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Di f fe rences  a r e  found in the d i s t r i bu t ion  of c a t e c h o l a m i n e s  in s t r u c t u r e s  of the o r a l  b r a i n  
s t em of albino mice  under  n o r m a l  condi t ions  and in asphyxia .  

Func t iona l  s y s t e m s  f o r m e d  in s t a t e s  of s t r e s s  a r e  c h a r a c t e r i z e d  by  a p a c e m a k e r  p h y s i o l o g i c a l  a r c h i -  
t e c tu re ,  with the fo rma t ion  of what P.  K. Anokhin (1970) d e s c r i b e s  as  e n e r g e t i c a l l y  nodal  m e c h a n i s m s  in 
the r eg ion  of the l imb ic  sy s t em.  

The ob jec t  of  the p r e s e n t  inves t iga t ion  was to s tudy the " c a t e c h o l a m i n e  a r c h i t e c t u r e "  of the funct ional  
s y s t e m  of s t r e s s  s imu la t ed  by asphyxia .  The ro le  of c a t e c h o l a m i n e s  in the o rgan i za t i on  of  s t r e s s  s t a t e s  
has  been  d e m o n s t r a t e d  [4-6, 10]. 

E X P E R I M E N T A L  M E T H O D  

Adult  albino mice  we re  used  for  the e x p e r i m e n t s .  A r u b b e r  f i nge r  s t a l l  was p l aced  ove r  the a n i m a l ' s  
snout. The s ta te  of a sphyx ia  was  judged f rom the deve lopment  of m o t o r  exci ta t ion .  The a n i m a l s  w e r e  
decap i t a t ed  a f te r  the f i r s t  (25-30 sec) o r  second  moto r  exc i t a t ion  (50 s e c - 2  min 30 sec) .  The b r a i n  was 
quickly  r emoved  f rom the skul l ,  the r e q u i r e d  p a r t  was e x c i s e d  and mounted t o g e t h e r  with the s a m e  p a r t  of 
the  b r a i n  of a n o r m a l  an imal ,  and p l a c e d  on a f r e e z i n g  m i c r o t o m e .  Sect ions  were  cut to a t h i cknes s  of  
10/2 and subsequent ly  t r e a t e d  ( lyophil ic  d ry ing  and hea t ing  in fo rma ldehyde  vapor)  by  the method of F a l c k  
e t  al. [7] in the modi f ica t ion  adopted in V. A. G o v y r i n ' s  l a b o r a t o r y  at  the Ins t i tu te  of Evo lu t iona ry  B i o -  
c h e m i s t r y  and Phys io logy .  The in tens i ty  of  f l u o r e s c e n c e  was e s t i m a t e d  v i sua l ly .  

E X P E R I M E N T A L  R E S U L T S  

Under  n o r m a l  condi t ions  the  g r e a t e s t  in tens i ty  of f l u o r e s c e n c e  was found in the fol lowing s t r u c t u r e s  
of the o r a l  d iv i s ion  of the b r a i n  s t e m :  locus  coe ru leus ;  subs t an t i a  n igra ;  g r i s e a  c e n t r a l i s ,  and ad jacen t  
v e n t r o l a t e r a l  po r t ions  of the m e s e n c e p h a l i c  r e t i c u l a r  fo rmat ion ;  the r eg ion  of the raphe ;  gangl ion i n t e r -  
penduncutare ,  t oge the r  with r eg ions  ly ing  l a t e r a l l y  to i t  {Fig. 1). F l u o r e s c e n c e  of the  locus  c o e r u l e u s  was 
p a r t i c u l a r l y  s t rong  (Figs .  2-3),  and that  of  the subs t an t i a  n i g r a  s l igh t ly  w e a k e r  (Fig. 3b); the o the r  t h r e e  
r eg ions  ment ioned above gave about equal  f l uo re scence ,  somewhat  w e a k e r  than the f i r s t  two. In the sub -  
s t an t i a  g r i s e a  c e n t r a l i s  of the o ra l  d iv i s ion  of the pons,  the f l u o r e s c e n t  r eg ion  was s m a l l  and occupied  a 
s m a l l  a r e a  in the mid l ine  in the p e r i v e n t r i c u l a r  g r a y  m a t t e r  (Fig. la ) .  At the l eve l  of the i n f e r i o r  co l l icu l i ,  
the  r eg ion  of in t ens ive  f l u o r e s c e n c e  occupied  the v e n t r a l  p a r t  of the subs t an t i a  g r i s e a  c e n t r a l i s ,  much of the 
ad jacent  r e t i c u l a r  fo rmat ion ,  and a lso  an a r e a  of the raphe  in d i r e c t  contac t  with the g r i s e a  c e n t r a l i s  (Fig. 
lb) .  At the l eve l  of the s u p e r i o r  co l l i cu l i ,  the subs t an t i a  rdg ra  and an a r e a  of the raphe  loca ted  be tween  the 
r igh t  and le f t  ha lve s  of  the s u b s t a n t i a  n i g r a  were  s t rong ly  f l u o r e s c e n t  (Fig.  l c ) .  
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Fig.  1 Fig.  2 

