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The c o r o n a r y  v e s s e l s  of  the isola ted r a bb i t ' s  hea r t  were  pe r fused  with e ryhem and diluted au to -  
logous blood; both solutions contained 2.5-3.0 g % hemoglobin.  The oxygen capac i ty  of  e r y h e m ,  
calcula ted pe r  g r a m  hemoglobin ,  is only 72% of the oxygen capaci ty  of  hemoglobin in red blood 
ce l l s .  Eryhem was shown to be capable  of t r anspor t ing  and giving up oxygen. Meanwhile the 
oxygen supply to hear t  m u s c l e  pe r fused  with e ryhem was in fe r ior  to that  of m u s c l e  pe r fused  
with blood. The n e c e s s a r y  level  of  oxygen consumption was at tained by inc reas ing  the c o r o n a r y  
blood flow and util izing m o r e  fully the oxygen r e s e r v e s  of the blood. 
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In seve ra l  count r ies  (USSR, Poland,  USA, West Germany ,  etc.) r e s e a r c h  is in p r o g r e s s  into the use  of  a 
solution of nat ive hemoglobin (Hb) as  a hemodynamic  blood subst i tu te ,  which at  the s a m e  t i m e  is able  to t r a n s -  
por t  oxygen [1 ,5 ,  7, 8, 10]. Whereas  in the o ther  count r ies  invest igat ions of Hb solutions as  oxygen c a r r i e r s  
a r e  in the exper imen ta l  s tage ,  in the USSR the product  e r y h e m ,  p r e p a r e d  by the Leningrad Inst i tute of  H e m a -  
tology and Blood Trans fus ion ,  which contains about 3 g % Hb [6], is undergoing cl inical  t r i a l s .  In view of the 
low oxygen capaci ty  of e ryhem ,  it is r e c o m m e n d e d  as  a s t imula to r  of hemopoies i s  and a hemos ta t i c  agent  [1]. 
However ,  it is emphas ized  in a pape r  by Kolesnikov et al .  [4] that the value of e ryhem l ies  not only in i ts  h e m o -  
dynamic p r o p e r t i e s ,  but a l so  in its abi l i ty to t r a n s p o r t  oxygen~ Despi te  the detai led c h a r a c t e r i s t i c s  of  e ryhem 
now avai lab le ,  the p rob lem of the extent  to which it s a t i s f i e s  the oxygen demand of l iving t i s sues  has  not been 
studied by physiological  methods .  

To st udy this  p rob lem expe r imen t s  we re  c a r r i e d  out on the isola ted rabbi t  h e a r t ,  whereby the abil i ty of 
e ryhem to combine with oxygen and to give it up to the t i s sue s  could be studied under  pure  exper imen ta l  condi-  
tioris. 

EXPERIMENTAL METHOD 

The heart was isolated by the method of Vishnevskii et alo [2], suggested for preserving the organ with a 
view to subsequent transplantation. Altogether five experiments in which the heart was perfused with eryhem 
and six in which it was perfused with autologous blood, diluted with physiological saline until the Hb concen- 
tration was 2~ g %, were carried out. The isolated contracting heart was perfused by means of a resisto- 
graph under a eonstant perfusion pressure of 30-35 rnm Hg. The perfusion fluid was pumped into the coronary 
arteries from the oxygenator and collected ha the right ventricle, where it emerged from the coronary sinus, 
and also from the anterior cardiac veins of Thebesius. Through a special catheter, which served for the outflow 
of blood and for sample taking, the perfusion fluid passed into the oxygenator, where it was saturated with oxy- 
gen at atmospheric pressure, to pC 2 = 159 mm Hg. The temperature in the oxygenator and perfusion system 
was maintained at 38~ Samples for analysis were taken at the outlet of the oxygenator (artery) and at the out- 
let of the right ventricle (vein). The heart rate (HE), volume of the eoronary blood flow (CBF), concentration 
and partial pressure of oxygen G002), partial pressure of carbon dioxide (pCO2) , the pH of the arterial (A) and 
venous (V) blood, and the oxygen capacity (OC) of the blood and eryhem solution were determined. The A - V 
differenee of oxygen concentrations ((A -V)O2) , the degree of oxygen saturation (HbO~) and oxygen capacity (OCHb) 
of 1 g hemoglobin of the blood and eryhem, and the oxygen demands of the heart muscle were calculated. All 
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TABLE i .  Oxygen Supply of Myocardium 
during Perfusion of Isolated Heart with 
Diluted Blood 0VI * m) 

