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The law of initial value (L.I.V.) was formulated firstly by W il d e r  
(1931) and describes correlations between the initial value of a biological 
parameter and its change after stimulation. I t shows also that on repeating 
a stimulus, its effect becomes less and less; and when the system is unbalanced, 
its behaviour is often oscillatory (W il d e r , 1962; So l l b e r g e r , 1965).

It had been observed earlier, that when the cerebrovisceral-connectives 
(CVc) of Anodonta are excited, the responses of the posterior adductor muscle 
(PAM) are variable, even when the stimulus parameters are constant. In such 
cases the parameters of the response seem to be influenced by the initial 
muscle-length, its eventual change in a given direction, previous stimulation 
and the phase of the periodic activity (Sa lá k k i and L á b o s , 1963).

After stimulating the CVc, the adductor muscle in many instances, 
performs rhythmic contractions and approaches the initial or a new tonus 
level. Such homeostatic or servomechanism properties are characteristic of a 
system which follows the L.I.V. (So l l b e r g e r , 1965). Because of this close 
analogy, a systematic and more exact analysis of the related phenomena was 
considered desirable.

Methods

Both spontaneous and evoked contractions and relaxations of the fresh
water mussel’s (Anodonta cygnea L.) posterior adductor muscle (PAM) were 
recorded and analysed. The animal was taken out of the water and the 
anterior and posterior adductors were disconnected mechanically as described 
earlier (Sa lá n k i and L á b o s , 1963). One of the shells was fixed while the other 
was connected to a lever, recording the muscle displacement on a kymograph. 
The muscle was loaded only by the force of the ligament (~0.5 kg) connecting 
the two shells.

Evoked contractions were elicited by stimulation of the cerebro-visceral 
connective (CVc) with square pulses. The electrodes were placed in the middle 
of the uninjured nerve.

A given level on the kymograph records ( Fig. 1) represents an actual 
muscle-length (1). The level representing the muscle-length when the shells 
are closed is designated with 10. The value 10 is the shortest under the experi-
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mental conditions, as further contraction is prevented by the apposition of the 
shell margins. The level 1 can be measured as the deviation from 10 that is 
by (1 -  10).

The size of contraction (c) was measured at its maximum, while that 
of the relaxation (rT) at a given time (T) after the onset of stimulation. The 
values of “c” are given in arbitrary units which are the same for each experi
ment.

F ig . 1. E x p e rim en ta l a rra n g e m e n t a n d  designations 
1 — m ussel; 2 — p o ste rio r a d d u c to r  m uscle (PA M ); 3 — lig am en t; 4 — lever record ing  
d isp lacem en ts; 5 — records; 10 =  m uscle  len g th  a t  closure o f  th e  shells; lmax =  m ax im al 
len g th  o f  PA M ; 1 =  a n  a c tu a l m uscle  len g th ; c =  am p litu d e  o f  co n trac tio n ; T  =  tim e  

a f te r  s tim u lu s-o n se t; r T =  effective re la x a tio n  below  in itia l level a t  T  m om en t

Results

1. The dependence of the amplitude of evoked contractions on the initial length 
of the muscle

As the PAM is a mixed tonic and phasic muscle, it can work at dif
ferent lengths and after spontaneous rhythmic contractions is able to return 
to the actual working level. The contractions represent an increase in the 
muscle tension, as at shorter muscle length the load is represented by the 
increased tension of the ligament, which is higher. For this reason both steady 
state muscle length and tension vary from animal to animal, as do the temporal 
relations as well. Their levels influence the size and time course of the spon
taneous or evoked phasic contractions and relaxations.

On stimulating the CVc by uniform trains of pulses, the evoked con
traction is smaller if the initial level of tonus is higher i.e. when the initial 
muscle length is shorter. This correlation is always close. In Fig. 2 the typical 
negative linear correlation is demonstrated by line A. Its linearity is equi
valent to the following law: the steady state amplitude (c) of the evoked 
contraction is always a constant ratio of the maximal response that could be 
elicited at the given muscle length. In the demonstrated case (A on Fig. 2) 
the slope-parameter of the regression line is 0.53. In short experiments this 
ratio (k) is constant for a given animal, but it deviates with different animals 
and depends on the parameters of the stimulus. The average of к calculated 
from data of 20 animals was 0.50 ^  0.19 (mean ^  s.d.) being 0.10 and 0.95 
the extreme values. The stimulus-parameters were: 4 msec, 8 cps, 20 V, 60 sec.
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F ig . 2. C onc trae tions (c) an d  re lax a tio n s  (rT) a re  p lo tte d  ag a in s t in itia l level (1 — 10)

