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Sum m ary

E x p erim en ts  w ith  fresh -w a te r m ussels (U n io  p ic lo ru m )  gave th e  fo llo w in g  re s u l ts :
R em o v a l o f th e  v isceral ganglions is follow ed b y  a com plete loss o f th e  p o w e r o f m ove

m e n t a n d  b y  th e  opening o f th e  shell. T h e  an im als becom e im m obile and  d isp la y  no  periodic  
a c t iv ity .

V iscerally  ganglionectom ized  an im als respond  to  electrical and  m ec h an ic a l stim uli 
a p p lied  to  th e  an te rio r m arg in  of th e  m an tle . I t  w as d em o n s tra ted  th a t  th e  c o n tra c t io n  of 
th e  shell e lic ited  by  m echanical s tim u la tio n  o rig in a tes  solely from  th e  a n te r io r  ad d u c to r, 
w hile  b o th  a n te rio r and  p o ste rio r  a d d u c to rs  a re  responsib le  for a sim ilar re a c tio n  to  e lectrica l 
s tim u la tio n .

T h is  fin d in g  p ro m p te d  th e  a u th o rs  to  m ake a  m orphological analysis w h ic h  show ed 
th a t  th e  e x tirp a tio n  of th e  v iscera l gang lion  does n o t invo lve  a com plete d e n e rv a tio n  of the  
p o s te rio r  ad d u cto r.

T h e  residual in n erv a tio n  m ay  be tra c e d  to  th e  region a round  th e  p o s te r io r  a d d u c to r 
s ince  th e  iso la tion  of th e  la t te r  p ro v o k es in s ta n ta n e o u s  stoppage of an y  f u r th e r  fu n c tio n in g . 
A fte r  su ch  iso la tion  no response can  be o b ta in e d  to  a n y  stim ulus, how ever e ffe c tiv e  i t  m ay 
h av e  p ro v ed  in  p rev ious ex p erim en ts .

R em o v a l o f th e  cereb ral gang lions is m uch  b e tte r  to le ra ted  by  th e  te s t  an im a ls  th an  
o f  th e  v iscera l ones. R esponses o f  c ereb ra lly  ganglionectom ized  m ussels to  m ec h an ic a l and 
e lec tr ica l stim uli are sim ilar to  th ő se  o f an im als d e p riv ed  of th e  visceral g an g lio n s.

T re a tm e n t o f ganglionectom ized  an im als w ith  p o tassium  chloride p ro v o k e s  in s ta n ta 
neous c o n tra c tio n , p ro v id ed  one o f th e  a d d u c to rs  is n o rm ally  in n erv a ted . T h is  phen o m en o n  
led  to  th e  conclusion th a t  K+ ac ts  v ia  th e  p e rip h e ra l n e rvous system .

T re a tm e n t w ith  N aC l, CaCl., an d  MgCl, fa ils to  elicit con trac tio n . I f  KC1 is applied  
a f te r  th e se  sa lts , th e  u su a l re ac tio n  follow ing t re a tm e n t  w ith  K '  will ensue , b u t  c o n tra c tio n  
w ill be m u ch  less p ronounced .

