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Extrapyramidal Activation of Muscles from the 
Sensori-Motor Cortex in Cats 

E x p e r i m e n t s  on animals  wi th  the  p y r a m i d a l  sys t em 
des t royed  have  shown t h a t  t h e y  are capable  of pe r fo rming  
di f ferent  movements ,  supposedly  of cort ical  or  a t  least  
supraspinal  origin *,2, This fact  agrees wi th  the  d a t a  ob- 
ta ined  on anaes thet ized  and py ramidec tomized  an imals  
in which isolated movemen t s  can be evoked b y  s t imula-  
t ion of the  sensory-motor  cor tex ~,3. In  the  exper imen t s  
to be described, the  condi t ions  unde r  which such move-  
men t s  can be ob ta ined  were analysed  in more  detail .  

All the  exper iments  were done  u n d e r  l ight  n e m b u t a l  
anaesthes ia  on ca ts  in which the  py ramida l  t r a c t  was 
t ransected ,  3 to  4 m o n t h s  previously,  a t  the  level of the  
t rapezoid  body :  uni la teral ly  in 7 cats  and  bi la tera l ly  in 2 
cats. The completeness  of the  lesion was always checked  
histologically. W h e n  s t imula t ing  the  sensory -motor  cor- 
tex,  the  m o v e m e n t s  were wa t ched  and  records  m a d e  of 
e i ther  the  EMG of the  pos ter ior  biceps femoris  or  t he  ac- 
t i v i t y  f rom the  nerve  b r a nch  to  th is  muscle.  In  t he  l a t t e r  
case, the  animals  were para lysed  wi th  Flaxedil .  For  s t imu-  
lation, square  wave  impulses  wi th  frequencies  of 50 c/s 
and 1 msec durat ion,  or 10-30 c/s and  3 msec du ra t ion  
were used. S t reng th  of the  cur ren t  usual ly var ied be-  
tween  0.5 and 2.0 mA. 

The movements evoked by cortical s t imulat ion.  The move-  
men t s  evoked f rom the  side on which  t h e  p y r a m i d a l  t r a c t  
was sect ioned (the py ramidec tomized  cortex)  and  f rom 
the  in tac t  side were of the  same k ind  and  resembled  those  
obta ined by  TOWER 4 f rom cats  under  deep e the r  anaes the-  
sia. The m o v e m e n t s  consis ted of flexion of the  cont ra -  
lateral  limb, somet imes  accompanied  by  crossed ex ten-  
sion. W h e n  using a s l ight ly supra th resho ld  s t imulus ,  the  
ampl i tude  of the  m o v e m e n t s  increased slowly, a f t e r  an 
initial  de lay  of 1 to  a few seconds,  unt i l  i t  r eached  i ts  
m a x i m u m  for the  given s t r e n g t h  of s t imula t ion .  The  l imbs  
contra la tera l  to  the  in tac t  cor tex  were max ima l ly  f lexed 
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Fig. 1. Action potentials recorded from the nerve to the posterior 
biceps muscle during continuous tetanic stimulation of the sensory- 
motor cortex contralateral to the side of recording. In A the intact 
cortex and in B the pyramidectomized cortex was stimulated at 
0.8 mA, 30 c/s and 1.6 mA, 16 c/s respectively. The records were 
taken at different times from the beginning of the stimulation, 
marked in see on the left of each column. All the records should be 

read from the bottom to the top. 

dur ing  the  ent i re  per iod of s t imula t ion .  In  contras t ,  the 
l imbs  cont ra la te ra l  to the  s t imu la t ed  pyramidec tomized  
cor tex  showed m o v e m e n t s  wh ich  were  p resen t  only  for a 
few seconds  and  t h e n  subs ided desp i te  t he  continued 
s t imula t ion .  The  same  p h e n o m e n o n  of fad ing  away of the 
effects  of cort ical  s t imula t ion  was  observed  b o t h  in the 
EMG of the  pos te r io r  biceps and  in the  ac t iv i ty  from the 
nerve  to this  muscle,  as shown in Figure  lB.  

Thresholds. All the  effects  evoked  b y  the  s t imula t ion  of 
the  p y r a m i d e c t o m i z e d  cor t ex  needed  m u c h  s t ronger  cur- 
r en t  t h a n  those  f rom the  in t ac t  cor tex .  The difference in 
th resholds  was  usual ly  a b o u t  50%. 