Scheme of f l u o r e s c e n t  r eg ions  of o r a l  d iv i s ion  of  the b r a i n  s t e m  of an albino mouse :  Fig .  1. a) 
o r a l  d iv i s ion  of  ports; b) l eve l  of i n f e r i o r  co l l i cu l i ;  c) l eve l  of s u p e r i o r  co l l icu l i .  S.n.) subs t an t i a  
n ig ra ;  g.ip.) gangl ion i n t e r p e d u n c u l a r e ;  n.V rues.) m e s e n c e p h a l i c  nucleus  of t r i g e m i n a l  ne rve .  

Fig .  2. C a t e c h o l a m i n e s  in r e g i o n  of locus  c o e r u l e u s :  a) locus  coe ru l eus ,  n o r m a l  (object ive 10, 
o c u l a r  Homal  3); b) the  s a m e  (object ive  40, o c u l a r  Homal  3); c - i )  f l u o r e s c e n t  c e l l s  of locus  
c o e r u l e u s  on s o m a  of  which n o r a d r e n a l i n - d o p a m i n e  t e r m i n a l s  can be seen.  In e on the left ,  
c e l l s  of m e s e n c e p h a l i c  nuc leus ;  on the  r ight ,  c e l l s  of locus  c o e r u l e u s  (object ive 90, i m m . ,  ocu -  
l a r  Homal  3). 

The c o l o r  of the f l u o r e s c e n c e ,  and, consequent ly ,  the  compos i t i on  of c a t e c h o l a m i n e s ,  d i f f e red  in the  
s t r u c t u r e s  l i s t e d  above. The locus  c o e r u l e u s  a r~  s u b s t a n t i a  n i g r a  gave a d i s t i nc t ive  b r i g h t  g r e e n  f l u o r e s -  
cence ,  ind ica t ing  a high concen t r a t i on  of  n o r a d r e n a l i n  and dopamine  in t hese  s t r u c t u r e s .  Yel low t e r m i n a l s , .  
ev idence  of the  p r e s e n c e  of  s e ro ton in  in the  endings ,  we re  o b s e r v e d  in the  reg ion  of  the  locus  c o e r u l e u s  
only a round  c e l l s  of the m e s e n c e p h a l i c  nuc leus  of the t r i g e m i n a l  ne rve ,  imbedded  in the locus  coe ru leus .  
P r e d o m i n a n t l y  s e r o t o n i n  t e r m i n a l s  we re  c h a r a c t e r i s t i c  of the  r eg ion  of the  r aphe  and subs t an t i a  g r i s e a  
c e n t r a l i s .  In the v e n t r o l a t e r a l  ho rns  of the  subs t an t i a  g r i s e a  c e n t r a l i s ,  the  gangl ion in t e rpeduncu la re ,  and 
ad j acen t  a r e a s  l a t e r a l  to i t  the content  of s e ro ton in  and of c a t e c h o l a m i n e s  was  ev ident ly  equal .  

