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Zusammenfassung. Auf  moleku la re r  Basis wird  die 
Energ ie f iber t ragung  und  die Ene rg i eumse tzung  in e inem 
pr imit ren pho tosyn the t i schen  Sys tem untersucht ,  Die  
Energ ie i ibe r t r agung  in den  P i g m e n t e n  urid im  Chloro- 
phy l l -A wird m i t  der  Energ ie i ibergangswahrsche in l ichke i t  
und  d e m  Diffusionsmodel l  eines i n t r a m o l e k u l a r e n  ~Exi-  
t o n s ,  m i t  Dipol -Dipol -~rechse lwirkung behande l t .  Bet  
ether  Chlorophyl lkonzen t ra t ion  yon  0.1 M/1 wird die Dif-  
fus ionskons tan te  des ,Ex i tons~  D r ~-~ 1.1 X 10 -3 cm~/sec 
u n d  seine Diffusionslgnge l e _~_ 250 A. Als Ene rg ieumse t -  
z u n g  wird die Anregung  eines z -- r~-Tripletts des Chloro- 
phy t l -A m i t  Hi l fe  eines pa ramagne t i s chen  Meta l l enzyms  
vorgeschlagen  und  diskut ier t .  

~ .  TAKEYAMA 1~ 

Institute o] Biophysics, Faculty o] Agriculture, Kyushu 
University, Fukuoka (Japan), July 21, 1960. 

P y r a m i d a l  A c t i v a t i o n  of  I n t e r n e u r o n e s  
of  V a r i o u s  Sp ina l  R e f l e x  A r c s  in  the  Cat  

I t  is known t h a t  spinal  reflexes can  be  contro l led  f rom 
supraspina l  centres  t h rough  inhib i t ion  a t  an  in te rneurona l  
level.  This  e f f e c t i s  exe r t ed  t h rough  bra in  s t e m  centres  
which,  in t h e  decerebra te  s ta te ,  ton ica l ly  inh ib i t  in ter -  
neurons  media t ing  effects f rom the  f lexion ref lex affercnts  
(group I I  and I I I  muscle  afferents,  h igh threshold  jo in t  

p a t h w a y s  *. I m  add i t ion  fasci l i ta t ion of  th ree-neuron-arc  
ref lex  dischanges a t  in te rnunc ia l  levels  has  been  de- 
scribed 3. I t  will p resen t ly  be shown t h a t  in te rneurones  of 
ref lex arcs are  exci ted  on s t imula t ion  of the  sensory-motor  
cor tex  and t h a t  this  effect  is med ia t ed  b y  the  p y r a m i d a l  
t rac t .  

I n  this  inves t iga t ion ,  t he  effect  of cor t ica l  s t imula t ion  
on the  synap t ic  act ions by  impulses  in muscle ,  cu taneous  
and j o in t  afferents  has  been inves t iga ted  b y  measur ing  
the  effect  of condi t ioning vol leys  on monosynap t i c  t e s t  
reflexes and b y  in t racel lu lar  record ing  f rom motoneurones .  
F igure  1 shows monosynap t i c  ref lex discharges f rom 
gast rocnemius-soleus  recorded a t  two  sweep speeds.  
Record  A shows the  uncondi t ioned  t e s t  ref lex and  ]3 t he  
effect  of a condi t ion ing  s u b m a x i m a l  group I vo l ley  f rom 
t h e  an tagon i s t  deep peronea l  (tibialis an te r io r  + ex tenso r  
d ig i to rum Iongus) nerve.  I n  t he  corresponding records C 
and  D, a t r a in  of  4 cor t ica l  s t imul i  was  added  wi th  t h e  
resu l t  t h a t  the  inh ib i to ry  effect  of t h e  deep  peronea l  vo l ley  
increased f rom 5% in ]3 to  55% in D. The  inh ib i to ry  
ac t ion  in B and  D is an  example  of  t h e  reciprocal  I a in-  
hibi t ion.  I n  cor responding  exper iments  w i th  in t race l lu lar  
recording,  cor t ical  s t imula t ion  gave  a large increase of t he  
t a  I P S P .  I t  is concluded t h a t  t h e  inc remen t  in  inh ib i t ion  
is d u e  to  a faci l i ta t ion of t h e  in te rneurones  known  to  be  
in te rpo la ted  in t he  I a inh ib i to ry  pa thway .  

I n  s imilar  exper iments ,  i t  has  been  es tabl ished t h a t  the  
inh ib i to ry  ac t ion  exe r t ed  in ex tensor  motoneurones  by  I b 
muscle  afferents,  by  group I I  and  I I I  muscle  afferents,  by  
cu taneous  and  b y  h igh  threshold  jo in t  afferents  a re  all 
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Fig. 1. The upper traces are monosynaptie reflex discharges evoked from the gastrocnemius-soleus nerve and recorded at two sweep 
speeds in the L7 ventral root. Lower traces were recorded from the L7 dorsal root entry zone. A shows the unconditioned test reflex 
and B the effect of a conditioning volley from the nerve to the antagonist muscles, extensor digitorum longus and tibialis anterior, 
evoked at a stimulus strength of 1.2 times threshold. In the corresponding lower records the contralateral postcruciate gyrus was 

stimulated in addition. E shows the effect of cortical stimulation alone. 

