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The important  role of c i rcu la tory  fac tors  in the development of ce rebra l  edema is becoming more  and 
more  evident. Previous ly  the effect of sys temic  a r te r ia l  p ressure  (AP) [3, 9] and also of the ee rebrovascu la r  
~esistance [1, 3, 8] was discovered.  More recent ly  it has been shown that the sys temic  venous p ressure  (VP) 
makes a much grea te r  contribution to the deveiopment of ce rebra l  edema than the a r te r ia l  p ressu re  [7]. The 
influence of all these c i rcu la tory  factors  on the development of ce rebra l  edema depends pr imar i ly  on their ef- 
feet on the level of the in t raeapi l lary  p ressure  in the brain, which determines  the fil tration of water from the 
vesse ls  into the brain tissue [4J. 

Since the effect of the sys temic  VP on the development of cerebra1 edema is one of g rea tp rac t i ea l  impor -  
tance in clinical medicine,  it was decided to study the relat ionship between the sys temic  VP and the ce rebra l  
VP, with which, in turn, the in t racapi l lary  p ressu re  in the brain and, consequently, the rate of development of 
the ce rebra l  edema, are connected [7L 

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

Exper iments  were car r ied  out on 29 adult rabbits of both sexes weighing 2-3 kg, anesthetized with pento- 
barbital  or hexobarbital  (30 mg/kg).  After  the operation, heparin (1500-2000 units/kg) was injected in t rave-  
nously into the animals.  

The sys temic  VP (through the external  jugular vein), the sys temic  AP (through the common carotid ar tery) ,  
and the ce rebra l  VP (through a glass cannula introduced into the sagittal  sinus in the dorsa l  direction) were 
recorded  simultaneously by e lec t romanomete rs  on the Mingograph-81 instrument  (from Elema-Schoenander ,  
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Fig. 1, Cerebra l  VF (ordinate) as a function of 
sys temic  VP (abscissa).  A) In one typical ex- 
periment;  B) family of curves f rom experiments  
on different animals.  
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F ig .  2. Changes in b ra in  leve l  (ordinate) ,  r e -  
f lec t ing changes in its volume, as a function of 
s y s t e m i c  VP (absc i s sa ) .  A) In one typ ica l  ex- 
per iment ;  B) fami ly  of cu rves  f rom di f fe ren t  
expe r imen t s  (rabbi ts) ;  continuous l ines r e p -  
r e s e n t  no rma l  b ra in ,  broken l ines r e s p r e s e n t  
b ra in  in p r e - e d e m a t o u s  s ta te ,  dotted l ines r e p -  
r e s e n t  b ra in  dur ing edema.  
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F ig .  3. Changes in tangent  of 
angle of slope of curve showing 
changes in b ra in  volume (ordinate) 
as a function of s y s t e m i c  VP through- 
out one of the expe r imen t s  (absc i s sa ) .  
PE) P r e - e d e m a t o u s  s ta te  of b ra in ,  
E) c e r e b r a l  edema.  

Sweden). The expe r imen t s  were  c a r r i e d  out on a t h o r a x - h e a d  p r epa ra t i on  [2]. P r e s s u r i z e d  r e s e r v o i r s  f i l led 
with gela t in ine  (from the G. M. Mukhadze Blood Trans fus ion  Inst i tute ,  Tbi l i s i )  and connected with the caudal  
vena cava and abdominal  ao r t a  immed ia t e ly  below the d iaphragm,  enabled both the s y s t e m i c  VP and the s y s -  
t emic  A P  to be s t ab i l i zed  or  changed. 

