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F u r t h e r  improvemen t s  in b lood-rep lac ing  solut ions will follow the l ines  of c rea t ion  of blood subst i tu tes  
capable  of pe r fo rming  the r e s p i r a t o r y  function of blood in the body [2, 3, 9, 10]. One of the m o s t  p romis ing  
developments  in this  f ield is work on a blood subst i tute  and oxygen c a r r i e r  based  on emuls ions  of  f luorocarbon 
compounds,  which will d issolve high concent ra t ions  of  ga se s  [8, 10, 11]. In the blood s t r e a m , f l u o r o c a r b o n  
compounds can become sa tu ra t ed  with O 2 and CO 2 and can give them up when the par t ia l  p r e s s u r e  fai ls ,  i .e . ,  
they can p e r f o r m  a g a s - t r a n s p o r t i n g  function [6-8]. 

A model  of  combined blood subst i tute and 0 2 c a r r i e r  based on a finely d i spe r sed  (par t ic le  s ize about 
0.22 #) emuls ion containing 12% per f luoro t r ibu ty lamine  by volume,  has been developed at the Cen t ra l  Inst i tute  
of  Hematology and Blood Trans fus ion .  A s s t ab i l i ze r s  fo r  the emuls ion,  7% solutions of Soviet su r f ace - ac t i v e  
subs tances  - p roxanols  (block c o p o l y m e r s  of  ethylene ozide and propylene oxide) - a r e  used.  The composi t ion  
of the blood subst i tute  also includes e l ec t ro ly t e s  and colloids to c r ea t e  the n e c e s s a r y  c o l l o i d - o s m o t i c  gradient  
and pH. 

This  pape r  gives  the r e su l t s  of  an invest igat ion of the s ta te  of  the mic roc i r cu l a t i on  in r a t s  a f t e r  comple te  
exchange t r ans fus ion  with the mode l  blood subst i tute  and oxygen c a r r i e r .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  w e r e  c a r r i e d  out on 20 Wis ta r  r a t s  weighing 150-200 g. Under pentobarbi ta l  anes thes i a  
(3 r a g / 1 0 0  g) ca the t e r s  were  introduced into the common  caro t id  a r t e r y  and external  jugular  vein of the ani-  
m a l s .  Hepar in  was injected into the blood s t r e a m  in a dose of 50 un i t s /100  g. The r a t s  b rea thed  pure  02. 
The blood subst i tute was  then injected into the externa l  jugular  vein of the r a t s  of the exper imenta l  group (12 
animals)  at the r a t e  of 0.5 m l / m i n / 1 0 0  g, and blood was withdrawn f rom the ca ro t id  a r t e r y  at  the s a m e  r a t e .  
The exchange t ransfus ion  continued until the hema toc r l t  index fell  to 2-3%. In the control  group of an imals  
(8 ra t s )  an a r t e r iovenous  shunt was c r ea t ed  during this t ime,  through which the autologous blood was passed .  

During the exchange t ransfus ion , the  genera l  a r t e r i a l  p r e s s u r e  (GAP) was m e a s u r e d  by a B a r o v a r  e l e c t r o -  
m a n o m e t e r  (France) .  The s ta te  of the m i c roc t r cu l a t i on  was inves t igated by int ravi ta l  m i c r o s c o p y  of the 
m e s e n t e r i c  v e s s e l s  [1, 4, 12, 14]. The p r epa ra t i on  was s tabi l ized with Ringer -ge la t in  solution, pH 7.4, at 
37.5~ and the r a t e  of per fus ion  was 2-3 m l / m i n .  F o r  the b iomic roscop ic  invest igat ion of the blood v e s se l s ,  
an appara tus  mounted  on the lVIBI-6 m i c r o s c o p e  was used  [5]. The sensi t iv i ty  of  the m i c r o v e s s e l s  to local  
appl icat ion of adrenal in  (0.1 ml)  was  inves t igated by de terminat ion  of th reshold  concentra t ions  [13]. F o r  this 
purpose  a t e s t  sca le  of  different  concent ra t ions  of  adrenal in  - f rom 32 to 0.12 # g / m l  - in R inger -ge la t in  so lu-  
t ion was p r e p a r e d .  During the invest igat ion the sca le  was kept at  a constant  t e m p e r a t u r e  of 38~C. The t e s t  
was cons ide red  pos i t ive  if  slowing of the venous blood flow and cont rac t ion  of the p r e c a p i l l a r i e s  took place  not 
l a t e r  than 30 sec a f t e r  applicat ion.  
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Fig. 1. Area  of vascu la r  sys tem during rep lacement  of  blood by pe r l luo ro t r i -  
butylamine emulsion: a) initial s tate  of blood flow; b) rep lacement  to hemato-  
c r i t  10%; c) total  r ep lacement  of blood. 160 x .  

