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C a r t e s i a n  D i v e r  S t u d i e s  o n  R e s p i r a t i o n  of Rat  B o n e  M a r r o w  C e l l s  in the  P r e s e n c e  of E r y t h r o p o i e t i n  
and  A n t i - E r y t h r o p o i e t i n  

I t  is k n o w n  t h a t  e r y t h r o p o i e t i n  (E S F ) ,  e l a b o r a t e d  b y  
t h e  k i d n e y ,  s t i m u l a t e s  h e m e  s y n t h e s i s  in  b o n e  m a r r o w  
cel ls  in  v i t r o  1. S ince  r e s p i r a t i o n  of  b o n e  m a r r o w  cei ls  h a s  
b e e n  i n v e s t i g a t e d  b y  v a r i o u s  m e t h o d s  2, t h e  p u r p o s e  of  t h e  
p r e s e n t  i n v e s t i g a t i o n  w a s  to  m e a s u r e  r e s p i r a t o r y  a c t i v i t y  
of  b o n e  m a r r o w  cel ls  in  t h e  p r e s e n c e  of E S F  a n d  a n t i - E S F .  
I n  t h i s  r e s p e c t ,  t h e  C a r t e s i a n  d i v e r  t e c h n i q u e  w a s  of  m a j  or  
i n t e r e s t  b e c a u s e  of  t h e  s e n s i t i v i t y  of  t h e  s y s t e m ,  t h e  
a b i l i t y  to  u s e  s m a l l  q u a n t i t i e s  of  cells,  a n d  t h e  f a c t  t h a t  
COs m a y  i n f l u e n c e  ce l lu l a r  m e t a b o l i s m  a, 4. 

Methods. B o n e  m a r r o w  s u s p e n s i o n s  f r o m  m a l e  r a t s ,  
L o n g - E v a n s  s t r a i n ,  w e r e  u s e d  for  al l  e x p e r i m e n t s .  S te r i l e  
s u s p e n s i o n s  w e r e  o b t a i n e d  b y  f l u s h i n g  t h e  b o n e  m a r r o w  
w i t h  C a + + - M g  ++ f ree  s a l t  s o l u t i o n ,  a n d  t h e n  r e s u s p e n d i n g  
in  P u c k s  or  H a n k s  b a l a n c e d  s a l t  s o l u t i o n .  I n  e x p e r i m e n t s  
w h e r e  E S F  or  a n t i - E S F  w a s  a d d e d ,  b o n e  m a r r o w  f r o m  
t r a n s f u s i o n - i n d u c e d  p l e t h o r i c  r a t s  w a s  u s e d  5. T h e  E S F  
w a s  p r e p a r e d  f r o m  a n e m i c  h u m a n  u r i n e  a n d  h a d  a spec i t i c  
a c t i v i t y  oI 4 U / 0 . 2 5  ~1. A n t i - E S F  w a s  p r e p a r e d  a c c o r d i n g  
to  t h e  m e t h o d  of  SCHOOLEY a n d  GARCIA 6. T h e  C a r t e s i a n  
d i v e r  t e c h n i q u e ,  w h i c h  a l l ows  o n e  t o  u s e  m i c r o  s a m p l e s  of  
cel ls ,  h a s  b e e n  d e s c r i b e d  e l s e w h e r e  a, 7, s. 

Results. P r e l i m i n a r y  e x p e r i m e n t s  u s i n g  t h e  m i c r o -  
a m p u l l a  d i v e r  t e c h n i q u e  of Z~UTH~N ~, d e m o n s t r a t e d  t h a t  
r e s p i r a t i o n  of  n o r m a l  b o n e  m a r r o w  cel ls  is s l i g h t l y  l ower  
in  t h e  p r e s e n c e  of  g l u c o s e  as  c o m p a r e d  to  w i t h o u t  g l u c o s e  
( C r a b t r e e  ef fec t ) .  I n  T a b l e  I,  al l  d e t e r m i n a t i o n s  w e r e  m a d e  
w i t h  2 0 0 - 3 0 0  c e l l s / d i v e r  a n d  0 . 1 N N a O H  as  a n  a b s o r b a n t  
a t  37~ Tl~ese r e s u l t s  a r e  n o t  u n u s u a l  in  v i e w  of  t h e  
n u m e r o u s  r e p o r t s  of  r e d u c e d  r e s p i r a t i o n  of b o n e  m a r r o w  
a n d  o t h e r  e l e m e n t s  in  t h e  p r e s e n c e  of  g l u c o s e  9-12. 

Table I. Ampulla diver determinations of bone marrow cells in Pucks 
salts with or without 0.018M glucose 

Z] VQ/Cell/h • 10-6ILl 

Ceils without glucose Cells with glucose 
0.97 ~: 0.17 (4) 0.73 :k 0.15 (4) 

Controls (no cells) ~ 0.52, 1.10 • 10 5 

Number of determinations in parenthesis. Average ~- S.D. 