Introduction

T h e p resen t au th o rs  h av e  been  engaged  fo r some tim e  in  in v e s tig a tio n s  
co n cern in g  th e  nervous sy s tem  o f in v e rte b ra te s , especially th e  e lu c id a tio n  of 
th e ir  n eu ro m u scu la r re la tio n sh ip s . F re sh -w a te r  m ussels — U nio  p ictorum  
in  th e  f ir s t  p lace — w ere p rin c ip a lly  used in  th e  p e rtin en t e x p e rim e n ts . The 
re su lts  o f  neuro-h isto log ica l in v es tig a tio n s  w ere earlier describ ed  [1]. I t  was 
s ta te d  th e re  th a t  b o th  th ic k e r  an d  th in n e r  n e rv e  fibres supp ly  th e  in n e rv a tio n  
o f  th e  a d d u c to r m uscles o f fre sh -w a te r  m ussels, th a t  these m uscles them selves 
a re  devo id  o f nerve cells, an d  th a t ,  th e re fo re , th e  p a rticu la r b e h a v io u r  o f the  
a d d u c to rs  m u st be a t t r ib u te d  to  o th e r  fac to rs . I t  was also s ta te d  th a t  the  
ea rlie r fin d in g s of B r ü c k  [4], B o w d e n  an d  L o w y  [3] could n o t  be  correct. 
T h ere  are , on th e  one h a n d , no nerv e  endings in  the  ad d u c to r m usc les  o f e ither
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t h e  A n o d o n t a  or t h e  U n i o n i d a c  sim ilar to  t h e  m o t o r  e n d  p la te s  o f  t h e  h igher-  
o r d e r s ,  as p o s tu l a te d  b y  B r ü c k , nor is — o n  t h e  o th e r  h a n d  — t h e  p i c t u r e  
c o n c e r n in g  in n e r v a t io n  o f  t h e  a d d u c to r ,  as p r e s e n t e d  b y  B o w d e n  a n d  L o w y ,  
i n  a c c o rd a n c e  w i th  r e a l  f a c t s ,  since the  f ig u re s  s h o w n  in  th e i r  p ic tu r e  a re  b u t  
a r t e f a c t s .

O u r  co n t in u e d  in v e s t i g a t i o n s  h ad  t h e  a i m  t o  e lu c id a te  th e  ro le  p la y e d  
b y  p a r t i c u l a r  gan g l io n s  i n  t h e  in n e rv a t io n  o f  t h e  a d d u c t o r s  o f  th e  U n i o  p i c t o -  

r u m ,  a n d  to  s tu d y  t h e  e f f e c t s  o f  various e x p e r i m e n t a l  in te rv e n t io n s .  T h e  p r e 
s e n t  p a p e r  is i n t e n d e d  t o  g iv e  an  ac co u n t  o f  t h o s e  e x p e r im e n ts  w h ic h  w ere  
c a r r i e d  o u t  with  a v ie w  t o  e lu c id a t in g  th e  e f fec t  o f  a r e m o v a l  o f  c e r t a in  g a n g 
l i o n s  u p o n  the  a d d u c t o r s ,  i. e. u p o n  th e  m e c h a n i s m  w h ic h  closes a n d  o p e n s  
t h e  v a lv e s  of the  shell.

Extirpation of the visceral ganglions

In s tan tan eo u s  c lo su re  o f  the  shell follow s th e  rem oval of th e  v isc e ra l 
g a n g lio n  ; it  opens ag a in  a f te r  th e  lapse of 2 to  3 d a y s  an d  rem ains open , w ith  
a  ra n g e  of 5 to 7 m m . b e tw e e n  the  two valves o f  th e  shell. I t  is c h a ra c te r is tic  
o f  th e s e  anim als th a t  th e y  d o  n o t spo n tan eo u sly  close th e ir  shell, d isp la y  no 
p e r io d ic  ac tiv ity , and  are  im m o b ile  ; it is only  e x c e p tio n a lly  th a t  th e y  e x tru d e  
th e ir  leg  and change th e ir  p la c e . On an average, th e  ganglionectom ized anim als- 
d ie d  20 to  25 days a f te r  th e  opera tio n . H av ing  f i r s t  exam ined  the  fu n c tio n in g  
o f  th e  adducto rs, we f ix e d  th e  ganglionectom ized a n im a ls  a t various in te rv a ls  
fo r  th e  purposes of h is to lo g ic a l analyses.

F ix in g  the an im als  in  an  appropria te  m a n n e r  [2] we tran sfe rred  th e  
m o v e m e n ts  of the  shell, i. e. th e  adductors, to  a reco rd in g  a p p a ra tu s  w h ich  
e n a b le d  us to  reg ister th e  e ffe c t of the d iffe ren t s t im u li  in  a m echanical w ay . 
T h e  m echan ical, e lec trical a n d  chem ical responses g iv en  b y  viscerally  g an g lio n 
ec to m iz e d  mussels m ay  be  g ro u p ed  as follows.

