ANNAL. BIOL. TIHANY | 31 77—83 | HUNGARIA 1964 |

THE ACTION MECHANISM OF RESERPINE IN THE NERVOUS
SYSTEM OF INVERTEBRATES

KATALIN 8.- ROZSA
Received: February 25th 1964

Brin (1955), BRODIE, SHORE, SILVER (1955) were the first to establish
similarity of the effects elicited in the nervous system of Vertebrates by reser-
pine and serotonin or 5-hydroxytryptamine (5HT). Later, on account of the
identical action of reserpine and 5 HT a number of authors proved the assump-
tion that reserpine exercises its action by the release of 5HT (PEETSCHER,
SHORE, BrODIE 1956, PAaasoNEN, Voer 1956, BrRuNE, HimwicH 1961 and
others).

According to the concept of Bropit and Smore (1957) 5HT is present
in the organism in a bound form and this protects it from the decomposing
effect of monoaminoxidase. Reserpine reduces the 5HT binding capacity of
the neurons, 5HT is released and decomposes on the action of monoaminoxi-
dase present in the tissues. Following the action of reserpine, a long time is
needed until the nerve cells regain their original 5HT binding capacity. It has
been also demonstrated (SHORE, BRODIE 1957, ERSPAMER 1957) that reserpine
does not act on serotonin synthesis in the brain and thus the final concentration
of 5HT in the brain after the reserpine effect only depends on the relation of
the reaction velocity of 5HT synthesis and decomposition to each other.

The concept of BRODIE encountered a series of objections. It appeared
that reserpine promotes not only the release of 5HT but also of the catechol-
amines (HorLzBAUER, VoaT 1956, SHEPPARD, ZIMMERMAN 1960). SiLvER and
BrobIE (1960) though proved that the catecholamines do not play a part in
the realization of the reserpine effect, but other chemical agents may enter into
consideration. It is well known that the biologically active amines assume an
inactive form in the organism, that is they enter into reaction with some sort
of compound. They form such complexes most frequently with nucleotides
(Brascaro, Borw, D’Jorro, EADE 1956, PrUsOFF 1960). Some data seem to
point out that at the release of serotonin upon the action of reserpine simulta-
neously with 5HT also those nucleotides are released that had hold it bound
(HrnrLorp 1960, BurACK, HAGEN 1960). Nucleotides, however, themselves can
be involved in the realization of nervous effects in the nervous system (Kosu-
TOYANTS 1958) and therefore their action must be largely taken into account
when evaluating the reserpine effect.

The data. of literature referred to indicate that for the action of reserpine
not only 5HT is responsible but a number of factors must be reckoned with
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in this process. In our experiments we attempted to elucidate whether as to
reserpine effect in the nervous system of Invertebrates some nucleotides have
to be taken into consideration.

Method

The experiments were conducte don the central nervous system of Helia
pomatia. The calcareous shell of the animal was removed together with the
visceral bag and the visceral organs. The musculous foot of the animal was
fastened to a wax board and the central nervous system exposed. The bio-
electric activity of the various ganglia was recorded as described in a previous
communication (KosaToyants and Rézsa 1961). 0.7 per cent LoCKE solution
was applied as physiological solution. In this were dissolved also the substances
examined and the constancy of the osmotic pressure has been attained by the
simultaneous reduction of sodium ions in equimolar amount. The substances
examined were applied on the pleural ganglion of the snail and the lead off
and recording of the bioelectric activity was done from the same ganglion.

Results

1. The effect of reserpine on the bioelectric activity of the pleural ganglion
of the snail.

In the experiments reserpine in a 1 - 10~* M concentration significantly
increased the bioelectric activity of the pleural ganglion in, the snail. Similar
results were obtained in all experiments. Taking the mean values, the activity
of ganglions upon the action of reserpine increases to its 4 to 5 fold. The acti-
vity of the ganglions remains very intensive also after the removal of the
applied reserpine and repeated rinsing with Locks solution. These are demonst-
rated in Fig. 1.1.