The skul l  was widely t rephined in the p a r i e t a l  region.  Changes in b ra in  volume were  r e c o r d e d  in a sep-  
a r a t e  s e r i e s  of expe r imen t s  s imul taneous ly  with the s y s t e m i c  VP and AP.  The appara tus  for  r e c o r d i n g  these 
changes cons i s ted  of a s t r a in  gauge, one end of which was at tached to a s t e r eo t ax i c  appara tus ,  the other  end to 
a rod ending in a d isk  or  sphere  (about 5 m m i n  d i a m e t e r ) ,  which was in contact  with the b ra in  sur face  in the 
p a r i e t a l  reg ion .  The s t r a i n  gauge was connected to a b r idge  c i r cu i t ,  the s ignals  f rom which were  ampl i f ied  by 
EMT-12 p r e a m p l i f i e r s .  The ins t rument  was ca l i b r a t ed  af ter  each expe r imen t ,  so that the level  of the bra in  in 
the b u r r - h o l e  could be r e c o r d e d  quant i ta t ively .  The b ra in ,  p ro jec t ing  into an app rox ima te ly  c i r c u l a r  hole, could 
be r e g a r d e  d a s  a p p r o x i m a t e l y  the segment  of a sphe re .  The volume of such a segment  is  ca lcu la ted  by the equation: 

V=-~-r~h(3a2~h~):-~-~a~h 1T : ~ - S h  1~ 3a2), 

where:  h is the height  of the segment ,  i .e . ,  in this  case  the level  of swel l ing of the brain;  a the rad ius  of the 
segment ,  i .e . ,  the r ad ius  of the b u r r - h o l e ;  S = ~ a  2 the a r e a  of the b u r r - h o l e .  The t e rm  h2/3a 2 can be d i s r e g a r d -  
ed because  h <<a (the he ight  of swel l ing  of the b ra in  is much l e s s  than the rad ius  of the bu r r -ho le ) ;  consequent-  
ly, V =1/2 Sh. It fol lows f rom the above that changes in the level  of the b ra in  Ahb, m e a s u r e d  in the e xp e r imen t s ,  
can be i n t e r p r e t e d  as  changes in its vo lume ,  for  with a high degree  of a c c u r a c y  they a re  d i r e c t l y  propor t ional :  
AV b = t /2 -  SAh b. Hence it follows that the changes r e c o r d e d  in the b ra in  leve l  can be ca l led  "changes  in b ra in  volume.  
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The expe r imen t a l  condit ions ( long- t e rm t rephining of the skul l  and an exposed brain)  and the p rocedures  
used ( repeated  venous s t a s i s  of blood in the bra in)  led u l t imate ly  to the deve lopment  of c e r e b r a l  edema.  The 
c r i t e r i a  of appea rance  of edema  were  an i n c r e a s e  in b ra in  volume, desp i te  r e s t o r a t i o n  of the no rma l  level  of 
VP, and the cons ide rab l e  i n c r e a s e  in the content of wa te r  in i t s  t i s sue  (de te rmined  by dry ing  i t  to constant  weight). 

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

The s y s t e m i c  VP was changed by means  of the p r e s s u r i z e d  r e s e r v o i r  on average  f rom 1.5~ 1.1 to 13.8 
0.9 mm Hg. Under these c i r c u m s t a n c e s  VP in the bra in  was changed f rom 4.6 • 0.9 to 15o9 t 0.8 mm Hg. The 
r e l a t ionsh ip  between these values  was l inea r  (Fig. 1A), as shown by the high coeff ic ients  of c o r r e l a t i o n  (the 
mean value of r =0.959 ~ 0.012). On repe t i t ion  of the t e s t s ,  the angles  of slope of the curves  plotted by joining 
the e x p e r i m e n t a l  points (E ig. 1B) var ied .  The mean value of the coeff ic ients  of r e g r e s s i o n  was b -- 0.869 • 0.043. 
The mean value of the segment  in te rcep ted  by the curves  of the ord ina te  (Fig.  1B) was Y0 =3.14 • 0.39; it ev i -  
dently depended on the per fus ion  p r e s s u r e  for  the b ra in  and so c o r r e l a t e d  with the level  of the s y s t e m i c  AP.  