M echanical s tim u li a p p lie d  to  the p o ste rio r m a rg in  of the m an tle  h a v e  
n o  e ffe c t w hatever, n o r is a n y  response p erce iv ab le  if  th e  siphon is to u c h e d . 
A  s in g le  touch  of th e  a n te r io r  m arg in  of th e  m a n tle  induces con trac tio n  (F ig . 
l a )  : i t  is how ever p a r tia l a n d  followed b y  a f u r th e r  co n trac tio n  upon  b e ing  
to u c h e d  again (Fig. l/>). S uccessive ly  repeated  m ech an ica l s tim u la tions re su lt 
in  a  co m p le te  closure o f th e  she ll. This is p e rfo rm ed  b y  th e  an terio r a d d u c to r , 
fo r  m echan ica l stim uli a p p lie d  to  the  an te rio r m a rg in  o f the  m an tle  fa il to  
e lic it  a n y  response a f te r  th e  a n te r io r  adducto r h as  b een  cu t th rough.

E lec trica l s tim u la tio n  p ro v o k es reactions o f  th e  sam e ty p e  as o b ta in e d  
b y  m ech an ica l stim idi. D irec t cu rren t of c o m p a ra tiv e ly  high voltage (20 to  
90 V) w as used to  p roduce  th e  requ ired  shock. S tim u la tio n  b y  m eans of in d u c 
to r s  c a n n o t be resorted  to  in  m yophysiology p a r t ly  b ecau se  of the low c u r re n t-
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F ig. 1. V isceral ganglion  rem o v ed . M echanical s t im u la tio n  of a n te rio r m arg in  o f m an tle  
a — single m echan ical s tim u la tio n , b - successively  re p e a te d  m echanical s t im u la tio n

in te n s i ty  and  p a r tly  because  o f the  fac t th a t  c o n tac t-reac tio n s  w ere caused  
b y  th e  poles of th e  in d u c to r . E lectric  s t im u la tio n  w as there fo re  e ffec ted  by 
d ip p in g  an  elec trode , each , on bo th  sides of th e  f ix e d  m ussel in th e  w a te r  am i 
th e n  closing th e  c ircu it. T h is elicited c o n tra c tio n  (F ig . 2a), the  e x te n t  of w hich
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Fig. 2. V isceral gang lion  rem o v ed . E lectrical s tim u la tio n  : a —  single sh o rt e lec trica l shock, 
b several successive sh o rt shocks, c —  single  lo n g er e lectrical s tim u la tio n

xvas p ro p o rtio n a l to  th e  v o ltag e  and  th e  d u ra tio n  o f th e  cu rren t (F ig . 3). The 
n u m b e r of successively  app lied  electrical shocks released  a co rresp o n d in g  
n u m b er of a d d u c to r  c o n tra c tio n s  and  led , f in a lly , to  a com plete c losure  of th e  
she ll (F ig. 2b). C o n trac tio n  so ob ta ined  m a y  la s t  for som e h o u rs , w hereas 
m ax im um  c o n tra c tio n  caused by  m echanical m ean s is followed b y  re la x a tio n  
in  a m uch sh o rte r  tim e . A single longer e lec trica l shock p roduces m ax im u m  
c o n tra c tio n  (F ig . 2c), an d  re lax a tio n  ensues o n ly  long a fte r th e  c u r re n t has 
been  sw itched  off (th is  cu rv e  has no peak). I t  shou ld  be n o ted  th a t  i t  w as only  
b y  closing, an d  n ev e r b y  opening, th e  c ircu it th a t  reac tions could be  o b ta in ed .
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F ig . 3. V isceral ganglion re m o v ed . T h ree  successive sh o rt e lectrica l shocks. In c rea se  o f v o ltag e
increases c o n trac tio n

I t  was su rp rising  to  observe  th a t  c o n tra c tio n s  p roduced  b y  e lec trica l 
sh o c k s  w ere effected b y  b o th  ad d u c to rs  even  on  th e  20 th  d ay  fo llow ing  th e  
r e m o v a l of th e  v iscera l g an g lio n , an d  con tin u ed  ev en  a fte r  th e  n o rm a lly  in n e r
v a te d  an te rio r  a d d u c to r h a d  b een  cu t th ro u g h  (F ig . 4). I t  w as th is  e x p e rim e n t 
w h ic h  led  us to  suppose  t h a t  — in  co n trad ic tio n  to  our earlier a s su m p tio n  —

F ig . 4 . V isceral ganglion re m o v e d , a n te rio r  a d d u c to r cu t. S ev eral successive sh o r t  e lec trica l
shocks

th e  n e rv e  fibres of th e  p o s te r io r  ad d u c to r h a d  n o t com pletely  d e g e n e ra te d . 
T h is , ag a in , m ade i t  p ro b a b le  th a t  it  is n o t solely th e  visceral gang lion  w hich  
is  re sp o n sib le  for th e  n e rv e  su p p ly  of th e  p o s te rio r  adduc to r.

