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s t ructure ,  most  p robab ly  of cortex,  dur ing  sporogenesis  is 
not  ident ical  with usual mechan i sms  of the  cell wall 
synthes is  dur ing normal  division. 

The format ion  of some new enzymes  dur ing  sporo- 
genesis has a l ready  been descr ibed ; and for the  t ime being, 
it is not  yet  ev iden t  whe the r  ch lo ramphen ico l  specifically, 
inhibi ts  the  fo rma t ion  of DAP-con t a in ing  s t ruc tu re  or t he  
synthes is  of some enzymes  newly arising dur ing  sporula-  
tion and responsible  or co-responsible  for the  syn thes i s  of 
s t ruc tu res  con ta in ing  d iaminopimel ic  acid. 

Zusammen/assung,  W g h r e n d  der  Bi ldung  der  Prae-  
sporen  wird der  E inbau  der  ~4C-Diaminopimelins~ture 
durch  Chloramphenico l  (100 b~g/ml) betr~tchtlich g e h e m m t  
und  d u t c h  Penici l l in (1000 E/ml)  wenig erh/Yht. 

V.  ~7]NTER 

Institute o/ M icrobiologie. Czechoslovak .4 c ademy o~ Sciences, 
Prague (C~echoslov'akia), December 27, 1962. 

Mesencephalic Reticular Responses  to Natural 
and to Repeated Sensory Stimuli  

"['he purpose  of th is  inves t iga t ion  was to eva lua te  the  
respons ivencs ;  of neurones  in the  Mesencephal ic  Re t icu la r  
F o r m a t i o n  to na tu ra l  st imuli ,  and to s t u d y  the  effect  of 
repe t i t ion  of such st imuli .  

E x p e r i m e n t s  were pe r fo rmed  in cats  e i ther  anes the t i zed  
wi th  chloralose or immobi l ized  wi th  gal lamine t r ie th io-  
dide. Spike ac t iv i ty  of single neurones  was recorded ex t ra -  
cellularly wi th  KCl-filled mic rop ipe t t e s  placed s te reo tax i -  
cally. Na tu ra l  s t imuli  of d i f ferent  modal i t ies  were t e s t ed :  
somatic ,  as l ight t a p p ing  of skin, b rush ing  of hairs and 
c lamping  of toes;  acoustic,  as voices, clicks or c laps;  
visual,  as i l luminat ion wi th  a weak f lashl ight  or ob jec t  
m o v e m e n t  in f ront  of the  eyes. More art if icial  s t imuli  as 
electr ical  shocks  to subcu taneous  t issues of pads,  flashes 
and  tones  were used also. St imul i  were t e s t ed  as fre- 
quencies  be tween  0.05 and 10 c.p.s. 

F ind ings  can be summar i zed  as follows : (i) A high per- 
centage  of re t icular  neurones  r e sponded  well to  na tu ra l  
s t imuli  (Figure 1). The set  of na tu ra l  exc i ta t ions  t h a t  
inf luenced each uni t  var ied  grea t ly  from cell to cell: 
var ia t ions  involved the  effect ive modal i t ies  (somatic  only, 
acoust ic  only, somat ic  and visual,  etc.) ;  the  mos t  effect ive 
type  wi th in  each m oda l i t y  (skin tapping ,  hai r  brushing,  
etc.) and,  a t  least  for the  somat ic  sphere,  the  recept ive  
field for each type  (fields could be localized, widespread ,  
or discont inuous) .  
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Fig. 1. Com'erxence o/ natural stimuli and specific attenuation. Unit 
activity in Mesencephalic Reticular Formation; lines above tracing 
indicate stinmli; nulnbers above bars indicate position of stimulus 
within the sequence. A, Taps. The unit responded to the initial (1, "2} 
but not to the subsequent (3-12) taps to the left hindpaw (LHP) 
(attenuation); tap la to the right hindpaw (RHP) was effective 
(specificity). B, hand passing in front of eyes. hfitial effectiveness and 

subsequent attenuation. 

