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Adenosine potentiates the release of preformed mediators 
such as p-hexosaminidase (p-hex) from stimulated mast cells by a 
mechanism t11at is poorly understood. Mouse bone marrow-derived mast 
cells incubated for 2 hours with nanomolar concentrations of 4p-phorbol 
128-myristate 13aacetate (PMA) exhibited a marked suppression of the 
ability of adenosine to augment 8-hex release induced by specific antigen 
or the calcium ionophore, A23187. Antigen-induced mediator release 
itself was also suppressed by PMA, whereas PMA and A23187 caused a 
synergistic enhancement of 8-hex release. Overnight PMA treatment of 
mast cells produced a similar hyporesponsiveness to adenosine as well as 
a striking inhibition of the secretory response to antigen or A23187. 
The generation of leukotriene C4 was unaffected by overnight PMA. The 
ability of adenosine to augment mast cell cyclic AMP concentrations was 
only modestly inhibited by 2-hour or  overnight PMA exposure. PMA induced 
an enhancement of antigen-stimulated intracellular free calcium levels as 
determined utilizing fura-2, but the ability of adenosine to potentiate 
this calcium response was completely abrogated. Either protein kinase C 
activation or a PMA effect on adenosine receptor expression or recycling 
in some way abolishes the ability of adenosine to augment nlediotor 
release. The inability of PMA to affect LTC4 generation underscores the 
dissociation between preformed and newly generated mediator releases. 
These data suggest that protein kinase C activity may be a key component 
of the mechanism of action of adenosine in mast cells. 
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Hypoxemia may r e s u l t  i n  t i s s u e  hypoxia and i n c r e a s e d  produc- 
t i o n  and e x c r e t i o n  of  aden ine  t r i p h o s p h a t e  (ATP) degrada t ion  
i n t e r m e d i a t e s  and u r i c  a c i d  (UA). I f  t h i s  h y p o t h e s i s  is c o r r e c t ,  
t h e n  aden ine  n u c l e o t i d e  degrada t ion  shou ld  d imin i sh  fo l lowing  
i n c r e a s e d  d e l i v e r y  o f  oxygen t o  hypoxic t i s s u e s .  F ive  p a t i e n t s  
wi th  c l i n i c a l l y  s t a b l e  COPD were in fused  wi th  [8 - l4   laden nine t o  
r a d i o l a b e l  t h e  aden ine  n u c l e o t i d e  poool .  Cumulative 3 days  r ad io -  
a c t i v i t y  e x c r e t i o n  and u r i n a r y  hypoxanthine ( H x ) ,  x a n t h i n e  ( X ) ,  
U A  and t o t a l  p u r i n e s  (TP=sum of  Hx, X and UA) were measured t o  
a s s e s s  p u r i n e  n u c l e o t i d e  degrada t ion  b e f o r e  and a f t e r  i n h a l a t i o n  
o f  oxygen ( F i 0 2 ,  24%) f o r  4 days.  R e s u l t s  (mean+SEM) were 
compared t o  t h o s e  o b t a i n e d  i n  4 normal s u b j e c t s  

Pa02 Cundative Hx 
excretim 

U A  TP 

(mm Hg) (% dose )  (pmol/g c r . )  (mmol/g c r . )  
C o n t r o l s  3.4620.28 2424 18+1 2.00+0.10 2 . 0 4 ~ 0 . 1  
COPD Basa l  5 0 ~ 2  5.01+0.34* 47+13* 30+8* 4.23+0.78* 4.31+0.8* 

Oxygen 6 5 ~ 1 .  3 . 0 9 ~ 0 . 2 6 +  26+5+ 15z5 3.44?0.72+ 3 .4g0 .7 '  

