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Influence of the level of tonic spasticity on the recruitment order of motor units in the exteroceptive reflex. Recordings from the soleus 
muscle. Reflexes obtained by skin stimuli on the heel. A: Tonic activity. B: Phasic activity on strong tonic spastieity. C and D: Phasic 
activity on weak tonic spasticity. E: The first recruited motor unit potential in phasic and the first recruited motor unit potential in 
tonic activity discharging together, proving that they belong to different motor units. Time bar 100 msec. 

Muscles w i th  s t rong  tonic  spas t ic i ty  have  an a lmos t  
exclusive type  I I  f ibre a t rophy .  Only in one case wi th  
a t r o p h y  of near ly  all t y p e  I I  f ibres is a s ignif icant  
f rac t ion  of the  t ype  I f ibres also af fec ted  (case 6). This  
select ive a t r o p h y  of t y p e  II  muscle  fibres has earlier been  
d e s c r i b e d  b o t h  f rom upper  m o t o n e u r o n e  lesions and 
pa rk inson i sm 9, 10. 

In  the  muscles  w i th  weak tonic  spast ic i ty ,  a s ignif icant  
a t r o p h y  is found  b o t h  .within the  t y p e  I and type  I I  
f ibre group and  there  is no evidence for a selective 
i nvo lvemen t  oi one of the  f ibres types .  

The p re sen t  e lec t romyograph ic  s t u d y  of para ly t ic  
muscles  indica tes  t h a t  s t rong  tonic  spas t ic i ty  causes a 
s t e r eo typed  order  of r e c r u i t m e n t  of mo to r  units,  low fre- 
quency  uni ts  be ing recrui ted before h igh  f requency  uni ts  ir- 
respec t ive  of the  mode  of ac t iva t ion .  This  is in ag reemen t  
w i th  f indings  in decerebra te  r ig id i ty  in cat,  t h a t  small  
tonic  m o t o n e u r o n e s  are a lways recru i ted  before large 
phas ic  ones ~1. As m ax ima l  con t rac t ions  ha rd ly  occur in 
pa ra ly t i c  muscles,  some high f requency  uni ts  should be 
con t inuous ly  inact ive.  

The p re sen t  h i s tochemica l  s t u d y  of para ly t ic  muscles  
shows a select ive t y p e  I I  muscle  fibre a t r o p h y  in muscles  
w i th  s t rong  tonic  spas t ic i ty  bu t  a non-select ive  a t r o p h y  

in muscles wi th  weak tonic spast ic i ty .  This difference in 
a t r o p h y  p a t t e r n  can ha rd ly  b e  due to  any  o ther  fac tor  
t h a n  tonic  spas t ic i ty  itself. We  assume t h a t  the  selective 
a t r o p h y  of t y p e  II  muscle  f ibres is due to selective disuse 
of h igh f requency  u n i t s d i s c u s s e d  above. 

The results  also suppor t  t h e  hypo thes i s  t h a t  slow 
twi t ch  uni ts  t end  to  discharge at  a lower and  fas t  tw i t ch  
uni ts  a t  a h igher  f requency.  

Zusammenfassung. Bei einer L~ision der  zent ra len  mo- 
tor i schen  Bah n en  ha t  die tonische Spastizit~it eine stereo- 
t y p e  Rekru t i e rungso rdnung  der motor i schen  E inhe i t en  
und eine selektive Typ  I I -Fase r -At roph ie  zur Folge. 

L. ]~DSTROM, L. GRIMBY and  J. HANNERZ 

Dept. of Neurology, Karolinska s]ukhuset, 
Fack, S-10401 Stockholm 60 (Sweden), 17 November 1972. 

10 L. EDSTR•M, Experientia 24, 916 (1968). 
11 E. HENNEMAN, G. SOMJEN and D. O. CARPENTER, J, Neurophysiol. 

28, 560 (1965). 

