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The cerebrovisceral connective (CVC) of the fresh water mussel (Ano-
donta cygnea L.) is paired nerve consisting of 0.1—2 u diameter unmyelina-
ted elementary fibres (LABOs, Zs.-NAGY, BENKG, SALANKT 1963).

The shape of the action potential induced by electric excitation is very
manyfold (ZHUKOV, 1946, KaHN and KuzNETZ0V 1938, SALANKI, LABOS 1964).

In the following, using square wave electric excitation and RC amplific-
ation of 0.75 sec time constant we are going to systematically examine the
effect of some conditions of stimulation earthing and recording — in the first
place of distance between the electrodes and electrode dimensions — on the
shape of the action potential, the size, number and polarity of its components.

The question is topical because some contradictions can be observed
examining the electrophysiological properties of the nerve which may be
summarized as follows:

1. Acting with various pharmacons on the CVC one component of the
action potential induced by electric excitation in every case remained unchanged
although some components beyond doubt changed (SALANKI, LABos 1964).

2. In the determination of velocity of conduction a difference arises bet-
ween literary data (ZEukov 1946) and our own values (LABOS and SALANK11964).

3. Number and size of the components related to each other showed
deviations which can not be explained by differences of the stimulus-para-
meters.

4. The artefact is in all cases substantially differentiated. This points to
the fact that the action potential led with RC amplification is itself distorted,
showing more components than are in reality.

The above facts and a communication of GAsSER (1960) prompted us to
subject the effect of the methodical assumptions to a careful examination.
GassEr changed the distance of the leading electrodes in the course of common
bipolar lead and observed at a certain length the phenomenon of the so-called
“lead separation effect” which appears as a positive wave in the action
potential, does not reflect a new component and is regarded by GASSER as
a biophysical property of the normal nerve fibre which is connected with the
longitudinal polarisation. (GGASSER, applying a proper technique (delayed
integration) obtained that the fibre spectrum of the saphenus nerve of
cat became considerally more homogeneous and a more direct connection
with the histological fibre spectrum could be demonstrated. Thus it appeared
that waves which were considered as important do not reflect any fibre group.
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A similar problem exists concerning the CVC of the fresh water mussel.
The electron microscopic fibre spectrum is considerably more homogeneous
than the action potential, even in the case when in the theoretical reconstruc-
tion of the action potential a certain connection between fibre diameter, fibre
cross section, velocity of conduction and amplitude is assumed (Labos,
Zs.-Nagy, Benké, Salanki 1963).

Results of the technique applied by A. Gasser (1960) are reminding us
as pointed out by Gasser himself that the biophysical properties of the nerve
and the mechanism of the spreading of waves are not sufficiently known.
Probably beside the geometrical data of the fibres other factors not directly
connected with these are involved in the formation of the velocity of
conduction.

In the following some controversial issues are raised in the case of a nerve
in which the methodical conditions on account of the great longitudinal
resistance of the nerve are stressed. The high longitudinal resistance is a con-
sequence of the low values of the elementary fibre diameter (Labos and co-
workers 1962). The ohmic resistance of 1 cm of the frog’ ischiadicus
is 40—60 kB while the resistance of 1cm of CVC is 15—20 times greater. This
conditions for the observation of the lead — separation — effect are 20 times
more favourable.

Method

The freshly excised nerve was kept in Marczinsky’s (1959) physi-
ological solution until the lead off. The composition of the solution is
1.23 g CaClo, 5.12 g MgCIBZH, 0.04 g MgS04 « 7HAD, 0.76 g KC1, 28.3 g NaCl,
0.08 g NaBr.2HD, 0.35 g NaHC03ad 1000 ml aqua dest. This basic solution
must be further diluted with distilled water in the 4 : 96 ratio.

In the course of leading and excitation the nerve was placed in paraffin
oil.

The leading and stimulating electrodes were 0.15 mm diameter Ag
wires while the earth plate was Ag-plate.

The stimulator used has cathode output and its parameters can be
changed independently of each other. Single square wave impulses were
employed. There was generally no isolator between preparation and nerve
but in some cases high frequency isolator was used.

