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The simple structure of the central nervous system of Lymnaea stagna-
lis L., the large size and not too great number of its cells facilitate the investiga-
tions of morphologists and electrophysiologists on complex neural connections
and central localization of physiological functions.

In a previous work (SALANKI and Gusicza, 1969) we have determined
the direct axonal connections between different ganglia and localization of
neurons innervating the anterior and posterior adductors by the demonstra-
tion of retrograde regeneration following transection of various nerve branches
in Anodonta cygnea 1.. The same method was employed to identify in Lymnaea
stagnalis 1.. the central neurons involved in the direct innervation of the heart
following transection of the branch of the intestinal nerve running to the
heart (GuBicza and S.-Roézsa, 1969).

The purpose of the present work was to identify the neurons changed
in consequence of transection of major nerve branches, and relying upon
these findings, to describe the direct axonal connections, between different
ganglia and organs.

Material and method

For the investigations medium-sized adult specimens of Lymnaea stagna-
lis L. were used. The snails were anaesthetized in a solution of 0.05—0.08%,
of nembuthal until complete relaxation was achieved. Then the central nervous
system was exposed and the following commissures connectives and main
nerve branches were cut:

cerebro-cerebral commissure
parieto-abdominal connective (left)
cerebro-buccal connective (left)
cerebro-pedal connective (left)
cerebro-pedal connective (right)
nervus labialis inferior (left)
nervus pallialis (left)

nervus pallialis (right)
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Transection of each nerve branch was performed in 4 6 specimens. After
the operative procedure the animals were placed in aquaria containing oxygen-
ized circulating Balaton water for 24 —48 hours. Only specimens that survived
this post-operative period were used for histological preparations. After the
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elapse of the period of 24 -48 hours following operation the central nervous
system was dissected out, fixed in Carnoy solution for 45 minutes, embedded
in paraffin and serially sectioned (at 7—8 u). Embedding was always preceded
by careful orientation of the ganglia. Sectioning was made in a horizontal
plane parallel with the horizontal posture of the animal. Staining of the
sections was made with a mixture of malachite green (E. Gurr, No 315) and
pyronine Y (GT Gurr, England) according to the method of BAKER and
WiLLiams (1965)

The sections were examined under the light microscope. In all the ganglia
examined the neurons showing signs of regeneration were measured according
to size and classified in three groups:

large cells (120 u and larger)
medium-sized cells (from 50 to 120 pu)
small cells (under 50 u)

Then the number of regenerating cells and their localization within the
ganglion were determined. Localization of nerve cells was facilitated by divid-
ing the sections of each ganglion into three equal zones:

dorsal third of central nervous system (zone T)
medial third ,, ., o5 = (zone 11I)
ventral third ,, ,, 5 Ee (zone 11T)

On the basis of this division regenerating nerve cells exhibiting granular
pyroninophilia could be localized in three zones of depth. The numbers of
pyroninophilic cells given in the figures represent the mean values of 46
animals, with a limit of error of 109%,. For control examinations 4 animals
were used in which the central nervous system was only exposed without
transecting any of the nerve branches. In addition 4 intact specimens were
also processed. In the present work the results of experiments performed on
40 animals with nerve transection and 8 controls are reported.

Results

Transection of the cerebro-cerebral commissure (cce)

After cutting the cerebro-cerebral commissure, in all the ganglia, except
the buccal pair, cells showing signs of regeneration were present in varying
numbers (Fig. 1). About 409, of pyroninophilic cells appearing in the central
nervous system after injury of the ccc were localized in the cerebral ganglia.
In all, 153 neurons were found to send direct fibers to the ccc. Of these cells
59 were located in zone I, 55 in zone II and 39 in zone 1II. The approximate
zonal localization of the cells is shown in Fig. I and their numerical and size
distribution in 7'able 1. The number of pyroninophilic cells appearing after
injury of the ccc was nearly the same in the specimens examined.