Index 

Hb, g % 
OC, vol. % 
OCHb, vol. % 
CaO2, vol. % 
CVO2. rot.% , 
(A-~ V)O2, vol. 50 
HbO D ~, 
HbO s A, % 
CBF, m l / m i n / 1 0 0  g 
O2 consumption, 

ml/min/lO0 g 
HR 
pO z A, mm Hg 
pO 2 V, mm Hg 
pCO, A, mm Hg 
pCO 2 V, mm Hg 
pHA 
pH B 

Time from beginning of peffu.sion, rain 

,~ I 
2.9-+0.04 I 
4.2+-0.09 I 

1.45-+0.02 I 
4.1"+'0.18 I 
2.3+-0.19 I 
1.8-----0.08 ] 
97---+2.4 1 
50-+" 3.6 I 
98-~-7.1 I 

1.9------0.12 I 
148-+ 14.9 [ 
t lfi-" 1.4 I 
45"-~" 3. b i 

, . u - -  A.L , 

I0.4 ~- 1 . 2  1 

7.22-+0.06 i 
7.10"- 0.051 

30 60 

2,9~0,04 2,9-+0,04 
4,2-+0,09 4,2+-0,09 

1,45-'-0,02 1,45~0,02 
3,9+-0,2 3,9+-0,2 
2,3-+0,26 2,3~0,25 
1,6+-0,18 1,5+-0,13 
92-+3,1 91+-3,7 
54-----5,6 55-----5,2 
96+- 6 74----- 12,1 

1,6+-0,24 1,1"+0,18 
140+- 14,8 119"+-22,3 
107+-5,7 103-+5,2 
49---+2 51~-1,9 

6,9-+0,8 7,6+- 1,5 
9,7+- 1,3 9,9--2,1 

7,19+-0,06 ~ 7,13~0,06 
7,09~0,05 ' 7,05-'-0,07 

TABLE 2. Oxygen Supply of Myoeardium 
during Perfusion of Isolated Heart with 
Eryhem (1VI ~= m) 

Index 

Hb, g % 
OC_vol. 
OCHb, vol.% 
CAO,, vol. % 
CVO~, vol. % 
(A -- V)O~, voL% 
HbO 2 A, ~ 
HbO 2 V, % 
CBF, ml/min/ 
I00 g 

O consum tion, 
~nl/minT~O0 
g 

HR 
pggA, mm 

p~gV,  mm 

pCO 2 A, mm 

p~H~g~ V, mm 

pH k 
pH B 

Time from beginning o fperfusio.n, rain 

2,6-+ 0,03 
2,7+-0,05* 

1,07 +" 0,02* 

30 

2,6+-0,03 
2,7-'-0,05* 

1,07--0,02' 

60 

2,6+--0,03 
2,6+-0,08* 
1,03-- 0,04* 

2,7-'- 0,005* 
1,1+-0,08" 
1,6-+0,06 
99= 1,6 
39+2,8 

146+----12,9" 

2,4-+-0,17 * 
122+-12,3 

113-----5,8 

21+1,4 * 

26----- 1,8" 

46--+3,3 * 
6,89-----0,09* 
6,76-+0,08* 

2,6+-0,03* 
1,t--0,14" 
1,5--0,14 
95+----1,4 
39-+4,7 

144-+10,3" 

2,2+-0,23 
115-+8,3 

I05m4,3 

26-+---5,1" 

30-+---3,5* 

50--+2,9 * 
6,78-++-0,1 * 
6,65--+0,07 * 

2,4"+0,07 * 
1,2+-0,2" 
1,3--+0,2 
92-----1,1 
44-----5,6 

128-+15,3" 

1,6-+---0,27 
75-+21,2 

88-+2,6* 

30-----4,5* 

29-----3,t* 

51+7,8 * 
6,61~0,09" 
6,50~0,07' 

Legend. Data differing significantly from 
corresponding values in experiments with 
diluted blood (17 < 0.05)~ 

these indices were determined i0,30, and 60 rain after the beginning of perfusion. 