and cu taneous  afferents) ,  and  ffomlb afferents,  b u t  n o t  
t he  in te rneurones  med ia t i ng  I a inhibi t ion  1 

I n  t h e  cat ,  p y r a m i d a l  ac t i va t i on  is known to  faci l i ta te  
f lexor  and  ex tenso r  motoneurones  t h rough  po lysynap t i c  

1 R. M. ECCLES and A. LUNDBERG, J. Physiol. I47, 565 (1959). - 
B. HOLM~VIST and A. LUNDBERG, Arch. ital. Biol. 97, 340 (1959). 
D. P. C. LLOYD, J. Neurophysiol. 4, 525 (1941). - J. E. C. HERN 
and C. G. PHILLIPS, J. Physiol. 149, 24 P (1959). 
D, P. C, LLOYD, J.  NeurophysioL #, 525 (t941). 
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Fig. 2. These intracellular records (upper traces) are from a motoneurone of the posterior biceps-semitendinosus nucleus. Lower traces 
were recorded from the L7 dorsal root entry zone. The sural nerve was stimulated in A and C at a strength of IA2 times threshold chosen 
to give the minimal excitatory postsynaptie potential in A, In C the sural volley was preceded by stimulation of the eontralateral post- 

crueiate gyrus. The effect of cortical stimulation alone is shown in B. 

increased by cortical stimulation. The same holds true for 
the exci tatory actions evoked in flexor motoneurones by 
these afferents, as is illustrated in the intracellular records 
of Figure 2 for the exci tatory action evoked by a suarl 
volley in a posterior biceps-semitendinous motoneurone. 
A shows the effect of the sural volley alone, B of cortical 
stimulation, and C of combined s t imulat ion of cortex and 
the sural nerve. I t  is apparent  tha t  the exci tatory post- 
synaptic potential  increases markedly after cortical 
stimulation. Hence al l  these classes of interneurones are 
faciliated. This faciliatory action from the sensory-motor 
cortex was found to disappear after section of the pyramid 
just  rostral to the crossing, but  to remain after a section 
of the brain stem sparing the pyramids. Hence i t  is 
mediated by the pyramidal  tract.  

Act ivat ion of interneurones of reflex arcs is presumably 
an important  part  of the function of the pyramidal  t ract  
and probably also in par t  accounts for the excitabili ty 
changes evoked in motoneurones by pyramidal activity. 
Exci ta tory  effects were regularely more prevalent  with 
flexor than with extensor motoneurones, and in some cats 
inhibition dominated in extensor motor nuclei, a finding 
which may be correlated with the dominance of exci tatory 
spinal reflex pathways to flexor and of inhibitory to ex- 
tensor motoneurones. 

These results provide further indication of the im- 
portance of suprasegmental control of spinal reflex arcs, 
through facilitation or inhibition of their interneurones. 
Reflexes from different receptor systems may presumably 
be mobilized or inhibited: according to need. I t  seems 
likely tha t  regulation of motor  performance in the cat is, 
to a considerable extent,  exerted in this fashion. 

Rdsumd. La stimulation du cortex sensori-moteur chez 
le chat  facilite routes actions synaptiques - excitatrices ou 
inhibitrices - qui sont provoqu6es dans les motoneurones 
par l ' interm6diaire d 'un ou de plusieurs interneurones. Ces 
actions peuvent  prendre naissance dans des fibres aff6- 
rentes d'origine musculaire I-a, I-b, I I  ou I t I ,  d'origine 
cutan6e ou dans des fibres ~ seuil 61ev6 provenant  d 'une 
jointure. 

L 'effet  observ6 d6pend de la raise en action du faisceau 
pyramidal  qui facitite le fonctionnement de tousles  inter- 
neurones intercal~s dans les arcs r~flexes mentionn~s. 

A, LUNDBERG and P, E. VOORHOEVE 

Institute o[ Physiology, Lurid (Sweden), September t2, 1960. 

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

A Simple ,  Sturdy,  and Inexpensive  S t imulus  
Generator for Nerves  and Musc les  

Introduction. Most laboratories use induction coils for 
the stimulation of nerve-muscle preparations in physio- 
logy class experiments. Yet, on close inspection, these 
coils are thoroughly unsatisfactory for any really quanti-  
ta t ive  work. Firstly, the calibration of output  voltage in 
terms of distance between coils is far from linear. Second- 
ly, the coils give damped oscillations rather than single 
peaks. The f requency  of these oscillations depends very 
strongly on resistance and capacity of the stimulated 
preparation. Finally, and worst of all, the amplitude of 
consecutive 'pulses' varies by as much as 30%, both when 
the coil is hand-operated and when the magnetic inter- 
ruptor  is used 1,=. Therefore we developed the following 
simple and sturdy square wave generator which can re- 
place the induction coil. 
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x H. KL~NSCH, Einfi~hrung gn die biologische Registriertechnik (Georg 
Thieme Verlag, Stuttgart 1954), p. 188. 

= P. E. K..Do~xLoso~, Electronic Apparatus ]or Biological Research 
(Butterworth Scientific Publications, London 1958), p. 60'2. 