Hippocampal Lesions Produced by Prolonged Seizures in Paralyzed Artificially Ventilated Baboons 

Pa t i en t s  hav ing  suffered f rom epi lepsy of ten  show 
h ippocampa l  lesions descr ibed as A m m o n ' s  horn  scle- 
rosis 1, 2 or mesial  t empora l  sclerosis 3. Such lesions resemble  
those  seen af ter  episodes of cerebral  anoxia  or vascular  
insufficiency,  and i t  has  been suggested t h a t  in epi lept ics  
t h e y  are com m on ly  the  resul t  of sys temic  or local hypo x i a  
occurr ing dur ing  general ised seizure ac t iv i ty  ~, 4, 5. Expe r -  
imen ta l  s tudies  in cats  employ ing  focal in ject ions  of 
a lumina  cream or t ungs t en  have  emphas i sed  the  possible 
role of local vascular  factors  and  of local oedema6, L 
MELDRUM and  BRIERLEyS have  recen t ly  shown in 
adolescent  baboons  t h a t  seizures ( induced by  bicuculline) 
las t ing 82 to  300 rain produce  ischaemic cell change 
select ively in some neurones  of the  cortex,  cerebel lum and  
h ippocampus .  These an imals  showed severe sys temic  
d i s tu rbances  dur ing  the  seizure (MELDRUM and  HORTON 9), 
bu t  i t  was no t  possible  to eva lua te  separa te ly  the  contr i -  
bu t ions  of the  d i f ferent  sys temic  changes  and  the  cerebral  

discharges themselves .  We  have  therefore  p roduced  
prolonged convuls ions in adolescent  baboons  t h a t  are 
para lysed  and art if icial ly ven t i l a t ed  so t h a t  any  contr ibu-  
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Paraff in sections, s ta ined with luxol fast blue and cresyl fast violet  
of left h ippocampus  f rom baboon No. 706. Bieueulliue (0.5 mg/kg)  
produced seizure ac t iv i ty  which was sustained for more  than  7 h 
30 rain; perfusion-fixation of the bra in  a t  8 h. A) Junc t ion  of zones 
h 1 and h~; isehaemic cell change in h 1. • 135. B) 5 neurones f rom zone 
h 1 show isehaemic ceil change with incrustat ions.  • 450. 



15.5.1973 SpeciaIia 563 

t ion  of sys temic  hypox ia ,  h y p e r p y r e x i a  and  lac tac idos is  
to the  genesis of n e u r o n a l  p a t h o l o g y  is la rgely  e l imina ted .  

Materials and metAods. Three  female  ado lescen t  b a b o o n s  
(wts 3.3-3.6 kg) were a n a e s t h e t i z e d  w i t h  h a t o t h a n e  a n d  a 
ca ro t id  a n d  femora l  a r t e r y  exposed  to  p e r m i t  d e t e r m i n a -  
t ion  of a r t e r i a l  pressure ,  b lood  gas t ens ions  a n d  cerebra l  
b lood flow (by isotope c learance  10,11). Needle  e lec t rodes  in  
t he  scalp were used to record  t he  E E G .  A n i m a l s  were g iven  
ga l l amine  t r i e th iod ide  (10-15 rag) and  m echan i ca l l y  
v e n t i l a t e d  on  a i r  ( p u m p  v o l u m e  ad ju s t ed  ~co give m o d e r a t e  
hyperve i~ t i l a t ion  as j udged  b y  a r t e r i a l  Pco2). Bicucul l ine  
(0.5-1.1 mg/kg)  was  g iven  i.v. a n d  phys io log ica l  changes  
recorded  for  4 to  8 h. F i na l l y  t he  b r a i n  was perfus ion-  
f ixed w i t h  formal in ,  acet ic  acid, m e t h a n o l  (in ra t io  1 : 1 : 8) 
and  processed h is to logica l ly  s. 