T h is  p ro b ab ility  w as fu r th e r  confirm ed b y  th e  experim en t in  w h ich  a 
c o m p le te  closure o f th e  she ll w as ob ta ined  b y  a p p ly in g  a m echan ical s tim u lu s  
to  — a n d  only to  — th e  p o s te r io r  ad d u c to r 10 to  15 days a fte r th e  re m o v a l o f  
th e  v isc e ra l ganglion. S u b se q u e n t, very  carefu lly  perfo rm ed  h isto log ica l a n a 
ly se s , to o , po in ted  in  th is  d ire c tio n  : we were ab le  to  d em o n stra te  in ta c t  n e rv e  
f ib re s  in  th e  posterio r a d d u c to r  14 days a fte r  th e  e x tirp a tio n  of th e  v isce ra l 
g an g lio n .
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I t  has a lread y  been s ta te d  th a t ,  in a g re e m e n t w ith  o ther a u th o rs  [6, 8 ], 
we failed  to  d iscover n e rv e  cells in  th e  a d d u c to r  itse lf  in th e  course  o f  o u r 
ea rlie r ex p erim en ts  : th is  seem ed to  p o in t to  th e  possib ility  th a t  th e re  m a y  be 
n e rv e  cells in  th e  connective  tissue su rro u n d in g  th e  a d d u c to r or in  th e  co m m iss
u res on th e  a d d u c to r, o r, else, in  th e  la rg e r n e rv e  tru n k s , and  th a t  th e se  cells 
rem a in  u n im p a ired  even  a fte r  th e  rem o v al o f  th e  v isceral ganglion. O u r n e x t 
s te p  w as to  in s t i tu te  ex p erim en ts  fo r th e  e lu c id a tio n  o f th is  p h e n o m en o n  : 
h av in g  co m ple te ly  iso la ted  th e  po ste rio r a d d u c to rs  an d  s trip p ed  th e m  o f th e  
su rro u n d in g  tissues we saw  th e  shell open  im m e d ia te ly  a fte r th e  o p e ra tio n , 
an d  i t  w as th e re a f te r  im possib le to  p ro v o k e  a co n trac tio n  of th e  p o s te r io r  
a d d u c to r  b y  an y  s tim u lu s th a t  h ad  alw ays p ro v e d  effective before. T h e  in a b i
l i ty  to  resp o n d  to  s tim u li was so com plete  t h a t  even  electrical s tim u lu s  b y  
m eans o f e lectrodes app lied  d irec tly  to  th e  p o s te rio r  ad d u c to r fa iled  to  e lic it 
a n y  reac tio n .

A fte r th e  h isto log ica l ex am in a tio n  of th e  m a n tle s  it  could still be su p p o sed  
th a t  i t  is th ro u g h  th e  ex trem ely  large n e rv e  tru n k s  runn ing  in  th e  m a n tle s  
th a t  im pulses are  tra n s m itte d  from  th e  c e re b ra l ganglions to  th e  p o s te rio r  
a d d u c to r  b y  w ay  o f nerve  fib res. In  o rder to  ex c lu d e  th is  possib ility  w e r e p e a t
ed ly  observed  th e  reac tio n s of th e  an te rio r  m arg in  o f th e  m an tle  o f  v isc e ra lly  
gang lionectom ized  an im als. Since s tim u li re leasin g  such reactions in v a r ia b ly  
rem ain ed  in effec tive  a f te r  th e  a n te rio r  a d d u c to r  h a d  been cu t, we w ere  led  to  
th e  conclusion  th a t ,  in  an im als w hose v iscera l ganglions are e x tirp a te d , th e re  
rem a in s  no  d irec t o r in d irec t connection  b e tw een  th e  u n im p a ired  ce re b ra l 
ganglions an d  th e  p o ste rio r ad d u c to r. The e x p e rim e n ts  seem ed th u s  to  p ro v e  
th a t  th e  on ly  possib le connection  ex isting  in  n o rm a l m ussels b e tw een  ce reb ra l 
gang lions an d  p o ste rio r a d d u c to r goes th ro u g h  th e  said  cerebrov isceral co n n ec
tiv e s .

