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E v i d e n c e  of  R e c r u i t i n g  R e s p o n s e s  in  the  Cat 's  
M e s e n c e p h a l i c  R e t i c u l a r  F o r m a t i o n  x 

DEMPSEY and MORISON ~ first  descr ibed the  product ion  
of recrui t ing  responses in t he  cerebral  cor tex  upon s t imula-  
t ion of cer ta in  tha l amic  nuclei.  Thei r  own findings, ex-  
t ended  and  fu r ther  precised, especial ly by  JASPER et al., 
suggested an  in te rp re ta t ion  for t h e  mechan i sm of t h e  
e lec t roencephalographic  spindles usual ly  recorded for 
ins tance  dur ing  na tu ra l  or  ba rb i tu ra t e  sleep. Indeed,  a 
s t r iking s imi la r i ty  exists  be tween  those  spon taneous  
r h y t h m s  and  the  burs ts  of waves  induced by  a s lowly 
repe t i t ive  s t imula t ion  of the  diffusely pro jec t ing  tha lamic  
nuclei.  

On  the  o ther  hand,  i t  was shown t h a t  this  non-specific 
tha lamic  sys tem is itself control led by  the  mesencephal ic  
and bu lba r  re t icular  format ion,  which,  when  ac t iva ted ,  is 
able to coun te rac t  the  cor t ical  rec ru i tment .  Thus,  as a clear 
ascending influence exists  be tween  the  ros t ra l  and caudal  
par ts  of the  so-called centrenc~phal ic  s t ructures ,  i t  seemed 
in teres t ing to tes t  the  reverse  possibili ty,  n a m e l y  a feed- 
back act ion of the  tha l amus  upon the  bra in  s tem re t icular  
format ion.  This  was done by  seeking for recrui t ing  re- 
sponses in the  mesencephal ic  region. 

Cats were prepared  under  e ther  anes thes ia  and  para-  
lysed by  Flaxedi l .  A l though  barb i tu ra tes  in small  doses 
are known to faci l i ta te  the  produc t ion  of recru i tment ,  
i t  seemed advantageous ,  a t  least  for the  pre l iminary  ex-  
per iments ,  to  e l iminate  this  addi t ional  var iable .  E lec t r ica l  
s t imul i  ( repet i t ive I ms square  pulses) were appl ied by  
bipolar  e lectrodes inser ted in a s teel  needle.  Bipolar  
electrodes of the  same type  or  glass microelect rodes  
(about  5/~ a t  the  tip) were used to record the  potent ia l s  in 
t he  cen t ra l  core of the  mesencepha lon  a t  t he  Hors tey-  
Clarke f ronta l  p lane  2 and  la tera l  planes 1 to 3. 

Various types  of responses were elici ted in the  mesen- 
cephal ic  region upon repe t i t ive  s t imula t ion  of d i f ferent  
subcor t ica l  and cor t ica l  s t ructures .  Among  them,  the  
typica l  pa t t e rns  described here as ' recrui t ing responses '  
fulfilled the  fol lowing criteria,  adop ted  by  JASPER and 
AJMONE-MARSAN for similar  p h e n o m e n a  recorded on the  
cerebral  cor tex  3: 

(1) While  the  first of a series of s t imuli  a t  8 or  10/s 
produced l i t t le  or  no visible potent ia l ,  a m a x i m u m  ampli -  
tude  of the  responses was reached af ter  the  th i rd  to the  
s ixth repe t i t ive  shock;  then  the  ampl i tude  gradual ly  
decreased to a more or  less cons tan t  value.  

(2) The  o p t i m u m  f requency  of s t imula t ion  was found 
to lie be tween  5 and 12.5/s. At  lower f requency,  the  po- 
ten t ia l  waves  escaped the  dr iv ing  by the  af ferent  im- 
pulses. A t  h igher  f requency,  r ec ru i tmen t  s imply  did no t  
o c c u r .  

(3) The  l a tency  of t he  responses was abou t  20 to  50 ms. 

