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The pe rmeab i l i t y  of  cap i l l a ry  walls  in the CNS in burn shock was studied in exper imen t s  on 
an imals .  During the per iod  of burn shock, a m a r k e r  (peroxidase) was introduced intc the blood 
s t r e a m  of the an imals .  E l e c t r o n - m i c r o s c o p i c  invest igat ion showed that  the capi l la ry  wall  in 
the CNS is p e r m e a b l e  to subs tances  with a m o l e c u l a r  weight of 40,000, such as peroxidase ,  in 
an an imal  in the s tage  of burn shock. 
KEY WORDS: cap i l l a r i e s  of the CNS; cap i l l a ry  pe rmeab i l i ty ;  burn shock. 

The CNS plays  an impor tan t  ro le  in the pathogenesis  of burn shock [1]. It was accordingly  decided to 
study the morpho log ica l  changes in the cap i l l a ry  wall  and neurons  a f te r  extens ive  burns.  

P rev ious  invest igat ions  [2, 3] showed that  deep t h e r m a l  burns affecting a cons iderable  pa r t  of the body 
sur face  a r e  accompanied  by m a r k e d  changes in the nervous  s y s t e m  and, in pa r t i cu la r ,  in the synapt ie  appa-  
r a tus .  Dis tu rbances  of pe rmeab i l i t y  of the cap i l l a ry  wall  also a r i s e  in burn shock. 

In this  invest igat ion an a t tempt  was made  by e lec t ron  h i s tochemica l  methods to study the fine m e c h a -  
n i sms  of m e m b r a n e  pe rmeab i l i t y ,  i .e . ,  to de tec t  d i s tu rbances  of the mic roc i r eu la t ion  in the brain  in burn shock. 

Substances can be t r a n s p o r t e d  through the cy top lasm of endothelial  ce l ls  in s e v e r a l  ways: through the 
in te rce l lu la r  s p a c e s ( b y  means  of the microp inocyto t ic  ves i c l e s ,  by diffusion through m i c r o p o r e s  in the p l a s -  
m a l e m m a ,  and through m e m b r a n e  fenes t ra t ion  [4]. 

Karnovsky  [5] studied the p e r m e a b i l i t y  of blood v e s s e l s  in intact animals  by the use  of pe rox idase  and 
lanthanum as m a r k e r s .  He" found that  the brain cap i l l a r ies  a re  in fact  i m p e r m e a b l e  to these m a r k e r s ,  for  
the zone of obl i te ra t ion  of the cap i l l a ry  is pa r t  of the morphologica l  subs t ra t e  of the b l o o d - b r a i n  b a r r i e r :  
In o ther  in ternal  o rgans  the in terendothel ia l  spaces  a re  not closed by zones of obl i tera t ion but f rom what a re  
known as obl i te ra t ion  spots  4-5 nm in d i a m e t e r  (except in the CNS). Karnovsky cons iders  that the in t e rce l -  
l u l a r  spaces  of cap i l l a r i e s  a re  p e r m e a b l e  to subs tances  with a mo lecu l a r  weight not exceeding 40,000. The 
basa l  l ayer  of  the capi l la ry ,  according  to mos t  w o r k e r s ,  plays a secondary  role  in the p roces s  of p e r m e a b i l -  

ity [5, 6]. 

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

Exper imen t s  were  c a r r i e d  out on 15 albino r a t s .  A burn was applied to the shaved Surface of the skin 
by means  of a spec ia l  e l ec t r i c  hea te r  (12 animals) .  The a r ea  of the burn was 20% of the body sur face  and its 
depth co r responded  to the IIIB degree ,  which was ver i f ied  his tological ly .  The animals  were  killed 15, 30, and 
45 rain af ter  o n e - s t a g e  infliction of the burn and intravenous injection of a solution of pe rox idase  (type IV, in 
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Fig. 1. U l t r a s t r u c t u r a l  changes in cap i l l a ry  wall  in c e r e b r a l  cor tex  a f te r  t he rma l  
burn and injection of peroxidase :  a) dilatation of pinoeytotic ves ic les  of endothe- 
l ial  cell  and swelling of basa l  l aye r .  Karnovsky ' s  reac t ion  for peroxidase .  Con- 
t ro l  of pe rox idase  act ivi ty with inactivation by sodium azide, 25,000 • ; b) intense 
staining of e ry th roey te  in lumen of capi l lary ,  r eac t ion  product  contained in  pinocy-  
totie ves ic les  located in cen t ra l  pa r t  of endothelial  cell .  Osmiophi l ia  of basal  l ayer  
of cap i l l a ry  wall, 15 min af ter  injection of pe rox idase  and burning, 20,000 • c) homo-  
geneous e l ec t ron -dense  m a t e r i a l  in cap i l l a ry  lumen, in pinocytotic ves ic les ,  m o d e r -  
ate staining of basal  l ayer ,  30 rain a f te r  injection of pe rox idase  and burning, 25,000 • 
d) intensive deposit ion of osmiophi l ic  m a t e r i a l  in e ry th roey te ,  in lumen of capi l la ry ,  
in cy top lasm of endothelial  cell  and, in pa r t i cu la r ,  in basal  l ayer ,  which act ively  
branches  and pene t ra tes  into cy top lasm of a s t roey te  surrounding capi l lary ,  45 rain 
af ter  injection of pe rox idase  and burning, 30,000 • BL) Basal  layer ;  N) nucleus;  
AS) as t rocy te ;  P) pinocytotic ves ic l e s ;  E) e ry th rocy te .  

a dose of 10 mg/100  g body weight).  Physiologica l  sal ine with peroxidase  was injected into th ree  control  
an imals ,  which w e r e  not burned.  