A  -  e ~  0.53 • (1 -  10); В  -  rT -------0.88 • (1 -  10)

C oefficients o f  co rre la tio n  a re  n e a r  to  ± 1 ,  resp . T he orig in  m eans 10 a n d  th e  abscisse is 
in te rsec ted  b y  r T line a t  lmax. T he tw o fu r th e r  lines follow  slopes o f  ± 1  (45°) and  rep re sen t 
th e  m ax im al possible co n trac tio n s  an d  re lax a tio n s  in  th e  a c tu a l case. P a ra m e te rs  o f 

s tim u lu s-tra in : 20 vo lts, 4 m sec, 8 cps, 60 sec

2. The dependence of the amount of relaxation following evoked contractions, 
on initial muscle-length

In cases when the relaxation period was not interrupted by spontaneous 
contractions a clear dependence of the size of relaxation on the initial muscle 
length was found (В-line in Fig. 2). The size of relaxation increases with increas
ing initial tonus level, that is with decreasing initial length of the muscle. 
This linearity represents a similar law as that was described for the contrac
tions, however the linearity of this dependence is not always so strict as that 
of the contraction-response.

3. The differences in the magnitude of contraction evoked at a constant length 
of the muscle

When the CVc is repeatedly stimulated at a constant muscle length, 
the evoked contractions are still not uniform. Fig. 3 shows that the amplitudes 
of the successive responses elicited by identical trains of pulse at a medium 
level of length (or tonus) decrease successively. The steady state magnitude 
of the n-th response (cn) is proportional to that of the first one (c0) and 
nearly exponentially decreases with the sequence number of repeated stimuli 
( Fig. 4A ).

The time-intervals between the successive contractions in Fig. 3 are 
determined by the returning to the initial muscle length. If these intervals 
(rn) were measured and plotted against the amplitude of the following con
tractions (cn+1) a correlation with a linear section was found (Fig. 4B).
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F ig . 3. R esponses o f  PAM . T he stim u li to  CVe w ere app lied  a t  th e  m o m en ts  w hen  th e  
len g th  o f  re lax ing  m uscle  reached  a  c e rta in , c o n s ta n t va lue  (ho rizon ta l line on  th e  figure). 
T im e-scale 60 sec. P a ra m e te rs  o f  s tim u lu s-tra in . 10 vo lts , 4 m sec, 8 cps, 30 sec

F ig . 4. A  — L o g arith m s o f  am p litu d es  o f  evoked  co n trac tio n s  (log cn) a re  p lo tte d  ag a in s t 
th e  sequence n u m b e r (n) o f  successive s tim u lu s tra in s . D a ta  a re  ta k e n  from  F ig . 3. 
T he regression-line rep re sen ts  a n  eq u a tio n s  cn ~  c0 • exp  (— 0.16 • n). C oefficient o f 
co rre la tio n  r  0.9. — В  R ecu rrin g  tim es (rn) a re  p lo tte d  a g a in s t th e  re la tiv e  am p litu d e  
o f  n  1-th  response (cn+1). A p p ro x im atio n  o f  lin ea r p a r t :

r n ~  1.95- 11+1 -f- 0.68 (m in)
Co

4. Oscillatory after-effect

In general the prepared PAM may contract rhythmically with very 
different average frequencies (5 — 60 cph); and on stimulating the CVv, its 
evoked response consists of contraction and relaxation, often below the initial 
level. Depending on the stimulus strength and the initial muscle length, the 
PAM may become more or less relaxed, than it was before stimulation.

In a number of instances the evoked response is followed by a series 
of rhythmic contractions; whose frequency and amplitude is higher than 
during the control period. The time course of these oscillatory after-effects 
is variable. The tonus may return to the original or to a new steady level 
finally (Fig. 5a—j) .

