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Pavrov (1885) was the first to study in detail the function of the ad-
ductor muscles in Anodonta cygnea. By analysis of muscle responses to electric
stimulation of the cerebrovisceral connective (CVC) he arrived at the con-
clusion that at least two different — stimulatory and inhibitory — types of
fibrils run in the connective between the cerebral and visceral ganglia. SALANKI
and LABOS (1962) corroborated PAVLOV’s assumption in a study on the res-
ponses of the posterior adductor to stimuli with different parameters applied
to the CV.C, further using different drugs. A double innervation of molluscan
smooth muscles in other species was observed and interpreted in different
manner by several authors (WiNnTox 1937, FLETCHER 1937, HovyLE and Lowy
© 1956).

Action potentials from Anodonta CVC were first recorded by ZHUKOV
(1946). The potentials were composed of several waves pointing to the existence
of more fibre types. In spite of these findings ZHUKOV and associates (1956)
did not ascribe the inhibition of the posterior adductor to the action of separate
tonus inhibiting fibres.

In the present work authors endeavoured to obtain a more precise picture
of the fibre composition and conducting properties of the CVC by comparison
of results obtained with electrophysiological and morphological methods. The
results may contribute to a further analysis of the adductor function.

Material and methods

The animals were kept in running tap water. To isolate the CVC glass
instruments were used. Care was taken to avoid traumatization or desiccation
of the preparations. The connective usually had a diameter of 0.2 to 0.4 mm.

Electrophysiological methods
The velocity and decrement of conduction were studied by leading off

the action potentials in different distances from the stimulating electrode in
the same preparation. An impulse generator supplied the quadrangular pulses.
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An RC amplifier with a time constant of 0.75 sec was used for the registration
of the action potentials. The potentials were lead off through 0.2 mm thick
silver electrodes from isolated nerves which were immersed into paraffin oil.
Both the stimulation and the registration were unipolar.

Electron microscopic methods

An approx. 0.5 em long piece of the isolated CVC was fixed in 1 per-
cent osmium tetroxyde buffered to pH 7.2 for one hour at 4 C°. Dehyd-
ration was performed with ethanol. The material was stained with a saturated
uranyl acetate solution in 70 per cent ethanol for 20 minutes, after treatment
with 70 per cent ethanol. The material was embedded into a 9:1 propor-
tion mixture of butyl-methyl-metacrylate sectioned on an LKB Ultrotome
and viewed in a Zeiss D 2 electron microscope with direct magnifications
of 6000 x, 12000 x, and 20000 . Fibre analysis was performed by random
cutting of 519 axon sections from not overlapping photographic prints (final
magnificaion: 66 000 x ). The cuttings were weighed with an accuracy of 0.2mg.
Knowing the weight of the unit surface of the printing paper the diameters
in p of circles having the same surface as the individual axon cross sections
were calculated on the basis of the obtained values. The prints used in fibre
analysis represented different areas of the same nerve.

Results

The action potential evoked by a single rectangular pulse comprises
several individual components whose number varies in individual cases.
Three main components are clearly discernible as a rule. The presence of further
components is indicated by frequent appearance of inflections on the main
waves. A fourth and even fifth wave may also appear on certain tracings.
The latter may be due either to slow fibres or represent after-potentials of
fast fibres.

The velocity of conduction was determined by changing the distance
between stimulation and leading off. The results revealed that the individual
components correspond to different groups of fibres conducting the impulses
with velocities of 0.60 to 1.40 m/sec., 0.20 to 0.50 m/sec or 0.05 to 0.25 m/sec,
respectively (Fig. 1).

By increasing the distance between s‘imulation and leading off (this
distance varied in the present experiments from 18 to 36 mm) the discrimi-
nation in time of individual components became more pronounced and,at the
same time, the decrement of impulses could be demonstrated (Fig. 2).