Iso la tio n  o f b o th  ad d u c to rs  in  p e rfec tly  h e a lth y  anim als w as fo llow ed 
b y  com plete  in c a p a c ity  o f m ovem en t : th e  a d d u c to rs  failed to  c o n tra c t  ev en  
im m e d ia te ly  a f te r  th e  in te rv en tio n . A nim als so t re a te d  did n o t su rv iv e  lo n g er 
th a n  36 h o u rs  d u rin g  w hich tim e  th e y  re sp o n d ed  to  m echanical s t im u li  w ith  
a w eak , to  e lec trical ones w ith  an  in ten siv e  m o v em en t of th e  leg.

Extirpation of the cerebral ganglions

As in  th e  case o f v iscera l gang lio n ec to m y , th e  rem oval o f th e  ce re b ra l 
gang lions is follow ed b y  convulsive c o n tra c tio n  la s tin g  24 to  36 h o u rs , w h e re 
a f te r  th e  shell opens aga in , th o u g h  to  a lesser e x te n t  th a n  a fte r th e  e x tirp a tio n  
o f  th e  v isce ra l ganglions. G enerally  sp eak in g , th e  an im als seem  to  to le ra te  
th e  rem o v a l o f th e  ce reb ra l ganglions b e tte r  th a n  th a t  o f th e  v iscera l g an g lions. 
A nalysis , in  th e  case o f cerebral gang lio n ec to m y , is m ore d ifficu lt b e c a u se  th e
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re a c tio n s  o f th e  n o rm a lly  in n e rv a te d  p o s te rio r  a d d u c to r  d om ina te  th e  p ic tu re  
a lm o s t com ple te ly  so t h a t  even w eak s tim u li p ro v o k e  a durab le  a n d  in te n s iv e  
c o n tra c t io n  of th e  p o s te r io r  ad d u c to r. A s w as to  be expected , no e ffec t w as 
o b se rv e d  upon  th e  a n te r io r  m argin  of th e  m a n tle  hav ing  been to u c h e d  a fte r  
th e  re m o v a l of th e  ce reb ra l ganglions, w hile th e  s tim u lu s  of th e  p o s te rio r  m arg in  
o f  th e  m an tle  an d  th e  s iphons elicited fa ir ly  s tro n g , th ough  sec tional, c o n tra c 
t io n s . E lec trica l s t im u la tio n  provokes th e  sam e  reactions as in  v iscera lly  
gang lio n ec to m ized  an im als  : th e  closing o f th e  shell is likewise due to  th e  ac tio n  
o f  b o th  ad d u c to rs , an d  th e  responses a re  q u ite  analogous to  th o se  described  
in  co n n ec tio n  w ith  th e  p o ste rio r  a d d u c to r (F ig . 5).
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F ig . 5. C erebral ganglions rem o v ed , a — m ech an ica l s tim u la tio n  of m arg in  o f m a n tle , b — 
m ech an ica l s t im u la tio n  o f sipho, c — sev e ra l successive sho rt e lectrical shocks

Treatment with potassium

E x p e rim e n ts  m ad e  b y  Sa lá n k i  an d  K o sh to y a n ts  [5] show ed t h a t  K  + 
io n s  te n d  to  increase  th e  p eriod ica l a c t iv i ty  o f  m ussels. Such ac tio n  o f th e  
K +  w as exp la ined  b y  th e m  as follows : since  th e  ac tio n  of K + can  be  a r re s te d  
b y  m e a n s  of su cc in a tes , fu m a ra te , m a lo n a te  a n d  m alic acid i t  w as assu m ed  
b y  th e  sa id  a u th o rs  t h a t  K + in terferes w ith  th e  S zen t-G yörgy i— K re b s  cycle 
a n d  acce lera tes  th e  lib e ra tio n  of energv. O n th e  s tre n g th  of th is  th e o ry  th e y  
a lso  conc luded  t h a t  p e rio d ica l a c tiv ity  is g o v e rn ed  b y  e n v iro n m en ta l a n d  n o t 
so m e  in tr in s ic  fac to rs .