No regularity was observed in the distribution of cells within the ganglion.
There was, however, a difference in localization between the neurons of the
left and right ganglia, except the parietal ganglia in which a giant cell was
always present in the ventral third of each ganglion, localized symmetrically
(Fig. 1, 111). After transection of the cce the left ganglia were found to contain
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fewer pyroninophilic cells than the right ones. The difference was particularly
great between the right and left parietal ganglion where the former contained
24 nerve cells, whereas the latter only 13 (Fig. 1).

Fig. 1. Distribution of pyroninophilic nerve cells in the central nervous system of
Lymnaea stagnalis L., after transsection of the cerebro-cerebral commissure
I = dorsal third, IT = median third, TTT = ventral third of the central nervous system.
Ganglia: 1. cerebral, 2. pleural, 3. parietal, 4. abdominal, 5. pedal. The left ganglia are
marked on the Figure.
(®) = large neurons (over 120 x in diameter), O = medium-sized neurons (from 50 to 120u)
- = small neurons (under 50 wu)
Legend to Figures refers to all the Figures (1—9)
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By cutting the cerebro-cerebral commissure evidence was obtained that
the cerebral ganglia receive nerve fibers from the contralateral pedal, pleural
and parietal ganglia, as well as from the single abdominal ganglion. Thus,
direct fibers are emitted from the left pedal, pleural and parietal ganglia and
from the single abdominal ganglion to the right cerebral ganglion. On the
other hand, the left cerebral ganglion is in direct axonal connection with the
corresponding right ganglia and the single abdominal ganglion, at least in

Fig. 2. Localization of pyroninophilic cells in the central nervous system following
transection of the left cerebro-pedal connective
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ascending. direction. Existence of descending pathways from the cerebral
ganglion to other ganglia was not demon&.trablo by cutting the ccc but only
by transection of other connectives.

When cutting the cce, in addition to the appearance of typical pyro-
ninophilic cells, considerable changes were noted in the cells of the medio-
dorsal body attached to the cerebral ganglion. These cells are small, never
exceeding 10 u in diameter. Their nuclei are uncommonly large (7—10 u)
containing several small nucleoli hardly visible in the light microscope. In the
control animals the diameter of the nucleoli was usually smaller than 1 u,

Fig. 3. Occurrence of neurons exhibiting granular pyroninophilia after cutting the right
cerebro-pedal connective
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whereas following transection of the cce, the nucleoli in some cells of the
mediodorsal body enlarged so much that they entirely filled the nuclei, rang-
ing from 2 to 7 p in diameter: Even nucleoli 8 -9 u in size were not rare.
With pyronine these enlarged nucleoli stained a vivid red. The red colour
could be removed by digestion with ribonuclease which is an evidence of the
increased RNA content of the nucleoli.

These results have verified that the neurons of the mediodorsal body
also send axons to the cerebro-cerebral commissure and injury of the latter
brings about a characteristic reorganization of the nucleoli of the involved cells.

Frig. 4. Distribution of pyroninophilic cells in the central nervous system after cutting the
left parieto-abdominal connective
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Transection of the cerehro-pedal connectives (ape)

By cutting the left cerebro-pedal connective cells exhibiting granular
pyroninophilia were found in all the ganglia examined except the right pleural
ganglion (Fig. 2). In all, 112 pyroninophilic cells were present localized as
follows: 38 in zone 1, 42 in zone 11, and 32 in zone 111. When cutting the right
epe, no pyroninophilic cells were found in the left pleural and parietal ganglia
in any of the specimens (Fig. 3). Following transection of the right epe 125
pyroninophilic nerve cells were counted in the central nervous system. Ofthese
neurons 60 were found in the dorsal, 39 in the median and 26 in the ventral zone.