TABLE 1. Ar t e r i a l  P r e s s u r e  in Rats during 
Exchange Transfus ion  (M �9 m) 

Group of animals 

Time after beginning of exchange 
transfusion, rain 

30 60 90 I 120 t 150 

Control 128+5 125+__5 120_+5 118_4-4 [15_+4 1154__5 

Experimen~almeat)(blood replace- 130--4-_5 110-+6 105-+6195-+4" 95-+5"185___5" 

*Values for  which P < 0.05. 

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

Replacement  of blood by the emulsion of perf luorotr ibutylamine continued for  40-50 rain. During the 
exchange the animal r ece ived  al together  20-25 ml emuls ion /100  g body weight. The e ry th rocy te  count fell  to 
150,000-300,000 c e l l s / # l ,  and the hematocr i t  index to 2-3%. When these levels  were  reached  the exchange 
was regarded  as complete.  
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TABLE 2. Sensitivity of Microvessels to 
A drenalin (in pg/ml) 

o~o~p of [~ 
animals ~ 

Control 
Experimental 
(blood 
replacement) 

2--4 

2--4 

Time a ~ g i n n i n g  ~ g e  
transfusion, rain 

I 
30 60 90 I 120 

i 

2--4 2--4 2--4 I 4--8 

2--4 2--4 2--4 t 1--2 

150 

4--8 

1--0,5 

The mean  GAP level  fell  somewhat  during the exchange t ransfus ion ,  and toward  i ts  end was 105 • 6 m m  
Hg. Af ter  exchange t ransfus ion ,  an additional plethoric  injection of blood subst i tute was requ i red  to s tabi l ize 
GAP. The main tenance  infusion of the subst i tute  was given at the ra te  of 0.02-0.03 m l / m i n / 1 0 0  g through the 
per iod  of observa t ion .  In this way GAP could be s tabi l ized at the 95 • 4 m m  Hg level  (Table 1). The length 
of survival  of the an imals  a f te r  exchange t ransfus ion  was 3.2 • 1.2 h. 

Invest igat ion of the mic roc i r cu l a t i on  during blood r ep l acemen t  showed that, pa r a l l e l  with hemodilution, 
t he re  was a gradual  i nc rease  in the veloci ty  of  the blood flow in the m i c r o v e s s e l s .  Dilatation of the a r t e r i o l e s  
by 20-25% of the i r  initial d i ame te r  and an i nc r ea se  in the number  of  functioning cap i l l a r i e s  f rom 2-3 to 3-5 
pe r  field of  vis ion were  observed .  The s t ruc tu re  of the blood flow in the m i c r o v e s s e l s  also changed: the axial 
flow of e ry th rocy te s  was na r rowed  and the juxtamural  l ayer ,  f r ee  f rom cel ls ,  widened. However ,  the l a m i n a r  
mot ion of  the blood and axial  or ienta t ion of the e ry th rocy te s  st i l l  continued (Fig. la ,  b). In individual pos t -  
cap i l l a ry  and col lect ing venules,  sedimenta t ion  of p la te le ts  of the vesse l  walls  could be detected. 

The c h a r a c t e r  of the functional mobil i ty  of the m i c r o v e s s e l s  obse rved  in some cases  - vasomoto r  con-  
t rac t ion  of the a r t e r i o l e s  - showed a rhythm which co r re sponded  to the i r  no rmal  physiological  s ta te .  The 
duration of tile phase  of dilatation was 45-60 sec  and the duration of the phase  of cons t r ic t ion  10-15 see.  

The s ta te  of reac t iv i ty  of the m i c r o v e s s e l s ,  de te rmined  by the i r  sens i t iv i ty  to local  applicat ion of ad rena l -  
in, showed no significant  changes (Table 2). 

During the per iod  of total  r e p l a c e m e n t  of  blood by the model  substi tute the m i c r o v e s s e l s  were  per fused  
with emuls ion containing single blood cel ls  (Fig. lc) .  The ra t e  of the c i rcu la t ion  of emuls ion  was significantly 
higher  than the or ig inal  veloci ty  of  the blood flow. The wails of the m i c r o v e s s e l s  were  f r ee  f rom blood ce l l s .  
Modera te  dilatation of the a r t e r i o l e s  and an inc reased  number  of functioning cap i l l a r i e s  st i l l  r emained .  The 
normal  rhythm of  functional mobi l i ty  of the m t c r o v e s s e l s  was mainta ined.  The sensi t iv i ty  of the m i c r o v e s s e l s  
to adrenal in  was at the physiological ly  normal  level  (Table 2). 