Results. E E G  seizure a c t i v i t y  began  w i t h i n  10 sec 
of t he  ~njection and  was sus ta ined  for 3 h 25 rain-3 h 45 ra in  
and,  in b a b o o n  No. 706 (Figure) for more  t h a n  7 h 30 min.  
Ar te r i a l  pressure  rose i m m e d i a t e l y  a f t e r  seizure onset ,  
systol ic  pressures  t r a n s i e n t l y  r i s ing  to 180-260 m m  Hg. 
S u b s e q u e n t l y  b lood pressure  was m i d l y  e l eva ted  or 
normal .  Cont ro l  a r t e r i a l  p H  showed m o d e r a t e  alkalosis  
b u t  t e n d e d  to fal l  t h r o u g h o u t  t he  seizure, so t h a t  l a te  
va lues  were  in t he  r ange  7.40-7.43. I n  2 an i m a l s  b o d y  
t e m p e r a t u r e  h a d  fa l len  before seizure onse t  to  33.8-34 ~ 
a n d  rose d u r i n g  t he  seizure to  36.0-36.5 ~ , in t h e  t h i r d  
b a b o o n  (No. 714) t e m p e r a t u r e  rose to 38.1~ la te  in  t he  
seizure.  Cont ro l  oxygen  tens ions  (measured  on an  I L  
po la rog raph ic  ana lyze r  mode l  125 A, a t  37 ~ and  correc ted  
to or ig ina l  b o d y  t e m p e r a t u r e )  were in t h e  r ange  75-93 m m  
Hg ;  s u b s e q u e n t  va lues  fell w i t h i n  t h i s  r ange  excep t  for a 
single va lue  of 72 m m  H g  a t  4 h in  No. 706. Cont ro l  P c o  2 
va lues  were in t he  r ange  17-27 m m  Hg;  d u r i n g  the  seizure 
P c %  rose s l igh t ly  (range 23-42.5 m m  Hg). Blood flow in 
t he  cerebra l  grey  m a t t e r  (ca lcula ted  f rom t he  ha l f - t imes  
of t he  r ap id  e x p o n e n t i a l  c o m p o n e n t  of t he  c learance  
curve)  showed  con t ro l  va lues  in  t he  r ange  59-66 ml /  
100 g/rain.  D u r i n g  t he  seizure f low was increased  2-3 fold 
for up  to 2 h ; l a t e r  va lues  were above  con t ro l  va lues  excep t  
a t  7 h in  No. 706 (56 ml /100 g / m i n  c o m p a r e d  w i t h  a con t ro l  
va lue  of 61 ml /100 g/rain) .  

His to logica l  e x a m i n a t i o n  revealed,  in  all  3 animals ,  
ischaem~c cell change  i nvo lv ing  h i p p o c a m p a l  neurones  in 
t he  S o m m e r  sector  (pa r t i cu la r ly  a t  t h e  j u n c t i o n  of h 1 
w i t h  h 2 ; F igure  A). P rogress ion  to  t h e  inc rus t ed  s tage  was 
seen in  all  an ima l s  b u t  was  p r o m i n e n t  in b a b o o n  706 
(Figure  B). Some neu rones  showed  sca l loping  of t h e  

cy top l a smic  out l ine ,  p r o b a b l y  due  to swell ing of a s t rocy t i c  
processes: A lack of s t a in ing  of Nissl  s u b s t a n c e  was seen 
in some neurones  w i t h  n o r m a l  nuclei .  I s chaemic  cell 
change  was also seen in occas ional  neurones  in t he  end-  
fo l ium a n d  in  the  amygda lo id  nuclei  (2 animals) .  Some 
p y r a m i d a l  neurones  of t he  3rd, 5 th  and  6 th  cor t ica l  layers,  
pa r t i cu l a r l y  in  t he  occ ip i ta l  cor tex,  also showed  i schaemic  
cell change .  The  ce rebe l lum was n o r m a l  in all  3 an imals .  

Th i s  p a t t e r n  of cerebra l  p a t h o l o g y  differs  f rom w h a t  
MELDRUN a n d  ]~RIERLEY 8 h a v e  descr ibed  a f t e r  p ro longed  
seizures in  n o n - p a r a l y z e d  b a b b o n s ,  in  t h e  lack of cerebe l la r  
d a m a g e  a n d  t he  g rea t e r  i m p o r t a n c e  of t h e  h i p p o c a m p a l  
lesions. The  mos t  s ign i f i can t  cause  of h i p p o c a m p a l  
d a m a g e  m a y  be  t he  excessive local  d ischarges  d u r i n g  ti le 
seizure. However ,  va scu l a r  d i s t u r b a n c e s  r e l a t ed  to  t h e  
i n t r a c a r o t i d  in jec t ions  m a y  h a v e  c o n t i b u t e d  to t he  lesions 
in t he  t e r r i to r i es  suppl ied  b y  the  i n t e r n a l  ca ro t id  a r te ry .  
The  absence  of cerebe l la r  d a m a g e  in these  3 an ima l s  
s t rong ly  suggests  t h a t  t he  h y p e r p y r e x i a ,  sy s t emic  
h y p o x i a  and  la te  mi ld  a r t e r i a l  h y p o t e n s i o n  obse rved  in 
n o n - p a r a l y z e d  an ima l s  are s ign i f i can t  fac tors  in  t he  
p r o d u c t i o n  of cerebe l la r  epi lept ic  pa tho logy .  

