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With an i nc rea se  in the concent ra t ion  of osmot ica l ly  act ive  subs tances ,  not pass ing  through cell  m e m -  
b r a n e s  or  the blood - b r a i n  b a r r i e r ,  in the blood, dehydrat ion of the ce l l s  t akes  p lace .  It is  c l a imed  that  th is  
m e c h a n i s m  l i e s  at the bas i s  of dehydrat ion of the bra in  during osmot ic  t he r apy  [1-3, 6]. However ,  d i rec t  
e x p e r i m e n t s  have shown that  even infusion of  concent ra ted  solutions of  o smot i ca l ly  act ive  subs tances  into 
the  blood o r  inject ion of  d iure t ics ,  caus ing r ap id  excre t ion  of fluid by the kidney, in a vo lume exceeding total  
c i rcu la t ing  blood volume,  had no s ignif icant  effect  on the w a t e r  content in bra in  t i s sue  [5]. 

The  p r e s e n t  invest igat ion was devoted to an ana lys i s  of the m e c h a n i s m  of  s tabi l iza t ion of the volume of 
fluid in the bra in  during sudden changes in the o smo la r i t y  and quantity of ex t r ace l l u l a r  fluid. 

EXPERIMENTAL METHOD 

Male  Wis t a r  albino r a t s  weighing 150-200 g were  used.  The an imals  we re  anes the t ized  by in t raper i tonea l  
inject ion of 2% pentobarb i ta l  solution (0.25 m l / 1 0 0  g body weight). Polye thylene  glycol 400 (PEG) in a dose 
of  1.5 m m o l e  (0.6 g ) /100  gbody weight  was injected in the cour se  of  30 rain into the saphenous vein by means  
of a per fus ton  pump.  Sodittm and po ta s s ium concen t ra t ions  in the  blood s e r u m  w e r e  de te rmined  on a "Flapho-  
4"  f l ame  pho tomete r ,  the prote in  concent ra t ion  on an RF-22 r e f r a c t o m e t e r ,  and the total  il~)n concentra t ion  
in hemolyzed  blood was m e a s u r e d  by an AAS-1 a tomic  absorp t ion  s p e c t r o p h o m e t e r  in an a i r - a c e t y l e n e  f l ame,  
B ra in  t i s sue s  were  place  on quar tz  s l ides ,  weighed on VLAO-100 analyt ical  s ca le s ,  dr ied  fo r  24 h in a t h e r m o -  
s ta t  at  105=C, and reweighed;  e l ec t ro ly t e s  we re  ex t r ac t ed  with concent ra ted  HNO 3 at 100~ in a d ry  a i r  bath 
until al l  the organic  m a t t e r  had comple te ly  d issolved.  Samples  we re  p r e p a r e d i n  0.1 N HNO 3 (1 g t i s sue  to 
30 m l  of  solution).  Cor responding  s tandard  solutions of  i ron were  m a d e  up in 0.1 N HNO 3 and, bes ides  va r i ab l e  
quanti t ies  of  i ron,  they contained constant  concen t ra t ions  of sodium and po ta s s ium,  c lose  to those  in the s a m p l e s  
taken fo r  ana lys i s .  

