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The bas ic  c i r cu l a to ry  and r e s p i r a t o r y  indices were  compa red  in two s e r i e s  of cats. '  In the 
an imals  of s e r i e s  I the blood was comple te ly  rep laced  by an 8% solution of human hemoglobin 
(Hb), pur i f ied f r o m  s t r o m a  and procoagulant  act ivi ty,  whe reas  in the an imals  of s e r i e s  II  the 
blood was diluted with dex t ran  to an Hb concentra t ion  of 8 g%. The solution readi ly  b e c a m e  
sa tu ra ted  in the lungs and gave  up its oxygen inthe t i s sues ,  but did so much less  readi ly  than 
Hb contained in red  cei ls .  Dissolved  Hb did not comple te ly  mee t  the oxygen demand of the 
body, and the an imals  developed hypoxia.  Modera te  anemic  hypoxia caused  by dilution of the 
blood with dex t ran  was eas i ly  compensa ted .  An Hb solution can be r ega rded  as the bas i s  o r  
f i r s t  s tage in the c rea t ion  of a blood subst i tute  and oxygen c a r r i e r :  KEY WORDS: hemoglobin;  
blood subst i tutes;  hypoxia. 

It was  shown compara t i ve ly  recent ly  that hemoglobin (Hb) r emoved  f rom red  cel ls  r ema ins  capable  of 
binding with and giving up O 2, and in i ts  mo lecu l a r  weight it c lose ly  r e s e m b l e s  the p l a s m a  albumins and can 
mainta in  the colloidal  osmot ic  p r e s s u r e  [3]. However,  a t tempts  to t r ans fuse  Hb solution have not p roved  suc-  
cess fu l  because  it led to s e v e r e  kidney damage  in the exper imen ta l  an imals .  After  the d i scovery  that  Hb, com-  
ple te ly  f reed  f r o m  s t r o m a  and coagulat ion fac to r s ,  was safe for  t ransfus ion,  the poss ibi l i ty  of using an Hb 
solution as a blood subst i tute  and oxygen c a r r i e r b e g a n  tobe  studied [6, 7]. Exper imen t s  with pa r t i a l  and c o m -  
plete  r ep l acemen t  of blood by Hb solution, conducted on dogs, dwarf  pigs,  and monkeys have shown that  this 
solution can p e r f o r m  a r e s p i r a t o r y  function in the animal  [4, 5, 7, 9]. A Soviet p r epa ra t i on  of purif ied Hb, ob-  
ta ined by Rozenberg  et al. [1], has  been  studied in cats  whose blood was comple te ly  rep laced  by a solution 
containing 7-8 g% Hb. I n t h e s e e x p e r i m e n t s ,  as in o thers  by w o r k e r s  outside the Soviet Union, it was  found that  
the Hb solution is readi ly  sa tu ra ted  with O 2 in the lungs but does not give up sufficient oxygen to the t i s sues  [2]. 

The object  of this invest igat ion was to compa re  the abil i ty of an Hb solution and of blood containing the 
s a m e  quantity of lib as the solution to mainta in  r e sp i r a t i on  and the c i rculat ion.  

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

Two s e r i e s  of expe r imen t s  were  c a r r i e d  out on cats  weighing 2-4 kg anes thet ized with pentobarbi ta l  (30 
m g / k g ) .  In s e r i e s  I (six cats) exchange t ranfus ion of blood was c a r r i e d  out in doses  of 10 ml  at  a t ime  up to a 
total  volume of not less  than th ree  t imes  the animal '  s blood volume,  with a solution containing 8 g% Hb, ob-  
ta ined by Rozenberg  et al. [1]. By this method of exchange t rans fus ion  it is poss ib le  to r emove  all  r ed  ce l l s  
f r o m  the an ima l ' s  blood (hematocr i t  index 1-3%, red  cell  count about 500 ,000 /mm 3) without any change in the 
c i rcula t ing  blood volume o r  a r t e r i a l  p r e s s u r e  (BP). 