The activi ty  recorded ]rom the peripheral  nerves. Figure 
1A shows the  responses  recorded  f rom the  nerve  to  the 
pos ter ior  biceps muscle  w h e n  the  i n t a c t  cor tex  was st imu- 
la ted  a t  a f requency  of 30 c/s, con t ra la te ra l ly  to  the  nerve. 
As can be seen, each shock is followed by  a d is t inc t  burs t  
of ac t iv i ty .  W h e n  s t imula t ing  the  co r t ex  a t  a low fre- 
quency ,  e.g. 16 c/s, two  ma in  groups  of spikes can be 
d i s t inguished  in the  nerve  following each s t imulus  (Fig- 
ure 2A). The  l a t ency  of the  f i rs t  g roup  (tile early responses) 

B 

! | 

| R 

1 1 

50 msec 

Fig. 2. The same as in Figure l. A. Discharges evoked from the intact 
cortex (1.0 mA, 16 c/s). B. Discharges from the pyranfideetomized 

cortex (1.5 mA, 16 c/s). 
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was  on  a v e r a g e  a b o u t  15 msec.  T h e  l a t ency  of t h e  second  
g roup  ( la te  responses)  was  a b o u t  50 msec. T h e  ea r ly  
responses  a lways  a p p e a r e d  f i rs t ,  a n d  on ly  a f t e r  ma in -  
t a i n e d  s t i m u l a t i o n  were t h e y  fol lowed b y  t h e  la te  ones.  
The  lu tencies  of t h e  f i r s t  few ea r ly  responses  were usua l ly  
longer  ( a b o u t  18 msec)  t i t a n  t hose  of t h e  s u b s e q u e n t  ones.  
T h e  decrease  of t h e  l a t enc ies  was  of t h e  o rde r  of 30% a n d  
s imi la r  to  t h a t  f o u n d  in m o n k e y s  w h e n  t he  same  k ind  of 
s t i m u l a t i o n  was  used  s. 

VVhen s t i m u l a t i n g  t he  p y r a m i d e c t o m i z e d  cor tex ,  two  
s imi l a r  g roups  of spikes  a p p e a r e d  (Figures  1B a n d  2B). 
A c o m p a r i s o n  of  t h e  la tenc ies  of t he  ea r ly  r e sponses  
e v o k e d  f rom t h e  n o r m a l  a n d  p y r a m i d e c t o m i z e d  s ides d i d  
n o t  revea l  a n y  d i s t i n c t  differences.  T he  ear ly  a n d  t h e  la te  
responses  evoked  f rom t h e  p y r a m i d e c t o m i z e d  co r t ex  ap -  
p e a r e d  e i t h e r  w i t h  t h e  s ame  or  a reversed  sequence  as 
t hose  f r o m  t h e  i n t a c t  cor tex .  F igure  2B gives a n  e x a m p l e  
of  a r ecord  f rom a c a t  in  wh ich  t he  la te  r e sponses  a p p e a r e d  
a f t e r  a s h o r t e r  t i m e  of  m a i n t a i n e d  s t i m u l a t i o n  t h a n  t he  
ea r ly  ones.  

The  s imi l a r i t y  of t he  effects  f rom t h e  n o r m a l  a n d  py ra -  
m i d e c t o m i z e d  co r t ex  gives f u r t h e r  s u p p o r t  to  t h e  v iew ~ 
t h a t  in  t h e  i n t a c t  a n i m a l  m o v e m e n t s  of cor t ica l  or ig in  are 
evoked  b y  impulses  t r a v e l l i n g  in a t  l eas t  two  para l le l  
sys tems ,  each  of t h e m  b e i n g  ab le  to  a c t  i n d e p e n d e n t l y .  
T h e  s h o r t  la tenc ies  of t he  responses  e l ic i ted in t he  peri-  
p h e r a l  n e r v e s  b y  t h e  s t i m u l a t i o n  of t he  p y r a m i d e c t o m i z e d  
co r t ex  suggests  t h a t  t h e y  ut i l ize  p a t h w a y s  w i th  a conduc-  

t i on  t i m e  c o m p a r a b l e  to  those  be long ing  to t he  p y r a m i d a l  
sys tem.  F u r t h e r  i n v e s t i g a t i o n s  a re  r equ i r ed  to  iden t i fy  the  
e x t r a p y r a m i d a l  p a t h w a y s  i n v o l v e d  ~. 

Rdsumd. Les effets de la s t i m u l a t i o n  du  co r t ex  sensor i -  
m o t e u r  son t  6 tudi6s  ici chez  le c h a t ,  apr~s  sec t ion  des  
fa i sceaux  p y r a m i d a u x .  A p a r t  des  seuils  p lus  61ev6s e t  une  
t e n d a n c e  accrue  A la fa t igue,  les m o u v e m e n t s ,  le E M G  des  
musc les  f l~chisseurs e t  les d6charges  enregis t r~es  d u n s  les 
ner fs  p6 r iph6r iques  se son t  mon t r6 s  parei ls  ~t c eux  pro-  
v e n a n t  du  co r t ex  in t ac t .  
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S e x  Rat io  and S e x  D i g a m e t y  in 
E c h i n o r h y n c h u s  t r u t t a e  

I n f o r m a t i o n  r ega rd ing  sex d e t e r m i n a t i o n  of A c a n t h o -  
c e p h a l a  is v e r y  scarce as yet .  A c a n t h o c e p h a l a  c a r r y  on  
t h e i r  life cycle in  two  hos ts .  T h e  i n t e r m e d i a t e  hos t  is 
genera l ly  a w a t e r  i n v e r t e b r a t e  a n d  the  p r i m a r y  h o s t  is a 
v e r t e b r a t e  an imal .  