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

The main values characterizing the oxygen regime of the myocardium were: the oxygen concentration in 
the arterial blood and the level of Hb oxygen saturation, the oxygen concentration and degree of oxygen satura- 
tion of Hb in the system of the coronary veins, (A - V)O2, pO 2 in the artery and vein, and the oxygen consump- 
tion of the heart muscle. It will be clear from Tables 1 and 2 that eryhem was sufficiently well saturated with 
oxygen, and the oxygen concentration, the Hb oxygen saturation, and pO 2 in eryhem corresponded to those in 
arterial blood. Not until the 60th minute of perfusion was pO 2 in eryhem substantially lower than in blood. This 
can be explained by the oxidation of eryhem (the formation of the met form) and some degree of denaturation of 
the protein, as confirmed by the results of appropriate investigations and data in the literature [3]. Eryhem 
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gave  up oxygen to the t i s s ue s ,  and (A - V)O 2 for e ryhem was equal to (A - V)O 2 fo r  blood. E r y h e m  c o r r e -  
spondingly sa t i s f ied  the oxygen demand of the hea r t  m u s c l e s .  

However ,  main tenance  of  the n e c e s s a r y  level  of  oxygen consumption by the hea r t  dur ing per fus ion  with 
e ryhem and blood was achieved di f ferent ly .  In both ca se s  the hea r t  m u s c l e  r ece ived  an inadequate oxygen sup -  
ply and functioned under  hypoxic condit ions,  but dur ing per fus ion  with e ryhem the hypoxia was m o r e  s e v e r e .  
This  is c l ea r  f rom ana lys i s  of  the venous blood. In the expe r imen t s  with e ryhem both the oxygen c o n c e n t r a -  
tion and pO 2 were  s ignif icant ly lower  than in the expe r imen t s  with blood. P roof  of the s e v e r e  hypoxia was given 
by the m o r e  m a r k e d  ac idos is  and the hypercapnia  found in the e ryhem solution flowing f rom the hea r t  than in 
the  blood. 

The cause  of the m o r e  m a r k e d  hypoxia during per fus ion  of the hear t  with e ryhem was its lower  oxygen 
capaci ty  than that of  Hb contained in red  blood cel ls .  The oxygen  capaci ty  of diluted blood was in fact  1.4 vol. 
% higher  than that of  e r y h e m ,  although the Hb concentra t ion  in the blood was only 0 o3 g % g r e a t e r .  This d i f -  
f e rence  could be seen m o r e  c l ea r l y  st i l l  when the oxygen capac i ty  calcula ted per  g r a m  Hb was compared .  For  
e ryhem it was only 72% of the oxygen capac i ty  of  Hb in the red blood ce l l s  {Tables 1 and 2)~ The oxygen d i s -  
sociat ion cu rve  of e ryhem also was shifted sl ightly to the left ,  in te r fe r ing  with the giving up of oxygen to the 
t i s sues  [6, 9, 11]~ 

For t he  compensat ion of anemic  hypoxia u n d e r t h e s e  exper imenta l  conditions the hea r t  can call  on two 
physiologica l  m e c h a n i s m s :  vasodi la ta t ion  (an i nc rea se  in the blood flow) and the ut i l izat ion of the oxygen r e -  
s e r v e s  of  the blood. Both of these  m e c h a n i s m s  enabled the hea r t ,  in the expe r imen t s  with e r y h e m ,  to main ta in  
the n e c e s s a r y  level  of  oxygen consumption.  

The CBV was 50% g r e a t e r  during per fus ion  with e ryhem than with blood; the re la t ive  b radyca rd ia  ob -  
se rved  in the expe r imen t s  with e ryhem did not p reven t  the i nc r ea se  in CBF. The deg ree  of ut i l izat ion of the 
oxygen r e s e r v e s  of  the blood was ment ioned above.  To sa t i s fy  the oxygen demand in the expe r imen t s  with e r y -  
hem the hea r t  uti l ized i ts  r e s e r v e s  to a g r e a t e r  d e g r e e  than in the expe r imen t s  with diluted blood and, for that 
r eason ,  the conditions of i ts  oxygen supply were  worse .  

These  expe r imen t s  showed that  e ryhem can combine  with oxygen,  t r a n s p o r t  it ,  and give it up to the t i s -  
sues .  However ,  the concentra t ion  of e ryhem  invest igated and the p e r m i s s i b l e  dose  for injection causing m i n i -  
m a l  changes in the o rgans  p reven t  e ryhem  f rom being r ega rded  as a blood subst i tute  combined with oxygen 
c a r r i e r ,  for the quantity of  oxygen c a r r i e d  by it is ve ry  smal l  and cannot play a dec i s ive  ro le  in the co r r ec t i on  
of oxygen insuff ic iency caused by blood loss  or  shock. An i n c r e a s e  in the Bb concentra t ion  in e ryhem would 
evidently enable it to be used as a per fus ion  med ium for  the p r e s e r v a t i o n  of i so la ted  o rgans  in v i t ro .  
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