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Tabelle I. Beis ~ieI: Anodonta cygnea Ausgangsintensit/it: 690 Lux 

Verdunklung Reaktion Bemerkungen 
in % 

4,0 
5,5 
6,7 
7,7 
8,3 

m 

- +  
+ -  
+ 
+ 

- keine Reaktion 
- + mehr  Ausf~lle als Reakt ionen 
+ - mehr  Reakt ionen als Ausf/iIle 
+ stets  Reakt ionen 

Tabelle II .  Beleuchtung: 550 Lux; ~Wassertemperatur: 14°C 

Reaktionszahl in % 
Absorption der Grauscheiben 

lO% I ~o% I ao% I 4o% 

Transpor tgeschwindigkeit  
1 cm/s 
~, Bewegungsloses, Herab-  
klappen der Grauscheiben . 

38,1 38,5 41,2 50,0 

4,3 5,0 17,4 40,0 

Tabelle I I I .  Beleuchtung: 950 Lux; Wassertemperatur: 17,5°C 

Muschel IV 

Muschel I I I  

Muschel V 

Absorption der 
Grauscheibe 

lO% 
20% 
30% 
40% 
50% 
10% 
20% 
30% 
40% 
50% 
10% 
20% 
30% 
40% 
50% 

Transpor tgeschwindigkeit 

1,~ cm/s [ 0,3 em/s 2,9 c m [ s  
! 

M 

+ 
+ 

m 

? 
+ 
+ 

Tabelle IV. Beleuehtung. Ausgangsintensit/it: 450 Lux; 
Wassertemperatur: etwa 16°C 

Absorption der 
Grauscheiben 

10% 
lO% 
lO% 
lO% 
lO% 
lo% 
1o% 
lO% 
lO% 
lO% 
lO% 
20% 
20% 

Transport- 
geschwindig- 

keit 

2,7 cm]s 
2,7 cm/s 
2,1 cm/s 
2,1 cm/s 
1,3 cm/s 
1,3 cm/s 
1,3 cm/s 
0,7 cm/s 
0,7 cm/s 
0,4 cm/s 
0,4 cm/s 
2,7 cm/s 
2,7 cm/s 

Reaktion 

? - -  

(+) ? 
+ '  - -  

+ + "  
+ + 
+ + 
+ + 
+ + 
+ + 

Bemerkungen 

+ )  sehr schwach 
+ ' mi t  Latenzzeit  
+ "  mit  Grab- 

bewegung 

Tabe l l e  I I I  ze ig t  d e u t l i c h  die  v e r s c h i e d e n e  E m p f i n d l i c h -  
ke i t  de r  M u s c h e l n  e iner  A r t  (A. cygnea),  zeigt  a b e r  auch ,  
dass  m i t  de r  A b n a h m e  de r  G e s c h w i n d i g k e i t  e ine  Z u n a h m e  
de r  R e a k t i o n e n  e i n t r i t t .  

F i i r  zwei  M u s c h e l n  de r  A r t  P .  complana ta  w u r d e n  z u m  
Beispie l  fo lgende  W e r t e  g e w o n n e n  (Tab.  IV),  die das  
Gesag t e  a u c h  Itir diese Spezies  best i~t igen 1. 

Aus  d iesen  E x p e r i m e n t e n  d a r f  gefo lger t  we rden ,  dass  
den  u n t e r s u c h t e n  a u g e n l o s e n  M u s c h e l n  ( A n o d o n t i d e n )  
ein W a h r n e h m e n  v o n  B e w e g u n g  d a n n  m6g l i ch  ist,  w e n n  
sie g le ichze i t ig  m i t  e ine r  B e s c h a t t u n g  v e r b u n d e n  ist.  
E i n  so lches  ( (Bewegungssehen~  h a t  v.  BUDDENBROCK ~ 
fiir den  R 6 h r e n w u r m  B r a n c h i o m m a  v e r m u t e t .  E s  is t  
dieses (~ B e w e g u n g s s e h e n  ~ a b e r  s c h o n  bei  e i n e m  e i n f a c h e n  
H a u t l i c h t s i n n  d e n k b a r .  A u c h  bei  e i n e m  so l chen  b e s t e h t  
die M6g l i chke i t  e ine r  R e i z r i c h t u n g s w a h r n e h m u n g  d u r c h  
das  N a c h e i n a n d e r - G e r e i z t w e r d e n  y o n  S innes -  ode r  Ner -  
venze l l en .  