Echinorhynchus truttae, w h i c h  is found  in  t h e  j uven i l e  
s t age  w i t h  a c e r t a i n  f r e q u e n c y  as a p a r a s i t e  of Gammarus 
pungens padanus o n  t h e  Po r iver ,  and ,  in  t h e  a d u l t  s tage,  
l ives  on  severa l  f ish species, ha s  been  s tud ied  w i th  special  
r ega rd  to  sex  r a t i o  a n d  sex ch romosomes ,  

Gammarus p o p u l a t i o n s  were col lected a l m o s t  da i ly  a t  
C a r i g n a n o  n e a r  T u r i n  f rom F e b r u a r y  10 to  M a r c h  5, 
1965. T h e  in f e s t a t i on  i n d e x  of Echinorhynchus in  t h e  
Gammarus p o p u l a t i o n  h a s  s h o w n  m a r k e d  v a r i a t i o n s  dur -  
ing  th i s  per iod,  r a n g i n g  f rom 60% in  t he  f i rs t  two  weeks 
of col lec t ion  to  a m e d i u m  5% t o w a r d s  t h e  end  of collec- 
t ion .  The  degree of i n f e s t a t i on  is r a t h e r  low, w i t h  a m a x i -  
m u m  of six pa ra s i t e s  p e r  Gammarus f o u n d  in  f ive i n s t ances  
on ly  a m o n g  t h e  1463 Garnmarus examined .  T h e  p a r a s i t e s  
h a v e  b e e n  sexed  o n  t h e  bas i s  of sexua l  c h a r a c t e r s  w h i c h  
are  q u i t e  e v i d e n t  in  t h e  j uven i l e  s tage.  

T h e  Tab le  shows t he  r e l a t i ve  f requencies  of males  for 
each  of t h e  f ive degrees  of i n f e s t a t i on  found .  I t  is e v i d e n t  
t h a t  sex r a t i o  r e m a i n s  1 :1  in each  degree  of i n f e s t a t i on  
w i t h  n o  s ign i f i can t  d i f ferences  b e t w e e n  t h e  categor ies .  
A m o n g  t h e  2015 p a r a s i t e s  w h i c h  were  found ,  47 .4% 
(N = 955) were  ma les  a n d  52 .6% (N = 1060) were females.  
The  sex ra t io  in  t h e  whole  p o p u l a t i o n  of Echinorhynchus 
is t he re fo re  v e r y  n e a r  t he  t heo re t i ca l  v a l u e  of 1 : 1. 

The  sex ra t ios  obse rved  b o t h  in eve ry  degree  of in-  
f e s t a t ion  a n d  in t h e  whole  p o p u l a t i o n  m a r k e d l y  differ  
f rom those  of t h e  few species of un i s exua l  p a r a s i t e s  w h i c h  
a re  found  in d i f f e ren t  n u m b e r s  in  s ingle pa r a s i t i z ed  ind i -  
v idua l s  a n d  h a v e  s u i t a b l y  been  s t u d i e d  in th i s  connec t ion .  
In  t h e  N e m a t o d e  Paramermis contorta, w h i c h  is a p a r a s i t e  
of Chironomus l a rvae ,  sex ra t io  shows wide v a r i a t i o n s  as  
i t  is l a rge ly  in f luenced  b y  e n v i r o n m e n t a l  fac to rs  such  as 
c rowding  (degree of in fes ta t ion) ,  size of t h e  hos t ,  a n d  
sexua l i z ing  ac t ion  of the f i r s t  p a r a s i t e  u p o n  the p a r a s i t e s  
t h a t  h a v e  e n t e r e d  s u b s e q u e n t l y  1-3. S imi la r  o b s e r v a t i o n s  
h a v e  also been  m a d e  in Mytilicola 4, which  is a Copepod  
pa ra s i t e  of Mytilus. 

Degree of No. of Females Males % ~ % c ~  
infestation parasites 

1 1085 571 514 52.7 47.3 
2 546 300 246 55 45 
3 234 114 120 49 51 
4 60 29 31 48.4 51.6 
5 60 28 32 46.7 53.3 
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