Figs 3 and 4 show the electron microscopic¢ picture of the CVC. The
fibres are not myelinated and lack a Schwann’s sheath. Groups of larger
numbers of fibres are surrounded by glial plasm. A part of these fibres contains
neurosecretum granules of 0.1 to 0.4 u diameter. Fig. 5 presents the results
of the fibre analysis. The cross section of fibres, expressed as the diameter of
discs having the same surface, lies between 0.15 and 1.35 x. The histogram
has two maxima at 0.25 to 0.30 and at 0.45 to 0.50 wu.

The voltage of the action potential and the speed of conduction are
proportional in first approximation to the cross section and diameter of the
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Fig. 1. Velocity of conduction in individual componénts of the CVC (m/sec). AH tracings i
from different nerves. 9 — distance of stimulation and lead, ms — duration of the pulse
1. dbra. A CVC rostkomponenseinek ingeriiletvezetési sebessége (m/sec). Minden akcids
potencidl mas idegrél lett elvezetve; 0 — az ingerl6 és elvezets elektrédik egymadstol

: valé tdvolsdga: ms — az ingerimpulzus idStartama iy
1. puc. CKoOpoOCTh NPOBEIEHHST PASHBIX T'PYINIT BOJOKOH 1epedpo-BUCLEPAILHOI0 KOHHEKTHBA
(m/ceK). Kakapiil TOK ACHCTBHsT OTBE/IEH OT PAaSHBIX HEPBOB: 0 — PACCTOSTHUE MEXKAY pasapa-
JKAIOWHUMI M OTBOASIMNI 9JIEKTPOAAMH: MS — MNPOAOHKHTENLHOCTh HEPBHOTO HUMIYIhCa

B MCEK .

IFig. 2. Decrement of the conducted impulses. Dependency of the amplitude of the
individual components (1 to 4) on the distance of stimulation and lead. The action
potential nature of the 4th component is not certain ;
2. dbra. Az ingeriiletvezetés dekrementes jellege. A CVC egyes kom;:lonensei (1—4)
amplitiddjdinak fiiggése az ingerld és elvezetd elektréddak tdvolsdgatél. A 4. komponens
akeibs potencidl jellege vitathatd ;
2. puc. JIeKpPeMEHTHBI XapakTep NPOBEACHUsT BO3OY )KACHUs. 3aBUCHMOCTH AMIUIUTYIABI OT-
JIeJIbHBIX KOHMOHEHTOB (1-—4) 1epedpo-BUCIEPATIBHOTO KOHHEKTHBAOT DPACCTOSIHUST  MEYK/Y
PasAPAKAIOWIMY M OTBOISIILMMI 9JIEKTpOjamMH. XapaxTep 4-0ro KOMIIOHEHTA, KaK TOKa
JeifcTBUSI, CropHbIt ; f
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axon, respectively (GASSER and GRUNDFEST, 1939). In view of this fact the
ratio of total cross section of fibres belonging to individual diameter intervals
to total determined cross section was calculated (Fig. 6). A comparison of
Figs 5 and 6 reveals that the sum of cross sections of thick fibres comprises a

n
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Fig. 5. Histogram of diameter distribution of fibres in the CVC. Abscisse: equivalent
fibre diameter in u, ordinate: per cent frequency of fibres in the mm individual grups.
N 519 (total number of fibres measured)

5. dbra. A CVC kiilosnbozé dtméréjii rostjainak gyakorisdg-eloszldsa. Abszcissza: ekvi-
valens rostétméré p-ben, ordindta: az egyes dtmérGintervallumba es6 rostok 9,-os
ardnya. N = 519 (az Osszes vizsgdlt rostok szdma)

J. puc. YacToTHOE pacripesiesieHle BOJOKOH = PasHbIX JHAMETPOB 1epeOpo-BHCIEPAIHLHOTO

KOHHEKTHBA. AOCIMCC: 9KBUBAJIEHTHDIH JMameTp BOJOKHA B 1. OpMHAT: NPOIEHTHOE COOTHO-

HIEHWE BOJIOKOH, HAXOASIMXCST B OTAEIBHBIX NMPOMEXKYTKax auamerpa. N = 519 (oOmee
YHCJI0 M3YYEHHBIX BOJIOKOH) :

larger portion of the total determined cross section than the ratio of the number
of thick fibres to the total number of fibres.