The subs t r a t e  for u l t r ah i s tochemica l  detect ion of pe rox idase  was 3,3-diaminobenzidine [7]. ~i~is dye 
gives a homogeneous reac t ion  product  of high contras t ,  and the prec ip i ta te  formed does not r eac t  with the e m -  
bedding medium or solution of cont ras t ing  subs tances .  As a control  of enzyme activity,  m a t e r i a l  inactivated 
by heating was incubated and sodium azide was used, for it comple te ly  inhibits pe rox idase  act ivi ty [8] (Fig. 
la) .  P ieces  of brain ( ce rebra l  cor tex,  a r e a  PA m of the sensomotor  cortex,  l ayer  V) were  fixed in acrole in  
solution at pH 7.2. Frozen  c ryos t a t  sect ions  were  cut, incubated, and postfixed in o smium solution, and then 
embedded in Araldi te .  Ultrathin sect ions  were  stained with lead and examined in the JEM-100B e lec t ron  m i -  
c roscope .  

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

In the control  animals  at var ious  t imes  af ter  injection of pe rox idase  the reac t ion  product  could be ob- 
s e rved  in the lumen of the v e s s e l s .  The blood cells  were  intensely stained. Inclusions of the reac t ion  p r o -  
duct for pe rox idase  appeared  in the pinocytotic ves ic les  in the cy top lasm of the endothelial  cel ls  c loser  to 
the lumen of the cap i l l a ry  only when 30 rain had e lapsed af ter  injection, whereas  in the initial port ions of the 
in te rce l lu la r  ~paces it appeared  af ter  45 min.  The basal  layer  r ema ined  f ree .  The cy top lasm of the p y r a m i -  
dal neurons  contained a mode ra t e  number  of N i s s l ' s  bodies and the endoplasmic  re t i cu lum was well  deve l -  
oped. Sol i tary l y s o s o m e s  and l y s o s o m e - l i k e  bodies were  seen around the in terphase  nuclei.  Axosomat ic  syn-  
apses  were  unchanged and the a s t rocy t e s  and ol igodendrocytes  showed no spec ia l  f ea tu res .  
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On e l e c t r o n - m i c r o s c o p i c  invest igat ion of the cap i l l a r ies  of the c e r e b r a l  cor tex  of the animals  in burn 
shock the following changes were  found: 15 rain af ter  one - s t age  burning and injection of pe rox idase  the r e a c -  
tion product  was deposited in the lumen of the ve s se l s  in the fo rm of a da rk  homogeneous m a s s  and granules .  
The pinocytot ic  ve s i c l e s  also contained dense osmiophi l ic  granules .  The p re sence  of da rk  osmiophi l ic  m a t e r -  
ial also was obse rved  in the in te rce l lu la r  spaces  and in the basal  l ayer  (Fig. lb) .  The mos t  cha rac t e r i s t i c  
fea ture  of the morpholog ica l  p ic ture  of burn shock af ter  30 rain was the fur ther  and m o r e  intensive pe n e t r a -  
tion of the reac t ion  product  (for peroxidase)  in the cy top lasm of the endothelial  cel ls ,  the a r r angemen t  of the 
pinocytotic ves i c l e s  containing dark ,  dense granules ,  around the nucleus,  and the i r  intrusion d i rec t ly  into the 
basa l  l ayer  of the capi l la ry .  It  mus t  be emphas ized  that the lumen of mos t  cap i l l a r ies  was no longer intensely 
stained.  This was evidently due to r e m o v a l  of the reac t ion  product  f rom the blood s t r e a m  and its entry  di-  
r e c t l y  not only into the components  of the capi l la ry ,  but also into t i s sues  ad j acen t  to it (Fig. lc) .  The pe rmeab i l i t y  
of the cap i l l a ry  wall  was increased  45 rain a f t e r  burning. This was shown by an abundance of pinoeytotic v e s -  
ic les  filled with osmiophi l ic  m a t e r i a l ,  which were  d is t r ibuted throughout the cy toplasm of the  endothelial  cells;  
the reac t ion  product  could be seen  both in the lumen of the in te rce l lu la r  space  and in the basa l  par t  of  the 
spaces  between the endothelial  ce l ls .  Osmiophi l ic  m a t e r i a l  occupying the basal  par t  of the spaces  some t imes  
pas sed  d i rec t ly  into the basa l  layer ;  dense deposi ts  of reac t ion  product  could also be seen in the subendothc-  
l ia l  space.  The basa l  l ayer  of the Capi l lar ies  was somewhat  widened and had the appearance  of branched 
p r o c e s s e s ,  which pene t ra ted  into the cy top lasm of the adjacent  a s t rocy te s  and ol igodendrocytes for  a con- 
s iderab le  dis tance (Fig.  ld) .  
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