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In previous investigations it has been demonstrated that tryptamine in
a 10-®—10~3 M/lit concentration induces a rhythmic activity of considerable
degree on the adductor of fresh water mussel larvae (Labos et al. 1964 a).
Activity is either not induced at all by serotonine (5-HT) or it leads to an
initial, rapidly subsiding activity. Tryptamine effect is changing, too. It is
considerably lower in the case of late glochidia.

Tryptamine effect can be inhibited by SH-inhibitors, methionine, cysteine
(Labos et al. 1964 b).

In view of the fact that organ preparations of adult Anodonta are gener-
ally 5-HT, but not tryptamine sensitive (Salanki 1963; Fange 1955) and
according to certain assumptions the various indolealkylamines penetrate
differently through the mammal blood-brain-barrier (Vane et al. 1961), it
seemed necessary to further examine the existing differences and changes in the
effect of 5-HT and tryptamine. Experiments were directed in the first place
to the action of agonists and antagonists that proved to be effective on cholin-
ergic, adrenergic and other mediator systems. We also examined the effect
of oxidase inhibitors to elucidate the metabolic processes essential in trypta-
mine effect. With this purpose in view we also demonstrate a photoreactive
system in the presence of tryptamine, taking into consideration that the meas-
ure of some metabolic inhibitions may be light dependent even in not photo-
synthesizing systems. We consider in the case of embryonal object the compara-
tive pharmacological examination of morphogenesis and embryonal motorics
as a source of useful relationships and therefore conducted the examination of
tryptamine effect also in an earlier ontogenetic stage.

Method

We gained the glochidia and earlier embryos from the external gill plates
of adult animals, then selected them with the aid of a fine pipette into groups
of 25 and within these groups examined the activity of the various animals
for at most 60’ in general. With each substance —in the way described earlier
(Labos et al. 1964 a) — we counted the contractions per minute and the
]arvae in tone at least in four groups. So the activity values are to be understood
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on every Figure and concerning each material and material mixture for at
least 100 glochidia each.

The materials used in the experiments were the following: tryptamine
HCI (TA; Fluka), serotonin creatinine sulhpate (5-HT; Fluka), serotonin hydro-
gen oxalate (Calbiochem), Indole-3-yl-propionic acid (IPA; BDH), indole-
3-yl-butyric acid (IBA; Schuchardt), indole-3-yl-acetic acid (IAA; Schuchardt),
melatonine, bufotenine, 5-methoxy-tryptamine, L-andrenaline, L-noradre-
naline, 3,4-dihydroxy-phenylalanine (IK)PA), a-methyl-DOPA, dopamine,
DL-iso-propyl-noradrenaline (IPNA), dichlor-isoproterenol (DCI), dibenamine
HC1, acetylcholine chloride (ACh; Sandoz), mecholyl, carbamylcholine chloride
(CaCh; Fluka), acetylthiocholine iodide (Fluka), butirylthiocholine iodide
(Fluka), eserine-salicylate, neostigminium bromide (Merck), Mytolon (Win-
2747), picrotoxin (Fluka) y- amino butyric acid (GABA, Reanal), histamine,
cystamine HCI, tyramiten HCL (Fluka), L-glutamine (BDH) KCI, CaCI2 KCN,
NaNg éBDH), 2,4-dintrophenol (2,4-DNP), iproniazid, isonicotinic acid
hydrazide (INH), ergotamine tartarate, riboflavin-5-phosphate Na (AVKT;
Schuchardt).

Results
1. Some characteristics of the tryptamine effect.

The group reaction of glochidia shows in the presence of effective trypta-
mine concentration a frequency-time diagram taking place through maximum
(Labos et al. 1964 a). The rhythmic contraction series produced by the indivi-
dual shows the same distribution in time (Fig. 1). Thus the maximum observ-
ed in the group-reaction is not only the consequence of the averaging but
also of the individual reaction. Therefore the formal modeling of the rhythm
taking place through the maximum may supply information on certain
questions. Let us consider the adductor as a system with in- and output. In
the input there is an analogous process of the binding and chemical transforma-
tion of the substance employed (tryptamine), while on the output of the system
there is a rhythmic contraction series. The rhythm appears after a certain
period of latency, the frequency increases, for a time the contractions follow
each other in regular intervals, subsequently the frequency diminishes and
the glochidia generally remain open in a relaxed condition of their adductor.
If the velocity of the input process is the frequency maintaining factor then
its realization in time takes place along an S-shaped diagram the median linear
sector of which corresponds to the rhythm of often remarkably stable frequency.
Beside the rhythm pattern indicated in Fig. 1 we also supplied the diagram
of the assumed analogous process gained with graphical demodulation.

The maximum of the tryptamine dosage-effect diagram (Fig. 2) is in
tryptamine sensible populations around a concentration of 100 pg/ml (type
A). The reduction of sensitivity in spring described previously (Labos et al.
1964) may be very considerable and is presumably connected with maturity
because it can be observed also on late winter glochidia and those before getting
out. In the autumn the maximum frequency is generally 10/min and 100 pg/mi
tryptamine elicits 2000—4000 contractions out of 100 glochidia while in the
case of insensible populations 500 pg/ml tryptamine causes 400—700 contrac-
tions and the 2—3/min individual maximum frequency also appears later
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(type B). The data refer to examinations conducted at room temperature with
an illumination of some thousand Ix.

The further experiments were conducted on populations giving trypta-
mine response of partly A, partly B type. The concentration employed was

Fig. 1. Graphic demodulation of a rhythmic contraction series (upper line) induced
by 100 /ig/ml tryptamine on a single glochidium. Abscissa: time from the administration
of tryptamine in minutes. Ordinate: sum of the 1/r values proportionate to the momen-
tary frequency in arbitrary emits, where Tj is the time between the (i—I)th and i-eth
contractions, observed after the administration. For further explanation see the text.

