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In recent  yea r s  many investigations showing that the blood-brain b a r r i e r  (BBB) in animals is permeable  
to some  degree for  macromolecules  have been published: On injection of vital dyes into the blood s t r eam they 
can be found in the parenchyma of the brain not only in zones known to be "outside the ba r r i e r "  [3-5, 7], but also 
in other brain regions.  It has been shown that BBB permeabi l i ty  depends on the functional state of the organism.  
Under pathological conditions, and also in experimental  i schemia,  hypercapnia,  hypertension,  and under the in -  
fluence of ionizing radiation, burns, cerebra l  edema,  and so on [6, 9, 14], permeabi l i ty  of the BBB is increased.  
The study of the problem whether permeabi l i ty  of the BBB var ies  during emotional s t r e s s  is of considerable in- 
te res t ,  including for  medical pract ice .  

The object of this investigation was a morphological  study of BBB permeabi l i ty  (excluding zones known 
to be "outside the bar r ie r" )  in control ra ts  and after  experimental  emotional s t r e s s  induced by immobilization. 

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

Male Sprague 'Dawley  rats  weighing 150-250 g were  immobil ized by the method descr ibed previously  [15]. 
During immobil izat ion the blood p r e s s u r e  (BP) was r eco rded  through a ca theter  inser ted  into the abdominal 
aor ta  2 days before the experiment.  After  immobil izat ion of the rats  for  6.5 h, 1 cm 3 of a 2% solution of t rypan 
blue in physiological saline was injected intraveneously.  The rats  were decapitated f rom 15 sec to 30 rain af-  
t e r  injection of the dye. The brain was quickly removed  and t rea ted  by the F a l k - H i l l a r p  method [11, 13]. In- 
tact  male rats  se rved  as the control .  

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

Vital dyes in the blood s t r eam,  conjugated with p lasma  proteins,  fo rm a complex which, af ter  t rea tment  
of the brain by the F a l k - H i l l a r p  method, are  revealed by their  acid f luorescence .  In control experiments  red  
f luorescence  was usually l imited to blood vessel  walls.  In some cases  foci of extravasat ion and penetrat ion of 
the dye into the brain parenchyma are found. The intensity of extravasat ion was found to depend largely on the 
duration of the animals '  survival  af ter  injection of t rypan blue. Under the present  experimental  conditions the 
optimal time was 1 min. Permeabi l i ty  of BBB in control ra ts  killed 1 rain af ter  injection of t rypan blue was 
found to be presen t  in the preoptic region, in the hypothalamus - in the arcuate,  per iven t r icu la r  and, to a l e s se r  
degree,  pa raven t r i cu la r  nuclei, in the midbrain - in the ventral  region of the tegmentum, in the medulla - in the 
re t icu la r  formation,  chiefly in its ventral  path, in the region of distribution of catecholamine-synthesiz ing groups 
A 1 and A 5 and between them, and in region A 2 and the nucleus of the t rac tus  sol i tar ius  (nomenclature according 
to  [121). 

In the case of a longer period of survival  af ter  injection of trypan blue, enlarged pe r ivascu la r  spaces  
could be seen,  but they no longer contained any t r aces  of the f luorescent  dye. 

Ter r i to r ia l  variabi l i ty of the density of the BBB was thus found in the control animals:  Increased  p e r -  
meabili ty of BBB was observed most  often in s t ruc tu res  located nea r  the basal surface of the brain. The con- 
s iderable individual variabi l i ty of the density of BBB in the control must  be noted. 
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Fig. 1. Destruct ion of BBB in mesencephalic  (a) and medullary (b) re t icu lar  f o r -  
mation after  immobilization for 6.5 h. Injection of t rypan blue, subsequent t r e a t -  
ment by F a l k - H i l l a r p  method. Magnification 370. 

After 6.5 h of immobil ization the greates t  changes in BBB were found in two regions of the b ra in - s t em 
re t icular  formation - in the midbrain and medulla (Fig. 1). In the mesencephalic re t icular  formation rupture 
of blood vessels  and an extensive zone of red  f luorescence  around them could be observed.  In the medullary 
re t icu lar  format ion the pat tern of BBB permeabil i ty  were different: The dye was distr ibuted around the vesse ls  
in a c i r cumscr ibed  zone with more or less regular  outlines. 