In the expe r imen t s  of s e r i e s  II (seven cats) the s ame  exchange t ransfus ion  was c a r r i e d  out, but with dex-  
t r an  until the Hb l eve lwas  about 8 g%. It was thus poss ib le  to compa re  two s e r i e s  of expe r imen t s  in which the 
Hb concentra t ion  inthe a n i m a l s w a s  the same:  in s e r i e s  I, however ,  the Hb was dissolved in the p lasma ,  and in 
s e r i e s  II it was contained in the red  cel ls .  

BP  was m e a s u r e d  in the f e m o r a l  a r t e r y  of the animals ,  the cen t ra l  venous p r e s s u r e  (CVP) was m e a s u r e d  
at the mouth of the in fe r ior  vena cava,  the total  gas  exchange and the blood gases ,  pa r t i a l  p r e s s u r e  of oxygen 
(pO2) and ca rbon  dioxide (pCO2) inthe  a r t e r i a l  and venous blood, the Hb level,  and hema toc r i t  index were  d e t e r -  
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Fig. 1. Changes in MV, BP, and TPR a f t e r  exchange blood 
t ransfus ion  with Hb solution and dextran.  Abscissa ,  s tages  
of exper iment :  1) initial data, 2) immedia te ly  a f t e r  r e p l a c e -  
ment  of blood (Hb 8 g%), 3) 1 h, 4) 2 h, 5) 3 h a f t e r  t r an s fu -  
sion. Ordinate:  A) MV (in m l / m i n / k g ) ,  unshaded columns 
r e p r e s e n t  blood diluted with dextran,  shaded columns Hb 
disso lved  in p l a sma .  B) Ar t e r i a l  p r e s s u r e ,  in m m  Hg, and 
TPR, in dynes �9 sec , cm-5); continuous line r e p r e s e n t s  
blood diluted with dextran,  b roken  line Hb d isso lved  in p l a s -  
ma.  Difference s ignif icant  compared  with initial data  (P< 0.05). 

mined and the number  of res idua l  red  ce l l s  counted. The minute volume of the c i rcu la t ion  (MV) was ca lcu-  
lated by the F ick  method, the total  pe r iphe rea l  r e s i s t a n c e  (TPR), a r t e r iovenous  di f ference  in oxygen concen-  
t r a t ion  (OA_ V) and the oxygen uti l izat ion coeff icient  a f t e r K r o g h  were  calculated.  The indices studied were  de-  
t e r m i n e d  before  exchange blood t rans fus ion  (initial data),  10-15 rain a f t e r  (fib 8 g~),  and1 h (in the exper imen t s  
with Hb solution), 2 and 3 h a f t e r  exchange t ransfus ion .  

EXPERIMENTAL RESULTS 

Changes in the basic hemodynamic indices are given in Fig. i. Immediately after exchange transfusion a 
sma l l  d e c r e a s e  in BP,  not outside the l imits  of physiological  var ia t ions ,  was obse rved  inthe  an imals  of both 
s e r i e s .  In the expe r imen t s  in which the blood was  diluted with dextran,  no fu r the r  change in BP took place ,  but 
in the expe r imen t s  with Hb solution it began to fa l l  a f t e r 2  h, and fel l  ca tas t rophica l ly  toward 3 h. TPR i m m e -  
diately a f t e r  exchange t r ansus ion  fel l  in the an imals  of both s e r i e s ,  but l a t e r  in the expe r imen t s  with Hb solu-  
t ion it began to r i s e  a f t e r  1 h, whe rea s  in the expe r imen t s  with dilution of the blood with dext ran  it was un- 
changed. The changes in BP and TPR can be unders tood if they a r e  compa red  with the value of MV. 

The d e c r e a s e  i n T P R  immedia te ly  a f t e r  exchange blood t r ans fus ion  in both s e r i e s  of an imals  was due to 
the i nc r ea se  in MV in r e s pons e  to the d e c r e a s e  in the oxygen capaci ty  (OC) of the blood. La te r ,  in the ex p e r i -  
ments  with Hb solution, MV began to fal l  and BP was mainta ined for  some  t ime  by spasm of the v e s s e l s  and an 
i nc r ea se  in TPR, i .e. ,  under  conditions c l ea r ly  unfavorable  for  the o rgan i sm.  By the third hour  the compensa -  
to ry  m e c h a n i s m s  had col lapsed.  MVfel l  sharp ly  and the inc reased  TPR was insufficient  to mainta in  BP.  One 
of the main causes  of the d is turbance  of the hemodynamics  in these  expe r imen t s  was that  the Hb rema ined  fo r  
too shor t  a t ime  in the blood s t r e a m :  the ha l f -e l imina t ion  per iod  of Hb is about 90 rain [8]. 