Fig. 5. Pyroninophilic cells after transection of the left cei’ebro-buccal connective
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After cutting the cerebro-pedal connectives a total of 237 neurons
exhibiting pyroninophilia were found in the central nervous system but only
about 10—14% of these cells were localized in the pedal ganglia. Distribution
of pyroninophilic cells according to size is shown in Table 1

Localization of the involved cells within the ganglia was found to be
identical in the various specimens. Injury of the right cpc was followed by
the appearance of the greater number of pyroninophilic neurons in the right
cerebral and right parietal ganglia (Fig. 3).

Fig. 6. Pyroninophilic cells after cutting the left nervus labialis inferior
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Transection of the parieto-abdominal connective

Injury of the left parieto-abdominal connective resulted in the appear-
ance of 148 pyroninophilic neurons in the central nervous system of the
Lymnaea stagnalis L. In this case nearly the same number of neurons show-
ing signs of regeneration were found in all three zones. The pedal pair of
ganglia and the right pleural ganglion do not send direct fibers to the parieto-
abdominal connective (Fig. 4). In the right parietal ganglion the number of
cells exhibiting pvroninophilia was strikingly high. Distribution of pyro-
ninophilic cells in the right and left ganglia was assymetrical. By transection
of the parieto-abdominal connective it was proved that direct axonal con-

Fig. 7. Pyroninophilic cells after cutting the left pallial nerve
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nections passing through the abdominal ganglion exist between the right and
left parietal ganglia. Direct fibers are sent also from the abdominal ganglion
through the left parieto-abdominal connective to the left pleural ganglion
and both cerebral ganglia (Fig. 4).

Transection of the left cerebro-buccal commective

After cutting this connective regenerating cells were present only in the
cerebral ganglia (Fig. 5). The number of these pyroninophilic cells was

I'ig. 8. Pyroninophilic neurons appearing after transsection of the right pallial nerve.
Groups of pyroninophilic cells in the basal area (zone I1I1) of the right cerebral and
parietal ganglia
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28: 12 in the dorsal, 10 in the median and 6 in the ventral area of the ganglion.
No pyroninophilic cells were found in the buccal ganglion in any of the speci-
mens examined following transection of any nerve branch.

Transection of the inferior labial nerve

By injury of the left inferior labial nerve similar results were obtained
as by cutting the cerebro-buccal connective. Pyroninophilic neurons (in all,
27 cells) were found only in the cerebral ganglia. Distribution of these cells
is shown in Fig. 6. Transsection of the nerves leaving the central nervous
system was always marked by relatively few pyroninophilic cells.

Transection of the left and right pallial nerves

When cutting the left pallial nerve pyroninophilic cells appeared in the
left cerebral and parietal ganglia and in the single abdominal ganglion (#ig. 7).
A total of 31 neurons became pyroninophilic, of which 14 were localized in

Fig. 9. Grouping of pyroninophilic cells in the third zone of the right cerebral ganglion
after injury of the left pallial nerve
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the dorsal, 12 in the median and 5 in the ventral zone. In the abdominal
ganglion the pyroninophilic cells were grouped around the site of origin of
the intestinal nerve.

Transection of the right pallial nerve resulted in the appearance of
pyroninophilic cells in the right cerebral and parietal ganglia, as well as in
the abdominal ganglion. In all, 43 neurons exhibited signs of regeneration.
Their distribution within the ganglion is shown in Fig. §.

Fig. 9 shows the grouping of small pyroninophilic cells in the third
zone of the right cerebral ganglion after cutting the right pallial nerve. The
basal part of the parietal ganglion also contains groups of pyroninophilic
cells (Fig. §).

Following transection of the inferior labial nerve and of the right and
left pallial nerves, as well as of the cerebro-buccal connective the number
of cells involved even all together, is smaller than that found after cutting
the central commissures (Table 1).

TABLE 1

Distribution according to_ number and size of cells exhibiting pyroninophilia following
transection of different commissures, connectives and nerve branches emerging from the
central nervous system of Lymnaea stagnalis L.