The  records of  F igure  A and B i l lus t ra te  the  g iven  def- 
inition. Such pa t t e rns  m a y  be  easi ly ob ta ined  f rom 
s t imula t ing  points  anywhere  in t he  diffusely pro jec t ing  
nuclei  of the  tha lamus .  Moreover ,  when  cor t ical  and  
mesencephal ic  recordings were s imul taneous ly  made,  
r ec ru i tmen t  e i ther  appeared  a t  bo th  sites or  d id  no t  appear  
a t  all, according to the  locat ion of the  s t imula t ing  elec- 
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trodes. On m a n y  occasions, a shock in tens i ty  of 1.5 V was 
sufficient for the  p roduc t ion  of good responses. 

Other  observat ions  were also made,  which can be sum- 
marized as follows: 

(1) Ret icular  units,  responding to  var ious  and wide- 
spread peripheral  s t imulat ions ,  mos t  of ten  also discharged 
in relat ion wi th  t he  local rec ru i t ing  waves .  The  charac-  
teristics of the i r  induced firing have  no t  ye t  been ful ly 
analysed, b u t  i t  appears  t h a t  several  pa t t e rns  of  response 
m a y  be dis t inguished on the  basis of b o t h  l a t ency  and 
relat ion wi th  the  po la r i ty  of the  slow potent ia ls .  Two  
typical  examples  are  p resen ted  in Figure  C and E.  

(2) Under  favourab le  condit ions,  it was somet imes  
possible to elicit  mesencephal ic  recrui t ing  responses by  
s t imulat ion of the  cerebral  cor tex.  

(3) However ,  recrui t ing  responses were still el ici table 
f rom the  tha lamus  into  t he  mesencepha lon  after  r emova l  
of the  whole cerebral co r t ex  of bo th  hemispheres  (Fig. D). 

(4) Effect ive sites of s t imula t ion  were found exclus ively  
in and around the area of the  non-specif ic tha lamic  nuclei. 

(5) Al though no sys temat ic  exp lo ra t ion  of the  recep t ive  
field in the  brain s tem has been so far achieved,  i t  m a y  be 
s ta ted  tha t  the recrui t ing responses,  when  occurring,  
seemed to extend broadly  in the  whole  field of the  medial  
mesencephaton.  

Oscillographic records of recruiting responses in the mesencephalic 
reticular formation. A Recording point inferior and lateral to griseum 
centrale, 10/s stimulation of nucleus centralis tateralis with intensity 
1.5 V. - B Upper trace from prefrontal cortex, lower trace from 
medioventral mesencephalon, parallel development of recruiting 
waves at both sites by stimulating at 6Is at the border between 
nucleus ventralis lateralis and nucleus paraceutralis. C Mesencephalic 
reticular unit discharging in relation to the recruiting waves, 8/s 
stinmlation of nucleus centralis lateralis, D Mcsencephalic recruit- 
ment upon lO/s stimulation of nucleus ceutralis medialis after total 
decortication of both hemispheres. E Short latency unitary responses 
in the mesencephalic reticular formation upon 8/s stimulatiolt of 
nucleus paracentralis. All time marks : 0.5 s except for trace E where 

it is 0"3 s. 

(6) A high f requency s t imula t ion  (100/s and more) of  
the  cerebral  co r t ex  and single or  repe t i t ive  shocks ap-  
plied to  a per iphera l  ne rve  migh t  reduce the  ampl i t ude  or  
even  suppress the  product ion  of recrui t ing responses.  

