceof the

Results presented in table 2 show a correla- drugs mentioned in table 2 are shown in figs.
tion between chemical structure of the psy- 1 and 2.
chotomimetic drugs bufotenine and N,N-di- The amount of binding was plotted as a
methyltryptamine (DMT) and their capability function of the concentrations of the indole-
to displace serotonin or tryptamine from their amines. The association constants of 5-HT
binding to synaptic membranes, and tryptamine, determined from extrapola-
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tionof theseplots,reflecton the higheraffin- naresfor 5-1IT,concentrationrange (1 × 10 -_

ity of 5-HT for nerve ending membranes, to 5 X 10 -6 M), and a low one forthe concen-
compared to that of tryptamine.As can be trationrange (5 × 10 -6 to 1 X 10 -.4M) atpH

seen from fig.I, DMT increasesto some ex- 7.4and 9.0.For tryptamineconcentrations(1
tent the binding of 5-HT, stabilized by sodi- × 10 -7 to 1 × 10 -s M) we have only the

um borohydride, evidence of a medium affinity site. Other
We also used equilibrium dialysis to study binding sites could not be estimated. The syn-

the binding of 5-HT and tryptamine to bovine aptic membranes (1 M sucrose layer) exhib-
thalamus preparations, being primarily con- ited a high affinity site for 5-HT, concentra-
cerned with the investigation of high affinity tion range (5 × 10 -s to 5 X 10 -6 M). We

sites of the binding. We established (table 3} could not determine, however, a low affinity
the presence of a high affinity site in homoge- site in the membranes.

4
_" _ 5-HT

_ _ 0 o5-HT+Chlorpromozine
_ ix _5-HT + Morphine

_o _ 5-H T + Bufotenine

_°lz . .,,,
I

I 2 3 4 5 6 7

B ( X IO-Ilmoles/rn9 protein)

Fig. 1. Scatchardplots of the binding of i! 4C]-serotonin to bovinethalamuspostsynaptiemembranesin absence
and presenceof chiorpromazine (5 x 10-4 M), morphine (5 × 10-4 M) bufotenine (l × 10-4 M) and
N,N-dimethyltryptamine (2.5 x 10-4 M). B = binding of 5-HT, stabilizedby NaBH4, [L] = molar concentration
of 5-HT. Valuesarethe meansof 3 experiments.Approximate --K associationof 5-HT = 0.9 × 10s M.
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Results in table 3 indicate that the binding7

affinity of 5-HT and tryptamine is greater at
6 -_ --T,_p,_i_ pH 9 than at pH 7.4.

o o ,ryp,0m,,e+N,N-D_methy,-,,yp,0m_ne In fig. 3 the demonstration of two slopes in

_ _ _ rrypt0mi0e+S_f0te,i_e the case of 5-HT indicates two binding sites in

'o_ 4 bovine homogenates, one of high affinity, the

x other of low affinity. The Scatchard plot for

m_' 3 ."_-.._.._ . the binding of tryptamine, however, shows
only one binding site. These results also reveal

2 the implication of the 5-hydroxyl group of
5-ttT in contributing to the binding of tile
indoleamine.

05 , r5 In order to determine the chemical nature

B ( XlO-I°moles/mg pr0tein) of the binding macromolecule, we explored

Fig. 2. 8catchard plots of the binding of [14 C]-trypt- tile effects of trypsin and phospholipase C on

amine to bovine thalamus postsynaptie membranes in the binding of 5-HT to bovine thalamus ho-

absence and presence of bufotenine (1 X 10 -4 M) and mogenates, using the equilibrium dialysis
N,N-dimethyltryptamine (2.5 x 10 -4 M), B = binding
of tryptamine, stahilized by NaBH4, ILl = molar method. It was found that after phospholi-
concentration of tryptamine. Values are the means of pase C or trypsin digestion the binding of

three experiments. Approximate --K association of 5-ItT was decreased 38 and 40%, respectively.
tryptamine = 1.5 x 104 M.