Over 120 p | 50—120 p ‘ Under 50 p ‘ Total
cerebro-cerebral commissure (¢ce)............ 8 87 58 \ 153
left cerebro-pedal connective (cpe) .......... 5 41 66 112
right cerebro-pedal connective (cpe) ........ 7 43 75 | 125
parieto-abdominal connective (left) .......... 14 50 84 148
nervus labialis inferior (left) ................ \ 2 8 T 27
nervus palbishis. (lefb) i e d30ats s i e lsiusies - 16 i | 31
nervus: pallinlis’ (Tight) | et i ihe saes — 16 27 ; 43

Discussion

On the basis of our experimental results it was stated that following
transection of different nerves pyroninophilic neurons in the central nervous
system of Lymnaea stagnalis 1. are rather scattered within the ganglia. Groups
of cells containing a granular pyroninophilic substance were found only after
cutting the right and left pallial nerves.

After cutting different interganglionic connections granular pyro-
ninophilic neurons showing signs of regeneration were found in almost all
the ganglia. Following transection of the cerebro-cerabral commissure great
numbers of pyroninophilic cells were present in all the ganglia of the central
nervous system. This finding supports the assumption that the pair of cerebral
ganglia plays an integrative role within the central nervous system. In a
previous work (GuBicza and S.-RézsA, 1969) it has been reported that follow-
ing injury of the intestinal nerve, namely, by cutting the branch innervating
the heart, the greatest numbers of pyroninophilic cells were located in the
cerebral ganglion. A further confirmation of the integrative role of the latter
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ganglion seems to be provided by the fact that pyroninophilic cells were
always present in this ganglion after transection of any nerve or connective.
This finding can be taken as an evidence that the cerebral ganglion is the
centre of the ascending and descending pathways.

By cutting the parieto-abdominal connective all the ganglia, except the
right pleural ganglion and the pedal pair of ganglia, contained pyroninophilic
nerve cells which proves that the parietal ganglion receives fibers from all
the ganglia situated higher up and that the paths coming from the cerebral
and pleural ganglia pass uninterruptedly through this connective in their
way to the periphery.

After cutting the cerebro-pedal connectives it was surprising to find a
relatively small number of pyroninophilic cells in the pedal ganglion, to which
numerous direct fibers arrive from other ganglia. Presumably, the majority
of the neurons of the pedal ganglia send direct fibres to the periphery, while
the rest transmits information to the cerebral ganglion or receives information
from it (Figs 3 and 4).

No cells exhibiting pyroninophilia were found in the buccal ganglion
after cutting any of the nerve branches which finding seems to support the
assumption that the buccal ganglia send direct fibers only to the periphery
(oral organs). According to our data the pair of buccal ganglia is not in close
functional connection with the central nervous system.

Another question to be answered is why the right parietal ganglion
contains more pvmmnophlllc cells than the left following transection of the
cerebro-cerebral commissure and left parieto-abdominal connective. As shown
in Fig. 4, when cutting the right cpe the right parietal ganglion numerous
nerve cells exhibiting pyroninophilia, whereas in the left ganglion no such
cells were present. On the other hand, when the left cpe was cut pyronino-
philic cells were present not only in the left parietal ganglion but also in the
right one, where their number was even somewhat higher. From the difference
in the number of pyroninophilic cells between the rlght and left parietal ganglia
following cutting of other nerve branches as well, it was concluded that the
right parietal gmtrlmn has a different functional role. As it is known from
earlier anatomical descr iptions of the central nervous system of the Lymnaea
stagnalis L. there is a disparity between the nerve branches emitted by the
two parietal ganglia and their areas of innervation are also different. Moreover,
the right parietal ganglion containg about three times more neurons than the
left (GuBIicza, 1():0).

In a previous work (Gusicza and S.-Rézsa, 1969) it has been reported
that after cutting the intestinal nerve (originating from the abdominal ganglion)
at its branch innervating the heart, pyroninophilic cells appeared in the pedal
ganglia alike. After transsection of the parieto-abdominal connective, however,
no such cells were present in these ganglia in any of the cases, which seems to
prove that the nerve fibers running from the pedal ganglion to the heart
pass through the right ganglia.