(ii) Ret icu lar  uni ts  failed to ' follow' even  low fre- 
quencies  (i.e. failed to respond to every  s t imulus  of a 
train) (Figure 2By : Figure 2A indicates  t h a t  the  m a x i m a l  

following ra tes  for somat ic  exc i ta t ions  fell wi th in  t he  0.2 
to 10 c.p.s. These ra tes  could no t  be forced outs ide  the  
s t a t ed  range,  and  in some cases could not  even be modi-  
fied by  large increases  in s t imulus  in tens i ty .  "When a cell 
r e sponded  to d i f fe rent  st imuli ,  as a t ap  to  the  skin and  a 
click (or to d i f fe rent  localization of the  same s t imulus ,  as 
a t ap  to the  forepaw and to the  h indpaw) ,  the  m a x i m a l  
following ra tes  for each exc i t a t ion  (or for each p lacement )  
could be diss imilar  but ,  in every  case, r emained  wi th in  the  
same low f requency  range (Figure 2By. 
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Fig. '2. A, maximum following rates. Histogram (bar on far left indi- 
cates one neurone). B, ]ollowing capacity in a single mesencephalic 
relzcular unit. On abscissae, ~timulus frequency ill c.p.s.; O11 ordinate, 
percentage of stimuli that were effective within a train of a given 
frequency for claps (curve 1), light taps to nose (curve 2) and shocks 

to pad of left hindpaw (curve 3). 

(iii) The response  of a h igh p ropor t ion  of cells showed 
a t t e n u a t i o n  on repe t i t ive  appl ica t ion  of a s t imulus  (natura l  
or artificial) : the  t e rm ' a t t e n u a t i o n '  implies t h a t  the  effect  
of the first  few shocks was clear bu t  t h a t  of subsequen t  
shocks was reduced  and  even tua l ly  pe rhaps  absen t  
(Figure 1). The response  r eappea red  a f te r  a per iod w i t h ou t  
s t imula t ion .  The remain ing  cells did no t  a t t enua te ,  b u t  
equ i l ib ra ted ;  in this  case the  p ropor t ion  of s t imuli  evok-  
ing a response  remained  c o n s t a n t  t h r o u g h o u t  a prolonged 
t ra in .  The t ime  course of a t t e n u a t i o n  could be inf luenced 
by  the  modal i ty ,  type ,  i n t ens i ty  and local izat ion of the  
s t imulus,  bu t  in mos t  of the  uni ts  even ma r k e d  changes  in 
these  p a r a m e t e r s  did no t  conver t  a t t e n u a t i o n  in to  equili- 
bra t ion .  

A t t e n u a t i o n  was usual ly specific:  a f ter  a cell had  be- 
come unrespons ive  to a r epea ted  s t imulus,  it  would be 
unrespons ive  also to similar  s t imul i  (generalization) b u t  
re ta in  its r eac t iv i ty  to suff ic ient ly  d i f fe rent  exc i ta t ion  
(Figure 1). The degree of d iss imi lar i ty  necessary  to evoke 
a response  var ied :  in some cells a shif t  of a few cent i -  
me te r s  of the  po in t  of s t imula t ion  suff iced;  in most ,  gen-  
eral izat ion was more  marked  and  the  response  could be 
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evoked  on ly  b y  a s t imu lus  of a d i f f e ren t  moda t i ty .  The  
r e l a t i onsh ip  was  c o m m o n I y  rec iproca l :  if a cell r e sponded  
to  13 a l t e r  a t t e n u a t i o n  of A, i t  would  r e s pond  to  A a f t e r  
a t t e n u a t i o n  of B. 

Resu l t s  c a n  be  d iscussed  f rom two  v iew points .  F r o m  
t h a t  of t h e  genera l  suscep t ib i l i t y  of r e t i cu la r  un i t s  to  
sensory  s t imul i ,  these  e x p e r i m e n t s  sugges ted  t h a t  c e r t a i n  
concep t s  shou ld  be b r o a d e n e d .  F i r s t ly ,  t he  no t ion  of ret i -  
cu la r  r e spons iveness  should  inc lude  suscep t ib i l i ty  to  sen- 
sory  s t imu l i  w h i c h  are n a t u r a l  a n d  complex ,  as opposed to 
t he  more  c u r r e n t l y  used shocks,  f lashes,  etc.,  wh ich  are 
less so. Secondly  (and  as po i n t ed  ou t  b y  AMASSIAN and  
DE VITOX), t he  n o t i o n  o:f exc lus ive ly  widespread  recep- 
t ive  fields shou ld  be  s u b s t i t u t e d  b y  t he  recogn i t ion  of 
m a n y  var ie t ies ,  i nc lud ing  some t h a t  are  qu i te  res t r i c ted  
(e.g. t o  t h e  d ig i t s  of one  paw).  Th i rd ly ,  the  no t ion  of con- 
ve rgence  of d i f f e ren t  moda l i t i e s  u p o n  single neu rons  
s h o u l d  t a k e  i n t o  a c c o u n t  ceils w h i c h  r e spond  to  severa l  
w e a k  a n d  complex  n a t u r a l  s t i m u l i  (e.g. l igh t  b rush ing ,  
i l l u m i n a t i o n  a n d  voice) ;  in  c e r t a i n  cases t he  l a t t e r  were 
ef fec t ive  o n l y  w i t h i n  l imi t ed  recep t ive  fields, as in t he  
case of a u n i t  s ens i t ive  to  t a p p i n g  on ly  on  t h e  left  foreleg 
a n d  p a r t  of t he  t h o r a x  a n d  to  h a n d  pass ing  on ly  in the  
left  v i sua l  field. The  c o m p l e x i t y  a n d  va r i e t y  of these  sen- 
sory  response  p a t t e r n s  a t  ce l lu lar  level res is t  t heor i z ing  
as to  the  func t i on  of these  un i t s  as a coo r d i na t ed  whole. 