R.  BRAUN u n d  INGRID FAUST 

Zoologisches I n s t i t u t  der Univers i td t  M a i n z ,  den 14. 
A u g u s t  1954. 

S u m m a r y  

The  eyeless  musse l s  Anodon ta  cygnea a n d  Pseud-  
anodonta complana ta  do n o t  show a n y  p h o t o t a x i s .  I n  
t h e  " Z w e i l i c h t e r v e r s u c h "  ( t w o - l i g h t - e x p e r i m e n t )  t h e y  
r e a c t  to  t h e  dec rease  of l i gh t  i n t e n s i t y .  I f  l i gh t  is in-  
c reas ing ,  t h e  musse l s  will n o t  r e a c t ;  if p u t  in  t h e  shade ,  
t h e y  i m m e d i a t e l y  do  so. I f  t h e  s h a d o w  is m o v e d ,  t h e  
musse l s  e v e n  r e a c t  w h e n  t h e  i n t e n s i t y  of l i g h t  dec reases  
m u c h  less, w h i c h  d e m o n s t r a t e s  t h e  i m p o r t a n c e  of 
m o t i o n .  F r o m  t h i s  i t  fol lows t h a t  t h e  r e c e p t i o n  of 
m o t i o n  m a y  be  c o n s i d e r e d  as poss ib le  whe re  t h e r e  is 
l i g h t  s e n s i t i v e n e s s  of t h e  sk in ,  a n d  where  t he  e x p e r i m e n t  
c o n n e c t s  m o t i o n  w i t h  s h a d i n g .  

I Vgl. D. H. WENRXCn, J. Anita. Behav. fi, 297 (1916). 
2 W. V. BUDDENBROCK, Z. vgl, Physiol. 13, 1, 164 (1930). 

P r o p e r t i e s  and F u n c t i o n a l  D i f f erent ia t ion  of In-  
t e r n e u r o n s  in the  Ventra l  H o r n  of the  Cat 's  L u m b a r  

Cord  as  R e v e a l e d  by I n t r a c e l l u l a r  R e c o r d i n g  

I n  t he  v e n t r a l  h o r n  of t h e  c a t ' s  l u m b a r  co rd  in t e r -  
n e u r o n s  are  l oca t ed  w h i c h  c a n  be  a c t i v a t e d  v i a  d e s c e n d -  
ing  r e t i cu lo sp ina l  a n d  p r o p r i o s p i n a l  p a t h w a y s ,  as de-  
m o n s t r a t e d  b y  LLOYD 1 w h o  also e m p h a s i z e d  t h e  s ignif i -  
c a n t  role of t he se  n e u r o n s  as c o r r e l a t i o n  s y s t e m s  for  
m o t o n e u r o n  e x c i t a t i o n .  RENSHAW'S2 f ind ing  t h a t  c e r t a i n  
v e n t r a l  h o r n  i n t e r n e u r o n s  can  be  f i red b y  a n t i d r o m i c  
s t i m u l a t i o n  of m o t o r  axons ,  p r e s u m a b l y  v ia  r e c u r r e n t  
co l l a t e ra l s  or  i n d u c e d  c u r r e n t  fields,  f u r t h e r  i n d i c a t e s  a 
close r e l a t i o n s h i p  b e t w e e n  t he  two  t y p e s  of neu rons .  
D u r i n g  t h e  course  of a n  a n a l y s i s  of i n t e r n e u r o n  a c t i v i t y  
in  t h e  c a t ' s  sp ina l  co rd  b y  m e a n s  of i n t r a c e l l u l a r  record-  
ing, we o b s e r v e d  t h a t  a la rge  n u m b e r  of t h e  i n t e r n e u r o n s  
t h a t  lie s c a t t e r e d  a m o n g  t h e  m o t o n e u r o n s  in t h e  v e n t r a l  
h o r n  3 cou ld  be  e f fec t ive ly  i n f l u e n c e d  b y  a f f e r e n t  s t i m u l a -  
t ion  f r o m  v a r i o u s  sources .  F u r t h e r  ana ly s i s  r e v e a l e d  a 
d i f f e r e n t i a t i o n  of t h e  n e u r o n s  w i t h  r e spec t  to  t h e i r  
r e sponse  p a t t e r n s ,  i n d i c a t i n g  i m p o r t a n t  i n t e g r a t i v e  
f u n c t i o n s  of t h i s  i n t e r n e u r o n  sy s t em.  