The RC amplifier used was of 0.75 sec time constant; its input was sym-
metric. The values of the grid leak resistance: 2x3.3 M.

Results and discussion

1 Stimulation and lead off with 3 electrodes

Since two electrodes are needed for each excitation and lead, one of the
three electrodes is acommon leading and stimulating electrode. Such type of
leading-excitation is the local lead (Fig. 1/A). One of the electrodes of
the cathode output stimulator (500 or 2000 Q cathode resistance) is grounded
and thus the common electrode will be earthed since otherwise it could not
carry out the absolutely necessary “anti-interference filter” function because
it does not fall between the loci of stimulation and lead.

Consequently in this case the lead is anyway asymmetric.
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CYC is a nerve of high resistance. The resistance of its 1 cm stretch is
0.7—1 Mii depending on the diameter of the nerve. In the following the
influence of the situation related to each other of the stimulating earth and
leading electrode on the properties of the action potential led was examined.
Presumably it is the consequence of the high resistance of the nerve fibre that
slight electrode dislocations are accompanied by considerable changes on the
action potential.

A B
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Fig. 1. A) Excitation and leading off with 3 electrodes. Connection between nerve,
output and amplifier input
B) Excitation and leading off with 4 electrodes

1. abra. A) Ingerlés és elvezetés 3 elektrodaval. Az ideg, az ingerl6kimenet az erésit6-
bemenet kapcsolata. B) Ingerlés és elvezetés 4 elektrédaval

a) The change of the SGXdistance

Increase of the SGXdistance is accompanied by the same type of changes
of the action potential as the reduction of nerve tension or period with a con-

stant SGXdistance (Figs. 2,3). The effect of the increase of the SGXdistance
can be compensated e.g. with the increase of the voltage.

One of the causes of the phenomenon is that 1 mm electrode motion
means the putting in the stimulating circuit of 70—100 kQ resistance which
leads to a reduction of the current. On the other hand, beside the decrease
of the effective excitation, the geometrical conditions of the origin of the im-
pulse are different. The importance of the latter factor is less conspicuous in
this experiment. The exact role of the capacitive factor can not be appreciated
but beyond doubt the equivalent circuit of the passive elements ofthe system
from the view point of signal transmission is an RC circuit of resistance output,
since the artefact is highly differentiated even in the case of a stimulation
signal of a few msec, which can not be distorted so far by the 0.75 sec time
constant of the RC amplifier. This means that for the stimulation signal the
nerve behaves as a system of small time constant, while in the development
of the action potential the longitudinal resistance of 1 Mfi/cm is effective
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which speaks in favour of a high time constant of the system. It may be
explained by thin electrolyte-layer on the surface of the nerve.

Thus the analysis of the results obtained by the change of SG, dis-
tance reveals that the reduction of amplitude observed at the increase of
electrode distances can not be absolutely regarded as a mark of the decremen-
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Fig. 2. The external of the excitation circuit is increasing (the SG, stretch increases, the

electrode S moves off). The value of the potential led off diminishes. On the last Figure

it can be seen that with the increase of the voltage the effect can be over-compen-
sated

2. dbra. Az ingeraramkor kiilsé ellendllasa novekszik (SG, szakasz n6, az S elektréd
tdvolodik). Az elvezetett potencidl nagysaga csokken. Az utolsé abran lathaté, hogy az
ingerfesziiltség novelésével a hatas talkompenzalhato

tal impulse led of the nerve even if one of the electrodes is stimulating while
the other leading (or earth). This phenomenon is called pseudo-decrement.
Stimulation with constant current is necessary in the course of further
investigations. _

The dependence of the amplitude on SG, is linear on an interval only
(Fig. 3).

b) Effect of change in length of the earth electrode

Application of an earth electrode of great extension makes the locus
where the excitation arises uncertain, since in a cathode output stimulator
the negative pole is the earth electrode which generally used to be a plate of
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a few mm length. The locus where the impulse originates is the negative pole
which here — as evidenced by the experiments discussed below — must be
longer than 5 mm. This, in the case when the other electrodes are near the
earth electrode, with a lead either asymmetrical or symmetrical (i.e. when there
is no common electrode between the excitation circuit and the lead) may
cause a very considerable error in the determination of velocity of lead. From

AMPLITUDE
(arbitrary units)

Fig. 3. Abscissa: distance SGt. Ordinate: the value of the highest component. Other
conditions are unchanged

3. &bra. Abszcissza: SGttavolsdg. Ordinata: a legmagasabb komponens nagysaga. Egyéb
korilmények valtozatlanok

here it originates that apparently the velocity of conduction depends also
on the pathway of impulse.
Therefore we must endevour to reduce the size of the earth electrode.

