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Only few investigations are known concerning the pharmacology of the
penial apparatus of Gastropoda. It was pointed out by K oshtoyants (1936)
that the genital apparatus of Helix pomatia L. behaves differently from the
other organs of the vertebrates. It was established by Jaeger (1962, 1963)
in course of his examinations on the penis retractor muscle of Strophocheilos
oblongus that acetylcholine (ACh) and 5-hydroxytryptamine (5-HT) produced
antagonistic response of the preparation with respect to rhythm induction.
As suggested by Goddard (1962) only adrenaline is effective on the penial
apparatus of Helix aspersa and ACh and histamine are ineffective at concen-
trations used. The response of the isolated penial complex of Lymnaea stagnalis
on the application of various agents has been investigated recently by Dun-
can (1964). He observed that in the majority of cases 5-HT produced relaxation
inducing frequent rhythmic activity, while the application of ACh resulted in
an increase of frequency and decrease in amplitude of spontaneous activity.
The aim of the present investigations is partly to examine the contradictory
data on the effect of ACh and 5-HT and partly to obtain new data on the mecha-
nism of the effect of these agents on penis preparations.

Method

The specimens of Lymnaea stagnalis L. used in these investigations were
collected partly from Lake Balaton, partly from pond “Kils6 t6” at Tihany
and were kept for several weeks in aquaria filled with Lake Balaton water
before experimental use.

The penial preparation was made as follows: the shell of the animal was
removed and the penial complex (penis, penis sheath, praeputium, flagellum)
was exposed by cutting up the body wall. The penis retractor muscle and the
nerves running to the preparation were cut through. Following this, the prep-
aration was lifted out together with a small portion of the body wall, it was
ligated at the end of the body wall and at the flagellum and hung up in a bath
of 20 ml in volume. Physiological solution was prepared according to Carriker
(1946). The activity of the preparation was registered by a light lever on a ky-
mograph at a 10 : 1 lever ratio. After operation the preparations were left to
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stand for half an hour. The agents investigated were added to the bath with
an injection syringe. The concentrations given are final concentrations expres-
sed in g/ml. Air-flow was led through the bath producing a rapid mixing of the
agents with the bath fluid.

The agents used were: 5-hydroxytryptamine creatinine sulphate (5-HT),
acetylcholine chloride (ACh), methysergide (UML-491), 2-bromo-lysergic acid
diethylamide (BOL-148), benzoquinonium chloride (mytolon), dibenamine,
atropine sulphate, cocaine, morphine, d-tubocurarine chloride, and eserine.

The experiments were performed at room temperature (20—22 °C)
in March, April and May.

Results

When the contraction subsequent to preparation ceased the preparation
displayed, in the majority of cases, spontaneous rhythmic activity. This rhyth-
mic activity consisted of small phasic contractions and of occasionally occurring
interpolated large tonic contractions (Fig. 1).

The effect of 5-hydroxytryptamine

The penial complex responded to 5-HT with contraction and with a sub-
sequent rhythmic activity of increased amplitude and frequency (Fig. 2),
whereas on preparations in the resting period activity was induced. Depending
on concentration two-phase effect was produced by 5-HT. It resulted in a small
relaxation near threshold concentration (5Xx 10-a g/ml). At 10~8—10-5 g/ml
concentrations or above 5-HT never produced relaxation, the response pro-
duced was always tonic contraction and its duration increased at higher con-
centrations. If the preparation was subject only for a short period to the effect
of 5-HT then after repeated washings it responded again to the same or to

Fig. 1. Spontaneous rhythmic activity of isolated penis complex
1. abra. Az izolalt penis komplex spontén ritmikus aktivitdsa
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Fig. 2. Effect of 10~7g/ml 5-HT on the isolated penis preparation of Lymnaea
2. dbra. S-HT hatasa Lymnaea izolalt penis preparatuman 10~7g/ml koncentracidban

higher concentrations of 5-HT. On the applications of high concentrations,
however, tachyphylaxy was produced. For instance if 105 g/ml solution of
5-HT was left on the preparation for a longer period (1—2 hours) the original
level of tonus from the initial contraction was restored without washing, the
preparation, however, did not respond again to lower concentrations of 5-HT.