1. abra Egyetlen glochidiumon 100 /./g/ml triptaminnal kivaltott ritmikus kontrakcio-

sorozat (fels6 vonal) grafikus demodulalasa. Abszcissza: A triptamin adasatol eltelt id6

percekben. Ordinata: 6nkényes egységekben a pillanatnyi frekvenciaval aranyos 1/r

értékek dsszege, ahol T,az adas utan észlelt (i—1)-ik és i-edik kontrakcio kozott eltelt id6.
Tovabbi magyarazatot lasd a szdvegben.

50—100 or 500 fig/ml respectively and the value ofthe response pointed to the
character of the population. With regard to the few months of difference be-
tween the appearance of the two populations not all examinations were carried
out on both populations. Therefore in the course of the following the obser-
vation of pharmacological differences beyond the reduction of sensitivity may
be expected.

2. The effect of indole derivatives

The effects of tryptamine, serotonin, melatonine, bufotenine, 5-methoxy-
tryptamine, 3-indole acetic acid, 3-indole propionic acid, 3-indole-butyric acid
were comPared in 50—200 pg/ml concentrations.

Of the substances examined tryptamine and 5-methoxytryptamine are

effective (Fig. 3).
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Serotoniii and the other compounds elicit insignificant activity. Both
preparations of serotonin used (creatinine sulphate and oxalate) are inefficient.
In some cases and in higher concentrations serotonin induces higher initial
activity which gradually subsides while in other cases this phenomenon also

Fig. 2. Diagram of the tryptamine dosage effect in the case of populations sensitive

(A) and less sensitive (B) to tryptamine. Abscissa: time in min., ordinale: the number

of rhythmic contractions in the first 20 minutes following the administration.
Every point signifies the number of the actions of 100 larvae each.

2. abra A triptamin ddzis-hatas gorbéje triptaminra érzékeny (A) és érzéketlenebb (B)

populacié esetén. Abszcissza: id6 min-ban, ordinata: az adast koveté elsé 20 perc rit-

mikus kontrakcidinak szama. Minden pont 100—100 larva akcidinak szamat jelenti.

f

ails to come about. Even this minimum activity observed can be reduced if
serotonin is administered together with flavinadenosine monophosphate
(FMN) which forms a complex in the solution. The external interaction arising
in the mixture diminishes the initial 5-HT rhythm which contradicts the
assumption that the exchange of solution should be the cause of the activity.
Tryptamine activity can be reduced too in the presence of FMN.

The effect of non-activating bufotenine and serotonin and 3-indole acetic
acid was examined on 100 glochidia each upon tryptamine action. Bufotenine
hardly or not at all while serotonin to a slight degree delays the tryptamine
effect. The phenomenon may be based on the hardly explicit competition of
the two substances — the ineffective 5-HT and the efficient tryptamine —
in a penetration to the site of the action.

3-indole acetic acid given together with tryptamine potentiates its
rhythm —inducing effect (Fig. 4). At the same time the tone diagram observ-
ed in the presence of the mixture runs on lower values.

3. The effect of sympathicotropic pharmacons

In our previous examinations we demonstrated that adrenaline, norad-
renaline, tyramine do not induce rhythmic and tonic adductor activity fLabos
et al. 1964 a).
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In the present investigations we examined in 50—100 //g/ml concentration
the action of DOPA, a-methyl-DOPA, dopamine, iso-propyl-noradrenaline
(IPNA), ergotamine, dibenamine, dichloro-iso-propyl-noradrenaline (DCI),
adrenaline, noradrenaline on the adductor activity of glochidia and on the
rhythmic response of the adductor caused by tryptamine.

C(%)

Fig. 3. Rhythmic activity and tonic closure inducing effect of 100 /ig/ml tryptamine,
5-methoxy-tryptamine and 6-HT. Abscissa: time in min., ordinate: frequency of the
rhythmic activity of 100 animals (a/min) and the proportion of the tonically closed
larvae, c[%]. Population of intermediary sensitivity.
3. abra 100 /ig/ml triptamin, 5-methoxy-triptamin és 5-HT ritmikus aktivitast és tonusos
zarast kivaltd hatasa. Abszcissza: id6 min-ban, ordinata: 100 allat ritmikus aktivitasa-
nak frekvenciaja (a/min) illetve a tonusosan zart larvak aranya, c[%]. Atmeneti érzékeny-
ségl populacio.

2 Tihanyi Evkény
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In themselves, in concentrations of 10—100 /;g/ml DOPA, a-methyl-
DOPA, dopamine, IPNA on the basis of a 30 minute examination generally
do not induce either rhytmic or tonic response on B-type population. Some

500jxg/mi TA+500jug/'ml 1AA

Fig. 4. Effect of 3-indole acetic acid (IAA). Abscissa and ordinate as in Fig. 3.
Population of the B-type.

4. abra Nagy koncentracioja 3-indolecetsav (IAA) potenciroz6 hatasa. Abszcissa és ordi-
nata, mint a 3. abranal. B-tipusu populacio.

populations gave a rhythmic response of low frequency in the presence of 100
/tg/ml DOPA.

Noradrenaline, adrenaline in 100 gg/ml concentration potentiate the
tryptamine response. The frequency of the rhythmic activity substantially
increases, the tone is unchanged. Potentiation of the tryptamine effect can be
also observed in the presence of dibenamine and ergotamine. The dibenamine
effect was examined on a population giving reaction of A-type. Ergotamine in
itself causes initial activity and increase of tone. Dibenamine in itself is in-
effective, inducing neither rhytmic nor tonic response. Action of the a-receptor
agonist and its antagonists is presented in Figs 5 and 6.