Keeping the distance SR and SGXat a constant value, when reducing the size
of the earth electrode the following phenomena can be observed (Fig. 4) :

1 the amplitude of the potential led off increases,

2. the period of the potential led off decreases,

3. the distribution is of a lesser degree, no components can be separated,

4. the differentiated artefact and the slow potential at an earth length
value “separate” from each other (at 5—7 mm) or flow together respectively.

The essence of the phenomenon is, consequently, “synchronization” with
the reduction of earth length and “desynchronization” with its increase. The
“separation” between the action potential and the artefact points to the
character of non-continuous of the function describing the connection between
some parameters of the induced potential and the earth length.

The stimulation effect, the currentdensity are decreasing under the large
electrode, this is why the potential led off is smaller at a great earth length.
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Fig. 4. Increasing the length of the earth electrode. The arrow leading to comes from the
warm point of the out put of the exeitor, while the arrow leading off from the free grid
of the amplifier. Numerals in mm signify the data for length

4. abra. A foldelektréd hosszadnak névelése. Az odavezet§ nyil az ingerl6 kimenetének
meleg pontjatél az elvezetd nyil az er6sit6 szabad racsatél jon. A szamok mm-ben a
hosszlUsdg-adatokat jelentik

The disintegration into components may be the consequence of increased
differentiation which is equivalent to the reduction of the time constant of
the system.

Under an earth electrode length of about 5 mm for the greatest part the
behaviour of an amplifier is reflected which has received a too great input
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signal. In such cases the action potential and the artefact can not be dist-
inguished that is the “irruption of stimulus” covers the impulse. It is probable
that the slow signal remaining after the application of the blocking pharmacons
is the artefact caused by the irruption of stimulus which on account of the
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Fig. 5. Effect of increasing the distance between the active electrode leading off and the
earth electrode. The figures in mm stand for the data of length. For explanation of the
arrow see text

5. dbra. Az aktiv elvezetd elektréd és a foldelektréd kézotti tavolsag novelésének hatésa.
A szamok mm-ben jelentik a hosszadatokat. A nyil magyardzatat lasd a szovegben

capacity of the system extends in time to several times 10 msec. This is sup-
ported by experiments on died nerves and unliving filaments,

€) The effect of the change of the RG2distance

The effect of changes in RG2distance at a constant value of the earth
length and the SG, stretch is shown in Fig. 5. where the increase of the size
of the wave marked with an arrow and the high, elongated character of the late
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6. abra. Elvezetés 4 elektrédaval
Fig. 6. Leading off with 4 electrodes

components is seen. Also the value of the greatest component and the “after
potential” is diminishing.

The change marked with an arrow is — in our opinion analogous with
the “lead separation effect” described by Gasser. Leading off an action
potential from the n. saphaenus of a cat Gasser Observed the phenomenon
within the quickest fibre group. In the present case it is more pronounced,
a cause of which in our opinion may be the great resistance of the nerve.
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LoreENTE DE No (1947 and 1959) and P. MUELLER (1958) who examined
the phenomenon, came to the conclusion that it is the consequence of longi-
tudinal polarisation and may have arole in the normal conduction of impulse.
The question evidently requires analysis because it influences many hypo-
theses built on fibre spectrum analysis.

2. Leading off with 4 electrodes

With a bipolar symmetrical lead (F'ig. 1 B) the classic two-phase
potential must be obtained. The action potential seen on Fig. 6 shows the
biphase picture of a potential with 2 components. Keeping constant the other
electrode distances the abduction of the distal electrode leads to the deepening
of the late phase.