The trend of the change in tonus depends on the ratio of the amplitudes 
of contractions and subsequent relaxations and on the frequency of after
oscillation as well. When relaxations are less than the contractions (Fig.
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5c, h) от absent (Fig. 5d) the tonus increases. The high frequency of the 
rhythm is favourable to a higher tonus because the contractions following 
each other in short intervals interrupt the actual relaxation (Fig. 5e, g). The

F ig . 5. D iffe ren t eases o f  evoked  a fter-o sc illa tions ta k e n  from  th re e  d iffe ren t an im als 
(a; b  —d ; 4 —j). P a ra m e te rs  o f  s tim u li to  CVc: 10 У , 4 m sec, 8 cps, 20 sec. T he onse t o f 
s tim u la tio n s  is m ark ed  b y  arrow s. H o rizo n ta l lines show  th e  sam e len g th  o f  m uscle. 

T im e-scale o f b  is va lid  fo r c —j as well

F ig . 6. C o rre la tion  betw een  th e  size o f phasic , evoked  a fte r-co n trac tio n s  (c) an d  th e  level 
o f  m uscle  len g th  (1 — 10) from  th a t  th e y  w ere s ta r tin g . T he regression  line is c ~  0.94 •

• (1 — 10). C oefficient o f  co rre la tio n  r  > 0 . 9

evoked oscillation starts usually after a latent period. Its frequency decreases, 
but sometimes in a short initial period a slight increase is observable (Fig.
5a, h, i).

The amplitudes of spontaneous oscillatory contractions bear a relation 
to the tonus level from which they start. The higher the initial level, the 
smaller the amplitude. The function is fairly linear at most values of the initial 
tonus (Fig. 6). In the cases analyzed in detail (8 animals) the constant of
L.I.V. was к =  0.68 i  0.11 (mean ±  s.d.; 0.28 — 1.00).
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The first few contractions (and its к-value) sometimes do not decrease 
notwithstanding the increasing initial level (Fig. 6a).

The oscillatory after-effect evoked by repeated stimulation becomes, 
step by step, less oscillatory (Fig. 7). In this case the decreasing number of 
contractions after four successive stimulations were 17—7—3—0. In general

F ig . 7. A d a p tiv ity  o f  afte r-o sc illa tion . T he re p e a te d  s tim u la tio n  abolish  th e  after-effect- 
T he h o rizo n ta l lines show  th e  reference-level. T he onse t o f  s tim u la tio n  m ark ed  arrow s- 

P a ra m e te rs  o f  s tim u lu s-tra in s : 20 V , 4 m sec, 8 eps, 60 see. T im e m ark : 60 sec

F ig . S. T he  len g th  o f  successive tim e  in te rv a ls  be tw een  th e  evoked  a fter-o sc illa tions a re  
p lo tte d  ag a in s t th e ir  sequence-num ber. A  — CVc is in ta c t;  В  — T he sam e p lo t b u t 
a f te r  c u tt in g  th e  CVc A fte r A  a n  in te rv a l o f  a b o u t 30 m in  w as le f t to  pass. P a ra m e te rs  

o f  stim u la tio n s: 10 V , 4 m sec, 8 cps, 60 sec
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after a few stimuli the oscillations are abolished. It is possible to subsequently 
elicit a steplike increase of tonus by mechanically stimulating the syphon. 
The previously abolished oscillation can be seen yet again.

The frequency of after-oscillations changes considerably w'hen the con
nection of CVc with the cerebral ganglia is cut. In Fig. 8 the successive inter
vals between the rhythmic contractions of after-oscillation are plotted against 
their sequence number. Fig. 8 A shows the control, where the decrease of fre
quency is well shown. Immediately after cutting the CVc, the cut end was 
stimulated by the same stimulus used in the control. The intervals between 
the evoked oscillatory after-contractions are demonstrated in Fig. 8B. It can 
be seen, that the frequency is decreased and its trend is less than in the 
control.

5. L.l.V . for spontaneous contractions at the end of the active period

The adductor muscles of Anodonta undergo alternating periods of 
activity and inactivity. During activity the muscles are partially relaxed and 
rhythmic contractions are observed. Towards the end of an active period 
characteristic contractions appear. These manifest themselves as adductions 
of decreasing amplitude. It was found that the amplitude decreases with the 
decreasing initial legth of muscle. This correlation proved to be linear except 
for contractions starting at very high tonus levels (Fig. 9A). In the example 
shown the constant of L.l.V. is 0.58.