The long lasting activity observed subsequently to the reserpine effect
supports the view that the nerve cells after the administration of reserpine
do not recover their 5HT binding capacity for a long time. In the nervous
system of the snails the stimulating effect elicited by reserpine exceeds even
the maximum stimulating effect elicited by serotonin brought in from outside.
The effect of serotonin solution of 1 - 10=7 M concentration is presented for
comparison in Fig. 1.11. According to our earlier investigations under the given
experimental conditions this concentration of serotonin elicits maximum
stimulating effect (Rézsa 1961) in the central nervous system of the snail.

“This difference between the effect of serotonin brought in from outside and
reserpine may imply that in the reserpine effect besides serotonin also other
substances are involved or that serotonin brought in from outside is not able
to fully reproduce the endogenous serotonin effect.

The assumption according to which reserpine releases also catecholamines
which too take part in bringing about the reserpine effect can not be maintained
in our case. Our earlier experiments (KosaTovanTs and Roézsa 1961) prove
that the catecholamines which can enter into consideration: noradrenaline
and adrenaline, inhibit the spontaneous bioelectric activity of the central
nervous system of the snail in all concentrations and therefore can not be
involved in the realization of the stimulating effect of reserpine, not even in
the case that they actually are released upon the action of reserpine.
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2. The responsiveness of seserpine effect on the application of various
pharmacons :

In the following, to elucidate the question whether the substance releasefi
in the nervous system of the snail can be identical with serotonin, the action os
substances of antiserotonin character and cf nucleotides on the above described
phenomenon was studied.

The effect of chlorpromazine which compound is known as a serotonin
antagonist (PaGE 1958). According to our earlier data chlorpromazine wards

Fig. 1. Bioelectric activity of the ganglion of Helix pomatia
I. Effect of reserpine on the bioelectric activity of the ganglion of the snail
A = basic activity of pleural ganglion; B = activity of ganglion 1 minute after the appli-
cation of 1 - 10 ~* reserpine; ¢ = the same after 3 minutes; D = the same after 8 minutes;
E = activity of the ganglion after removal and washing out of reserpine
I1. The effect of serotonin on the bioelectric activity of pleural ganglion
A = basic activity of the ganglion; B = activity of the ganglion 1 minute after the
application of 1+ 10-7M serotonin to the ganglion; €' = the same after 3 minutes;
D = removal of serotonin; #/ = washing out of serotonin
Time signal: 0.05 sec.

1. abra, Heliz pomatia ganglionjanak bioelektromos aktivitdsa
1. Reserpin hatdsa az éticsiga ganglionjdénak bioelektromos aktivitdsdra
A = pleurdlis ganglion alapaktivitdsa; B = a ganglion aktivitdsa 1 perccel 1 - 104 M
reserpin applikdldsa utén; C = ugyanaz 3 perc mulva; D = ugyanaz 8 perc mulva;
1] = a ganglion aktivitdsa a reserpin eltdvolitdsa és kimosdsa utdn
I1. Serotonin hatdsa pleurdlis ganglion bioelektromos aktivitdsdra
A = a ganglion alapaktivitdsa; B = a ganglion aktivitdsa 1 perccel 1 + 10 -7 M serotonin
ganglionra valé applikdldsa utdn; C = ugyanaz 3 perc milva; D = a serotonin eltavoli-
; B = a serotonin kimosdsa
_ Idéjelzés: 0,05 sec.
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off the stimulating effect of serotonin brought in from outside in the ganglions
of the snail (R0zsa 1961). In the present tests reserpine (1 - 10~4 M) and chlor-
promazine (1 - 10~* M) were applied together after reserpine stimulation.
It was found that in the case of combined application the stimulating effect
arising upon the action of reserpine gradually weakens ( Fiig. 2.11 ) and 5 to 10
minutes after the application the basic activity of the pleural ganglion is

Fig. 2. Bioelectric activity of the ganglion of Helix pomatia
I. The effect of uridinediphosphate on the bioelectric activity of the ganglion of the snail
A = basic activity of the pleural ganglion; B = activity of the ganglion 1 min. after
application of 1+ 10-¢M uridinediphosphate to the ganglion; C = the same after '3
minutes; D = the same after 5 minutes; £ = after removal and washing out of the uri-
dinediphosphate
II. The action of chlorpromazine on the reserpine effect
A = basic activity of the pleural ganglion; B = activity of the ganglion 2 minutes after
application to the ganglion of 1 - 10-*M reserpine; C = the same after 3 minutes;
D = the activity of the ganglion 3 minutes after the combined application of 1 + 10~* M
reserpine and 1-10 -5 chlorpromazine; ¥ = the same after 5 minutes
Time signal: 0.05 sec.