~ p c 0 . 0 5  vs c o n t r o l s ;  t P c 0 . 0 5  v s  b a s a l  

The i n c r e a s e d  b a s a l  e x c r e t i o n  o f  14c and u r i n a r y  p u r i n e s  i n  COPD 

p a t i e n t s  s u g g e s t  t h a t  hypoxemia a c c e l e r a t e s  aden ine  nuc1eot:ide 
d e g r a d a t i o n .  The d e c r e a s e  i n  t h e s e  pa ramete r s  e l i c i t e d  by oxygen 
the rapy  l e n d s  f u r t h e r  s u p p o r t  t o  t h e  hypo thes i s .  
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R e l i a b l e  pa ramete r s  of  n e o n a t a l  hypoxia have long  been sough t  
t o  i d e n t i f y  i n f a n t s  wi th  r i s k  of  b r a i n  damage. Inc reased  hypo- 
x a n t h i n e  (Hx) c o n c e n t r a t i o n s  have been c o r r e l a t e d  wi th  c l i n i c a l  
and l a b o r a t o r y  s i g n s  o f  p e r i n a t a l  a sphyx ia .  Hypoxia s t i m u l a t e s  
e r y t h r o c y t e  2 ,3 -d iphosphog lyce ra te  s y n t h e s i s  and may d imin i sh  iAP. 
I n  t h i s  s tudy  we compared pH, iATP and plasma Hx c o n c e n t r a t i o n s  
i n  t h e  u m b i l i c a l  co rd  blood o f  38 fu l l - t e rm neona tes .  S u b j e c t s  
were a s igned  t o  t h e  fo l lowing  groups:  1 0  c o n t r o l s  ( I ) ,  1 0  d e l i -  
ve red  by caesa rean  s e c t i o n  on ma te rna l  i n d i c a t i o n s  ( 1 1 ) .  9 by 
v a g i n a l  r o u t e  wi th  meconium-stained amnio t i c  f l u i d  (111)  and 
9 wi th  s u s t a i n e d  b r a d i c a r d i a  ( <  100/min) d e f i n e d  by ca rd io toco-  
g r a p h i c  moni to r ing  ( IV) .  R e s u l t s  (mean+SEM) were a s  fo l lows :  

Group Apgar s c o r e  Weight pH Hx ATP 
( l m i n )  ( g )  (pM) (rm31/109 cel)  

I 8+0 3400+310 7 . 3 3 ~ 0 . 0 3  3.620.3 1 7 0 ~ 7  
I 1  820 33752270 7.3320.03 1.9+0.1+ 16525 
111 6+2 3 4 0 5 ~ 3 2 8  7.26+0.26+ 6 . 2 ~ 1 . 6 ~  1 2 8 ~ 4 ~  
IV 421 3 3 4 4 ~ 1 3 6  7.17+0.12+ 1 0 . 8 ~ 5 . 4 ~  130+lf 

*P<0 .05  v s  group I ;  + P < 0 . 0 1  v s  groups I and I 1  
Some neona tes  wi th  c l i n i c a l  s i g n s  of  a sphyx ia  (g roups  111 and IV) 
had normal pH and Hx l e v e l s ,  b u t  a l l  evidenced subnormal iATP 
c o n c e n t r a t i o n s .  We conc lude  t h a t  u m b i l i c a l  c o r d  iATP d i s c r i m i -  
n a t e s  between normal and asphyx ia ted  i n f a n t s  and t h u s  may be a 
u s e f u l 1  i n d i c a t o r  o f  hypoxia i n  t h e  fu l l - t e rm newborn. 

REDUCTION OF ARA-C CYTOTOXICITY I N  HL 60 CELLS BY 
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Ara-C c l o s e l y  r e sembles  t h e  n a t u r a l  n u c l e o s i d e s  c y t i d i n e  and 
deoxycy t id ine .  The deaminat ion o f  t h e  t h r e e  compounds a r e  c a t a -  
lyzed  by t h e  enzyme c y t i d i n e  deaminase (CDD). T e t r a h y d r o u r i d i n e  
(TIIU), an  i n h i b i t o r  o f  t h e  enzyme, was found t o  i n c r e a s e  t h e  
c y t o x i c i t y  o f  Ara-C i n  3 days  suspens ion  c u l t u r e s  of HL 60 c e l l s .  
THU a l o n e  was found wi thou t  any e f f e c t .  The a c t i v i t y  o f  CDD i n  
e x t r a c t s  of  HL 60 c e l l s  could be induced t o  i n c r e a s e ,  when t h e  
c e l l s  were exposed t o  t h e  d i f f e r e n t i a t i o n  i n d u c e r  1 ,25  dihydroxy 
D,. Th i s  was n o t  seen  wi th  r e t i n o i c  a c i d  a n o t h e r  i n d u c e r  o f  d i f -  
f e r e n t i a t i o n .  Corresponding t o  t h e s e  f i n d i n g s ,  t h e  c y t o t o x i c i t y  
o f  Ara-C was found t o  be an tagon ized  by 1 ,25  dihydroxy D,, wh i l e  
r e t i n o i c  a c i d  i n c r e a s e d  t h e  c y t o t o x i c i t y  o f  Ara-C, s u p p o r t i n g  
t h e  assumption,  t h a t  CDD a c t i v i t y  is r e l e v a n t  f o r  t h e  Ara-C 
e f f e c t .  