TABLE 3

Binding constants and concentration of binding sites of 5-hydroxytryptamine and tryptamine in calf thalamus
preparations.

Equilibrium dialysis of calf thalamus homogenates was performed at ptt 7.4 and 9.0, using 4 mg protein, whereas
1 mg protein was used in the ease of the 1 M sucrose layer membrane fraction. Equilibrium dialysis and
reversibility studies were performed as described in the text. The dissociation constants and maximal binding of
the ligands were computed from Scatchard plots. Values are the means of 3--4 experiments for reversibility
determinations. Points of the Scatchard plots are either from 2 or 3 experiments. Concentrations of the binding
sites of the ligands are equal to the intercepts on the abscissa in the Scatchard plots, expressing the maximal
binding with a characteristic dissociation constant of the ligand's molecules to a certain binding site (see fig. 3)
and (EIdefrawi et al., 1971 ).

Ligand Tissue Disgociation constant, K(M) Concentration Observed
preparation of binding sites reversibility (%)

pH 7.4 pH 9.0 X 10-7 moles!
g tissue pH 7.4 pH 9.0

pH7.4 pH9.0

5-Hydroxy- Calf thalamus Ki = 3.00X 10-6 Kl = 0.80X ]0 -6 0.10 0.13 75 85
tryptamine homogenate K2 = 1.28 X 10 -4 K2 = 2.17 X 10 -s 1.67 2.80

Tryptamine Calf thalamus K = 1.33 X 10 -s K = 1.20 X 10 -s 1.80 2.20 96 93
homogenate

5-Hydroxy- 1 Msucrose KI = 1.00 X 10-6 0.00035 76
tryptamine layer mem-

brane frac-
tion
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Serotonin.-14C
5 o- - --0 Tryptomine-14C 5 --I

IO 4 4 -3.
X

ml_ 4E-----_ K d iss 5 HT _3X .O-6M "_ EJ
.E 3 3x
C

o O,
o

-- (It)

cn 2 2

0 0

I I II
I
I

t I I I I I I I
I 2 3 4 5 6 7 8 9

B( X IO-emoles/gm Thalamus ) i
Fig. 3. Scatehard plots of the binding of [14 C]-serotonin and 114 C l-tryptamine to calf thalamus bomo_enates, i

Points are either from 2 or 3 experiments, [L] is molar concentration of ligands, B is amount bound in 10 -s
moles/g thalamus. Binding of ligands was studied by equilibrium dialysis as described in the text.

[

4. Discussion by weak covalent bonds, electrostatic attrac- '
tions and repulsions (Alivisatos et al., 1971),

We attempted to elucidate the specificity hydrogen bonds, hydrophobic interactions,
and reversibility of the binding of 5-HT in the charge transfer complexing, van der Waals
central nervous system by studying the dis- forces, surface adsorption and other types of
placement capability of various drugs upon binding (free energy of formation of each
5-HT binding to brain preparations. The vari- individual bond approx. --2 to --7 kcal/mole).
ous displacing agents have certain structural As stated in our previous work (Alivisatos
features, similar to 5-HT, such as the indole et al., 1971) the 3-ethylamine residue of 5-
nucleus, or any other unsaturated, resonating HT, which is able to form a Schiff base, and
ring structures, electron releasing functional ttle 5-hydroxyl are essential for the strong
groups like the phenolic hydroxyl or a halo- attachment of the agonist to its binding site,
gen, a primary ethylamine moiety, or second- the phenolic OH increasing considerably the
ary and tertiary amine structures, firmness of the 5-HT binding. In addition, the

We tried, therefore, in our studies to estab- indole ring of 5-HT is only weakly attached to
lish any structure--displacement relationship, the binding macromolecule, due to hydro- i
comparing our blocking results with known phobic segregation and charge transfer com-
pharmacologicaldata of 5-HT antagonism, plexing.
Drugs attach themselves reversibly in the CNS In the present work, a few generalizations