2. dabra. Heliz pomatia ganglionjénak bioelektromos aktivitdsa
I. Uridindifoszfét hatdsa az éticsiga ganglionjénak bioelektromos aktivitdsdra
A = a pleurdlis ganglion alapaktivitdsa; B = a ganglion aktivitdsa 1 perccel 1 - 10- M
uridindifoszfdt ganglionra tortén6 applikdldsa utén; C = ugyanaz 3 perc mulva; D =
ugyanaz 5 perc mulva; F = az uridindifoszfdt eltdvolitdsa és kimosdsa utdn
II. Chlorpromazin hatdsa a reserpin effektusra
A = a pleurdlis ganglion alapaktivitdsa; B = a ganglion aktivitdsa 1 - 104 M reserpin
ganglionra t6rténé applikdldsa utén 2 perccel; C = ugyanaz 3 perc mulva; D = a ganglion
aktivitdsa 3 perccel 1 + 10 ~* M reserpin és 1 + 10 —> M chlorpromazin egytittes applikdldsa
utdn; £ = ugyanaz 5 perc mulva
IdGjelzés: 0,05 sec.
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restored (Fig. 2.11.E). By washing out the reserpine applied with LOCKE’s
solution no such rapid restoration can be obtained (Fig.1.1. E).

The data obtained with this serotonin antagonist is in good agreement
with the view on vertebrates according to which the reserpine effect can be
brought into connection with the effect of the released serotonin. It can be
well imagined that chlorpromazine figures as an antagonist of the active sub-
stances released by reserpine and thus wards off the stimulating effect of

réserpine.
The fact, however, that reserpine in the ganglions of the snail brings

about a more intensive increase of activity than serotonin brought in from
outside prompted us to test the effect also of other, in the first place of nucleo-
tide substances on the effect referred to above, because presumably these are
also released simultaneously with serotonin (Burack, HaGex 1960). In
various tissues of the snail the presence of uridinediphosphate was demonst-
rated (WaEAT 1960) and therefore we assumed that this substance may be
involved in the binding of 5HT and consequently might be released upon
the action of reserpine, together with 5HT. This agent figures as stimulating
factor for the heart of amphibians (PUTINTZEVA 1961, KOSHTOYANTS 1961).

In our tests uridinediphosphate elicited a very strong stimulating effect
in the central nervous system of the snail. 1 - 1078 M uridinediphosphate
proved to be threshold concentration but already a 10~% M concentration can
increase the basic activity of the pleural ganglion to its 9 to 15 fold (Fig. 2.1).
Reserpine frequently elicits a very strong intensification of activity of the
same type (Fig. 1.1).

The increased activity elicited by uridinediphosphate is warded off by
chlorpromazine and acridine-orange. The latter acts presumably by the
binding or inactivation of the released substances. According to KosaTOYANTS
(1961) acridine-orange plays a part in the binding of free nucleotides.

Further experiments are needed to decide the question which nucleotides
may be released, in addition to uridinediphosphate, simultaneously with sero-
tonin, on the action of reserpine. Our preliminary experiments indicate that
ATP, ADP and AMP did not bring about similar major increase of activity
as uridinediphosphate and reserpine under the given experimental conditions

Discussion

Our experiments prove that reserpine in a 1 -10~*M concentration
substantially increases the basic activity of the ganglions in the edible snail.
The fact that this activity is warded off by chlorpromazine seems to indicate
that serotonin may be involved in the realization of reserpine effect. Since,
however, the action of reserpine exceeds the maximum stimulating effect
elicited by serotonin, we arrived at the conclusion that other substances may
be responsible too for the phenomenon mentioned above.

Most probable seemed the assumption that simultaneously with sero-
tonin those nucleotides are released which under normal conditions serve to
bind, to inactivate serotonin. Similar views can be encountered in literature
concerning other amines (BLAscHRO 1958, Burack, HAGEN 1960). According
to our experiments uridinediphosphate may be involved in the realization of
the stimulating effect of reserpine in the central nervous system of the snail.
This is indicated by our results obtained with acridine-orange.