A calculation of the total number of fibres in the CVC gave a value of
the order of magnitude of 105.

o
Discussion "

The results of fibre analysis performed both by electrophysiological and
by morphological methods revealed the presence of fibre components having
different diameter and conducting velocity in the CVC. An assymetric histo-
gram of fibre diameters would already show the existence of several components.
This conclusion, however, is further supported by the appearance of two maxi-
ma on the histogram. With due regard to Gasser and GRUNDFEST’s data
concerning the relationship between voltage, conduction velocity and axon
size, our Fig. 6 allows the conclusion that the less numerous thick fibres
which belong to one diameter interval, contribute in a greater extent to the
formation of the action potential of the nerve than it would be expected on
the basis of their number alone.

The dependence of the posterior adductor responses and of the action
potentials on the parameters of the stimuli applied to the CVC (SALANKI and



63

LABos, 1962) may suggest that the thinner and slower fibres with higher tres-
holds are tonus inhibitory in their function whereas the thicker and faster
fibres with lower tresholds are responsible for tonic and phasic contractions.

In accordance with ZHUKOV 3 main fibre groups were demonstrated in
the CVC by electrophysiological methods. These groups, however, may be
further divided. The slow waves following the three main waves might be
either action potentials of further fibre components or after potentials. This

05 1 [/j}

Fig. 6. Histogram of summarised cross section (q) of fibres belonging to individua
groups expressed in per cent of the total cross section (@) of all fibres measured. Abscisse:
diameter in u, ordinate: relative frequency weighted in regard to the cross section

6. dbra. A CVC egy-egy dtmérdintervallumba tartozé rostjainak oGsszkeresztmetszete
(q) az Osszes vizsgalt rost osszkeresztmetszetének (Q) 9% -dban feltiintetve. Abszecissza:
4tméré p-ben, ordindta: keresztmetszettel stlyozott relativ gyakorisdg

6. puc. CymmapsbIii TIOTIepeyHBIii CPE3 BOJIOKOH, OTHOCSIIMXCS K PA3HOMY IIPOMEXKYTKH AHA-
meTpa (q), JaH B MPOIEHTAX CYMMapHOI'0 MPOMEKYTOUHOI'0 CpPe3a BCEX MCCIIEYeMBIX BOJIOKOH
(Q). Abcnmee: muamerp B . OpAMHAT: OTHOCHTENTHLHASI YACTOTA PA3HBIX MOMEPEUHBIX CPE30B

problem is not yet settled. Conduction velocities observed in this work show
a good agreement with the values obtained by HorrRIDGE (1958) on the CVC
of Mya arenaria. ZHUROV (1946) found a maximal velocity of 2 cm/sec, this
value corresponds to our slowest waves. Decrement of conducted impulses
was demonstrated by KauN and Kusnuerzov (1938) in the CVC of Anodonta
cygnea. Fig. 2 shows that the amplitude of action potentials is not in linear
relationship with the distance between stimulation and lead, but an increase
in distance results in a decreased decrement. All fibre components conduct
with decrement. This property of Anodonta fibres may be due to the lack of
myelin sheath. :

No thick axons were found in Anodonta which would be similar to the
thick fibres in the CVC of Aplysia californica (BArHAM, 1961). The fibres of
Anodonta CVC have no myelin or Schwann’s sheath. The fibres are arranged
in groupings surrounded by a single process of a glial cell. Only 100 to 250 A.
wide clefts separate the axolemm of the fibres belonging to the same group.
This picture strikingly resembles the arrangement of fibres lacking both types
of sheath in the optic nerve of the frog (MATURANA, 1960). :
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The neurosecretory substance found in fibres originates most probably
from the secretion observed in the ganglia (FAERMAN 1961, BArANYI and
SALANKI 1962).