Table II. Respiration of bone marrow cells in Hanks balanced salt so- 
lution with or without ESF, anti-ESF and 10-aM azide 

z] VO2/Cell/Hr • 10-6bd 
Cells Cells + Cells + ESF Ceils 

4 units ESF + anti-ESF +10 aM Azide 

1.25 0.46 0.73 0.28 
1.05 0.53 0.87 0.24 
1.04 0.61 1.15 0.41 
0.79 0.56 0.92 
0.93 0.67 2.35 
0.91 0.34 0.99 
0.92 0.53 0.89 

0.63 0.97 
0.99 ~ 0.14 0.54 • 0.10 0.98 • 0.18 0.34 -4- 0.06 

Controls (no cells) = 8.95, 7.50, 6.65 x 10 ~ 

Micro stoppered standard divers were used with a gas phase of 5% 
CO~+95% air, and 400-2000 ceils/diver. Each figure represents an 
average. 4 h determination for I diver. Final total average calculated 
:5 S.D. 

S t u d i e s  o n  p l e t h o r i c  b o n e  m a r r o w  cel ls  ( E S F  r e s p o n s i v e )  
d e m o n s t r a t e d  t h a t  cel l  r e s p i r a t i o n  w a s  l ower  in  t h e  p r e s -  
e n c e  of E S F ,  a n d  t h a t  i n h i b i t i o n  w a s  o v e r c o m e  in  t h e  
p r e s e n c e  of a n t i - E S F  (0.54 v s  0 . 9 9 •  -6 ) (0.98 v s  
0.99 • 1076) ( T a b l e  I I ) .  A l l  d e t e r m i n a t i o n s  w e r e  m a d e  w i t h  
m i c r o - s t a n d a r d  s t o p p e r e d  d ive r s ,  w i t h  a g a s  p h a s e  of  5 %  
CO2 q-95 % a i r  a n d  a b s o r b a n t  s ea l s  of  N a H C O a  s. I n  d i v e r s  
w i t h o u t  h o r m o n e ,  a n  e q u a l  a m o u n t  of  p r o t e i n  ( a l b u m i n )  
w a s  a d d e d  t o  c o m p e n s a t e  for  t h e  a d d e d  h o r m o n e  in  
e x p e r i m e n t a l  d ive r s .  

Discussion. I t  is of  i n t e r e s t  to  n o t e  t h a t  r e s p i r a t i o n  in  t h e  
p r e s e n c e  of E S F  w a s  l ower  t h a n  n o r m a l  c o n t r o l  cei ls ,  a n d  
t h a t  t h i s  i n h i b i t i o n  w a s  o v e r c o m e  in  t h e  p r e s e n c e  of  
a n t i - E S F .  I n h i b i t i o n  b y  az ide  s u g g e s t s  t h a t  a f u n c t i o n a l  
c y t o c h r o m e  s y s t e m  ex i s t s .  A p p a r e n t l y  s o m e  of  t h e  b o n e  
m a r r o w  e l e m e n t s  a r e  r e s p o n d i n g  to  t h e  h o r m o n e  in  s u c h  
a w a y  t h a t  t h e  o v e r a l l  a e r o b i c  r e s p i r a t i o n  of t h e  cell  
p o p u l a t i o n  is d e c r e a s e d .  S ince  a C r a b t r e e  e f f e c t  m a y  
ex i s t ,  i t  is p o s s i b l e  t h a t  a i n c r e a s e d  a n a e r o b i c  m e t a b o l i s m  
c o u l d  a c c o u n t  for  t h e  r e d u c e d  r e s p i r a t i o n  la-14. 

Rdsumd. L ' 6 t u d e  de  la r e s p i r a t i o n  de s  ce l lu les  de  la  
m o e l l e  d e s  os  d u  r a t  r u t  f a i t e  a v e c  u n  p l o n g e u r  C a r t 6 s i e n .  
Ces  ce l lu les ,  a v e c  ou  s a n s  g lucose ,  r e p i r e n t  g r a i s o n  de  
0 , 7 3 4 - 0 , 1 5  e t  0,97 4-0 ,17  x 10 -6 bd O2/ce l lu le /h .  C o m p a r 6 e  
a u x  m e s u r e s  de  cont r61e ,  la  r e s p i r a t i o n  de s  ce l lu l e s  m 6 d u l -  
l a i r es  de  r a t s  p l 6 t h o r i q u e s  e s t  p l u s  l a b i l e  e n  p r 6 s e n c e  de  
E S F  (0,45 c e n t r e  0,99 • 10 .6 bd O J c e l l u l e / h ) .  C e t t e  i n h i -  
b i t i o n  f u r  s u p p r i m 6 e  p a r  l a  p r 6 s e n c e  d ' a n t i - E S F  (0,98 
c e n t r e  0 ,99 • 10 6 bd O J c e l l u l e / h ) .  
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