6 Tihanyi Bvkonyv
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On the grounds of these experiments it can not be finally decided what
part the nucleotides play in the realization of the reserpine effect. It is possible
that the nucleotides themselves serve as mediator (KoSHTOYANTS 1958, 1961),
but it is also imaginable that their action is connected with the facilitaving
effect on Serotonin.

The results obtained from the study of reserpine effect indicate that in
the realization of nervous effects a whole series of physiologically active sub-
stances may be involved. Reserpine, by releasing serotonin, changes the pro-
portion and amount of free and bound nucleotides which then themselves can

partake in the appearance of the reserpine effect and can elicit long lasting
activity of the neurons.

Summary

According to the study reserpine in a 1 - 10~* M concentration can bring
about in the central nervous system of the snail a lasting activity of the nerve
cells which activity exceeds the stimulating effect of serotonin brought in from
outside. The increased activity elicited by reserpine can be warded off by
adding chlorpromazine and acridine-orange. A phenomenon similar to the
reserpine effect is caused by uridinediphosphate in a 1 - 10~ ¢ M concentration.
On the grounds of the experimental results obtained it may be assumed that
in the realization of reserpine effect on the nerve cells of snails also those
nucleotides participate which simultaneously with serotonin are released upon
the action of reserpine.
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A RESERPIN HATASMECHANIZMUSAROL
GERINCTELEN ALLATOK IDEGRENDSZEREBEN

S. Rézsa Katalin

0 sszefoglalas

A vizsgélatok szerint reserpin 1 - 10 - M koncentréciéban éticsiga kozponti ideg-
rendszerében az idegsejtek hosszantarto aktivitdsat hozza létre, mely aktivitds feliilmulja
a kiviilr6l bevitt. serotonin stimuldlé hatdsat. A reserpin dltal kivaltott aktivitdsfokozédds
kivédhet8 chlorpromazin és acridin-orange addsdval. A reserpin-effektushoz hasonld
jelenséget hoz létre az uridindifoszfdt 1 - 10-6 M koncentriciéban. A kapott kisérleti
eredmények alapjdn feltehet, hogy a reserpinhatds megval6suldsdban éticsiga idegsejt-
jein részt vesznek azok a nukleotidok is, amelyek a serotoninnal egyidejtileg szabaddé
véalnak reserpin hatéséra.

O MEXAHM3ME HNEUCTBUSI PESEPIIMHA B HEPBHON CHCTEME
BE3IIO3BAHOUHLIX JKMBOTHBIX

Kamaaun UI. Pojca.

[1o 9KCIIePUMEHTAJILHLIM JAHHBIM pesepnuH B KoHlleHTpanuu 1.1074 M BRI3BIBaeT MPo-
AOJKHUTEJIbHYH0 aKTUBHOCTH HEPBHBIX KJIETOK IlCH’l‘pZUlbllOlvl ueanoi’i CHCTEMBI BHIlOI‘paZLHO}“’l
VJIUTKH, [PEBBILAIOWAsICS] CTUMYJISITOPHOTO BIIMSIHUS BBEICHHOT0 M3BHE CEPOTOHMHA. YBeJHU-
YeHHasl aKTHMBHOCTb HEPBHBIX KJICTOK, BbI3BAHHASI PE3ePIHMHOM, CHUMAeTCs IpH IPHMEHEHHU
XJIODUPOMA3UHA U aKPUAMHOpaH)Ka. CXOAHBI K IeHCTBII0 pesepnuHa 3Q(EKT BBHISBIBAET YPU-
aungudocdar B konuenrpanuu 1.10-¢ M. Ha ocHOBe IOJIYUEHHBIX HAHHBIX MOYKHO IIPEJIoJio-
JKUTB, YTO B OCYLIECTbJIEHHM 3()PeKTa pe3epnuHa HA HEPBHBIX KJIETKAX BHHOTI'PAJHOI YJIHMTKH
VUYACTBYIOT U T€ HYKJIEOTH/bI, KOTOPBIE BbICBOOO)KAAIOTCSI BMECTE CEPOTOHMHOM ITOJ] BJIMSTHHEM
deseprinHa.
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