I t  h as  a lread y  b een  s ta te d  th a t  sp o n ta n e o u s  m ovem ents of th e  shell com e 
to  a s ta n d s til l  a f te r  th e  rem o v a l of th e  v isce ra l ganglions. R ely ing  on th e  said  
th e o r y  we assum ed  t h a t  an  in tro d u c tio n  o f  К  + ions w ould resto re  sp o n ta n e o u s  
sh e ll m o v em en t a t le a s t to  som e e x te n t, e sp ec ia lly  if  th e  m echan ism  o f th e  
a c t io n  o f  K + w as rea lly  su ch  es assum ed b y  th e  au th o rs . K + w as a p p lie d  b y
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us in  th e  form  of KCI, an d  th e  req u ired  co n cen tra tio n  of K  + w as p ro d u c e d  
in th e  sam e  w a te r in w hich th e  te s t  an im als w ere k e p t during  th e  e x p e rim e n ts . 
O ur v e ry  f i r s t  ex p erim en t, in  w hich K + was in tro d u c e d  in th e  w a te r , re su lte d  
in  an  in s ta n ta n e o u s  c o n tra c tio n  o f th e  slig h tly  open  shell o f v iscera lly  gang lion- 
ec tom ized  an im als. To o b ta in  m ark ed  effects, we used  h igh ly  c o n c e n tra te d  
(u su a lly  0 ,2% ) KC1. N e ith e r  N aC l, n o r CaCl2, n o r MgCl2 p ro v o k ed  a  s im ila r 
effect. I f  th e  p re p a ra tio n  is a d e q u a te ly  w ashed  a f te r  a t re a tm e n t w ith  NaCl 
o r  CaCl2, th e  K + reac tio n  can  be p rov o k ed  anew , b u t  th e  effect w ill be  w eaker 
because  N a and  C a+ t  d im in ish  th e  ac tion  o f K + (F ig. 6a, b). KC1 induces 
fu r th e rm o re  a p ro m p t an d  fa ir ly  f req u en t period ica l a c tiv ity  (F ig . 6c).

F ig. 6. V isceral ganglion rem oved , a —  c o n tra c tio n  caused  by  KCI, b —  N aC l in e ffe c tiv e ; 
a f te r  w ash in g , renew ed c o n tra c tio n  effec ted  b y  KCI, c —■ c o n trac tio n  an d  p e rio d ic  a c tiv ity

u n d e r th e  effect o f KCI

T h e fac t th a t  no c o n tra c tio n  is p rov o k ed  b y  KCI in  an im a ls  th e  visceral 
g an g lion  o f which h as  been  rem oved  and th e  an te rio r  a d d u c to r  c u t  th ro u g h , 
leads to  th e  in ference t h a t  i t  is on th e  n o rm ally  in n e rv a te d  a d d u c to rs  and 
th ro u g h  th e  p e rip h era l n e rv o u s system  th a t  K + ions e x e rt th e i r  influence. 
T h is , aga in , allows th e  conclusion  th a t  th e  th e o ry  of Salá n k i  an d  K oshtoyants  
h a s  to  be som ew hat m odified . I t  is obvious th a t  th e  periodic a c t iv i ty  depends 
on en v iro n m en ta l fac to rs . T h e  observed  in s ta n ta n e o u s  reac tion  a rg u es , how ever 
a g a in s t  th e  p ro b ab ility  o f a m echan ism  as p o stu la ted  b y  th e  sa id  au th o rs  : 
w h a t ac tu a lly  h ap p en s  seem s to  be th a t  — b y  m eans o f ch em o recep to rs  and 
p o ss ib ly  o th e r recep to rs  t h a t  h av e  rem ain ed  in ta c t  — p o ta s s iu m  is able to 
p ro d u c e  ju s t  th a t  s tim u la tio n  w hich elicits th e  co n trac tio n  o f th e  un im paired  
a d d u c to r .