F r o m  t h e  p o i n t  of view- of r epe t i t i ve  s t imu la t i on ,  low 
fol lowing f requencies  a n d  a t t e n u a t i o n  were ou t s t and ing .  
Th i s  b e h a v i o r  re f lec ted  a t y p e  of respons iveness  d i f fe rent  
f rom t h a t  of p r i m a r y  sensory  sys t ems  where  h igh  follow- 
ing r a t e s  a n d  e q u i l i b r a t i o n  are  t he  rule (for work  on  un-  
a n e s t h e t i z e d  p r e p a r a t i o n s  see _0-4). These  fea tu res  of ret i-  
cu la r  a c t i v i t y  m a y  be  s h a r e d  b y  un i t s  in  o t h e r  a reas :  e.g. 
r e c e n t  e x p e r i m e n t s  h a v e  i nd i ca t ed  t h a t  low ra te s  a n d  
a t t e n u a t i o n  are  found  in c e r t a i n  cells of t he  s om a t i c  sen- 
sory  co r t ex  s 

W i t h  r ega rd  to a t t e n u a t i o n ,  one  is s t r u c k  b y  the  s imi-  
lar i t ies  (effect iveness  of a s t i m u l u s  w h e n  novel ,  decay  on  
repe t i t ion ,  specif ic i ty ,  etc.)  b e t w e e n  i t  a n d  h a b i t u a t i o n ;  
t h e  a c t u a l  r e l a t ionsh ip ,  howeve r ,  c a n n o t  be  s t a t e d  more  
precisely w i t h o u t  I u r t h e r  e x p e r i m e n t a t i o n  ~. 

Rdsumd. L ' a c t i v i t 6  des  n e u r o n e s  de  la f l ) rmat ion  r6 t icu-  
laire m6senc6pha l ique  du  c h a t  es t  modif i6c  p a r  t ' e f fe t  de  
s t imul i  phys io logiques ,  q u e l q u e  fois t r~s complexes :  Ia 
convergence  h6t6ro-sensor ie l le  es t  t r6s  6v iden t e  e t  les 
c h a m p s  r6cep teurs  on t  d i f f6rentes  6 t endues  e t  d i s t r ibu -  
t ions.  Soumises  h de h a u t e s  f r6quences  de s t i m u l a t i o n ,  les 
cellules p r 6 s e n t e n t  une  r6ac t iv i t6  l imit6e.  Au fur  et  
mesure  que la s t i m u l a t i o n  es t  r6p6t6e, les r @ o n s e s  di- 
m i n u e n t  et, f ina lement ,  d i s p a r a i s s e n t  ; ce t t e  d i m i n u t i o n  de  
r6act iv i t6  est  s o u v e n t  sp6cif ique de la s t i m u l a t i o n  utilis6e. 

C. BELL, N. BUENmA, 
( ; .  S IERRA,  a n d  J .  P.  St':GI.INI)O 

Department o/ Anatomy and Brain Research Institute, 
University o/California at Los Angeles (U.S.A .), 
December 3, 1962. 
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Nuclear  and Radicular  Dis tr ibut ion  of Cardio-  
Inhibi tory  N e u r o n s  