The s ta te  of the mic roc i r cu l a t i on  worsened  1.5-2.5 h a f t e r  r e p l a c e m e n t  of blood by the pe r f luoro t r ibu ty l -  
amine emuls ion .  The ve loc i ty  of  c i rcu la t ion  of the emuls ion  was slowed. Cons t r ic t ion  of the a r t e r i o l e s  took 
place .  The numb er  of functioning cap i l l a r i e s  was reduced  to one o r  two pe r  field of  vision.  The sensi t iv i ty  
of the m i c r o v e s s e l s  to adrenal in  i nc rea sed  cons iderably  (Table 2). 

In the an imals  of the control  group, during shunting of the blood flow and in the subsequent  per iods  of  
obse rva t ion  no significant  changes took place  in the s ta te  of the mic roc i r cu la t ion .  Such changes as were  ob-  
s e rved  did not go outside the bounds of phenomena due to fixation of the an imals ,  anes thes ia ,  and exposure  of 
the m e s e n t e r y  to the s e r i e s  of f ac to r s  connected with in t ravi ta l  m i c r o s c o p y  [14]. 

The exper imenta l  r e su l t s  thus showed that  during complete  r ep l acemen t  of  blood by pe r f luoro t r ibu ty l -  
amine  emuls ion the mic roc i r cu l a t i on  is ac t ive ly  per fused  with the blood subst i tute.  The veloci ty of c i rcula t ion 
of the blood substi tute is higher  than the original  veloci ty  of the blood flow, a high level  of perfusion of the 
nutr i t ive  ves se l s  is thereby  maintained,  and the physiological  p a r a m e t e r s  of r eac t iv i ty  and functional mobi l i ty  
of the m i c r o v e s s e l s  a re  p r e s e r v e d .  I t  can be tenta t ively  suggested that  under  these  c i r c u m s t a n c e s  favorable  
conditions a re  also provided for  t r a n s c a p i l l a r y  exchange.  The per iod of act ive c i rcula t ion of the blood sub- 
st i tute in the mic roc i r cu l a t i on  m e a s u r e s  1.5-2.5 h. At the end of this t ime  the conditions of  perfus ion of the 
m i c r o v e s s e l s  de te r io ra te ,  probably  on account  of the e scape  of components  of the blood substi tute f rom the 
blood ves se l s ,  thus reducing the volume of c i rcula t ing  blood subst i tute and changing i ts  composi t ion.  
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Changes in the functional state of cell membranes in the development of atherosclerosis  have attracted 
the attention of many research  workers.  According to one hypothesis [5, 12], one of the early stages in the 
development of atherosclerosis ,  namely proliferation of the smooth muscle cells of the aorta, may be due to a 
decrease in membrane activity and in the activity of membrane-bound enzymes as the resul t  of an increase 
in the content of nonesterified cholesterol (Ch) in the membrane. 

The object of this investigation was to study changes in Na,K-ATPase activity and in the structural 
character is t ics  of the membranes of erythrocytes which, like smooth muscle cells of the aorta, are mesenchy- 
real in origin [1], and also activity of the enzyme in homogenates of the aorta of animals with alimentary 
atheroselerosis .  

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

Experiments were car r ied  out on 28 chinchilla rabbits. Experimental atherosclerosis  was induced in 
13 rabbits by feeding them daffy for 4 months with Ch in a dose of 0.2 g /kg  body weight. In 8 rabbits total 
involvement of the thoracic aorta was found at autopsy, and in 5 rabbits there were single lipid plaques; 15 
rabbits served as the control. Blood was collected in tubes containing heparin (1000 units to 5 ml blood). 
Erythrocyte  membranes were isolated by centrifugation at 28,000g after hemolysis of the erythrocytes in 10 
mlVl histidine solution [2]. The protein content was determined in the suspension of mmnbranes by the method 
in [10], and after  extraction with a mixLure of chloroform and methanol (2 : 1), the Ch content was determined 
on a Technikon AI I  automatic analyzer and the phospholipid content by Svannborg's method [14]. Activity of 
Na,K-ATPase was determined by the concentration of inorganic phosphate [13] after incubation in a medium 
containing 150 mM NaC1, 20 mlVI KC1, 30 mlVl MgC12, and 30 mM ATP [7]. The reaction was stopped by the 
addition of 1 ml acetate buffer, pH 4.7. 
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