I f  th e  te s t an im als a re  k e p t in  KCI so lu tion  for a longer p e r io d  th e  valves 
o f  th e  shell will be seen to  reach  a lm ost m ax im u m  co n trac tio n  w h ich  is p rom ptly  
fo llow ed b y  re la x a tio n  a f te r  th e  p re p a ra tio n  has been w ash ed . W e in te rp re t

3  A ctn Bioltgica IX /3 .
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t h i s  phenom enon b y  re g a rd in g  the presence o f  h ig h ly  c o n c e n tra te d  K + as 
a  con tin u o u s s tim u la tio n  so  th a t  as long as i t  la s ts  a ll conseq u en t reac tio n s  
w ill  la s t  too. We th in k , th e re fo re , th a t c o n tra c tio n  follow ing tr e a tm e n t  w ith  
K + is a consequence o f  a  c learly  ex te rn a l s t im u la tio n  and  no sp o n tan eo u s 
a c t iv i ty .  Since th e  К  c a n n o t  be regarded as a n a tu ra l  s tim u la n t, i t  is fu r th e r  
a s s u m e d  by us th a t  re a c tio n s  elicited th e re  b y  a re  n o t  ad eq u a te  b u t  p ro b ab ly  
c o n n e c te d  w ith ionic p ro c e sse s  occuring in  th e  cou rse  of neu ra l co n d u c tio n  in  
w h ic h  th e  K~ plays a p ro m in e n t  role.

T he results here  d e s c r ib e d  apply to  a p a r t  o f  o u r in v estig a tio n s on ly , an d  
th e r e  a re  still p roblem s w h ic h  aw ait so lu tion . I t  is , fo r in stan ce , n o t y e t  clear 
h o w  a muscle can to le ra te  th e  action of a c o m p a ra tiv e ly  h igh co n cen tra tio n  
o f  К  Cl w ithou t su ffering  a n y  considerable d a m a g e . O ur in v es tig a tio n s  are  
to  b e  continued  as soon as fu r th e r  ex p erim en ta l m a te r ia l  becom es av a ilab le .
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D I E  R O L L E  D E R  GAIN G L IE N  IM  B E W E G U N G S M E C H A N ISM U S D E R  M U SC H E L 
SCHALE

D ie  U ntersuchungen  v o n  M alerm u sch eln  (U n io  p ic lo ru m )  e rg ab en  folgende R e su lta te  :
N a c h  E ntfernung  de r v is z e ra le n  Ganglien w erden  d ie  T iere  bew egungsunfäh ig , d ie 

S c h a le  ö f fn e t  sich. Die T iere s in d  b ew egungslos, eine p e rio d isch e  A k t iv i tä t  is t  n ich t v o rh a n d en .
T ie re  m it entfern ten  v is z e ra le n  G anglien reag ieren  a u f  e in e  m echanische R eizung  des 

M a n te lra n d e s  an der v o rd e ren  K ö rp e rh ä lf te , sowie a u f  e le k trisch e  R eizungen. E s  w u rd e  
n a c h g e w ie se n , daß das Sch ließen  d e r  S ch a le  infolge m ec h an isc h e r R eizung  im  W ege des v o r
d e re n  S ch ließm uskels gesch ieh t, w ä h re n d  in  der R e ak tio n  a u f  e lek trisch e  R eizungen  beide 
S c h lie ß m u sk e ln  teilnehm en.

A u f  G rund der le tz te re n  B e o b a c h tu n g  w urde a u ch  d e r  m orphologische N ach w eis  
e r b ra c h t ,  d a ß  die E n tfe rn u n g  d es  v isz e ra le n  G anghons h in s ic h tlic h  des h in te ren  Sch ließ 
m u sk e ls  k e in e  vollkom m ene D e n e rv a t io n  bedeutet.