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

To i n c r e a s e  the  o s m o l a r i t y  of  the  blood P E G  was used; its act ion r e s e m b l e d  that  of  manni to l ,  but it can 
be  in jected into the blood s t r e a m  without wa te r  because  it is in the liquid s ta te  at r o o m  t e m p e r a t u r e  and it  
evokes  in tensive osmot i c  d iu res i s  [4]. Obse rva t ions  showed that  a f t e r  injection of PEG into a r a t  the o s m o -  
l a r i t y  of  the blood stil l  r e m a i n e d  v e r y  high a f t e r  60 rain (316 �9 1.5 m i l l i o s m o l e s / k g  H~O compared  with 301 
1.0 m i l l i o s m o l e s / k g  in the  control) ,  whe rea s  the wa te r  content  was unchanged in both the g r a y  and the white 
m a t t e r  of  the bra in  [5], and sl ight dehydrat ion was o b s e r v e d  only in the whole c e r e b r a l  h e m i s p h e r e  (Table 1). 
Since P E G  does not pene t ra te  into the ce i l s  and s ince an i n c r e a s e  in o s m o l a r i t y  ought  to have led to m a r k e d  
dehydrat ion of the bra in ,  i t  was  sugges ted  that  the absence  of adequate dehydrat ion of b ra in  t i s sue  was due to 
a r ed i s t r ibu t ion  of the bra in  fluid by the ent ry  of blood o r  CSF into the c losed space  of the sknll, with the r e su l t  
that  the wa te r  content in the bra in  t i s s ue s  r ema ined  s table  despi te  dehydrat ion of the cel ls .  Since t he r e  a r e  
as  ye t  no r e l i ab le  methods  of de te rmin ing  the total  volume of ex t r ace l l u l a r  fluid in the bra in ,  it was decided 
to use  a d i f ferent  approach  to the ana lys i s  of th is  p rob lem.  To t e s t  the hypothesis  of an i nc r ea se  in c e r e b r a l  
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TABLE 1. Content of Water  and Iron in 
T i s sues  of  Ce reb ra l  Hemisphere  in Albino 
Rats 

Experi- 
mental 
condi- 
tions 

Brain Blood 
water cont. iron con[., iron ] 
kg/kg dry mrnoles/ content, l 
substance kgstancedrY sub- ~ngmoles 

Control 
(n=7) 3,53-+0,01 

PEG 
(n=7) 3,41-+0,02 ? 

Trephin- 
ing + 
PEG . 3,26-+0,03"~ 
(n=7) 

Legend. 
re la t ive  to coatrol :  

5,94--+0,29 

7,37-+0,23* 

6,20-+0,17 

14,5• 

15,4+0,7 

14,6+0,7 

water content 

g/100 ml 

8,06--+0,23 

6,73• 

Significance of di f ferences  calculated 
*) P < 0.05; ?)P  < 0.01. 

blood volume, the iron content  in the brain,  which depends on the number  of e ry th rocy tes  in its blood vesse l s ,  
mainly  in the capi l lary  network,  was measu red .  The resu l t s  showed that the iron content in the brain increased  
by 24% af te r  injection of PE G, whereas  in the blood the re  was no significant change. The absence of change 
in the blood is due to the fact  that ,  besides  the increased  loss  of fluid by the kidney, as a r e su l t  of  i ts osmotic  
effect  PEG inc reases  the outflow of wa te r  f rom cel ls  of all organs  and t i ssues  into the blaod. The resu l t s  thus 
can be taken as d i rec t  proof  of an inc rease  in the blood volume of the brain t i ssue  af ter  injection of PE G or ,  in 
o the r  words ,  the dec rease  in the volume of in t race l lu la r  wate r  in the closed space of the skull is accompanied 
by an inc rease  in the volume of ex t race l lu la r  fluid. 

This  suggestion was conf i rmed by an increase  in the sodium content in the g r ay  m a t t e r  of the brain f rom 
54 * 1.1 (n =10) to 73 • 2.3 (n= 9) m e q / k g  wet weight.  At te r  dis turbance of the air t ightness  of the skull by 
t rephining,  injection of the same volumes of PEG did not cause  a s ta t i s t ica l ly  significant inc rease  in the ce -  
r eb r a l  blood volume,  and under  these  conditions the mos t  m a r k e d  dehydrat ing effect  of PEG was observed:  
the loss  of water  was 9% (Table 1). Considering the impor tant  ro le  of  a r i s e  of venous p r e s s u r e  in the blood 
volume of the brain [7], and also the ro le  of  a i r t ighthess  of the crania l  cavi ty,  it can be concluded that an in-  
c r e a s e  in osmola r i ty  of  the blood causes  t rue  dehydration of the brain cel ls ,  but to compensate  fo r  the h l t ra -  
ce l lu la r  wate r  ex t rac ted  and the fluid draining out f rom other  spaces  beyond the b l o o d - b r a i n b a r r i e r ,  the 
f rac t ion  of in t ravascu la r  fluid and also, perhaps,  of CSF, i n c r ea se s .  This maintains  the fluid level within the 
crania l  cavity re la t ive ly  stable.  
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