Our  e x p e r i m e n t s  were  p e r f o r m e d  on  n o n - a n e s t h e t i z e d ,  
d e c a p i t a t e d  ca ts .  Cap i l l a ry  e l ec t rodes  w i t h  a t i p  d i a m e t e r  
of less t h a n  0.5 /~ were  i n s e r t e d  i n to  t h e  7 th l u m b a r  

1 D. P. C. LLOYD, J. Neurophysiol. 4,525 (1941), and 5, 435 (1942). 
2 B. REnSHAW, J. Neurophysiol. 9, 191 (1946). 
3 K. BALTHASAn, Arch. Psych. 188, 345 (1952). 
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s eg m en t  and  lef t  in t he  cord  for subsequen t  his tological  
cont ro l  of t he  needle  t r a c k ;  t he  var ious  dep ths  f rom 
which recording  was m a d e  dur ing  the  course of the  
e x p e r i m e n t  were e s t i m a t e d  wi th  a m ic rome te r  gauge. 
The  in t race l lu la r ly  recorded  in t e rneu ron  ac t i v i t y  could 
be d i s t inguished  f rom s imi la r ly  recorded mo toneu ron  
po ten t ia l s  by  the  absence of the  typ ica l  p ropaga ted  
response to  an t i d romic  v e n t r a l  root  s t imula t ion  descr ibed 
b y  BROCK, COOMBS and  ECCLES t, and  was fur ther  
ident i f ied  by  cha rac t e r i s t i c  spike forms and discharge 
pa t t e rn  2. To  electr ic  single shock  s t imula t ion  of the  
dorsal  root ,  t he  v e n t r a l  horn  in t e rneuron  responds-- fo l -  
lowing  s t imulus  ra tes  up to  20--30 per s - -wi th  a single 
spike or  a series of up to 6 or 7 discharges depending  
upon the  s t imulus  s t r e n g t h ;  m i n i m u m  la tency  observed  
was 1.0 ms. The  ave rage  va lues  of the  m e m b r a n e  poten-  
t ia ls  v a r i e d  be tween  40 and 60 MV, the  spikes a m o u n t i n g  
to  a b o u t  80 % of these  values.  Occas ional ly  m e m b r a n e  
po t en t i a l  va lues  as high as 80 MV were observed  in 
c o m b i n a t i o n  wi th  spike po ten t ia l s  overshoot ing  about  
10 %, a p p a r e n t l y  r ep resen t ing  ideal  recording condi t ions.  
The  ave rage  du ra t i on  of the  spike po ten t ia l  was 0.7 ms. 
(Of. WOODBURY and  PATTON'S s da t a  for t ype  I I  units).  