This  l inea r  r e l a t i onsh ip  between the c e r e b r a l  VP and s y s t e m i c  VP can evident ly  be a t t r ibu ted  to the fact  
that  the i n t r a - and  e x t r a c r a n i a l  venous s y s t e m s  a re  connected by numerous compara t i ve ly  wide channels ,  along 
the length of which in a l l  p robab i l i ty  there  are  no s t r u c t u r e s  which would cons ide rab ly  modify the r e s i s t a n c e  to 
the blood flow. Accord ing ly ,  an i n c r e a s e  in s y s t e m i c  VP ought to cause a p r o p o r t i o n a l i n c r e a s e  in the i n t r a v a s -  
cu lar  p r e s s u r e  in the b ra in  and a co r r e spond ing  i n c r e a s e  in the f i l t r a t ion  of wate r  f rom the v e s s e l s  into the 
b ra in  t i s sue .  

However ,  s i tua t ions  may  a r i s e  in the body in which there  is no comple te  p a r a l l e l  between the changes in 
the c e r e b r a l  and s y s t e m i c  VP. This happens when there is a p r i m a r y  change in the v a s c u l a r  r e s i s t a n c e  in the 
c e r e b r a l  a r t e r i e s  as a r e s u l t  of the i r  cons t r i c t ion  o r  d i la ta t ion .  Under these c i r c u m s t a n c e s  VP in the b ra in  
fa l ls  or  r i s e s ,  without any re f l ec t ion  on the leve l  of the s y s t e m i c  VP [5, 6]. A r i s e  in the sys t emic  VP evokes 
an i n c r e a s e  in the leve l  (and, consequently,  in the volume) of the bra in ,  and the r e l a t ionsh ip  is usual ly l inea r  
(Fig .  2A). The angle of s lope of the curve  v a r i e s  dur ing  deve lopment  of c e r e b r a l  edema  in the course  of the 
expe r imen t s :  It i n c r e a s e d  cons ide rab ly  in the p r e - e d e m a t o u s  b r a i n  and d e c r e a s e d  (it fel l  below the in i t ia l  level) 
when c e r e b r a l  edema had appeared  (Fig.  3). 

In the "normal"  bra in ,  i .e . ,  at the beginning of the e xpe r i m e n t s ,  before  there  was any tendency toward  the 
deve lopment  of edema,  the r e g r e s s i o n  equation for  a typ ica l  curve {that, for  example ,  i l l u s t r a t ed  in F ig .  2A) 
was as follows: y=(0.165 • 0.001)x - 0 . 3 2  • 0.14. In the " p r e - e d e m a t o u s "  b ra in ,  before  there  were  any c l e a r  
s igns of edema,  but edema  appeared  dur ing  the next r i s e  or  r i s e s  of s y s t e m i c  VP, the angle of s lope of the 
curve i n c r e a s e d  cons ide rab ly  ( somet imes  twofold) compared  with normal  (Fig.  2B). When, however ,  c e r e b r a l  
edema  appeared  and the quantity of wate r  in the b ra in  was 88.6 �9 4.7% of i ts weight (79.8 • 1.7% in cont ro l  ex-  
pe r imen t s ,  the d i f f e rences  are  s t a t i s t i c a l l y  s ignif icant :  P< 0.001), the slope of the curve was cons ide rab ly  r e -  
duced - to a p p r o x i m a t e l y  50% of the in i t i a l  value (Fig.  2B). 

Under condit ions when the c e r e b r a l  VP was a l i nea r  function of the s y s t e m i c  VP, the changes in the de-  
pendence of the i n c r e a s e  in b ra in  volume of the s y s t e m i c  VP (and, consequent ly ,  on the c e r e b r a l  VP) could be 
connected with the fact  that in the p r e - e d e m a t o u s  s ta te  and dur ing actual  edema the mechan ica l  p r o p e r t i e s  of 
the b ra in  a r e  changed and, in p a r t i c u l a r ,  the compl iance  of i ts t i s sue .  The data obtained show that the compl i -  
ance of the b ra in  was cons ide r ab ly  i nc r ea sed  in the p r e - e d e m a t o u s  s tate  and reduced  dur ing edema.  