These  exper iments  demons t ra t e  the  back  ac t ion  of  the  
diffusely pro jec t ing  sys tem of the  t ha l amus  on mesence-  
phal ic  regions which  are physiological ly considered as 
belonging to the  re t icular  system. Faced  wi th  this  fact, 
one would  na tu ra l ly  inquire  abou t  the  s ignif icance and 
impor tance  of this  feed-back mechanism.  The  p rob lem 
has been approached  by  s tudy ing  the  in te rac t ion  be- 
tween impulses of central  and per iphera l  origin, el ici ted a t  
var ious  t ime  intervals  by  s t imula t ion  of the  tha l amus  and 
cutaneous  nerves. The first  a t t e m p t s  indica ted  t h a t  these 
two types  of afferents do no t  a c t i va t e  the  re t icu lar  neu-  
rones in the  same way. So the  resul t ing  figure of interac-  
t ion cannot  be easily in te rp re ted  in simple t e rms  of oc- 
clusion and faci l i tat ion.  F u r t h e r  compl ica t ion  is b rough t  
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in  b y  t h e  rec iprocal  ac t ion  of c e n t r a l  a n d  p e r i p h e r a l  
s t imu l i  because  of t h e  m u t u a l  a l t e r a t i o n s  i n d u c e d  b y  
s ignals  in  these  two  channe l s .  None the less ,  t h e  p r e s e n t  
i n t e r e s t  in th i s  field 4 is e x p e c t e d  soon  to  c la r i fy  o u r  u n d e r -  
s t a n d i n g  of the  descend ing  inf luences  on  t h e  a scend ing  
a c t i v a t i n g  r e t i cu la r  sys tem.  

J.  SCHLAG 

Institut de Thdrapeutique ExpdrimentalG Universitd de 
LiOge (Belgique), April 8, 1958. 

Rdsumd 
La  s t i m u l a t i o n  des noyau  x non-sp6ci f iques  du  t h a l a m u s  

chez  le c h a t  n o n  anesth6si6 ,  p r o v o q u e  des r6ponses  de 
r e c r u t e m e n t  d a n s  le m6senc6phale .  I1 es t  d 6 m o n t r 6  que  
ces r6ponses  s e n t  ana logues  5. celles q u ' o n  enreg i s t re  
c l a s s i q u e m e n t  sur  le co r t ex  e t  que  l e s .neu rones  r6t icul6s  
p a r t i c i p e n t  ~ ce t t e  ac t iv i t6  indu i te .  Ces r6 su l t a t s  impl i -  
q u e n t  l ' ex i s t ence  de re la t ions  r6c ip roques  e n t r e  les s t ruc -  
tu res  d i enc6pha l iques  e t  m6senc6pha l iques  qui  con t r61ent  
le n i v e a n  & a c t i v a t i o n  c6r6brale .  

F r o m  t h e  e x p e r i m e n t s  p e r f o r m e d  w i t h  co rn  oil i t  is 
e v i d e n t  t h a t  a m i n i m u m  of l ipid m u s t  be  fed in o rder  to 
o b t a i n  p ro t ec t i on .  ~vVith t h e  m a t e r i a l  e m p l o y e d  here ,  the 
m i n i m a l  dose would  seem to  lie b e t w e e n  1 a n d  2 ml. 

T h e  lac teals  of an ima l s  dy ing  f rom a n a p h y l a c t i c  shock 
w i t h i n  5 to  20 ra in  a f t e r  chal lenge,  i.e. 65 to  80 ra in  after 
feeding of t h e  l ipid were  v is ib le  as w h i t e  turgescent  
s t r ings ;  in  a few cases, t he  s e r u m  t a k e n  f rom such  animals  
a t  d e a t h  was s l igh t ly  opaque .  Likewise,  in cases where 
2 ml  a m o u n t s  of co rn  oil etc.  were fed to  non-sens i t ized  
guinea-p igs  or  to  gu inea-p igs  sens i t i zed  b u t  n o t  challenged,  
t he  lac tea ls  showed  t h e  s ame  w h i t i s h  c o n t e n t  90 rain 
a f t e r  r ece iv ing  t he  lipid. Of the  sens i t i zed  guinea-pigs 
p r o t e c t e d  a g a i n s t  l e tha l  a n a p h y l a c t i c  shock  b y  co rn  oil or 
b y  sesame oil, a few were ki l led in  o rder  to  e x a m i n e  the 
lac tea ls  a f t e r  t h e  a n i m a l s  h a d  recovered ,  i.e. 20-30 min 
a f t e r  cha l lenging .  I n  all  t hese  p r o t e c t e d  an imals ,  the 
lac teals  were en t i r e ly  t r a n s p a r e n t .  I t  would  t h u s  appear  
t h a t  d u r i n g  a n a p h y l a c t i c  shock  in  the  gu inea -p ig  some 
c lear ing  a g e n t  is r e l e a s e d - - m o s t  p r o b a b l y  f rom t h e  in- 
t e s t i na l  t r ac t .  