F l u o r e s c e n c e  of  the l ocus  c o e r u l e u s  (and, to a l e s s e r  d e g r e e ,  of the  s u b s t a n t i a  n igra)  i s  a s s o c i a t e d  
with the c y t o p l a s m  (Fig.  2c-f) .  Aga ins t  the  background  of the  b r igh t  g r e e n  f l u o r e s c e n c e  i t  was  di f f icul t  to 
de tec t  the g r e e n i s h - y e l l o w  t e r m i n a l s .  This  f ea tu re  d i s t i ngu i she s  t h e s e  r eg ions  f rom the o the r s  in which 
f l u o r e s c e n c e  was  found ma in ly  as  the  h ighe r  concen t r a t i on  and m o r e  in t ens ive  f l u o r e s c e n c e  of the t e r m i -  
na l s  (Fig.  2e, ce l l  on lef t ,  and Fig.  3c-f) ;  c e l l s  with a f l u o r e s c e n t  c y t o p l a s m  w e r e  v e r y  r a r e .  

A p p a r e n t l y  in the  locus  c o e r u l e u s  and s u b s t a n t i a  n i g r a  c a t e c h o l a m i n e s  a r e  s y n t h e s i z e d  not only in the 
t e r m i n a l s ,  but  a l so  in the  some  of the  c e l l s .  So f a r  as  the  s u b s t a n t i a  n i g r a  i s  conce rned ,  th i s  has  been  
d e m o n s t r a t e d  e l e c t r o n - m i c r o s c o p i c a l l y  a l so  [3]. 

Dur ing  s t r e s s ,  no new f l u o r e s c e n t  s t r u c t u r e  a p p e a r e d  in the r eg ion  inves t iga ted .  A f t e r  the f i r s t  
m o t o r  exc i t a t ion  the in t ens i ty  of f l u o r e s c e n c e  of  al l  the s t r u c t u r e s  fe l l  app rec i ab ly ,  and a f t e r  s t r o n g e r  
s t r e s s  i t  u s u a l l y  was  s l i gh t ly  m o r e  m a r k e d  than no rma l ly .  This  app l i e s  to a~l s t r u c t u r e s ,  but  mos t  of al l  
to the locus  coe ru l eus ,  the subs t an t i a  g r i s e a  c e n t r a l i s  (Fig.  3a) and i t s  horns .  However ,  the  g r e a t  l ab i I i t y  
of the ca t echo l amine  l eve l s  in t hese  s t r u c t u r e s  and the p r e c i s e  dependence  of the  in t ens i ty  of f l u o r e s c e n c e  
on the e x p e r i m e n t a l  condi t ions  mus t  be po in ted  out. 

A high concen t ra t ion  of c a t e c h o l a m i n e s  and monoamine  ox idase  in the locus  c o e r u l e u s  has  been  ob-  
s e r v e d  by  al l  w o r k e r s  who have i nves t i ga t i ga t ed  the r e g i o n  of the i s thmus .  The monoamine  ox idase  content  
in the locus  coe ru l eus  i s  v e r y  high even in the e m b r y o n i c  p e r i o d  [12, 13]. The sugges t ion  has  been  made  
[1] that  the locus  coe ru l eus  l i b e r a t e s  a d r e n a l i n  dur ing  the s t r e s s  r e a c t i o n  to s e c u r e  addi t ional  ac t iva t ion  
of the whole s y m p a t h i c o - a d r e n a l  sys t em.  
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Fig.  3. Ca t echo l amines  in o r a l  d iv i s ion  of b r a i n  s t e m :  a) 
r eg ion  of raphe ,  e x p e r i m e n t  (object ive 10, o c u l a r  Homal  
3); b) subs t an t i a  n ig ra ,  n o r m a l  (magnif ica t ion  as  in a); c) 
s e ro ton in  endings on ce l l  of o r a l  r e t i c u l a r  nucleus  of the  
ports, e x p e r i m e n t  (object ive  90 imm. ,  o c u l a r  Homal  3); 
d, e) s e ro ton in  endings on ce l l s  of mesencepha l i c  nucleus  
of t r i g e m i n a l  ne rve ,  e x p e r i m e n t  and n o r m a l  r e s p e c t i v e l y  
(magnif ica t ion  as  in c) ; f) r eg ion  of  raphe ,  n o r a d r e n a l i n -  
dopamine  t e r m i n a l s ,  n o r m a l  (magnif ica t ion  as  in c). 

Some ce l l s  of  the  mesencepha l i c  nucleus ,  e s p e c i a l l y  those  in the r eg ion  of the i s thmus ,  p o s s e s s  the 
h ighes t  s e n s i t i v i t y  (compared  with a l l  o the r  s t r u c t u r e s  of the b r a i n  stem} to changes  in  the  c o m p o s i t i o n  of  
the  a tmosphe re .  