Examinations were conducted at room temperature with some thousand
Ix illumination in a neutral medium, thus, the decomposition of catecholamines
accompanied by colouration took place in spite of the preparation of fresh
solution.

The effect of IPNA differs from that of adrenaline and noradrenaline in
that the potentiation appears later. The initial sector of tryptamine effect is
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inhibited in the presence of IPNA, while the tryptamine effect extends to
almost 1 hour. Potentiatin? dominates. The own effect of IPNA is insignificant,
the tone unchanged. Results are presented in Fig. 7.

a/min

Fig. .5 Action ofergotamine on the tryptamine rhythm. Abscissa and ordinate as in Fig. 3.
5. abra Ergotamin hatésa a triptamin-ritmusra. Abszcissza és ordinata mint a 3. 4branal.

DCI in itself depending on the cocentration is able to elicit a rhythmic
activity of very high grade, without increasing the tone during that time.
Thus 50 pg/ml DCI includes a rhythmic acitivity lasting for 10 minutes, with
a peak in the 4—6th minute. This rhythmic activity almost completely subsides
by the 10th minute. Until the 100—200th minute of the examination, however,
almost 100 per cent of the glochidia get gradually into tonic contraction (Fig.
8). DCI increases the activity already in a concentration of 10 /ig/rril (~ 40

2%
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fi M). This activity reaches its maximum in the 1—4th hour ofthe examination.
No increase of tone occurs. In 100—200 fig/ml DCI the increase of activity
takes place during the first 3—5 minutes of the examination. The time needed

Fig. 6. A) Proportion of frequencies (a-iAaDajD) observed at the combined and
separate administration of 50 //g/ml tryptamine and 70 pg/ml dibenamine (D)
B) Proportion of frequencies (aTAaAaTA A) observed at the separate and combined
administration of 500 /ig/ml tryptamine and 100 /ig/ml adrenaline (A)

6. abra A) 50 /ig/ml triptamine és 70 /ig/ml dibenamine (D) egyuttes és kilén tortént
adasakor észlelt frekvencidk aranya (aTAaDa]-A+D).
B) 500 /(g/ml triptamin és 100 /ig/ml adrenaline (A) kilén és egyilttes adasakor észlelt
frekvencidk aranya (apA aA a-pgA).

for the closing of 50 per cent of the glochidia is 10—35 minutes. In the non-
buffered system the pH was practically neutral. Thus the action of DCI may
be considered as specific. When given together with tryptamine (100 /ig/ml
TA +100 pg/ml DCI) a frequency exceeding the sum of the effect of the two
substances measured separately can be observed.
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Rhythmic activity caused by tryptamine is not substantially influenced
by a-methyl-DOPA while it is somewhat inhibited by dopamine. Triptamine
was employed in 500 ygjm 1, k-methyl-DOPA and dopamine in 100 pg/ml
concentration.

aimin

Fig. 7. Effect of isopropyl-noradrenaline (IPNA) on the tryptamine rhythm.
For abscissa and ordinate see Fig. 3.

7. abra lzopropil-noradrenaline (IPNA) hatasa a triptaminritmusra. Abszcisszat és
ordinatat lasd a 3. abranal.

4. The effect of cholinesters, cholinesterase-inhibitors, mytolon, picrotoxin,
GABA, glutamine, histamine, cystamine, KCI, CaClr on the rhythmic
activity and the tryptamine rhythm.

Various cholinesters — acetylcholine, carbamylcholine, acetyl-/3-methyl-
choline, acetyl- and butyril-thiocholine, benzoylcholine in themselves induce
neither lasting rhythmic activity nor tone. AChin some cases elicits a rapidly
(in 1—3min) subsiding rhythm in high —10-4 — 10~3M/lit —concentrations.
At room temperature and pH—7—38, with 4—5 mM substrate concentration
in the complete homogenizate of 200 mg glochidium there is no measurable
ACh-hydrolysis in 1—3 hours, and at 37°C only a few, which does not explain
the ineffectiveness of ACh. When givin ACh in 1m M concentration together
\évFi'gh g)yptamine, the tryptamine-rhythm arises to an unchanged degree

ig. 9).

Prostigmine, mytolon by themselves are ineffective. Eserine in 1 mg/ml
concentration induces considerable rhythmic activity. Given together with
tryptamine, their effect generally gets summarized. The effect of uv-irradiated
eserine changes depending on the dosage rate of irradiation. The growth,
decrease then new increase of the effect may be in connection with the action
of various photolytic and hydrolytic intermediates (Fig. 10). The conditions of
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the irradiation are: 250 W, Hg-lamp, 50 cm, in a quartz test tube, for a period
of lo” —60’. The new increase refers only to the frequency of the rhythm.

Mytolon given together with tryptamine prolongs its effect. Histamine,
cystamine do not induce rhytmic activity. Cystamine potentiates the rhythm
induced by tryptamine.

a/min

Fig. 8. Effect dichlor-iso-proterenol (DCI) For abscissa and ordinate see Fig. 3.
8. abra Diklér-izo-proterenol (DCI) hatasa. Abszcissza és ordinata mint a 3. abran.

Picrotoxin in concentrations not higher than 100 /<g/ml potentiates
(Fig. 11) the tryptamine effect, y-arnino-butyric acid (GA13A) and glu-
tamine in 100 /ig/ml concentration are ineffective by themselves and neither
inhibit nor potentiate the tryptamine effect.

The KClI-tone increases with the presence of tryptamine. The rhythmic
activity, when KC1 and tryptamine are given togther, is indicated by the
rhythm subsiding on account of the increase of tone; it lasts for a shorter time
and becomes lesser as compared with the separate application of the two
substances.