Enlargement of nucleoli exhibiting pyroninophilia in certain cells of the
mediodorsal body attached to the cerebral ganglion is undoubtedly connected
with the transection of the cerebral commissure as this was never encountered
in control animals or when other nerve branches were cut. This observation
seems to confirm the earlier assumption that the small cells of the medio-
dorsal and medio-lateral bodies are in direct connection with the neurons of the
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cerebral ganglion (Bokr, 1965; LEVER, 1958). Enlargement of nucleoli follow-
ing neuronal injury has been described on various experimental animals
(Voar and Voar, 1946; CorEN and JACKLET, 1965, SALANKI and GUBICZA, 1967).

No regularity was demonstrable in the distribution according to size of
neurons forming the different nerve paths. The greatest number of pyro-
ninophilic cells was found among the smallest cells and the fewest pyronino-
philic cells were found among large cells (over 120 u in diameter) but this
may be in relation with the general cell number (Gusicza, 1970).

Our results seem to indicate that the central representation of the
different nerves is diffuse, several ganglia being involved in it.

Summary

By cutting the different commissures, connectives and nerve branches
in the central nervous system of the Lymnaea stagnalis 1. it was concluded that

1) Neurons containing a granular substance staining intensively with
PMaG appearing 12 days following nerve transections were scattered in
the various ganglia. Grouping of pyroninophilic cells was noted only after
transection of the left and right pallial nerves.

2) After cutting different nerve branches, there was a disparity in the
number and distribution of pyroninophilic cells between the right and left
ganglia.

3) Granular pyroninophilia was found to appear in small, medium-sized
and large cells alike. Most pyroninophilic cells were found among the small cells.

4) The number of pyroninophilic cells was higher after transection of
the connectives and commissures of the central nervous system than after
cutting peripheral nerves.

5) After transection of different nerve branches the right parietal
ganglion differed from the left showing a similar pattern to that of the abdom-
inal ganglion.

6) Following transection of the cerebro-cerebral commissure neurons
with enlarged nucleoli containing RNA particles were found among the cells
of the mediodorsal body. These cells stained intensively with pyronine.

7) The cerebral ganglia can be regarded as the integrative centre of the
ascending and descending nerve paths in Lymnaea stagnalis L.
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GANGLIONKOZTI ES PERIFERIAS NEURONPALYAK VIZSGALATA
LYMNAEA STAGNALIS L. KOZPONTI IDEGRENDSZEREBEN

Gubicza Andras és S.-Rézsa Katalin

ﬁsszefoglalés

A Lymnaea stagnalis L. kozponti idegrendszerének kiillonb6z6 comissurdit, connek-
tivumait és idegdgait dtvégva, az aldbbi megallapitdsokat tették:

1. Az idegdtmetszések utdn 1-2 nappal jelentkez6 PMaG-vel jol fest6dott szemesés
anyagot tartalmazo idegsejtek a kiilonb6z6 ducokban szértan fordulnak elé. Csak a n.
pallialis sinister és dexter atvdgdsa utdn volt tapasztalhatd a pyroninofil sejtek csoportos
cléforduldsa.

2. A kulonbozé idegdgak atmetszése utan, a jobboldali és a baloldali dticparokban,
eltérd szamban és egymdstol eltérd helyen fordultak elé pyroninofil sejtek.

3. Kis, kozepes és nagyméretii idegsejt egyardnt taldlhaté pyroninofil sejtek
kozott. Legtobb a kis méretii idegsejt.

4. A kozponti idegrendszer connektivumait és e()mmissuxéjét atvagva tobb ideg-
sejt valt pyroninofilld, mint a periférids idegdgak atvagédsa esetén.

5. A jobboldalon elhelyezked6 ggl. parietale a kiilonbozé idegigak dtvégdsa
esetén eltért a baloldali ggl. parietdlétol és az abdominalis dichoz hasonlé képet mutatott.