Changes in the gas  composi t ion  of the blood and the 0 2 demand a re  shown in Table 1. Since by the third 
hour  of obse rva t ion  of an ima l s  with exchange t r ans fus ion  with Hb solution s e v e r e  hemodynamic  d i s tu rbances  
were  observed ,  it is m o r e  in teres t ing  to com p a re  the r e su l t s  obtained in the ea r ly  s tages ,  when the hemody-  
namics  was compensated .  AIthongh the  s a m e  Hb concent ra t ion  was p re sen t  in both s e r i e s  of expe r imen t s ,  the 
02 supply to the body was mainta ined different ly .  Whereas  the indices of the a r t e r i a l  blood were  about the 
same ,  evidence of the good oxygenation of Hb solution inthe lungs, the indices of the venous blood dif fered con- 
s iderab ly .  The f i r s t  f ea tu re  t obe  noted was the h igher  0 2 concent ra t ion  and the h igher  0 2 sa tu ra t ion  of I-ib in 
the an imals  in which blood was rep laced  by Hb solution. One resu l t  of this was a lower  value of OA_ V. Despite  
the fal l  in MV, it did not show any compensa to ry  inc rease  until the las t  moment ,  but then it was unable to s i g -  
nificantly i nc rea se  the 0 2 supply to the t i s sues .  Adequate O 2 r e s e r v e s  thus s t i l l  r ema ined  in the venous blood, 
but at the c r i t i ca l  m om en t  they could not be used. The high 0 2 concentra t ion  in the venous blood was connected 
with a shift  to the left  of the oxygen d issoc ia t ion  curve  of f r ee  Hb, prevent ing the giving up of 0 2 to the t i s sues  
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when its pO~ was low [8]. Charac te r i s t i ca l ly  the coefficient of O 2 util ization in animals a f te r  rep lacement  of 
blood by Hb solution was a lmost  unchanged compared  with the initial state,  whereas  in animals whose blood 
was replaced  by dextran,  this coefficient  rose  in response  to a dec rease  in OC. One resu l t  of the inadequate 
ut i l izat ion of O 2 despite its per fec t ly  sa t i s fac tory  supply to the t i ssues  by the Hb solution was the development  
of hypoxia,  as shown p r imar i l y  by the dec rease  inpO 2 in the venous blood. With this low level of pO 2 it might 
be supposed that t rue  t issue hypoxia was beginning to develop, i .e. ,  a s tate  of mismatching between the C~ sup- 
ply and the 02 consumption by the t i ssues .  In fact  the total  O 2 consumption steadily fel l  during these exper i -  
ments ,  whereas  in the exper iments  in which blood was diluted with dext ran  it was unchanged. 

The life span of the animals whose blood was replaced by Hb solution was the same as in the exper iments  
desc r ibed  previously  [2]. After total  r ep lacement  of blood by Hb solution it is of course  difficult to expect  the 
animals  to survive ,  for  bes ides  Hb, the blood also contains many other  vitally important  components not p r e s -  
ent in the solution. 

In the r epo r t  of one investigation Hb solution was actually called an ideal blood substitute in the ti t le of 
the paper ,  but this in fact  is untrue. Even in the ear ly  per iods  af ter  r ep lacement  of blood by such a solution, 
before  the c i rcula t ion has become disturbed,  the dissolved Hb was unable to provide sufficient 02 to meet  the 
demand, whereas  moderate  anemic hypoxia due to dilution of blood with dext ran  was easi ly  compensated.  Thus 
Hb solution can be rega rded  only as the basis  fo r  the f i r s t  stage in the c rea t ion  of a blood substitute and oxy- 
gen c a r r i e r .  
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