Sumrﬁary

An electrophysiological and electron microscopic analysis of the fibre
composition of the cerebrovisceral connective in Anodonta cygnea L. revealed
that the fibres have no neurilemm and are not myelinated. The connective
contains at least tree main components as regards the fibre caliber and speed
of conduction. The fibres conduct the impulses with decrement. The different
components most probably differ in their functional significance.
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ELEKTROFIZIOLOGIAI ES ELEKTRONMIKBOSZK()POS ADATOK
AZ ANODONTA OY GNEA L. CEREBROVISCERALIS CONNECTIVUMANAK
ROSTOSSZETETELEHEZ

Ldbos Elemér, Zs. Nagy Imre, Benké Kdroly és Saldnki Jdnos

Osszefoglaléas

Az Anodonta cygnea L. cerebro-visceralis connectivuménak elektrofiziologiai és
elektronmikroszképos rostanalizise alapjan megallapithaté, hogy a rostok vels- és’
Schwann-hiivelymentesek, vastagsig és vezetési sebesség szempontjabél legalabb harom
f6 OsszetevGt tartalmaznak, az ingeriiletet dekrementesen vezetik és felteheté, hogy
a kiilonboz6 rostok eltérd funkeionalis jelentéséggel is birnak.

L]

QJIEKTPOPU3MOJIOTMYECKHME M 3JIEKTPOHHOMMKPOCKOIIMYECKUE [AH-
HBIE K COCTABY BOJIOKOH LEPEBPO-BHUCLIEPAJIBHOI'O KOHHEKTHUBA
BE33YBKMU (Anodondta-cygnea L)

3. Jlabow, H. JK.—Haoe, K. Benka, 5. Hlasanku

Peswome

Ha ocHoBanun 951exTpodusnoa0rnyeckoro ¥ 3J1eKTPOHHOMUKPOCKOIIMYECKOTr0 AHAIH30B
BOJIOKOH 11epe0po-BHUCIEPAIbHOI0 KOHHEKTHBA 0€33y0KH yCTaHOBJIEHO, YTO BOJIOKHA JIMLIEHDI
muasimHOBOM 1 IlIBaHOBCKOH 000Ji0ueK. C TOUYKM 3PEHHsT JUAMETPOB M CKOPOCTH MPOBELEHUSI
BO30Y K/IEHHsT OHH COJEPYKAT 10 KpaiiHeil Mepe TPU BH/IA BOJIOKOH, NMPOBOASIMX BO30Y KAECHHUE
C JIeKpeMeHTOM. MO)KHO  IIPEANoIOXKHTh, YTO DA3JIMUHME BOJOKHA 00JaJal0T PasiMyHOiM
(yHKLMeii.

5 Tihanyi Evkonyv






Fig. 3. Cross section of the CVC. Ax: axon, Ns: neurosecretory substance in the axon.
Magnification: 36 000 X

3. abra. CVC keresztmetszete. Ax: axon, Ns: neurosecretum az axonban. Nagyitas:
36 000-szeres

3. puc. TMonepeyHbiii cpe3 Lepebpo-BUCLLEPaSIbHOr0 KOHHEKTMBA. AX — aKCoH. Ns — Helipo-
CEKpeT B aKCOHe. YBenuyeHue B 36 000



Fig. 4. Cross section of CVC. Ax: axon, Ns: neurosecretory substance in the axon,
G: part of a glial cell. Magnification: 60 000 X
4. abra. CVC keresztmetszete. Ax: axon, Ns: neurosecretum az axonban. G: gliasejt.
részlete. Nagyitas: 60 000-szeres
4. puc. TNonepeyHbIin cpe3 Lepebpo-BUCLEPATIbHOIO KOHHEKTMBA. AX — akCcoH, Ns — Helipo-
CeKpeT B akcoHe, G — y4yacToK rnuun. YBenuyeHue B 60 000
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