I W. R. ADEY, J. P. SEGV~DO, and R. B. LIVINGSTON, J. Neuro- 
phy--iol, o0, 1 (1957). 

Inh ib i t i on  of  A n a p h y l a c t i c  S h o c k  b y  O r a l  L i p i d s  

I n  t h e  course  of a c o m p a r a t i v e  s t u d y  on  t h e  m e c h a n i s m  
of a c t i o n  of  an t i -a l l e rg ic  s u b s t a n c e s  u n d e r t a k e n  in  o u r  
l abora to r ies ,  i t  was  found  t h a t  d i e t a r y  l ipids  c an  p r oduce  
a n  i m m e d i a t e  an t i -a l le rg ic  effect  i n a s m u c h  as gu inea-p igs  
m a y  be  p r o t e c t e d  a g a i n s t  l e tha l  a n a p h y l a c t i c  shock  
w i t h i n  i h a f t e r  t he  inges t ion  of ce r ta in ' l ip ids .  T he  follow- 
ing  is a p r e l i m i n a r y  a c c o u n t  of these  expe r i m en t s .  

Methods.--Male gu inea -p igs  we igh ing  f rom 300-350 g 
were sens i t i zed  b y  a single s u b c u t a n e o u s  dose of 0.5 ml  of 
a 20% (v/v)  egg-whi te  so lu t ion .  T h r e e  weeks  la ter ,  ana -  
p h y l a c t i c  shock  was e l ic i ted  b y  a n  i n t r a v e n o u s  in j ec t ion  
of 0-2-0.3 ml  of a 2 %  (v/v)  egg-whi te  so lu t ion .  Th i s  pro-  
cedure  resu l ted  in t he  d e a t h  of 39 o u t  of a t o t a l  of 47 con-  
t ro l  an ima l s  a n d  n e v e r  ki l led less t h a n  a/4 of t h e  a c t u a l  
con t ro l  g roup  r u n  in the  s ame  series. T he  egg-whi te  used  
in these  e x p e r i m e n t s  was  o b t a i n e d  f rom severa l  f resh eggs; 
i t  was  homogen i zed  b y  r e p e a t e d  f reezing a n d  t h a w i n g  
a n d  s t r a i n i n g  t h r o u g h  gauze.  I d e n t i c a l  b a t c h e s  were used  
for s ens i t i za t ion  a n d  cha l lenging .  T he  l ipids  to  be  t e s t e d  
were  w a r m e d  to  38-40  ° C a n d  fed drop-wise  w i t h  a p ipe t t e .  
I n  m o s t  cases, t h e  a m o u n t  a d m i n i s t e r e d  was  2 m l / a n i m a t  
a n d  t he  i n t e r v a l  b e t w e e n  feeding  a n d  cha l l eng i ng  60 rain.  
I n  a few cases t h e  i n t e r v a l  b e t w e e n  feeding a n d  cha l leng-  
ing or  t h e  a m o u n t  of l ipid fed were var ied .  Oils a n d  fa ts  
were e m p l o y e d  as ava i l ab l e  f rom var ious  c o m m e r c i a l  
sources.  Cod- l iver  a n d  sesame  oil were of t he  t y p e  specifi- 
ed b y  t h e  Swiss P h a r m a c o p o e a  (Ph.  H.  V.). Linoleic  a n d  
l inolenic  acid ( H o f f m a n n - L a  Roche)  were o b t a i n e d  f rom 
a m p o u t e s  sealed u n d e r  n i t r o g e n  a n d  m i x e d  w i th  t h e  
specif ied a m o u n t s  of a r ach i s  oil or  p r o p y l e n e  glycol ex 
tempore 5 min  p r io r  to  b e i n g  fed. 