6. A cerebro-cerebralis comissura atvdgdsa esetén a medio-dorzélis test sejtjei
kozott pyroninnal jol fest6dott nagy nucleolusi RNS tartalmi sejtek fordultak elé.

7. A cerebralis ganglionok a Lymnaea integrativ kozpontjanak tekintheték, mivel
mind a felszdlld, mind a leszdllé pdlydk végsé, illetve kiinduldsi helyének felelnek meg.

UCCJIEJJOBAHUE MEMXI'AHINITMO3HBIX U TNEPUMEPUUYECKUX TIVTEN
B LIEHTPAJIbHOM HEPBHOM CHUCTEME BOJIbLIOIO IIPYJI0OBUKA

A. I'vouga w K. Hl.-Poxca

Ha ocHoBe onbITOB € nepepeskoii pasinyHbIX KOMUCCY P, KOHHEKTHBOB 11 HEPBOB B IIEHT-
paJibHOIT HepBHOIT cricTeme 0OJIBUIOT0 NMPYAOBUKA ABTOPBI IPHUXOAAT K CJIEAYIOUMM BbIBOAM:

1. Uepes 1—2 jins1 nociie nepepesku HePBOB HEHPOHBI, KOTOPbIE XOPOILIO OKPALIHBAKTCS
PMal' 00Hapy)KHBalOTCsl B PA3JMYHBIX TaHTJIMgAX. ['pynnupoBKa NHPOHUHOPMIIbHBIX KIIETOK
NOSIBUJIACH TOJILKO T10CJIe MepepesKn JIeBOro M MPABOro NasuilajbHbIX HEPBOB.

2. TTocie mepepe3Ky Pa3IMUHBIX HEPBOB, B JIEBBIX U MPABLIX I'AHIVINSIX NHUPOHUHOPUIIb-
HbI€ KJIETKH TIOSIBJISIIOTCSI B PA3JIMYHBIX MECTaX 11 He B OJIMHAKOBBIX UMCJIAX.

3. Mesikie, cpeHHe M KPYIHbIE HEHPOHbI B paBHOI CTENCHH BCTPEYaloTes Cpeau MHUpo-
HUHO(MJIbHBIX KJIeTOK. BoJiblie Bcero HeiipoHOB MaJloro pasvepa.

4. TTocje mepepe3Ky KOMUCCYP U KOHHEKTHBOB 1eHTPAJbHOI HEPBHOIT CHCTEMBI 00JIbIIE
HeHPOHOB CTAHOBUTCST NMHPOHMHOMUIBHBIMM, YeM T0cJie Nepepe3ku nepu(epHuecKux HepBoB.

5. Tlocsie mepepesky pasinuHBIX HEPBOB, NMPaBblil NapueTaibHblil ranriuii Mo pasmnpeje-
JICHHIO llllpOHHHO(l)lU]belX KJICTOK OTJIMYAJICS OT JIEBOBO IAPHETAJILHOI0 I'aHIVIHSI U ITPOSIBJIS
CX0/ICTBO C a0/I0MMHAJIbHBIM TAHTJIMEM,

6. B ciyuae mepepesxu lepedpo-lepedpasibHoii KOMUCCYPbI Cpei HelfpOHOB Meano-
JI0P3aJILHOTO Tesla 00HAPYIKMBAIOTCSI KJIETKH, ¢ 00JIBIIMM SIPLIIKOM cojepxanum PHK, xopo-
110 OKpalMBaemMble MHPOHIHOM.

7. llepeGpanbhpie raHrJnm y 00JBLIION0 NPY/A0BHKA SIBJSIIOTCST MHTErpATHBHBIM LIeHT-
POM, TaK KaK 371eCb OKOHYMBAIOTCS BOCXO/SIIINE ITYTH U 0TCI0/1a HAYMHAIOTCS HUCXO/ISAIINE TIYTH.
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