At the motion of the proximal electrode the first component diminishes
while the other phase shows less change and the after potential significantly
increases. The potential essentially gets reversed.

The explanation of the phenomena observed is not simple because the
difference in resistance of the stretches between the electrodes leading off
spoils the symmetry of the input. Thinking in the usual terms the lowering
of the deflexion marked with an arrow and the considerable changes of the
proportions of the main waves (A, B, C) can not be explained. The solution
must be sought in the different mode of spreading of the components of the
impulse wave. At any rate it is beyond doubt that a significant part of the
after potential is a consequence of the 2. phase and it may be assumed that
the phenomenon manifests itself also in the essentially bipolar asymmetric lead.

Conclusions and summary

1. From the cerebrovisceral connective (CVC) of Amnodonta cygnea L.
action potential was led off with RC amplifier (7' = 0.75 sec) excited by square
impulse.

2. The amplifier used is of symmetric input (2x3.3 M) the impulse
of cathode output ( ~1000 2) the nerve of high resistance (1 M2 per cm).

3. Excited with three electrodes the change of the electrode distances
had the following effect on the action potential:

a) Upon the increase of the distance of the stimulating pair of electrodes
the action potential decreased very strongly and on a stretch linearly. The
phenomenon is ascribed to the decrease of the stimulating current.

b) Increase of the earth electrode (plate) length led to the decrease of
the initially uniform artefact-action potential complex, to desynchronisation
and separation of the artefact. Possible changes in the equivalent of the
system were discussed. The phenomenon points to a connexion between the
initial component and the stimulus irruption. Uncertainty of velocity
measurement is due to the impulse of large extent.

¢) Increase of the distance between electrodes leading off points to the
“lead separation effect’’ (GASSER).

4. Data obtained during the course of “symmetric” bipolar leading off
seem to point out that symmetry can be hardly realized in the case of a nerve
of high resistance. The reversal of the potential and the shifting of the pro-
portions of components point to the complicated mechanism of wave spread-
ing.
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5. The factors examined point to some causes of the “variability”
action potential which can not be left out of consideration when discussing
the importance of the components.
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ELEKTRODAMERET ES TAVOLSAG VALTOZTATASANAK HATASA VELO-
HUVELYMENTES IDEG ELEKTROMOS INGERREL KIVALTOTT AKCIOS
POTENCIALJARA

Labos Elemér
0sszefoglalas

1. Anodonta cygnea L. cerebrovisceralis konnektivumarél (CVC) vezettink el
akciés potencialt RC erésitével (T = 0,75 sec) négyszégimpulzussal ingerelve.

2. A hasznéalt er@sit6 szimmetrikus bemeneti (2x3,3 M), az ingerld katdd-
kimenetd (~ J000IiJ), az ideg nagy ellenallast volt (1 M (i cm-ként).

3. Harom elektrodaval ingerelve az elektrédatavolsdgok valtoztatdsa a kovetkez6
hatdssal volt az akciés potencialra:

a) Azingerl6 elektrédapar tdvolsdganak névelésére az akcidés potencial igen erésen
és egy szakaszon linearisan csokkent. A jelenséget az ingeraram csdokkenésének tudjuk be.

b) A foldelektréd (lemez) hosszdnak ndvelése a kezdetben egységes artefaktum
akcios potencial komplex csdokkenéséhez, deszinkronizaciéhoz és az artefaktum levalasa-
hoz vezet. Taglaltuk, hogy a rendszer ekvivalensében ez milyen valtozast eredményezhet.
A jelenség a kezdeti komponens és az ingerbetdrés dsszefliggésére utal. A sebességmérés
hatdrozatlansdga a nagykiterjedés( ingerlés miatt all fenn.

c) Az elvezet6 elektr6ddk tavolsdgéanak novelése a ,lead separation effect”-re
utal (Gasser).

4. A ,szimmetrikus” bipolaris elvezetés sordn kapott adatok ramutatnak arra,
hogy a szimmetria nagy ellenallast ideg esetén alig valésithaté meg. A potencial megfor-
dulédsa és a komponensek arédnyainak eltolédasa a hullamterjedés bonyolult mechaniz-
musara utalnak.