Rdsumd. Des @tats de mal ,  d u r a n t  de 3 /~ 7 h 30 son t  
provoqu@s pa r  la b icucu l l ine  chez 3 b a b o u i n s  adolescents ,  
immobi l i s6s  pa r  de la ga l l amine  et  ventil@s ar t i f ic ie l lement .  
La  t ens ion  art@rielle et  le d@bit c@r6bral son t  a u g m e n t 6 s  
p e n d a n t  la p remie re  p a t t i e  de la crise et  r e d e v i e n n e n t  
n o r m a u x  seconda i r emen t .  Des l@sions i sch6miques  son t  
observ@es dans  la zone f r ag i l e  de l ' h i p p o c a m p e  (zone de 
Sommer)  et  dans  le co r t ex  ma i s  le cerve le t  res te  i ndemne .  
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Effect of S ino -Aort i c  Denervat ion  of the Venous  

Increase  of venous  pressure  in t he  co rona ry  s inus  of t he  
a n a e s t h e t i z e d  dog causes ref lex h y p o t e n s i o n  t h r o u g h  
vaga l  a f fe ren ts  1-4. Th i s  venous  c o r o n a r y  ref lex  was found  
to be  h igh ly  sens i t ive  to  genera l  anaes thes ia .  T he  ba rb i -  
t u r a t e  s ens i t i v i t y  of t h e  ref lex is especial ly  g rea te r  t h a n  
t h a t  of t he  ca ro t id  s inus  reflec 8. T he  capr ic ious  e l ic i tab i l i ty  
a n d  s l igh t  effects of t he  venous  co rona ry  ref lex ill b a r b i t u -  
r a t e  anae s the s i a  give rise to t he  poss ib i l i ty  t h a t  these  phe-  
n o m  are associa ted  w i t h  a powerfu l  oppos ing  effect  
exer ted  b y  t he  classic buf fe r  a f fe ren t s  on  t he  c o r o n a r y  
a f fe ren t  inpu t .  I t  m a y  be  su rmized  t h a t  a f te r  e l i m i na t i on  
of t he  buf fe r ing  role of the  a r t e r i a l  ba rorecep tors ,  t he  veous  
co rona ry  ref lex  could be  successful ly  el ic i ted even  in 
b a r b i t u r a t e  anaes thes ia ,  s ince t h e r e  is no  longer  occlusion 
of t h e  co rona ry  a f fe ren t  i n p u t  b y  effects t h r o u g h  t he  
ba ro recep to r s  conve rg ing  on t h e  same  cen t r a l  v a s o m o t o r  
n e u r o n s  or a n y  oppos ing  effect  t h r o u g h  o the r  v a s o m o t o r  

Coronary  Reflex in Rabbits  

neurons  rece iv ing  an  i n d e p e n d e n t  a r t e r i a l  b a r o c e p t o r  
pro jec t ion .  The  purpose  of p re sen t  s t u d y  was to t e s t  t h i s  
poss ibi l i ty .  

I nves t i ga t i ons  were. car r ied  ou t  on 14 a d u l t  r a b b i t s  of 
b o t h  sexes, l i gh t ly  a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t a l .  Af te r  
inse r t ion  of a t r a c h e o t o m y  tube ,  ar t i f ic ia l  v e n t i l a t i o n  was 
m a i n t a i n e d  w i t h  room air. B o t h  ca ro t id  s inus  regions, t he  
vag i  a n d  t he  aor t i c  depressor  ne rves  were carefu l ly  dissec- 
ted  free in t h e  neck  for s u b s e q u e n t  sect ioning.  The  ches t  
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