10 20 30 40 50 60 70 80

F ig . 9. The am p litu d e  o f co n trac tio n s  (c) a re  [dot ted  ag a in s t th e  in itia l m uscle  len g th  
(1 — 10). L .l.V . for A  — spon tan eo u s ca tch -co n trac tio n s ; В  — evoked aperiod ic  response;

C — after-osc illa tions
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The described linearities in sections 1, 4 and 5 are not valid at extremely 
high or low initial levels, where a decrease of the constant к was found (Fig. 
9A). Similar non-linearity occurred also in case of evoked contractions (Fig. 
9B) and oscillatory after-effect (Fig. 9C) at extreme initial values.

When contractions of a whole active period were analyzed, a more 
complex phenomenon was found. The plot of amplitudes of consecutive con
tractions (c) against the initial muscle length (1 — 10) does not follow a single 
line but describe a loop (Fig. 10), which can not be characterized by a single к

C

F ig . 10. P lo t o f  a ll phasic  co n trac tio n -am p litu d es  (c) observed  in  a  w hole ac tiv e  period  
o f  a n  an im a l ag a in s t th e  level a t  th a t  th e y  s t a r t  (1 — 1„). T he lin ea r p a r ts  rep re sen t a 
L .I.V . w ith  c o n s ta n t k . I t  is observed  th a t  d u rin g  a n  ac tiv e  period  a n  inhom ogeneous 

cycle o f  L .I.V . — v a ria tio n  ta k e s  p lace

value. The arrows starting from and returning to the point corresponding to 
the shortest muscle length approximately follows the consecutive contrac
tions. Some contractions are out of the main loop but they seem to form organ
ized pattern.

Discussion

The L.I.V. applied here for evoked aperiodic or oscillating phasic con
tractions, for the spontaneous closing contractions and for relaxations can be 
written in a general form:

A I ~  к • (1 — 10) 
when 1 is not extreme in value.

Concerning the origin of this law the following can be stated. In situ 
the adductors are stretched by the force of the elastic ligament connecting 
the two shells. When the shells are more closed by the shortening of the muscle, 
this force is greater. A given extension of the ligament can be evoked by a 
force being nearly proportional to its deformation (extension and/or com
pression; unpublished). Therefore a tension-increase in the muscle proportional
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to the magnitude of contraction must be produced during the shortening. 
Thus the L.I.V. is equivalent to a length-active tension or to a load-active 
tension diagram. In such a way the muscle is not working isotonically but 
against a nearly linearly increasing load.

A source of the observed differences in the responses of the adductors 
when stimulating at different initial length with identical stimuli (Sa lá n k i 
and L á b o s , 1963) has been found mainly in the above described length-tension- 
correlation.

The L.I.V. for artifical stimulation is seen to be valid when applying 
the same stimulus. As the same law is valid for either spontaneous or evoked 
oscillatory, free running contractions, a conclusion is suggested that these 
actions must be generated by the excitation of same magnitude of the inner
vating centres. On the other hand, when the contractions of the same muscle 
working spontaneously cannot be described by a single к value (Fig. 10), 
different level of nervous excitation must be supposed. In this manner the к 
of L.I.V. can give information about the excitation running out from ganglia 
towards the muscle.

The L.I.V. of relaxation can be interpreted also by taking into account 
the tension of ligament. At lower initial muscle-length, when the loading 
force of ligament is higher, the relaxation under the initial level is proportion
ally higher (Fig. 2B). Nevertheless by this explanation the differences in 
the final relaxation level can not understood. For this reason during the relaxa
tion-process intrinsic changes of the mechanical properties of muscle must 
be taken into consideration as well.

Phenomena demonstrated in Fig. 3 and 4 clearly show that the explored 
L.I.V. is not valid when the stimulation is too frequent. In such a case a decrease 
of к value was observed. It could be considered as a result of the accumulative 
effect of previous stimuli and/or as a dependency on the initial speed of 
relaxation.