Effect of agents influencing the effect of 5-HT

The effect of serotonin was influenced by 5-HT and ACh-antagonists
and narcotics.

BOL-148 applied by itself did not affect the activity of the penial appar-
atus. After pretreatment as long as 10—15 mins, 10~5—10~6g/ml concentra-
tions of this agent completely inhibited the effect produced by 5X10-7 g/ml
5-HT (Fig. 3). After repeated washings the preparation turned sensitive

5-HT
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Fig. 3. Effect of 10~e g/ml 5-HT on penls [?]reparation pretreated with BOL-148 for
half an hour3

3. dbra. 10-6 g/ml 5-HT hatdsa a félordig BOL-148-cal el6kezelt penis preparatumon
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again to 5-HT, and responded with contraction as usual. UML-491 produced
a similar effect to BOL-148.

Dibenamine was also found to block the effect of 5-HT with the difference
that it produced a more lasting contraction than 5-HT, and after about 25
mins the preparation treated with dibenamine became restored also to the
original level of tonus. After pretreatment with 10~6 g/ml concentration of
this agent the application of 10-6 g/ml 5-HT produced only small increase in
tonus, it induced, however, a considerable rhythmic activity.

Atropine in 106 g/ml concentration strongly increased both frequency
and amplitude of the rhythmic activity or if there was no rhythmic activity
before induced typic activity. This agent inhibited strongly, even after 5
mins of pretreatment, the effect of 10-6 g/ml 5-HT solution which otherwise
produced contraction (Fig. 4). In some cases, however, an insignificant con-
tracting effect persisted and was followed by an immediate and considerable
relaxation. Subsequent to washing the original activity of the preparation was
restored but upon applying 5-HT repeatedly it did not produce the usual effect,
but increased only the amplitude of the spontaneous activity. Atropine pro-
duced lasting effect.

Fig. 4. Effect of 10-e g/ml 5-HT on penis preparation pretreated with atropine (10 6g/ml)
4. dbra. 10~6 g/ml 5-HT hatasa atropinnal (10~6 g/ml) el6kezelt penis preparatumon

Morphine at 10~5—10-3 g/ml concentrations affected the penis prepara-
tions by itself and produced contraction of tonic character. After restoration
to the original level of tonus the preparation responded after pretreatment
with 10-5 g/ml morphine, to the application of 10~6 g/ml 5-HT either with
unchanged or with slightly decreased contraction. Applying this agent, how-
ever, in 10~3 g/ml concentration the contracting effect of 10“e g/ml 5-HT
completely ceased and a frequent rhythmic activity was induced (Fig. 5).

d-Tubocurarine and cocaine were ineffective in 10-5 g/ml concentration,
when applied, however, in 103 g/ml concentration these agents inhibited
completely the contracting effect of f0~6 g/ml 5-HT; after their application
5-HT produced relaxation (Fig. 6). Further on, 5-HT when applied subsequent
to the application of d-tubocurarine produced rhythmic activity of increased
amplitude and frequency (Fig. 7).

The effect of acetylcholine

The threshold concentration of this agent was about 10~10 g/ml. This
and higher concentrations up to 10~5g/ml produced alike contraction of the
penial preparation. For a period rhythmic activity also ceased, it was however
restituted by itself.
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Fig. 5. Effect of ]10~6 g/ml 5-HT after 20 mins pretreated with morphine (10~3 g/ml)
5. abra. 10~6g/ml 5-HT hatdsa morfinnal vald (10—3 g/ml) 20 perces el6kezelés utan