F e r n e r  w urde festgeste llt, d a ß  d ie  restliche In n e rv a tio n  v o m  G eb iet u m  den h in te re n  
S c h lie ß m u sk e l ausgehen d ü rf te , d a  d a s  Isolieren des le tz te re n  d ie  sofortige vo llkom m ene 
F u n k tio n su n fä h ig k e it  zur Fo lge h a t .  I n  solchen Fällen  e rw eisen  sich  alle, in  frü h eren  U n te r 
s u c h u n g e n  effek tive  R eizungen a ls w irkungslos.

D ie  E n tfe rn u n g  der G e h irn g a n g lie n  vertragen  die V e rsu c h s tie re  b e d eu ten d  besser als 
die E x t i r p a t io n  der viszeralen  G a n g lie n . Die R eaktionen  d e r  T ie re  m it e n tfe rn ten  G eh irn - 
g a n g lie n  a u f  m echanische u n d  e le k tr is c h e  Reizungen sin d  a n a lo g  de r R eak tio n  de rjen ig en  
T iere, b e i  d en en  die viszeralen  G a n g lie n  en tfern t w urden.

K C l verm ag  bei T ieren m it  e n tf e r n te n  Ganglien m o m e n ta n  e in tre te n d e  K o n tra k tio n e n  
h e rv o rz u ru fe n . Vorbedingung d ie se r  K o n tra k tio n en  is t  d as V o rh an d en se in  eines S ch ließ -
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m uskels m it in ta k te r  In n e rv a tio n . A u f diese W eise ge lang  es festzuste llen , d aß  d ie W irkung  
v o n  K 1 im  W ege des p e rip h e risch en  N erv en sy stem s erfo lg t.

NaCI, CaCl2, u n d  MgCl2 verm ögen  keine K o n tra k tio n  he rv o rzu ru fen . W u rd e  KCl 
n ach  den  erw äh n ten  S toffen  an g ew en d e t, so erfo lg te  zw a r  die nach  K 1 üb liche R e a k tio n , doch 
w a r die K o n tra k tio n  b e d eu ten d  kleiner.

РОЛЬ НЕРВНЫХ УЗЛОВ В МЕХАНИЗМЕ ДВИЖЕНИЯ РАКОВИНЫ ДВУХ
СТВОРЧАТЫХ МОЛЛЮСКОВ

Исследования перловиц (U n ió  p iciorum )  привели к следующим результатам :
После удаления висцеральных ганглий животные проявляли неспособность дви

гаться, раковина открылась. Животные были неподвижными и не показывали периодич
ной активности.

Животные с удаленными висцеральными ганглиями реагируют на механическое 
раздражение края мантии передней части тела, равно как и на электрические раздраже
ния. Авторам удалось доказать, что закрытие раковины осуществляется после механи
ческого раздражения действием переднего сфинктера, в то время как в реакции на электри
ческое раздражение участвуют оба сфинктера.

На основании последнего наблюдения также и морфологически было выявлено, 
что удаление висцеральных ганглий не имеет последствием полной денервации заднего 
сфинктера.

Далее было установлено, что остаточная иннервация повидимому происходит из 
области около заднего сфинктера, ибо изолирование последнего моментально вызывает 
полную функциональную неспособность. В таких случаях все раздражения, которые в 
прежних экспериментах были эффективными, остались безрезультатными.

Удаление мозговых нервных узлов животные переносят гораздо лучше, чем экстир
пацию висцеральных ганглий. Реакции животных с удаленными мозговыми нервными 
узлами на механические и электрические раздражения тожественны с реакциями живот
ных, у которых провелась экстирпация висцеральных ганглий.

Хлористый калий вызывает у животных с удаленными ганглиями моментальную 
контракцию. Предусловием этой контракции является присутствие сфинктера с неповреж
денной иннервацией. Таким образом удалось выявить, что действие К происходит по
средством нервной системы.

Хлористый натрий, хлористый кальций и хлористый магний не в состоянии вызы
вать контракции. Если хлористый калий применялся после вышеуказанных веществ, то 
имела место появляющаяся после К обычная реакция, однако, контракция была значи
тельно меньше.

E mil  Mi n k e r , Szeged, Táncsics M ihály u . 2, H u ngary  

A mbrus  Ábrahám , Szeged, T áncsics M ihály  u . 2, H u n g ary
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