This  involvement  of the locus  coe ru l eus  in a sphyx ia  of s h o r t  du ra t ion  sugges t s  that  th is  s t r u c t u r e  
p l a y s  a l ead ing  ro l e  in the o rgan i za t i on  of s t r e s s  s t a t e s  connected  with d i s t u r b a n c e  of r e s p i r a t i o m  I n f o r m a -  
t ion r e g a r d i n g  changes  in the  compos i t ion  of the a t m o s p h e r e  may  r e a c h  c e l l s  of the  locus  c o e r u l e u s  th rough  
the mesencepha l i c  root .  The p r e s e n c e  of s e n s o r y  endings capab le  of de tec t ing  changes  in the cons t ance  of 
the a i r  has  been  d e m o n s t r a t e d  in the r e s p i r a t o r y  p a r t  of the n a s a l  mucous  m e m b r a n e  [2]. The p o s s i b i l i t y  
is  not ru l ed  out that  t he se  s e n s o r y  bod ies  a r e  fo rmed  by  p e r i p h e r a l  b r a n c h e s  of c e l l s  in the  m e s e n c e p h a l i c  
nucleus .  It can a lso  be  pos tu l a t ed  tha t  ce l l s  of  the mesencepha l i c  nucleus  r e a c t  to changes  in the gas  c o m -  
pos i t ion  of the  blood d i r e c t l y  b e c a u s e  of t h e i r  c l o s e  con tac t  with the abundant  c a p i l l a r y  ne twork  [8]. 

The ro l e  of the locus  coe ru l eus  in the  o rgan i za t i on  of the p r o t e c t i v e  cesponse  in s t r e s s  may  be two-  
fold. S t imula t ion  of the locus  coe ru l eus  l e a d s  to the l i b e r a t i o n  of c a t e c h o l a m i n e s  into the blood s t r e a m ,  
f rom which they act  on s e v e r a l  b r a i n  s t r u c t u r e s ,  notably  the  hypotha lamus .  In addit ion,  t h e r e  is  r e a s o n  to 
suppose  that  ex tens ive  caudal  and o r a l  ne rvous  p r o j e c t i o n s  of  th is  s t r u c t u r e  ex is t .  These  connec t ions  may  
b r i n g  about ac t iva t ion  of the g e n e r a l  m o t o r  and r e s p i r a t o r y  r e s p o n s e s .  

These  e x p e r i m e n t a l  r e s u l t s  sugges t  the e x i s t e n c e  of a c o r t i c o p e t a l  s y s t e m  of c a t echo l amine  f i b e r s  
running f rom the b r a i n  s t em to the  neocor tex .  Evidence in favor  of th is  has  r e c e n t l y  been  obta ined by 
Swedish w o r k e r s  us ing  a h i s t o c h e m i c a l  method to de tec t  amines  [9]. 

The l oca l i za t i on  of  the f l u o r e s c e n t  r eg ions  ind ica t e s  that  s t a r t  of th is  p r o j e c t i o n  a scends  in the bundle  
of Schutz (which is  conce rned  in the main tenance  of h o m e o s t a s i s  [11]) to the b a s a l  r eg ions  of the fo r eb ra in .  

The l o c a l i z a t i o n  of  f l u o r e s c e n c e  in the r eg ion  of the gangl ion i n t e r p e d u n c u l a r e ,  the  r eg ions  l a t e r a l  to 
it ,  and po r t i ons  of the  r e t i c u l a r  f o r m a t i o n  ly ing  v e n t r o l a t e r a l l y  to the s u b s t a n t i a  g r i s e a  c e n t r a l i s  i nd i ca t e s  
that  in s t r e s s  ascending  p r o j e c t i o n s  a lso  r e a c h  the h ippocampus  through the t r a c t  of M e i n e r t  and the f l o c -  
culus  and also,  ev ident ly ,  through ascend ing  p r o j e c t i o n s  of the m e s e n c e p h a l i c  r e t i c u l a r  fo rmat ion .  
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All these ascending systems contribute to the organization of the means of escape from the terminal 
state, with the participation of the neo-, archi- ,  and paleocortex. 
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