5. A vizsgalt tényez6k ramutatnak az akciés potencial ,valtozékonysagéanak”
néhéany okara, amelyek a komponensek jelent6ségének taglaldsakor figyelmen kivil
nem hagyhatoék.

of the



BAINAHWNE N3IMEHEHWA PACCTOAHUA N PASMEPA 3JIEKTPO4OB HA
MOTEHUWAN AENCTBUA BE3MUENMHOBOIO HEPBA, BbI3BAHHbIN
SNNEKTPUYECKUMM PA3APAXEHWEM

2. JNabow

1. ABTOp OTBOAWA MOTeHUMan feicTBUS C Lepebpo-BUCLEPANbHOrO KOHHEKTUBA
(4UBK) 6e33y6kn (Anodonta cygnea L.) npu nomowm ycunutens tuna RC (T = 0,75 cek)
nocne pas,qpameHMﬂ ero MpsiMOyro/ibHbIMK  MIMMY/IbCaMU.

. |_|pI/IM9HF|eMbIl/I yCUNUTENb UMEET CUMETPUYHBIA BXxoh (2 X 3,3 M), BbIXO4 y CTU-
MyrmTopa — KaTofHbIli (~1000 R.), conpoTuBneHne HepBa 6bL10 Gonbwum (1 MR no 1 cm).

3. Mpwn pasgpaxeHUU 1 O0TBefeHUN C TPeMS 3N1eKTPofaMu U3MEHEHWE PacCTOAHUA 3/1eK-
TPOAOB MPUBENO K CAeAYILMM WM3MEHEHWAM B MoTeHuuane [elCTBUA:

a) Mpu yBeNMYEHWWM PacCTOAHMA pasfjpaxalowmnx 31eKTPoLOB NOoTeHuuan feincTBus
CUMbHO CHMXKAeTCs, 3TO CHUXXeHWe Obl10 NNHERHbIM Ha OMpefesieHHOM Yy4acTKe. 3TO sIBNsiHWE
00BACHAEGTCA CHUXKEHMEM pasfpaxkatoLlero ToKa,

6) yBennyeHWe JIMHbI 3a3eM/IAIOLWEro 3neKTpoda (NAacTUHKW) NPUBOAUT K CHUKEHUIO
N K [eCMHXPOHU3aLMy KoMMsekca apTehakTa moTeHumana f[ecTBUA, U NOTOM apTeakT OT-
fenseTcs OT noTeHuwana feicTBus. 3TO ABNASAHUE YKasblBaeT Ha B3auUMOCBA3b HayalbHOro
KOMMOHEeHTa M BXOX[EHWA pasfpaxeHusa. HeonpefeneHHOCTb W3MepPEHUS CKOPOCTU HacTy-
naet BCneAcTBe 60MbLIOTO pacnpacTpaHeHus pasgpaxeHus,

B) YBEe/IMYEHME pPacCTOAHUA OTBOAALWMX 3MEKTPOAOB YKasbiBaeT Ha npuHuun «lead
separation effect» (Gasser).

4. [laHHble, MNONYyYeHHble MNPU <KCUMMETPUYHOM» 6GUMNONAAPHOM OTBefeHUN, YKasblBaloT
Ha TO, YTO CUMMETPUS Ha HepBe C 6ONbLUMM COMPOTUB/IEHWEM MOYTU HeocyllecTBnsema. [lo-
BOPOT MOTeHUMana v n3MeHeHMe MPONOpPLUN KOMMOHEHTOB YKasblBalOT Ha CM0XHbIA MeXaHW3M
pacnpocTpaHeHUsi BOJIH.

5. N3yyeHHble ABMIEHUSA MOKa3blBAOT HEKOTOPble MPUUYUHBLI  <U3MEHUYMBOCTU» MOTEH-
unana [eiiCTBUS, KOTOPbIMW HeNb3s MnpeHebpeyb MpW aHannse 3HaYeHWs OTAENbHbIX KOMMO-
HEHTOB MoOTeHuMana feicTeuA.
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