Besides the two zones of the b ra in - s t em re t icu la r  formation increased  permeabi l i ty  af ter  immobilization 
was a feature of the same BBB s t ruc tures  as in the control animals,  although the increase  was more  clear ly 
marked.  

Strict  dependence of the degree of disturbance of the BBB on the t ime course of BP during immobilization 
s t r e s s  could not be detected although on the whole such a t rend could be noted: The grea tes t  disturbances of 
BBB were found in rats  distinguished by a sharp  r ise (by 20-25 mm Hg) in BP during immobilization. 

The results  thus indicate significant injuries to BBB in two zones of the b ra in - s t em re t icu la r  formation 
under conditions of a single long- te rm exposure to immobilization s t r e s s .  

The decisive role of the medullary re t icu la r  formation in the mechanism of vitally important  autonomic 
functions is well known. Investigations have demonst ra ted  the leading role of the mesencephalic  re t icu lar  f o r -  
mation in the mechanism of the various defensive responses ,  including immune, maintaining homeostas is  [1, 2, 
8, 10]. Destruct ive changes in neurons of the re t i cu la r  formation in the oral and caudal zones of the brain stem, 
an inevitable consequence of damage to BBB, thus undoubtedly have a significant effect on the state of the physi -  
ological functions of the body and, consequently, they largely  determine the sever i ty  of the consequences of emo-  
tional s t r e s s .  
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The media l  and l a t e ra l  zones  of the r e s p i r a t o r y  cen te r  differ  in the i r  neuronal  composi t ion and functional 
ro le  [1, 2, 4-9].  High-f requency s t imula t ion  of i n sp i r a to ry  and exp i ra to ry  s i tes  of the g igantocel lu lar  nucleus 
[5-7] changes the s ta te  of the overwhelming ma jo r i t y  of insp i ra to ry  and exp i ra to ry  neurons of the nucleus a m -  
biguus and nucleus r e t roambiguus  (ventral  r e s p i r a t o r y  nucleus) and nucleus of the t r ac tus  so l i ta r ius  (dorsal  
r e s p i r a t o r y  nucleus) and evokes  spike act ivi ty in them [6-8]. The p r e sence  of var ious  mutual  functional con-  
nections has been es tab l i shed  between neurons  of the insp i ra to ry  and exp i r a to ry  s i tes  of the g igantocel lu lar  
nucleus and the ven t ra l  and dorsa l  r e s p i r a t o r y  nuclei  [5-8]. No informat ion  is avai lable  on d i rec t  connections 
between neurons  of media l  and la te ra l  zones of the r e s p i r a t o r y  center ,  although there  a re  indi rec t  data sug-  
gest ing the i r  ex is tence .  One piece  of such indi rec t  evidence is  the r e c o v e r y  of spike activity of r e s p i r a t o r y  
neurons  when it has c ea s ed  during s t imula t ion  of i n sp i r a to ry  s i tes  [7, 8]. 

The object  of this invest igat ion was to study connections of neurons  of insp i ra to ry  and exp i ra to ry  s i tes  of 
the g igantocel lu lar  nucleus with r e s p i r a t o r y  and r e t i cu l a r  neurons of the vent ra l  and dorsa l  r e s p i r a t o r y  nuclei  
by analys is  of latent  per iods  of e l ec t r i ca l  r e sponses  of the neurons  to equivalent s t imula t ion  of these  s i t es .  

EXPERIMENTAL METHOD 

Experiments were carried out on 12 spontaneously breathing cats anesthetized with pentobarbital (40 mg/kg, 
intraperitoneally). The preparatory operations and the technique of conducting the observations were described 
in [7, 8]. Bipolar (interelectrode distance i00 #) or glass electrodes, filled with Wood's alloy, were used for 
s t imulat ion.  The t ips  of the g lass  e l ec t rodes  were  coated e lec t ro ly t ica l ly  with plat inum. E lec t r i ca l  act ivi ty was 
r eco rded  on the side of s t imula t ion  f r o m  the phrenic  ne rve  at levels  C4-C5. To r e c o r d  in tegra ted  activi ty of 
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