T h e  func t iona l  analys is  has  been based on successful 
record ings  f rom a b o u t  200 ven t ra l  horn  in terneurons ,  
t he  res t ing  p o t e n t i a l  va lues  of which kep t  cons t an t  
du r ing  5 up to  40 min.  A d e q u a t e  s t imula t ion  of var ious  
ex te ro-  and  p rop r iocep t ive  receptors  as well as e lectr ical  
s t imu la t ion  of d i f ferent  muscle and skin nerves  was used. 
Some of t he  cells inves t iga ted  discharged only  af ter  
app l ica t ion  of a f fe ren t  s t imuli ,  while others  ma in t a ined  
a con t inuous ,  more  or  less regular  discharge of m a x i m a l l y  
50-60 per  s. W h e t h e r  p re -ex i s t an t  or  induced f rom some 
known  source,  t he  in t e rneuron  a c t i v i t y  could  be e i ther  
increased  in f r equency  (up to more than  20C per  s) or  
r educed  (down to zero) by  afferent  s t imula t ion .  Ac- 
cord ing  to t he  p a t t e r n  of response to var ious  types  of 
a f fe ren t  inflow, a func t iona l  classif ication of the  neurons  
could  be made .  U n d e r  g iven  expe r imen ta l  condi t ions,  
ce r t a in  ceils were  exc lus ive ly  a c t i v a t e d  by the  af ferent  
inf low f rom one muscle  (or group of synergis t ic  muscles) ; 
o thers  could  be inf luenced f rom two or more func t iona l ly  
d i f ferent  muscles,  while a great  n u m b e r  of in te rneurons  
showed  a conve rgence  f rom ex te rocep t ive  (touch, pres- 
sure, pain) as well  as p ropr iocep t ive  sources on bo th  
ipsi- and  con t r a l a t e r a l  sides. Ceils responding  on ly  to 
e x t e r o c e p t i v e  s t imul i  were c o m p a r a t i v e l y  scarce in the  
v e n t r a l  p a r t  of  the  cord.  An example  of a c o m m o n  t y p e  
of response  p a t t e r n  is t he  fol lowing:  t he  discharge fre- 
q u e n c y  of  a con t i nuous ly  f i r ing in t e rneuron  was increas-  
ed  by  s t r e t ch  of t he  ips i la tera l  quadr iceps  muscle as well 
as by  pressure  appl ied  to  the  con t r a l a t e ra l  pad,  the  two  
s t imul i  e v e n t u a l l y  s u m m a t i n g ,  while an equa l  s t imula-  
t ion of the  ips i la tera l  pad  caused a decrease of the  
p reva i l ing  d ischarge  r h y t h m ,  a t  a more  in tense  s t imulus  
s t r eng th  lead ing  to  comple t e  cessat ion of the  spike 
ac t iv i ty .  Descend ing  a c t i v i t y  f rom sup ra segmen ta l  
levels,  o r ig ina t ing  e.g. f rom recep t ive  areas  of t he  foreleg, 
was observed  to  conve rge  on the  same  neuron.  Cells of 
rec iprocal  b e h a v i o u r  were  s i tua ted  ad j acen t  to  the  cell 
descr ibed,  an  a r r a n g e m e n t  a p p a r e n t l y  charac te r i s t i c  of 
the  o rgan isa t ion  of the  i n t e rneu ron  sys t em s tudied.  No t  
only  wi th  na tu ra l  bu t  also wi th  ar t i f ic ia l  s t imula t ion ,  

1 L. B. BROCK, J. S. COOMBS, and J. C. ECCLES, J. Physiol. 117, 
431 (1952). 

J. W. WOODBURY and H. D. PATTON, Sympos. Quant. Biol. 17, 
185 (1952). 

a j .  W. WOODBVRY and H. D. PATTON, Sympos. Quant. Biol, 17, 
185 (1952). 

f ac i l i t a to ry  and  inh ib i to ry  processes in t e rms  of modula -  
t ion  of d ischarge  f r equency  were obse rved ;  t hus  for 
ins tance  in t e rneu ron  discharge  m a i n t a i n e d  by  af ferent  
inf low f rom the  gas t rocnemius  muscle  was inh ib i ted  by  
electr ic  s t imu la t ion  of the  sural  nerve .  

D a t a  ava i lab le  f rom expe r imen t s  wi th  in t race l lu lar  
recordings  on mo to r  cells under  iden t ica l  s t imulus  condi-  
t ions  1 ind ica te  t h a t  med ia t i on  of a c t i v i t y  f rom the  in ter -  
neurons  is responsible  for t he  exc i t a t i on  of nea r -by  moto r  
cells. U n d e r  these  premises  it  is obvious  t h a t  mere  ces- 
sa t ion  of the  i n t e rneu ron  a c t i v i t y  cons t i tu tes  an effect ive  
inh ib i to ry  m e c h a n i s m  in segmen ta l  ref lex  processes. 