The i n c r e a s e  in b ra in  volume in the e x p e r i m e n t s  d e s c r i b e d  above was thus mainly  connected with an in- 
c r e a s e  in the blood volume in the bra in ,  i . e . ,  with d i la ta t ion  of the v e s s e l s  ( espec ia l ly  the c a p i l l a r i e s  and veins) .  
The lumen of the veins is known to be de t e rmin e d  main ly  by two fac to r s  act ing in opposi te  d i rec t ions :  the i n t r a -  
v a s c u l a r  p r e s s u r e  (which r i s e s  s imul taneous ly  with the s y s t e m i c  VP) and the mechan ica l  p r o p e r t i e s  of the ve s -  
se l  wai ls  and sur rounding  t i s s u e s  (which become m o r e  compl iant  in the p r e - e d e m a t o u s  s ta te) .  The i n c r e a s e  in 
sur faee  a r e a  of the wai ls  of the blood ves se l s ,  in turn,  i n c r e a s e s  the f i l t r a t ion  sur face  for wa te r .  

Consequent ly ,  an i n c r e a s e  in s y s t e m i c  VP promotes  the deve lopment  of c e r e b r a l  edema,  f i r s t ,  by c o n s i d e r -  
ably inc reas ing  the i n t r a v a s c u l a r  blood p r e s s u r e  in the b ra in  and, second, by i nc rea s ing  the f i l t ra t ion  sur face  of 
the v e s s e l  wa l l s ,  which is p a r t i c u l a r l y  m a r k e d  in the p r e - e d e m a t o u s  s ta te  of the bra in .  
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In r ecen t  y e a r s  much attention has been paid to the sy s t em of cyclic nucleotides in the regu la to ry  m e c h -  
an i s ms  of immunity of r e s i s t a n c e  to infection [2, 4, 6]. G e r m f r e e  animals  with their  intact immune sys t em con- 
st i tute an adequate object  for  studying the role  of the mic rob ia l  fac tor  in the development  of the nucleotide- 
cyc lase  m e c h a n i s m s  of ce l lu lar  reac t iv i ty  of the host o rgan i sm.  

The object  of this investigation was to study, in compara t ive  expe r imen t s  on g e r m f r e e  and ord inary  ani-  
mals ,  the role  of natural  mic rob ia l  contaminat ion of the host  o rganism on abili ty to fo rm cyclic AMP in the in- 
tes t ina l  mucosa  and r e a c t ,  phages.  

EXPERIMENTAL METHOD 

Germfree and ordinary C3H/He mice aged 3-4 months and outbred guinea pigs aged 2-3 weeks were used. 
The animals were kept in Trexler germfree isolators. During work with animals in germfree isolators, the 
rules established in [i] were observed. The germfree animals were kept, fed, and subjected to microbiological 
control in accordance with the general demands of gnotobiological technology [3]. 

The cyclic AMP content was determined in peritoneal macrophges, the intestinal mucosa, and the blood 
plasma of intact animals and also in the course of administration of Escherichia coli 055 lipopolysaccharide 
(LPS). The LPS was isolatedbythewater-pheno] method [8] and purified on a Spinco ultracentrifuge at 105,000g. 

The effect of LPS on the adenylate cyc]ase of the intestinal mucosa was studied by the method of local 
application in an isolated loop of small intestine of germfree guinea pigs. For this purpose, under ether anes- 
thesia a loop of small intestine was isolated in the animals and i000 pg of LPS in a volume of 0.5 ml of 0.14 M 
NaCl was injected into a segment of it (8 cm long), isolated by means of silk ligatures. Only physiological saline 

was injected in control experiments. The animals were killed after 30 and 60 rain and scrapings of intestinal 
mucosa were obtained together with blood plasma. Weighed samples of the scrapings were homogenized in 1 ml 
5% TCA and were extracted 5 times with 2 volumes of ether, after the addition of 0.i rnl 1 N HCI. Cyclic AMP 
was determined by the competitive binding method [5]. The values obtained for the cyclic AMP content in pico- 
moles were expressed per I00 mg tissue and per milliliter of blood plasma. 
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