CaCl2in high (10—50 mM/lit) concentration blocks the rhythmic activity
caused by tryptamine. The tone on account of the presence of CaCl2increases.
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5. The effect on tryptamine response of agents acting on oxidative metabolic
processes.

In our previous investigations we demonstrated the blocking effect of
iproniazid in a short-term experiment on tryptamine-sensitive population
(Labos et al. 1964 a). In the course of the repetition of these experiments the

a/m/r

10004

Fig. 9. Effect of acetylcholine (ACh) on the tryptamine rhythm (TA). For abscissa and
ordinate see Fig. 3.

9. abra Acetilkolin (ACh) hatasa a triptamin-ritmusra (TA). Abszcissza és ordinata mint
a 3. abran.

phenomenon proved to be essentially the delaying of the tryptamine effect.
The equally monoamino-oxidase-inhibiting iso-nicotinic acid hydrazide (INH)
exhibited still less blocking effect than iproniazide. In the 50—100 yg/ml
concentration in a 20 minute experiment no potentiating was observed.

Conducting the examinations only on populations of the B type, 100
pag/ml NaN3and 50 pg/ml KON influence the tryptamine effect. In the case of
KCN owing to its own effect the potentiating relates to the 1st and 2nd
minute and manifests itselfin an increase of about three times of the maximum
frequency. In the ease of NaN3 potentiating of the maximum frequency is
8—10 fold,) Fig. 12). The own tone increasing effect of KCN dominates the
tone- diagram which in the presence of tryptamine somewhat decreases. In
the presence of NaN3 - tryptamine mixture also the tone is potentiated.

From Fig. 13 it appears that the otherwise slight effect of 5-HT is also
potentiated by NaN3 Essentially this is the appearance of a new effect, because
5-HT in itself is almost ineffective. In the presence oftyramine no potentiating
comes into being.

2,4-DNP inhibits the tryptamine effect (Fig. 14).
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6. Light sensitive system in the presence of tryptamine

The examinations outlined above were conducted in the presence of a
15 W microscopic tungsten lamp (50—70°, 120—140 mm). Measured with
a mercury thermometer a heating up by 5° C/ hour was then observed. With the

C,0bl

Fig. 10. A) Effect of eserine applied in high concentration. For signs see Fig. 3.
B) Proportion of larvae found in tone in the 10th minute after the administration of
irradiated 1 mg/ml eserine. On the abscissa the period of trv-irradiation.

10. abra A) Nagy koncentracioban alkalmazott eserin hatasa. Jel6léseket lasd a 3. abran.
B) 1 mg/mi eserin adasa utan a 10. percben ténusban talalt larvak aranya. Abszcisszan
az uv- besugarzas ideje.

use of BG-17 infra filter this value was 3—4 C° hour. Thus the nominal
temperature of the incubation mixtures rose by 3—5°C at the most.

We observed the following phenomenon: in the presence of 0.5 mM
tryptamine, 1 mM monoiodide acetic acid, 10 mM methionine- after 20—50
minutes of incubation in this solution the rhythmic activity showed a very
great difference depending on the illumination (Fig. 15). The light is of acti-
vating effect. The solution is not coloured as observed with the naked eye.
The reaction takes place also in the presence of BG-17 infra filter and with
ventilator cooling (evaporation). Without previous incubation the difference
is less.
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Of the three components only tryptamine has an activity increasing
effect. Methionine and monoiodo acetic acid are, irrespective of the illumina-
tion, ineffective. The tryptamine effect on the other hand increases when the
microscope lamp is lighted. This increase is lesser than in the case of the
mixture, after a proper period of preliminary incubation.

Fig. 11. Effect of 100 /ig/ml picrotoxin on the rhythmic activity induced by 100 /ig/ml
tryptamine. Population of the A-type. For signs see Fig. 3

11. dbra 100 /«g/ml picrotoxin hatasa a 100 /tg/ml triptamin altal kivaltott ritmikus
aktivitasra. A-tipusa populacié. Jeldléseket lasd a 3. abran.

7. The effect of tryptamine on rotating forms

The glochidium stage is preceded by the so-called rotating embryonal
stage when within membrane the embryo is rotating. For the rotation a ciliary
zone is responsible on the surface of the embryo. The limits of the rotation
are 20— 360. cph.
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Fig. 12. Effect of KCN, NaN3on rhythm and tone induced by tryptamine. For sign see Fig. 3.
12. abra KCN, NaN3hatasa a triptamin altal kivaltott ritmusra és tonusra. Jeldléseket lasd a 3. dbran.

15110



27

a/mw
WORg/ml MaNj

WO 5 Wnmm

100ma/m/ 5-HT +
50-L I0ORg/ml UaHij

100 10vm
50 .
WORgjml 5-HT
ml
10min

Fig. 13. Tonic closure at combined administration of 5-HT and NaNs. For signs see Fig. 3.
13. abra Tdnusos zaras 5-HT és NaN3 egyuttes adasakor. Jeldléseket lasd a 3. abran.

a/min

Fig. 14. The inhibition of 500 /ig/ml tryptamine with 25 /ig/ml 2,4DNP.
For signs see Fig. 3.

14. dbra 500 /ig/ml triptamin hatasanak gétLésa 25 /ig/ml 2,4-DNP-lal. Jeldléseket lasd
a 3. abréan.
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In the presence of 10 /zg/ml tryptamine after a transitory acceleration
which in view of its instantaneous appearance is regarded as non specific)
therotation after a few hours comes to a Stillstand and the following phenom-

a/min
05 mM TA
10 mM JA
10 mM L-METHIONIN

Fig. 15. Frequency of the rhythmic activity of 25 glochidia with alternating light and

darkness. For signs see Fig. 3. Dark areas refer to dark, light areas to light time periods.