The  in te rneurons  s tud ied  were found to  be suscept ible  
to cer ta in  changes  in the  chemica l  mi l ieu:  d ie thy l  p- 
n i t r opheny l  phospha te ,  an i r revers ible  chol inesterase  
inhibi tor ,  e l ic i ted burs t s  of d ischarges  fol lowed by  a 
lowered exc i t ab i l i t y ;  also a decrease of the  res t ing 
po ten t i a l  va lue  was observed.  Norad rena l ine  in t ra-  
a r t e r i a l ly  in jec ted  in doses of a few /,g per  kg body-  
weigh t  was observed  to inf luence the  discharge r h y t h m  
and also to  change  the  response p a t t e r n  of a g iven cell 
so t h a t  p rev ious ly  non-ac t ive  af ferent  sources became  
effect ive.  The  d i rec t  record ing  of such changes  in 
a n a t o m i c a l l y  and  func t iona l ly  def ined  in te rneurons  
reveals  obv ious  m e c h a n i s m s  for t he  effects  of these 
subs tances  on spinal  reflexes,  but ,  as emphas ized  in 
connec t ion  with  s imi lar  s tudies  on the  f rog 's  spinal  cord S , 
the  d e m o n s t r a t i o n  of effects  on in t e rneuron  a c t i v i t y  per 
se does no t  exc lude  o the r  sites of p r i m a r y  act ion.  

G. M. KOLMODIN and  C. R.  SKOGLUND 

Department o~ Physiology, Karotinska Institutet, Stock- 
holm 60, June  26, 195,f. 

Zusammen]assung 

Mit intrazel lulAren E l e k t r o d e n  wurden  an der  Ka tze  
die F u n k t i o n e n  der  Zwischenneuronen  im Vorderhorn  
des 7. L u m b a l s e g m e n t s  des R i i ckenmarks  un te r such t  
und ihre e lek t r i schen  E igenscha f t en  kurz  erw/ihnt .  Auf  
Grund  ihrer  R e a k t i o n  auf  ad / iqua te  a f fe ren te  Re izung  
konn ten  die e inze lnen  Neuronen  klass i f iz ier t  werden ;  
sowohl  Er regungs-  wie H e m m u n g s p r o z e s s e  - wie sic als 
F requenz / inde rungen  der  Ak t ionspo t en t i a l e  zum Aus- 
d ruck  k o m m e n  - wurden  demons t r i e r t .  E in ige  bei che- 
mischen  Mi l ieuver / inderungen  bewirk te  E f f ek t e  wurden  
auch s tudier t .  

I G. M. KOLMODIN, unpublished results. 
2 G. M. KOLMODIN and C. R. SKOGLUND, Acta phys. scand. 29, 

Suppl. 106, 503 (1953). 

P R O  E X P E R I M E N T I S  

Die S/ iuref / i l lung der S e r u m p r o t e i n e  x 

Die Pr t i fung  des F i l t r a t e s  yon m i t  Siiure gef locktem 
Serum 1 zeigt,  dass die Fi i l lung n u t  be im e rh i t z t en  An- 
satz  vol l s t~ndig  ist. U m  festzuste l len,  welcher  Ante i l  des 
N a t i v s e r u m s  durch  die S~tuerung ausf~illt und  worauf  die 
Ver i inderungen  du t ch  H i t ze  beruhen ,  wurden  5mal 
(Abb. 1-4:  a-e) 5 ml  Se rum 1:10  m i t  A q u a  dest.  ver-  
d t inn t  und jeweils  gekoch t  und  roh  m i t  soviel  n/100 HC1 
verse tz t ,  dass eine l ineare  S~tureverdfinnungsreihe zwi- 
schen den P u n k t e n  der  beg innenden  Tr i ibung  und kurz 
vor  der  vbll igen Kl~trung resul t ier te .  Die Sed imen te  wur- 

1 K. SIMON, Exper. 8, 55 (1952). 


