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Exchange blood r e p l a c e m e n t  with per fh ioro t r ibu ty lamine  (PFTBA) emuls ion was c a r r i e d  out in 
expe r imen t s  on unanesthet ized r a t s .  During the per iod of blood exchange and for  the next 5 days 
the r a t s  we re  mainta ined on an i nc rea sed  oxygen concentrat ion.  On the sixth day the an imals  
w e r e  re tu rned  to o rd inary  a t m o s p h e r i c  conditions, and s y s t e m a t i c  observat ion  commenced  on that 
day and continued for  I yea r .  On the sixth day af ter  exchange blood r ep lacemen t ,  m a r k e d  ac t iva -  
tion of e ry th ropo ie s i s  was found in the bone m a r r o w  of the r a t s  andre t i cu locy tos i s  i n t h e i r p e r i p h -  
e r a l  blood. Meanwhile a d e c r e a s e  in the hemoglobin concentrat ion and an i n c r e a s e  in the num-  
ber of lymphocytes  and m a t u re  and i m m a t u r e  neutrophils  w e r e  found in the blood; i m m a t u r e  e ry th -  
ropoie t ic  cel ls  - po lychromatophi l ic  e ry th rob l a s t s  and no rmob la s t s  - we re  p resen t .  The n o r m a l  
p e r i p h e r a l  blood indices we re  comple te ly  r e s t o r e d  by the 13th day and the morphologica l  compos i -  
tion of the bone m a r r o w  by the 28th day; for the next 12 months hematopoies i s  in the r a t s  was 
mainta ined without apprec iab le  deviat ions.  It  can be concluded f r o m  these  r e s u l t s  that  the 
PFTBA emuls ion  has no a d v e r s e  effect  on hematopoies i s  in an imals  and does not d is turb  the 
n o r m a l  p r o c e s s  of regulat ion of hematopoies i s  under t he se ' expe r imen ta l  conditions. 
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In the las t  decade an impor tan t  p lace  in the p rob lem of c rea t ion  of a r t i f i c ia l  blood subst i tu tes  has  been 
occupied by the invest igat ion of ce r t a in  organofluorine compounds as  media  with high abil i ty to dissolve gases ,  
including oxygen, physical ly  [1-3]. Since f luorohydrocarbons  a r e  biologically ine r t  subs tances  insoluble in 
wate r ,  a spec ia l ly  p r e p a r e d  emuls ion of f luorohydrocarbons  and low-molecu la r -we igh t  po lymer s  is used for  
expe r imen ta l  r e s e a r c h .  Pa r t i c l e s  of an emuls ion  not exceeding 0.25/~ in d iamete r  a r e  r e g a r d e d  as a poss ib le  
model  of an e ry th rocy te ,  in which the ro le  of hemoglobin is  p layed by the organofluorine compound and that of 
the e ry th rocy t e  m e m b r a n e  by the emuls i f i e r .  The Soviet p repara t ion  pe r f luoro t r ibu ty lamine  (PFTBA) has  been 
obtained as  an a r t i f i c ia l  blood subst i tute  solution in the Labora to ry  of New Blood Substi tutes,  Cen t ra l  R e s e a r c h  
Inst i tute  of Hemoglobin and Blood Transfus ion.  Exper imen t s  with a lmos t  total  blood r e p l a c e m e n t  have, been 
c a r r i e d  out in r a t s .  One of the a ims  of invest igat ion of the physiological  s ta te  of PFTBA was to d iscover  how 
the r ec ip i en t  r a t ' s  own blood r e g e n e r a t e s  in these  exper iments .  Hematope ies i s  was accordingly  studied in r a t s  
a f ter  r e p l a c e m e n t  of their  blood with PFTBA emulsion.  