Composition of incubation mixture: tryptamine, monoiodo-acetic acid JA and
L-methionine

15. abra Valtakozé megvilagitas és sotét mellett 25 glochidium ritmikus aktivitasanak

frekvenciaja. Jeloléseket lasd a 3. abran. A sotét teriiletek a sotét, a vilagos tertletek a

vilagos iddszakaszokra vonatkoznak. Inkubacios elegy Osszetétele: triptamin, monojéd-
ecetsav (JA) és L-metionin.

enon is observed: within the larva is surrounded by a marginally branching
cell mass connected with each other loosely or not at all.

Of other indole compounds the effect of IAA, IPA, IBA and 5-HT is
examined at room temperature, in room light, in 2 mM/lit concentration.

The action sequence on the basis of 5 hours of mesaurement:

TA > IPA, IBA, IAA > 5-HT.

The effect also sets on when a very dense embryo suspension is standing
for a few hours in a physiological solution. In an adequately diluted suspension
the embryos for hours invarably conduct a rotating movement and no signs of
“dysmorphogenesis® are observed.

Discussion

A main characteristic of the tryptamine effect is that the termination of
the rhythm induced generally takes place in a relaxed condition of the adductor-
The group reaction shews a time diagram running through maximum frequency-
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Considering that in spite of this the individual reaction can be manyfold, it
was desirable to examine also the individual rhythm. The individual rhythm
appears after a latency period, its frequency increases and after a comparatively
stable interval it decreases. We discuss this phenomenon according to a wide-
spread digitalization principle. The development of the rhythm is conceived as
a counting, similar to a frequency modulation mechanism (NEUMANN 1948). For
increase and decrease of the frequency the velocity of the process is responsible.
Then the modulating factor must show an S-shaped time diagram, the median,
nearly linear sector of which corresponds to the stable rhythm. This mechanism
does not demand exact elementary oscillators, only a nearly linear physical
or chemical process for the origin of the reactions sometimes following each
other with remarkably exactitude to be explained. This linear sector is the
median part of the process S. This process can be manifold, e. g. permeation,
oxidation or other chemical transformation.

To test whether the oxidation of tryptamine through indole acetaldehyde
into indole acetic acid may explain the stop of the rhythm induced by indole
acetic acid production we employed tryptamine together with indole acetic
acid and found that indole acetic acid far from inhibiting even potentiates the
tryptamine effect. Thus, it is not indole acetic acid production but some other
chemical transformation which is responsible for the cessation of the rhythm.
This is supported by the finding according to which the indole acetic acid
(heteroauxin) is of lesser ““morphogenetic’ effect than tryptamine. Consequently
some other reaction of tryptamine must be responsible also for the effect of
the latter.

Similar phenomenon is the decrease of tryptamine effect with the pro-
gress of ontogeny. In this case also the development of a mediator system not
based on indoles can be assumed simultaneously with the development of the
innervation of the adductor. The ineffectiveness of cholinesters and that of
ACh also observed when administered together with tryptamine (Fig. §)
argues against the cholinergic character of the inhibiting system in question.
This is supported also by the slight ChE-activity. Similarly the examinations of
PriLLis (1966) on T'apes heart do not point, to the possibility of a cholinergic sy-
stem functioning not with ACh. The activity observed in the presence of high
eserine concentration is attributed to the fact that eserine is an indole derivative
and on the 5th C atom of the indole nucleus, there is a methyl carbamic acid
ester bond. The comparison of 5-HT, tryptamine, 5-methoxy-tryptamine
pointed to the effect of the two latter compounds. According to VANE and co-
workers (1961) the latter two substances penetrate easier thorugh membrzm'es.
From present observations the great effect — modifiyng role of the substitution
on the C atom No 5 is clear, but we do not see the reason, steric or originating
from charge, of the inhibition of permeation. The reactivity of the group on
the 5th C atom seems to be more important. AXELrROD (1962) pointed to the
importance of the O and N-methyl transferase systems of the biogenic amines.
This, beside or instead of its permeation — regulating role may supply a point
of support for the effectivity of the 5-methoxy-tryptamine as against the
ineffectiveness of the 5-HT. The efficiency of tryptamine is not clear. SAKHAROV
and Pgcst (1965) on Anodonta heart observed the protective effect of 5-HT
from heat inactivation. Tryptamine and 5-methoxy-tryptamine were of
considerably lesser effect in the same phenomenon. The inverse sequence of
action stressed instead of permeation the importance of other factors. In the
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excitatory processes of Molluscs catechol- and indole-alkylamines are
supposed to be widespread mediators. Among them, concerning effect and
occurrence tryptamine is less outstanding than 5-HT (Cardot and Ripplinger,
1963; Dahi et al. 1962). Our present examinations on the other hand stress
the specificity of the tryptaminerg activating effect against the indole and
phenyl-alkylamines examined.

Among the theoretically possible causes of the decrease of sensitivity also
inhibition based on gamma-amino butyric acid system could be assumed.
Picrotoxin, which is of convulsive effect on Crustacean peripheric and central
preparations and in the same place specific blocker of inhibitions (Hichar
1960) increases the activity of the glochidia caused by tryptamine. The gamma-
amino butyric acid, however, does not inhibit the same. Fiorey and Chapman
(1961) pointed out that in Crustaceans the inhibiting factor isnot uncondition-
ally GABA. Our present result also seems to point out that behind the poten-
tiation of picrotoxin no GABA-erg mechanism should be sought. The ineffec-
tiveness of glutamine (as a blocking agent) excludes also the presence of the
glutaminergic inhibiting system.