Systems studied by basimetry show all the phenomena observed in the 
behavior of Anodonta adductor:

1. law of initial value (Fig. 2, 9)
2. law of initial speed ( Fig. 3)
3. oscillatory behavior after disturbing (Fig. 5)
4. adaptivity of oscillatory behaviour and of the evoked contractions 

(Fig. 7 and 3).

It seems to be reasonable that such properties are concerned with an 
automatic, adaptive control (servomechanism) of adductor behavior. The 
sources of the phenomena or distribution of parameters in the components 
(muscles, ganglia, synapses, ligament, receptors) of the whole system are not 
known exactly. It is very probable that different functional feed-back loops 
are responsible for the whole behavior. A suitable and quantitative description 
or modelling of the behavior must be carried out in terms of automatic control. 
Approximations given by an application of basimetry are less general and 
purely phenomenological but it gives a unified explanation and may form a 
first step in a cybernetic evaluation of the regulation of adductors.

6  Tihanyi É vkönyv
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Summary

Initial value laws were demonstrated as being valid for spontaneous 
rhythmic contractions, and evoked responses (contraction and relaxation) of 
Anodonta adductor muscle.

The following group of phenomena has been observed and analyzed
1. quasi-linear relationship between responses and initial values,
2. homeostatic after-oscillations,
3. adaptive behavior of evoked contractions and that of after-oscillations. 
The idea of basimetry seems to be useful in explaining some of the

phenomena observed, however it does not provide a complete explanation. 
Conclusions may be drawn about the roles of innervation, the muscle itself 
and the ligament, in the bahavior of the adductors.
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K E Z D E T I É R T É K T Ö R V É N Y E K  A LK A LM A ZÁ SA  
A N O D O N T A  ZÁ R Ó IZO M  SPO N T Á N  É S  K IV Á L T O T T  O SZ C IL L Á C IÓ IR A , 

V A L A M IN T  A P E R IO D IK U S  V Á L A SZ A IR A

Lábos E .,  B . G laisner és •/. S a iá n k i 

összefoglalás

K ezd e ti é rték tö rv én y ek  érvényességét d e m o n s trá ltá k  A nodonta  záró izom  sp o n tán  
r i tm ik u s  v á lasza ira , v a la m in t k iv á l to t t  oszcilláció ira (kon trakc ió  és ernyedés).

Az a láb b i je len ségcsopo rtoka t v iz sg á lták  és an a liz á lták :
1. a  válasz és a  k ezd e ti é rté k  k ö zö tti kvázi-lineáris  v iszony;
2. ho m eo sz ta tik u s u tóoszcilláció ;
3. a  k iv á l to t t  k o n trak c ió  és u tóoszcilláció a d a p tív  jellege.
A  b az im e tria  a lape lve i h a szn á lh a tó n ak  b izo n y u ltak  a  v izsgá lt je lenségek  m a g y a 

rá z a tá b a n , azo n b an  elégségesnek n em  tek in th e tő k .
Az eredm ények  a la p já n  k ö v e tk ez te té sek  v o n h a tó k  le az innerváció ra , v a la m in t 

az  ad d u k to ro k  m űködésében  szerepet já tszó  izom  és ligam on tum  sa já to sság a ira  v o n a t
kozóan.
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ПРИМЕНЕНИЕ НАЧАЛЬНЫХ КОЛИЧЕСТВЕННЫХ ЗАКОНОВ 
ДЛЯ СПОНТАННОЙ И ВЫЗВАННОЙ ОСЦИЛЯЦИИ 

И АПЕРИОДИЧЕСКИХ ОТВЕТОВ АДДУКТОРА АНОДОНТЫ

Э. Лабош, Б . Глезнер и Я. Ш алаш и

Проверяли приложимость начальных количественных законов к спонтанным рит
мическим ответам и вызванным осцилляциям аддуктора Анодонты (сокращение и расслаб
ление).

Исследовались и анализировались следующее группы явлений:
1. Квази-линейное отношение между ответом и начальной величиной,
2. гомеостатическая пост-осцилляция,
3. адаптивный характер вызванного сокращения и пост-осцилляции.
Основные принципы базиметрии оказались пригодными для объяснения исследо

ванных явлений, в то же время нельзя их рассматривать достаточным. На основе данных 
можно сделать выводы об иннервации, и о свойствах лигамента и мышцы, важных для 
работы аддукторов.
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