Effect of agents influencing the effect of ACh

Mytolon solution at 10-6—10~5g/ml concentrations, which by themselves
proved to he strongly stimulatory on the preparation, did not inhibit practi-
cally after 1 hour application the effect of 10~eg/ml ACh and 5-HT. After
a half an hour pretreatment with higher concentrations (10~4—10~3 g/ml)
of mytolon the stimulatory effect of ACh decreased only slightly. On the other
hand, 10~6g/ml concentration of atropine completely inhibited the contracting
effect of ACh of same concentration (Fig. 8). Rhythmic activity of very high
frequency which was induced by atropine, however, ceased on the next appli-
cation of ACh, it was, however, restored by itself also without washing within
about 10 mins.

d-Tubocurarine, cocaine and morphine applied in 10-5 g/ml concentration
did not inhibit the contracting effect of ACh (10-7—10-e g/ml), and d-tubo-
curarine even potentiated at the concentration applied the stimulatory effect
of ACh. Rising the concentration of these agents further (HR4—10-3 g/ml)
the contraction-producing effect of ACh decreased, but was not completely
blocked.

Fig. 6. Effect of 10_6 g/ml 5-HT on preparation pretreated with cocaine (10-3 g/ml)
6. dbra. 10~6 g/ml 5-HT hatasa kokainnal (10_3 g/ml) el6kezelt penis preparatumon



46

Imin

Fig. 7. Effect of 10-6 g/ml 6-HT on the application (16 mins) of d-tubocurarine (10 sg/ml)
7. abra. 10-6 g/ml 5-HT hatésa d-tubocurarin (10_3 g/ml) (16 perc) adasa utan

Eserine (10~4g/ml) increased strongly the tonus of the preparation. Which
was restituted only after a longer interval, whilst a rhythmic activity of greater
frequency and higher amplitude was induced as compared to the original.
The contraction produced after subsequent application of ACh was similar
to the reaction of untreated preparation, rhythmic activity, however, was
completely inhibited.

Discussion

The rhythmic activity of the penial apparatus of Helix aspersa results
from its unbroken contact with the central nervous system (Goddaed 1962).
In opposition to this it was observed in conformity with previous observation
by Duncan (1964) that in case of Lymnaea stagnalis the penial apparatus can
produce spontaneous rhythmic activity also independently from the nervous
system. As observed by us, the normal rhythmic activity consists of small
phasic contractions and of occasional, interpolated great tonic contractions
with superimposed phasic ones.8

Fig. 8. Effect of 10-6 g/ml acetylcholine on penis preparation pretreated with atropine
(10-6 g/ml)

8. abra. 10~6 g/ml acetylcholin hatdsa atropinnal (10_e g/ml) el6kezelt penis
preparatumon
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The fact that the penial apparatus is richly supplied with nerves (Ero
1938, GoppARD 1962) renders the study of the effect of drugs more complicate,
namely, not only the effect produced on the smooth muscle but that on the
neurons must be also considered.

Concerning the effect of 5-HT only relaxation and a rhythmic activity
of increased amplitude and frequency was observed by DunNcax (1964) on the
penial apparatus of Lymnaea. It was shown, however, by our experiments that
5-HT produced a two-phase effect. At low concentrations (5x10~° g/ml)
5-HT produced weak relaxation, whereas at higher ones always a tonic contrac-
tion. Similar results were obtained previously by JAEGER (1963) applying 5-HT
on the penis retractor muscle of Strophocheilos oblongus, when up to 10— g/ml
concentration relaxation and at higher concentrations an increase of tonus
was observed, further by GREENBERG and JEGLA (1963) on the rectum of Merce-
naria mercenaria and by PHILLIS (1966) on the rectum of Tapes watlings.

It was suggested by GREENBERG and JEcrA (1963) that 5-HT is effective
on two sites on the isolated rectum of Mercenaria :

(a) it produces ACh release on cholinerg neurons,

(b) affects smooth muscles directly.