Adrenaline and noradrenaline are of potentiating effect. DOPA a-
methyl-DOPA, dopamine are ineffective, respectively the latter is slightly
inhibiting. The effect of IPNA can be also regarded as potentiation.

The antagonists of the « and /1-receptors, dibenamine, ergotamine and
DCI potentiate or induce tonic or rhytmic activity respectively. The effect of
antagonists of this type points to the fact that the tryptamine response of the
A and B type can be increased by a- and /3-adrenolytic interference. Especially-
explicit is the own activating effect of DCI. Since, however, no definitely
inhibiting Sympathie agonist was found among those examined it may be
assumed that a catecholamine not applied here may be responsible for the
decrease of tryptamine effect in spring.

The potentiating effect of the various catecholamines raises the possibil-
ity of the release of activating catecholamine under the influence of trypta-
mine. Bunag and Walaszek (1963) have brought the two-phase character
of the vascular effects of serotonin into connection with the release of two
secondary mediators of antagonistic effect. It is an open question whether
in our case a so much combined system may prevail. In this case the activating
effect of tryptamine could be regarded as catecholamine mobilization. In
this hypothesis no inhibiting catecholamine ought to be postulated. There are
simple peptides e. g. glycyl-glycine which block the tryptamine effect in 1
mM concentration.

Finally it can not be left out of consideration in the evaluation of the
potentianting effects of agonists that in the course of examination a number
of coloured catecholamine oxidation products developed. Borg (1965) regards
the development of the phenoxy- and indole derivative free radicals as an
important primary step in the mode of action both of catechol and indole-
alkylamines. Taking into consideration the reversibility of the one-electron
oxidation, changes ofaction can arise in the course of oxidation asdemonstrated
in the photo-oxidation ofphenothiazines (Labos and Turcsanyi 1965).

The effect of activating monoamines is potentiated by the inhibition of
the oxidase ferments resPonsibIe for their decomposition. In mammal nervous
system the inhibition of this widespread ferment induces excitation phenom-
ena. Our previous finding on the inhibiting effect of the MAO-inhibiting
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iproniazide éLébos et al. 1964 a) and literary data (Karki et al. 1962) on the
ontogeny of the MAO-ferment (MAO level appearing and increasing with
age (contradict the assumption that the energy released during tryptamine
oxidation should be responsible for the increase of activity. This finding of
ours on the other hand that cysteine inhibits the activity brought about by
tryptamine (Labos et al. 1964 b) argues for radical reactions and thus indi-
rectly for the participation of oxidases.

The effect of KCN, NaN3 and the activity inducing effect of KCN to
the participation of an oxidase system. The effect of KCN substantially differs
from that of KC1 applied in the same concentration. The former leads to a tone
and the rhythm simultaneously subsides (see Fig. 12) while the latter under
a 1 mM/lit concentration does not lead to a tone. Thus the K- ion effects are
not sufficient for the explanation of the phenomena accompanying the KCN
action. The effect is a potentiating ofa considerable degree in which the effective
product argues for oxidative breakdown. More difficult to explain is the
phenomenon that the NaN3potentiation can be observed also in the presence
of the hardly effective 5-HT. The azide-potentiation can thus be interpreted
also as block of relaxation. The hydrolysis of KCN also could not be neglected
in the production of tonus.

The azide-potentiation is not specific for the tryptamine effect, so it
can be assumed that the azide non specifically reacts with amines and the HN3
developed in the reaction (Stannard 1939) is responsible for the effects. The
reaction is well known in organic chemistry (Bruckner 1965). The azide-
acids in vitro react under comparatively mild conditions with amines since
the N3-group is very reactive and rich in energies.

P

R-CC + NaN3—NaOH + K-
\'w \ n,
rR—c® + QNHzR-CY -f HN3
X N3 \ nHQ

In biochemistry for azide effects generally the development of HN3 is
made responsible for oxidase inhibitons (ref. Hewitt and Nicholas 1963,
Stannard 1939). If the mechanism of the phenomenon is the outlined then
binding of the amine in question must take place. The azide action led in the
case of tryptamine, serotonin, to potentiating while in the case of tyramine
this phenomenon failed to come about and in the case of serotonin even a tone,
while in the case of tryptamine rhythm increase was observed. Therefore in
our opinion the development of HN3in itself is no sufficient explanation and
its bond with the amine —CO — NH—group might be a passible factor, too.
This is of different effect in the case of the various amines.

The effect of 2,4-DNP stresses the significance of oxidative phosphory-
lation. The above azide-reaction also takes place more readily in the presence
of activated i. e. esterified R—COOH group.

At present no other explanation is available for azido-potentiating which
contains also specific for the various amines.

The photo-activation observed in the presence of methionine and monoiodo
ethanoic acid can not be explained at present but it is evident that it takes
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place on a coloured system. Since it is also supplied by tryptamine alone to a
lesser degree, therefore the tryptamine binding can be already in connection
with coloured substances. The KCN effect pointing to the participation of
the cytochrome system and the coloured products which can be easily devel-
oped from tryptamine stress the possbility of the realization of a photochemical
system.

Bora (1965) assumes free radicals in the first phase of the effect of
biogenic amines. Our results on account of the realizability of the photo-
activable system support the free radical formation. For this argues our
preliminary finding according to which cysteine already in a concentration
of 1—2 mM/lit readily inhibits the activating effect of tryptamine (LABOS
et al. 1964 b). The potentiating and inhibiting effects of azide, cyanide active
on oxidase systems and metalloferments and of 2,4-DNP decoupling oxidation
from phosphorylation also argue for radical reactions. Consequently they
support those hypotheses which assume behind the term ‘“‘receptor” in the
pharmacological sense a combined metabolic chain in which the electron-
transfer reactions and phospholipids are deeply involved (DigsTEIN and
SuLmMAN 1965 a. 1965 b; WooLEY and GomMmI 1964).