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

Unanesthet ized Wis ta r  r a t s  weighing 100-120 g were  used. The operat ion of blood exchange was c a r r i e d  
out by injecting PFTBA emuls ion ( f rom a syr inge  with a needle) into the f e m o r a l  vein and withdrawing blood 
f r o m  the jugular  vein. On ave rage  10 ml  of PFTBA emuls ion was injected per  100 g body weight, and in the 
cour se  of this p rocedu re  the e ry th rocy t e  count fe l l  to 800,000 + 5400.  During the per iod of blood exchange the 
r a t s  inhaled oxygen, a f ter  which they were  p laced in spec ia l  chambe r s  with an i n c r e a s e d  oxygen concentra t ion 
for 5 days; they were  not e ~ m t n e d  during this period.  On the sixth day the r a t s  we re  t r a n s f e r r e d  to inh, la t ton 
of a tmosphe r i c  a i r ,  and f r o m  tha t  t ime  their  sy s t ema t i c  observa t ions  commenced.  If the r a t s  were  not p laced 
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Fig. 1. Peripheral blood indices of rats at 
various times after exchange replacement of 
blood with PFTBA emulsion. Abscissa, time 
of examination of rats (in days); ordinate, hemo- 
globin concentration (1) and erythi'ocyte (2) 
and ret iculoc~e (3) counts from 6th to 30th 
days a f te r  exchange r e p l a c e m e n t  of blood by 
PFTBA emulsion.  Resu l t s  differ ing signif icantly 
f r o m  n o r m a l  values  indicated by a s t e r i sk .  
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Fig.  2.  Morphological  composi t ion of r a t s '  bone 
m a r r o w  at  va r ious  t imes  af ter  r ep l acemen t  of 
blood with PFTBA emulsion.  A) After  6 days,  B) 
af ter  13 days,  C) a f te r  28 days,  D) af ter  58 days.  
Ordinate,  indices of individual groups  of r a t  bone 
m a r r o w  ce i l s  as  pe rcen tages  of control  indices,  
taken as  100%. 1) Undifferentiated cei ls ,  2) i m m a t u r e  
granulocytes ;  3) ma tu re  granulocytes ,  4) total  
number  of e ry thropoie t ic  cel ls ,  5) lymphocytes .  
Remainder  of legend as in Fig. 1. 

ini t ial ly in an i nc rea sed  o~ygen concentrat ion they died. Consider ing the l imited opportuni t ies  p resen ted  by 
the oxygen c h a m b e r s  andthe  need for  round- the -c lock  observa t ions  on the animals ,  expe r imen t s  were  c a r r i e d  
out on five r a t s  which surv ived  for  12 months a f te r  r e p l a c e m e n t  of thei r  blood with PFTBA emulsion,  af ter  
which they w e r e  decapi ta ted for h is to logical  examination.  Hematopoies i s  in the r a t s  at  different t imes  af ter  
the blood r e p l a c e m e n t  opera t ion was studied in these  exper iments .  

The p e r i p h e r a l  blood was r e m o v e d  f r o m  the caudal  vein of the r a t s  on the 6th, 8th, 10th, 13th, 22nd, and 
30th days,  and the rea f te r  once a month until  the end of the exper iment .  The hemoglobin concentra t ion and the 
total  number  of the leukocytes ,  e ry th rocy t e s ,  and re t i cu locy tes  in the blood were  studied and the leukocyte 
formula  was de termined.  The bone m a r r o w  was obtained by f e m o r a l  puncture,  the morphologica l  composi t ion 
was studied, and m y e l o g r a m  determined.  The r e s u l t s  of invest igat ion of the r a t s '  blood and bone m a r r o w  
were  c o m p a r e d  with indices of hematopo ies i s  of in tact  r a t s  inves t igated at  the same  t ime.  
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The r e su l t s  of the study of the pe r iphe ra l  blood indices a r e  given in Fig. 1. They show that on the 6th 
day a f t e r  exchange blood r e p l a c e m e n t  the hemoglobin concentrat ion in the exper imenta l  r a t s  was 8.2 • 0.7 g%, 
compared  with 17 • 1.1 g% in the intact  r a t s .  The e ry th rocy te  count by this t ime had i n c r e a s e d  to 4,200,000 • 
2600 (P< 0.05) c o m p a r e d  with 800,000 • 5400 at  the end of blood rep lacemen t ,  but it  was  only half the level  in 
in tac t  r a t s  (7,740,000 • 260,000). The re t icu locy te  count a l so  was  sharp ly  inc reased  in the blood during this 
period,  to 400 • 15.2% (normal  25 • 1.7%; P<  0.001), and i m m a t u r e  ery thropoie t ic  cei ls  also were  found (4.2 • 
0.75%), namely  polychromatophi l ic  e ry th rob l a s t s  and normoblas t s .  La te r ,  during matura t ion  and a reduct ion 
in the number  of re t i eu locy tes ,  in tensive r e s to r a t i on  of the hemoglobin concentrat ion took place in the blood 
and e ry th rocy tes .  By the 13th day these  indices  were  comple te ly  back to normal ,  and they r ema ined  within 
no rma l  l imi ts  for  12 months.  Besides  the observa t ions  desc r ibed  above, on the 6th day an i nc r ea se  in the 
total  leukocyte count to 20,000 • 1800 (9000 • 680 in the control;  P <  0.05) was obse rved  in the blood, mainly  
on account of an i n c r e a s e  in the number  of lymphocytes ,  and a lso  of juvenile,  stab cell ,  and po lymorphonuelear  
neutrophils .  By  the 13th day the leukocyte composi t ion of the pe r iphe ra l  blood was back to no rma l  and it  
r ema ined  without apprec iab le  changes until the end of the exper iment .  