Results (see Table) .  -- A single ora l  dose of  c e r t a i n  t ipids 
exe r t ed  a p r o t e c t i v e  effect  a g a i n s t  l e tha l  a n a p h y l a c t i c  
shock  in t h e  guinea-pig .  T h e  l is t  of ac t ive  l ipids compr i ses  
t h r ee  oils of vege tab le  origin,  i.e. co t ton-seed ,  sesame a n d  
corn  oil, a n d  one  a n i m a l  fat ,  i.e. bone  oil. T he  effects  
o b t a i n e d  w i t h  a rach i s  oil, l inolenic  acid a n d  cod- l iver  oil 
are  p r o b a b l y  n o t  s ign i f ican t  in  v iew of t he  r e s t r i c t e d  
n u m b e r  of a n i m a l s  employed .  Ol ive  oil, soy  b e a n  lec i th in  
mixed  w i t h  a r ach i s  oil, l inoleic acid,  f resh  c ream,  b u t t e r ,  
l a rd  a n d  egg-yolk  were  inef fec t ive  in  t he  a m o u n t s  s tud ied .  

Lipids Amount fed* Protection** 
(ml) 

Vegetable 
Arachis oil . . . . . . . .  
Cotton-seed oil . . . . . . .  
Sesame oil . . . . . . . . .  
Olive oil . . . . . . . . .  
Corn oft . . . . . . . . . .  

Soy bean lecithin . . . . . .  
plus arachis oil . . . . . .  

Linoleic acid . . . . . . . .  
plus arachis oil . . . . . .  

Linolenic acid . . . . . . .  
plus propylene glycol . . . 

Animal 
Fresh cream . . . . . . . .  
But te r  . . . . . . . . . .  
Lard . . . . . . . . . . .  
Egg-yolk . . . . . . . . .  
Cod-liver oil . . . . . . . .  
Bone oil . . . . . . . . . .  

Controls (no feeding) . . . .  
Controls: Peptone 10% . . . 

2 
2 
2 
2 
2 
1 
0.5 
1 
1 
0.5 
1.5 
0.5 
1-5 

3/10 
6/10 
7/14 
2[10 
7113 
2/7 
1/5 
2/10 

1/8 

2/5 

2f8 
1/9 
2/8 
2/9 
3/8 
4/tO 
8147 
1/9 

* Oral administration of lipids etc, I h before challenging. 
** Number of animals protected/nmnber of animals employed. 

F r o m  f u r t h e r  e x p e r i m e n t s  w i th  co rn  oil in  2 ml amount s  
i t  b e c a m e  e v i d c n t  t h a t  t h e  p r o t e c t i v e  a c t i v i t y  of this 
l ipid sets  in w h e n  a b s o r p t i o n  ha s  r eached  a c e r t a i n  level, 
i.e. in t h i s  case n o t  u n t i l  30-45  rain  h a v e  pas sed ;  i t  then  
las ts  for  a b o u t  2 to  3 h a n d  is p r ac t i c a l l y  f in i shed  5 h after 
feed ing  t h e  l ipid.  

P r e l i m i n a r y  b u t  u n e q u i v o c a l  e x p e r i m e n t s  in  which 
g roups  of sens i t ized  guinea-pigs  were fed w i t h  corn  oil and 
s i m u l t a n e o u s l y  i n j ec t ed  w i t h  a n t i - a n a p h y l a c t i c  doses of 
Proteus po lysaccha r ides  1 or a n t i h i s t a m i n e s ,  such as 
t r i p e l e n n a m i n e  or  p romaz ine ,  showed  t h a t  feeding of the 
a n t i - a n a p h y l a c t i c a l l y  ef fec t ive  l ipid t o g e t h e r  w i t h  an  in- 
j e c t i on  of t h e  an t i -a l l e rg ic  po ly saccha r ide  r e su l t ed  in no 

i R. MEIER, H. J. BEIn, and R. JAQuEs, Exper. le, 285 (1956); 
Int. Arch. Allergy I1, 101 (1957). 