C a r d i o - i n h i b i t o r y  f ibres  trove been  t r aced  in to  t he  car-  
diac  b r a n c h e s  of t he  v a g u s  n e r v e  f rom b o t h  the  vaga l  and  
t he  bu lba r - acce s so ry  roots  la .  Since t h e  v a g a l  a n d  t he  
bu lba r - acce s so ry  c o m p o n e n t s  show s imi la r  func t iona l ,  re- 
flex p rope r t i e s  3, a n d  para l le l  p a t t e r n s  of pe r iphe ra l  dis- 
t r i b u t i o n  to  t he  noda l  s t r u c t u r e s  of t he  h e a r t  0% a sys temic  
o r g a n i z a t i o n  of t h e  two  se ts  of n e u r o n s  wi th in  the  dorsal  
m o t o r  nuc l eus  a n d  t he  r ad i cu l a r  o u t p u t  is p r e s u m p t i v e .  
The  r a d i c u l a r  d i s t r i b u t i o n  of t he  c a r d i o - i n h i b i t o r y  effects 
ha s  the re fo re  been  inves t iga t ed ,  in c o m p a r i s o n  w i t h  t h a t  
of v i s c e r o - m o t o r  effects,  wh ich  r e p r e s e n t  the  mos t  ex ten-  
sive o u t p u t  of t he  dorsa l  m o t o r  nuc leus  t h r o u g h  the  vaga l  
roo t ;  a n d  t he  two p o p u l a t i o n s  of e a r d i o - i n h i b i t o r y  neurons  
h a v e  been  local ized acco rd ing  to t he  d i s t r i bu t i on  of the  
r e t rog rade  changes  fol lowing chron ic  sec t ion  of e i the r  
vaga l  or  bu lba r - acce s s o r y  c a r d i o - i n h i b i t o r y  root le ts .  

T h e  e x p e r i m e n t s  were ca r r ied  ou t  on  21 a d u l t  dogs (7-  
10 kg). I n  9 an imals ,  a n a e s t h e t i z e d  w i t h  chlora lose  (80 
mg/kg) ,  t h e  t r a c h e a  was c a n n u l a t e d  a n d  the  vago-acces-  
sory  roo t s  were  exposed  b i l a t e r a l l y  b y  o p e n i n g  largely t he  
pos te r io r  fossa : on  one  s ide t h e  roo t l e t s  were sec t ioned  a n d  
s t i m u l a t e d  (pe r iphera l  s t u m p )  w i t h  small ,  b ipolar ,  s i lver  
e lectrodes,  in  g roups  or  one  b y  one ;  on  t he  o t h e r  side, to  
rule o u t  poss ible  c u r r e n t  d i f fus ion  effects,  t h e  dorsa l  m o t o r  

nuc leus  was s t i m u h l t e d  w i th  s t e r eo t ax i ca l l y  p laced,  con-  
cen t r ic  electrodes,  and  the  vago-accesso ry  roo t l e t s  were  
i n t e r r u p t e d  in sequence.  

Femora l  b lood pressure  and  the  ave r age  changes  in the  
i n t r a l u m i n a l  pressure  of the  d iges t ive  t r a c t  (upper  a n d  
lower oesophagus ,  s t o m a c h  a n d  d u o d e n u m )  were r o u t i n e l y  
recorded b y  means  of two  S a m b o r n  pressure  t r a n s d u c e r s  
connec ted  to a femora l  c a t h e t e r  or  to  an  air-f i l led r u b b e r  
bal loon,  respect ive ly ,  a n d  coupled  w i t h  a S a m b o r n  Twin -  
Viso recorder  t h r o u g h  ca r r i e r  p re-ampl i f ie rs .  

In  12 a n i m a l s  t he  i n t r a c r a n i a l  sec t ion  of d i f f e ren t  g roups  
of roo t le t s  was  ca r r ied  on t ,  un i l a t e ra l ly ,  u n d e r  p e n t o t h a l  
anaes thes i a  a n d  w i t h  full a sep t ic  p r ecau t ions ,  a n d  t he  
c a r d i o - i n h i b i t o r y  and  v i sce ro -moto r  effects,  o b t a i n e d  3 
weeks l a t e r  by  the  e lec t r ica l  s t i m u l a t i o n  of t he  n o r m a l  or  
pa r t i a l ly  d e g e n e r a t e d  v a g a l  t r u n k  (pe r iphe ra l  s t u m p ) ,  
were c o m p a r a t i v e l y  ana ly sed  a n d  r e l a t ed  to the  d i s t r i bu -  
t ion  o[ t he  r e t r o g r a d e  changes  fol lowing t he  ch ron ic  rad i -  
co tomy,  occur r ing  w i t h i n  the  dorsa l  m o t o r  nuc leus  (serial,  
Niss l -s ta ined,  cross sec t ions  of t he  medul la ) .  

The  fi , l lowing resu l t s  were o b t a i n e d :  (i) l n t r a c r a n i a l  
s t i m u l a t i o n  of t h e  b u l b a r - a c c e s s o r y  roo t  was f o u n d  to  
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