J
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may possibly be deducted in reference to nizes the effects of 5-HT on the isolated colon

structure---xtisplacement relationship. As indi- of rat (Garattini and Valzelli, 1965). Both
cared in table 1, various drugs, used in same amines are vasoconstrictor and CNS stimulat-

concentrations, exhibited different displace- ing agents like 5-HT. Bufotenine, which is the
ment capabilities. LSD-25, a powerful stimu- N-dimethylated congener of 5-HT, having all
lant of the central nervous system, is structur- three structural features of the latter corn-

ally related to 5-HT, having an indolethyl- pound, namely, the indole ring, the 5-OH and
amine moiety as part of its bulky, hydropho- an ethylamine side chain, proved to he the

bic structure which may cause steric hin- most effective antagonist of 5-HT, displacing
drance. The N-substituted heterocyclic, satu- it 56%. As at the specific binding site of 5-HT
rat,ed ring has two asymmetric carbons, car- or tryptamine there may be two juxtaposed
bon 5 and carbon 8; only d-LSD has psy- groups, one negatively charged (e.g., a
chotomimetic activity. The 20% displacement --COO-) and a carbonyl residue, the indol-
achieved by d-LSD is rather modest compared ethylamine side chain could either bind as salt
to its powerful, competitive antagonism, ex- or as a Schiff base (resonant alternatives).
erred on the contractile effects of 5-HT on Bufotenine would presumably exert its antag-
isolated rat uterus. Less specific and more onistic effect mainly by salt formation with a
feeble is its action on guinea pig ileum (Gad- -COO- group and by _ its 5-OH attachment.
dum and Picarelli, 1957). Bennett and Aghaja- Bufotenine has also been reported to produce
nian (1974) postulated the existence ofa spe- psychotomimetic effects in man (Fabing and
cific d-LSD binding site associated with a 5- Hawkins, 1956). Gramine,. an indole with a

• .¥ , -'

HT receptor and an unspecific one in the N-dimethylated meth_amme side chain, lacks
CNS. Our results may indicate the possibility the phenolic OH. Also, the lack of an addi-

that d-LSD binds, besides to 5-HT binding tional methylene grou_ accounts for weaker
sites, also to unspecific sites, accommodation of t_e!:_ide chain and there-

Boakes et ai. (1970) found that LSD-25 fore for a smaller binding affinity. It did not
antagonized the 5-HT excitation of neurons in displace 5-HT. 5-Benzyloxygramine, however,
the brain stem of the cat. And_n et al. (1968) antagonizes the action of 5-HT on rat uterus
suggested that LSD-25 interacted with 5-HT (D-receptors) strongly, having only a small
receptors of postsynaptic membranes by com- effect on M-receptors (Gaddum and Picarelli,
peting with 5-HT for common receptors (D- 1957). Statistical evaluation of results fail to
receptors). The LSD-25 congener, the N _- show significance of the displacement effects

- methylated compound, methysergide, has like of d-tubocurarine and tetrahydropapavero-
LSD-25 only a moderate displacement effect line.
(19%). It inhibits, however, strongly the vaso- The alkaloid morphine has a complex ring
constrictor and pressor effects of 5-HT and its system which includes a furan ring, a cyclo-
action on various smooth muscles, hexane ring and the N-methyl-_,-phenylpiperi-

_-Phenylethylamine, the parent compound dine. Morphine having one phenolic, 3-OH
of the sympathomimetic amines, possesses an and one alcoholic 6-OH group in its phenan-
unsubstituted benzene ring and an aliphatic trene nucleus and a tertiary amine in its piper-
side chain, ethylamine. Its small, probable ef- idine ring, possesses similar structural ele-

fect of 5-HT antagonism may be due to the ments to 5-HT, displacing it considerably
action of the primary amine, which is also able (37%). Morphine blocks the stimulatory ef-
to form a reversible Schiff base. Antagonism by fects of 5-HT on the inferior mesenteric gan-
tyramine (4-hydroxyphenylethylamine) is big- glion of the cat (Gyermek and Bindler, 1962}
get because of its phenolic OH group, and on the isolated guinea pig ileum (Gaddum
Tyramine is known to have indirect actions and Picarelli, 1957). 5-HT may be involved in
by releasing norepinephrine, which antago- the development of morphine tolerance and
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physicaldependence, is rapidly metabolized in the body (Szara,
Salsolinol,a condensationproduct of dop- 1956). Bufotenineand DMT were reportedto

amine with acetaldehyde,has a benzene ring mimic as wellas block the effectsof 5-HT on

with two ortho OH groupsand a heterocyclic rat brainstem neurons (Bradley and Briggs,
ring,forming a secondary amine. This struc- 1974).