In view of the fact that in the ontogeny of glochidia the metamorphosis
is preceded by a change in motorics namely lasting tone, the comparative
pharmacological analysis of morphogenesis and embryo-motorics seems to
be justified. Buzyykov (1963-—64) developed incubation mixtures containing
indole-compounds influencing both the motorics and morphogenesis of larvae.
On the basis of his results and assumption the humoral mediators of ontogeny
may include in an undifferentiated form also the specializing nervous trans-
mitter systems. Further the fact that the oxidative desamination of tryptamine
rather specifically activating the glochidium mechanics leads to the develop-
ment of one of the plant growth hormones indole acetic acid (hetero-auxin)
points to some common traits of morphogenesis and motorics. The develop-
ment of amine incorporation and peptide bond assumed in the potentiating
effect of NaN, motorics directs the attention also toward morhogenesis. Our
unpublished data according to which chloramphenicol and aureomycin elicit
motoric activity which are definitely substances influencing protein and nucleic
acid synthesis, similarly require the examination of the common mechanism
of embryonal motorics and morphogenesis.

According to our experiments the embryonal development preceding
the glochidium stage can be disturbed with certain indole-compounds. Trypta-
mine also here proved to be more active than other derivatives.

Summary

The rhythmic motoric activity induced by tryptamine of the glochidia
of the fresh water mussel (Anodonta cygnea L.) was examined alone and in
the presence of various pharmacons. For the modeling of the rhythm a counting
off mechanism was assumed. The cause of the subsiding of the rhythm could
not be the development of indole acetic acid, because this agent potentiates the
tryptamine effect.

By the examination of various indole derivatives we stress te specificity
of the tryptamine effect. In concentrations of 10~*—10-2 M/lit 5-methoxy —
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tryptamine and eserine are indole derivatives of minor action but effective.
Indole alkylic acids, melatonine, bufotenine are ineffective.

To explain the reduction of sensitivity observed with the progress of
ontogey we assumed the development of a new mediator system. This can not
be a cholinergic, GABA-ergic, glutaminergic system, since ACh,GABA,
glutamine do not inhibit the activity caused by tryptamine. The application
of sympathicolythica, however, argues for the development of a catecholamine
inhibiting system. Dibenamine and ergotamine potentiate the tryptamine
effect. Dichlor-isoproternol in itself is of activating and given together with
tryptamine of potentiating effect. Of the catecholamines examined adrenaline,
noradrenaline, IPNA are potentiating, while at tryptamine insensitive popu-
lation dopamine, DOPA, «-methyl-DOPA are ineffective. Thus, the inhibi-
ting catecholamine which can be made responsible for the activating effect
of the sympatholytics is not among these.

It can be assumed that in the course of ontogeny also inhibiting and
activating systems based on adrenergic mediation develop.

The effects of NaN, KCN and the inhibiting action of 2,4-DNP
stress the importance of the oxidative metabolic processes. The mechanism
of the azide action was discussed. The cyanide effect suggests the direct role
of terminal oxidation. Photo-activation developed in a special incubation
mixture (tryptamine + methionine + mono-iodo-acetic acid) also assumes
the participation of a coloured (cytochromic?) system and stresses the impor-
tance of mechamisms with free radicals.

Action with indole-compounds can be demonstrated also on the morpho-
genesis of earlier embryonal forms. Tryptamine is also here of outstanding
effect and in 100 pg/ml concentration brings about dysmorphogenesis, swel_
ing and desintegration.
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ADATOK A TRIPTAMINHATAS MECHANIZMUSAHOZ EDESVIZI KAGYLO-
LARVAK ZAROIZOMTEVEKENYSEGEN

Labos Elemér
Osszefoglalas

Edesvizi kagylé (Anodonta cygnea L.) glochidiumainak triptaminnal kivaltott
ritmikus motoros tevékenységét vizsgdltuk egyediil és kiilonb6z6 farmakonok jelenlété-
ben. A ritmus modellezésére leszdmldldsi mechanizmust tételeztiink fel. A ritmus csilla-
poddsdnak nem lehet oka indolecetsav keletkezése, mert az a triptaminhatdst poten-
cirozza.

Kiilonbo6z6 indol-szérmazékok vizsgdlata révén a triptaminhatds specifikus vol-
tét hangstlyozzuk. 10-* — 10-3 M/lit koncentrdciéban kisebb hatdsi, de hatdsos indol-
szérmazék az 5-methoxytriptamin és eserin. Indol-alkilsavak, melatonin, bufotenin
hatédstalanok.

Az ontogenezis el6rehaladtdval észlelheté érzékenységesokkenés magyardzatdra
az 1) medidtor-rendszer kialakuldsat tételeztiik fel. Ez nem lehet kolinerg,g(XxABA-erg,
glutaminerg rendszer. Ugyanis ACh, GABA, glutamin nem gdtoljdk a triptamin okozta
aktivitdst. Azonban szimpatikolitikumok alkalmazdsa katecholamin-gétlé rendszer kiala-
kuldsa mellett sz6l. Dibenamin és ergotamin potencirozzék a triptaminhatést. Diklér-
izoproterenol 6nmagdban aktival6 és triptaminnal egyiitt adva potencirozé hatdsu.
A vizsgdlt catecholaminok koziil adrenalin, noradrenalin, IPNA potenciroz, dopamin,
DOPA, a-metil-DOPA hatdstalan. Igy a szimpatolitikumok aktival6 hatdsdért feleléssé
tehets gdtlé catecholamin nem ezek kizott van.
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Feltehetd, hogy az ontogenezis soran adrenerg mediacion alapul6 gatlo és aktivalé
rendszerek is kialakulnak.