The study of the morphologica l  composi t ion of the r a t s '  bone m a r r o w  (Fig. 2) showed a cons iderable  
i nc rea se  in the number  of cel ls  of the e ry th ro id  s e r i e s ,  mainly  basophilic and polychromatophi l ie  e r y t h r o -  
b las ts ,  on the sixth day af ter  exchange r e p l a c e m e n t  of the blood. The total  number  of ce l l s  of the e ry thro id  
s e r i e s  was i n c r e a s e d  by 130 • 8.2% (P< 0.01) compared  with the control .  Meanwhile, the number  of undiffer-  
entiated ce l l s  was i nc rea sed  fourfold. In the myeloid  s e r i e s  of the bone m a r r o w  the number  of ma tu r e  g r an -  
u locytes  and lymphocytes  was reduced.  On the 13th day the bone m a r r o w  as before  contained many cel ls  of 
the e ry th ro id  s e r i e s ,  s ignif icant ly  m o r e  than in the control .  By the 28th day the normal  morpholog ica l  
composi t ion of the bone m a r r o w w a s  r e s t o r e d ;  subsequently,  the indices for  the bone m a r r o w  of the r a t s  
r em a ined  within n o r m a l  l imits .  

The invest igat ion thus showed that on the 6th day a f te r  exchange r e p l a c e m e n t  of blood in r a t s  with PFTBA 
emuls ion m a r k e d  act ivat ion of e ry th ropo ies i s ,  combined with definite re t i eu locy tos i s ,  w e r e  obse rved  in the 
pe r iphe ra l  blood. These  changes in hematopo ies i s  during the f i r s t  per iod  of observa t ion  a r e  evidence of 
i nc rea sed  r egene ra t ion  of ce l l s  of the e ry th ro id  s e r i e s .  This was evidently a na tura l  r e s p o n s e  of hematopo ie -  
s is  to the acute anemia  developing on the f i r s t  days af ter  exchange t ransfus ion,  and which was s t i l l  pa r t ly  
p r e sen t  on the 6th day. The r e s u l t s  ag ree  with observa t ions  made by Amer i can  w o r k e r s  [2] who obse rved  
rap id  r egene ra t ion  of blood, act ivat ion of e ry th ropo ies i s ,  and absence  of toxic effects  of organofluorine c o m -  
pounds on hematopoie t ic  t i s sue .  

I t  can be concluded f r o m  these expe r imen t s  that the emuls ion of organofluor ine  compounds tes ted  has  no 
a d v e r s e  effect  on hematopo ies i s  in an imals  and does not d is turb the n o r m a l  p r o c e s s  of regulat ion of hematopo ie -  
s is  under the expe r imen ta l  conditions used. 
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