Using different inhibitors, it became evident, that in case of the prepara-
tion used by us in these studies both the neurons and the muscle itself are to
be considered. In these studies the contracting effect produced by 5-HT was
completely blocked by BOL-148, UML-491 and dibenamine and this was not
accompanied by relaxation. The effect of 5-HT on the penial apparatus could
also be effectively blocked by ACh antagonists, in that case, however, the
application of 5-HT was always followed by a considerable relaxation. The two
different types of blocking effect are presumably separated on the basis
whether the agents eliminated the direct effect of 5-HT on the muscle or its
neurotropic effect (GREENBERG and JEGLA 1963; PHILLIS 1966).

Out of the ACh antagonists investigated (atropine, d-tubocurarine, myto-
lon) atropine proved to be most effective as regards inhibition of the effect
produced by 5-HT. This observation is in contradistinction to data obtained
by GREENBERG and JEGLA (1963) on the rectum of Mercenaria in which case,
namely, the increase of tonus produced by 5-HT was potentiated by atropine,
and to those obtained by GRyGLEWSKI and SUPNIEWSKI (1963) according to
which atropine did not influence the 5-HT sensitivity of the isolated stomach
of Helix. d-Tubocurarine was at 1000 times greater concentration as effective
as atropine, while mytolon was completely ineffective. Comparing data obtained
with those on the inhibitory effect on ACh, it is seen that in this case atropine
is the most effective antagonist produced complete inhibition of ACh effect.
The contraction induced by ACh was only slightly diminished by d-tubocu-
rarine and especially by mytolon. It was found previously that atropine is an
ACh-inhibitor on the isolated stomach (GRYGLEWSKI and SUPNIEWSKI 1963)
and intestine (MINkER and Korrar 1961) of Heliz. The penial apparatus of
Lymnaea behaves differently in this respect, from the genital apparatus of
Helix pomatia, for in case of the latter the effect of ACh was not inhibited by
atropine but by nicotine (Kosatovyants 1936). It is known from studies on the
rectum of Mercenaria (GREENBERG and JEGLA 1963) that atropine is more
effective ACh antagonist than mytolon. Moreover, mytolon blocked on the
rectum of T'apes only the inhibitory component of the ACh effect, whereby
the excitatory component of ACh effect prevailed (PHILLIS 1966). In opposition
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to this d-tubocurarine was the most effective ACh antagonist on the rectum
of Tapes, it inhibited both synaptic and ‘“non-synaptic” ACh receptors, while
atropine had only small antagonistic effect (PrILLis 1966). The same obser-
vation was made on the retractor muscle of isolated penis preparations of
Strophocheilos (JAEGER 1962).

It is worth to note that eserine which normally potentiated the effect
of ACh did not produce in the course of these investigations observable altera-
tions.

From among the investigated agents only atropine induced at the con-
centrations used rhythmic activity of greater amplitude and frequency as
compared to the control. This might be explained by the stimulatory effect
of atropine on motor activity as observed also in case of preparations of other
invertebrates (BARKER, BUEDING and TimMms 1966).

Besides atropine other agents like morphine and cocaine which as observ-
ed by Gappum and Picarerrr (1957) blocked the M-receptors on the ileum of
guinea pig, produced also complete block of 5-HT effect and decreased the
contracting effect of ACh on the penial apparatus of Lymnaea. 1t is suggested
by GREENBERG and JEGLA (1963) that morphine inhibits the travel of nerve
conduction produced by 5-HT, and possibly inhibits the ACh-release from
cholinerg nerve endings. In view of the fact that 5-HT contracts the longitu-
dinal muscles of penial preparations and that this effect is inhibitable by the
above agents, it is thought probable that the contracting effect of 5-HT
asserts itself by the excitation of cholinerg nerve fibers.