A NaN3, KCN potencirozo, 2,4-DPN gatlo hatdsai az oxidativ anyagcserefolya-
matok fontossagat hangsulyozzak. Az azid-hatas mechanizmusat taglaltuk. A cianid-
hatas a terminalis oxidacié direkt szerepére utal. Specialis inkubacidés elegyben (trip-
tamin-j-methionin+monojédecetsav) létrehozott fotoaktivaciéo ugyancsak szines (cito-
krom?) rendszer részvételét tételezi fel és szabad gydkdés mechanizmusok fontossagat
huzza alé.

Az indol-vazas vegyltletekkel torténé aktivalas korabbi embrionalis alakok morfo-
genezisén is kimutathat6. A triptamin itt is emelkedd hatasa és 100 ~ug/ml koncentracio-
ban duzzadast, dysmorphogenesist, dezintegraciot hoz létre.

K BOMPOCY O MEXAHW3ME AEVNCTBUSA TPUMTAMUHA HA 3AMUPATENbHYIO
MbILLY TNTOXUAVEB BE33YBKWU

3. Jlaboww

M3yyann pUTMUYECKYIO MOTOPUKY F/IOXMAMEB 6e33yOKW, BbI3BAHHYIO TPUMTaMVHOM.
YpexeHue puTMa He CBSi3aHO C 06pasoBaHVeM WHAOYKCYCHOW KWCAOTbI.

Mpy cpaBHEHUN [eACTBMSI PasMYHbIX MPOM3BOAHBLIX WMHAOMA BbISCHWACA cneuudmye-
CKUIA XapaKTep BAUAHUA TpUNTamuHa. AKTUBHbIMK, XOTS W B MeHbLLE CTeneHw, Obum 5-
METOKCUTPUMTAMUH 1 33epUH. VIHOOM-aNIKW/IbHbIE KUCMOTbI, MENTAaTOHUH U By(POTEHNH Headdek-
TUBHBI.

MpegnonaraeTcs, YTO MOHWXEHWE YYBCTBUTE/ILHOCTU Ha 60/1ee MO3AHMX CTafmsX OH-
TOreHesa CBsi3aHO C 06pa3’oBaHVeM HOBOW CUCTEMbl MeaMaTopoB. OHa He MOXET 6bITb XOMWH-
apruyeckoid, TAMK-3prnyeckoil M6o FATaMUHIPIMYeCKon. OrbiTbl C CUMMATUKOUTKAMM
YKa3blBaloT Ha MOsiB/IeHNE TOPMO3HOW CUCTEMbI, CBA3aHHOM C KaTexonamvHamu. Wsonponwn-
HopagpeHa/MH 06/1afaeT 3amMefnstowLyM, HO MOTEHLMMPYIOLLMM AeliCTBMEM, AWMX/IOPU30NPOTe-
peHon cam 06n1afaeT aKTUBMPYIOLLWM AeliCTBMEM, & COBMECTHO C TPUMTAMUHOM AaeT MOTeH-
LMMpyHoLLMIA athdieKT. 3TO SBMEHME CBSA3AHO CO CBOWMCTBAMW /5-afpeHopeLienTopoB. JTa peLien-
TOpHas cucTemMa MpeAcTaB/ieHa B HeaudihepeHUMpPOBaHHOM ¢iopMe, TakK Kak 3ghdeKkT TpunTa-
MMHA MOTEHLUMUPYETCA W MNPU [aye aHTaroHWUCTOB a-afpeHoPeLenTopoB. W3 MpUMeHeHHbIX
KaTexoMaMnHOB  afjpeHaIVH, HOpafpeHasIMH 1 M30NPONUIHOPAAPeHa/IUH  MOTEHLMMPYIOT, &
JonamyH 1 AMOKCUdeHNaNaHH HeathdeKTMBHBI. TakMMm 06pasoMm, B 3TO YMC/IO He BXOAUT TOT
KaTexolaMmH, KOTOpbIA TOPMO3WUT aKTUBKPYHOLLEe [Ae/iCTBME CUMMATUKO/IUTUKOB.

MOXXHO NPeanonoXunTb, YTO 1 aKTMBMPYIOLLIME U TOPMO3SLLME CUCTEMbI PasBUBAKOTCH
B OHTOreHese Ha OCHOBE afPeH3Pr1YecKoin MeayaLmun.

BnuaHve NaN-, KCN, 2,4-AHIM nogyepkuBaeT 3HauyeHUe OKUCIUTENbLHOro MeTabo-
mm3ma. OnmcaH MexaHu3m JeiicTBus asunga. BnmsiHve uyaHuga yKasbiBaeT Ha NpsiMoe 3HaueHve
TepPMUHANbHON OKcuaaumn. OnbiMbl C (HOTOAKTMBALYIEN, CO3AAHHOW B YC/OBUAX CrieLnasibHOM
NHKY6aLMOHHOM Cpefpbl, YKa3blBaloT Ha y4acTue LBETHON (LMTOXPOMbI?) CUCTEMbl U BaXKHOCTb
CBODOOAHO-paVKasIbHbIX MeXaHWU3MOB.

AKTVBaLMIO VHAOMBHLIMW MPOU3BOAHLIMU MOXHO Habnogatb U Ha 6onee paHHUX CTa-
anax mopdoreHesa. TpunTamuH, 6yayynm Hambonee akTUBHBIM M Ha 3TUX CTaausX, BbI3bIBaeT
HapyLLeHNs pasBUTUA U Je3VMHTErpaLmio.

3*
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