ruralrelationshipwith 5-HT seems to causea Furthermore, morphine and chlorproma-

significantdecreaseof the latterbinding,46%. zincblock the bindingsitesof 5-HT in mem-
Tetrahydroisoquinolinealkaloidsof the sal- brane particles.Chlorpromazine (CPZ) was re-

solinoltype have both centralnervous system ported to have 5-HT blockingactivity(Gyer-

depressantor stimulantactions,and various reek, 1966). CPZ has a three-ringedbulky

effectson smooth muscle like5-HT (Yamana- structurein which two benzene ringsarelink-

ka etal.,1970). ed by a sulfurand a nitrogen.Chloro-substitu-

The significantdecreaseof the bindingof tionat position2 increasesthe electrondonor

5-HT inthe presence of morphine and salsoli- activityof the phenothiazinewhich itselfhas

- nol indicates an interaction of these drugs strong charge-transfer properties. At position
with serotonergic binding sites in the central 10, the substituent is a N-dimethyl-propyl-
nervous system. The competition between 5- amine; the ring nitrogen forms a tertiary
HT and these alkaloids for common CNS amine. All these structural features probably
binding sites is consistent with the postulated contribute to its antagonistic activity. CPZ is
suggestions by Collier (1966} that develop- known to undergo extensive metabolic break-
ment of tolerance to opiates may depend on down by liver enzymes. Posner et al. (1962)
the number of recelStors, reacting with these have reported on the pharmacological activity
substances. Furthermdre, the biosynthesis of of CPZ metabolites. CPZ sulfoxide was the

salsolinol was demonstrated recently (Sandler least active. Monodemethylation and hy-

_t al., 1973) and might have also a bearing on droxylation resulted in active compounds, i
the relation of this compound with 5-HT in The N-oxide, hydroxy and monomethyl me-
the CNS. As evident from results in table 2, tabolites, possessing electron-releasing substi-
bufotenine due to its phenolic OH displaces tuents (CH3 or OH) should be capable of i

considerably the binding of serotonin, as well blocking the 5-HT binding sites (charge trans-
as of tryptamine while N,N-dimethyltrypt- fer complexing). The more polar compounds,
amine, lacking a hydroxyl group does not formed by conjugation and sulfoxidation,
displace the firm binding of 5-HT. However, having electron-withdrawing groups should
its presence diminishes the less firm binding have weaker antagonistic effects. They also

- of tryptamine, the latter binding being proba- would have difficulty in entering the CNS and
bly connected with other receptors. That have access to the 5-HT binding sites. In our
tryptamine has another binding site than 5- studies, however, we used thalamus mem-

HT was also deducted from equilibrium dial- brane particles. Metabolic changes of CPZ
ysis studies which show for tryptamine only with such particles, to our knowledge, have
one binding site of medium affinity in con- not yet been reported.

trast to 5-HT for which we demonstrated also As evident from table 2 the displacement I
a high affinity binding site. As the existence constants give to some extent a quantitative
of endogenous tryptamine in the brain was index of the displacement capability of the
confirmed, this amine might have functions of agents used.

its own in the CNS. Smythies et al. (1972) In our binding experiments we were pri-
suggested that N,N-dimethyltryptamine and marily concerned with the biochemical aspect

LSD-25 act on the 5-HT receptors in the of these two phase chemical reactions. In or- !
brain. The implication of the short acting der to promote these reactions in our model, i
psychological effect of DMT is that the drug in vitro experiments, we used higher concen- i
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