The fact that the penial apparatus of Lymnaea and the rectum of Merce-
naria (GREENBERG and JEGLA 1963) and Tapes (PHILLIS 1966) respond simi-
larly to the investigated chemical agents suggests that the preparations in
question have similar pharmacological behaviour. The observation that in the
case of the penial apparatus of Lymnaea the order of effectiveness of 5-HT-
antagonists differed from that of preparations of other molluscs suggests
the specificity of the preparation used. In view of the fact that ACh-antago-
nists which blocked in course of our experiments the contracting effect of
5-HT antagonized the effect of ACh, too, it is thought probable, as suggested
by GREENBERG and JEGLA (1963), that this effect produced by 5-HT might
be realized by way of ACh release. The relaxing effect produced by 5-HT,
however, may assert itself only after the elimination of the above contracting
effect of this agent.

Summary

The mechanism of the effect of 5-HT and ACh was examined on the iso-
lated penial apparatus of a fresh-water snail, Lymnaea stagnalis L. The prepa-
ration responded with tonic contraction to the application of both 5-hydroxy-
tryptamine and acetylcholine. On these two agents atropine proved to be the
most effective antagonist. The blocking effect of BOL-148, UML-491, dibena-
mine, cocaine, d-tubocurarine, mytolon and morphine was studied on the
effect produced by 5-HT and ACh.

The results emphasize besides the specificity of the preparation used the
similarity between the isolated penial apparatus of Lymnaea and other mollus-
can preparations with regards to their pharmacological behaviour.
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FARMAKOLOGIAI VIZSGALATOK EGY EDESVIiZI CSIGA,
LYMNAEA STAGNALIS L. IZOLALT PENIS PREPARATUMAN

Pécsi Tibor, H. Kuziemski és S.-R6zsa Katalin
osszefoglalés

A Lymnaea stagnalis édesvizi csiga izolalt ivari apparatusan vizsgaltdk az 5-HT
és ACh hatasmechanizmusat. A preparatum mind az 5-hydroxytryptaminra, mind az
acetylcholinra ténusos kontrakcioval vélaszolt. Mindkét vegyllet leghatdsosabb anta-
gonistajanak az atropin bizonyult. Az 5-HT, illetve az ACh hatads blokkolasa céljabdl
a BOL-148, UML-491, dibenamin, kokain, d-tubocurarin, mytolon és a morfin
hatasat vizsgaltuk. Az eredmények a preparatum specifikumanak hangrfulyozé,sa mellett
a_Lymnaea izolalt ivari apparatusanak mas molluszka preparatumokhoz valé hasonlo-
sagat Sugalljak a farmakologiai viselkedést illetéen.

OPAPMAKOJ/IOMMYECKNE NCCNEAOBAHNA HA N3OJIMPOBAHHOM
MONOBOM AIMMAPATE BOJIOTHOIO MPYAOBUKA

Tuéop Meun, MeHpuk Kysemckuii 1 KaTanmH LL.-Poyka

Ha 13011poBaHHOM MOMI0BOM anmapaTe 60/0THOTO NPYAOBMKA Obl1 U3YYeH MeXaHU3M
[eCTBUSA CEpOTOHUHA M aueTuXonmHa. lpenapaT faBan TOHWYECKVEe KOHTPaKUMM U Ha Ce-
POTOHWMH U Ha auETUIXOMUH. ATPOMWH OKasa/icsi CambIM 3(DEKTVBHBIM aHTaroHUCTOM 060MX
BewecTs. C Uenblo 6/10KAPOBaHNSA LeACTBUA CEPOTOHUHA W aueTUIXONMHA ObUM NPUMEHEHbI
BOJ1—148, YMJ1—491, anbeHamMuH, KOKavH, Ty6OKypapviH, MATOMOH U MOpMniA. PesynbTaTbl
MoKasa/1, YTO U30MMPOBAHHbIV MOMOBOI annapaT 60M0THOrO0 NPyAOBMKA BefeT cebs NogobHO
[pyrum npenapatam MOJIIHOCKOB.

4 Tihanyi Evkonyv
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