C y t i d i n e  added t o g e t h e r  w i t h  Ara-C reduced t h e  Ara-C e f f e c t .  
However, t h e  combinat ion of  c y t i d i n e  and u r i d i n e  was a b l e  t o  
n e u t r a l i z e  t h e  e f f e c t  of c y t i d i n e  on t h e  Ara-C e f f e c t ,  probably 
by compe te t ive  i n h i b i t i o n  of  u r i d i n e  c y t i d i n e  k i n a s e .  

S i m i l a r l y ,  deoxycy t id ine  could n e u t r a l i z e  t h e  Ara-C e f f e c t ,  
which then  could be r e s t o r e d  by t h e  a d d i t i o n  of  THU. An explana-  
t i o n  f o r  t h i s  cou ld  be a h i g h e r  degree  o f  Ara-C phosphory la t ion  
compared t o  deoxycy t id ine  phosphory la t ion ,  both c a t a l y z e d  by 
deoxycy t id ine  k i n a s e ,  which has  been observed i n  a c u t e  myeloid 
leukemia c e l l s .  
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Extremely low e r y t h r o c y t e  dAD l e v e l s  (14p1f-control mean 7Ctl.I) wePe 
a r epea ted  f i n d i n g  in  a p a t i e n t  wi th  PPRPs s u p e r a c t i v i t y  kt? 
n e u r o l o g i c a l  a b n o r m a l i t i e s ,  i n c l u d i n g  i n h e r i t e d  nerve ( :eafn?os.  
The biochemical  b a s i s  f o r  t h i s  was s t u d i e d  u s i n g  (14-C) l.?bcller' 
NAD p r e c u r s o r ,  N i c o t i n i c  a c i d  ( ~ ~ ) + g l u t a m i n e ,  o r  i.licotinoc~i.de (~larn: 
and i n t a c t  e r y i l l r o c y t e s  a s  an  i n  v i t r o  model .Various i r lcubzt ion 
t imes ( I n~ in -48crs )  and substr-1s ( lldf-3mM) rreco o::nri, -t 
, ~ : t y s i u i o , i c a l  p ~ ~ o s p i l a t e  i ltlr~ : i j  and e:rKr stimulacio:: C L . I ~ ~ ~ I L ~ O I ~ C  
(18nl-l Pi!. i.IAD fo rmat ion  was h i g h e r  from Nam than  siA .?t low 
s u b s t r a t e  l e v e l s  i n  c o n t r o l s  and p a t i e n t .  The pat iei t ;  siorred f a s i - r  
IAD produc t ion ,  but  a s lower  i n c o r p o r a t i o n  o f  Nam pnt: !!A i n t o  Hltl, 
derJM~.l,witl~ no s t i m u l a t i o n  by P i .  NAD was t h e  p r e d o m i ~ ~ a n t  n lo tabo l i r e  
from e i t l ~ e r  r o u t e  a f t e r  24 o r  48 h r s ,  w i th  no decomposi t ion i n  
p a t i e n t  o r  c o n t r o l s .  Some iiA and deNMN were found a t  low and h igh  
;lam c o n c e n t r e t i o n s  i n  t h e  p a t i e n t ,  i n d i c a t i n g  deaminat ion o f  
uninetabolized Nam. At high p r e c u r s o r  c o n c e n t r a t i o n s  10-fold h i g h e r  
l e v e l s  o f  NAD were produced by NA than by Nam. I n  t h e  p a t i e n t  
s y n t h e s i s  was l e s s  than 10% of c o n t r o l s  from both p r e c u r s o r s  and 
a l t l ~ o u g h  endogenous HAD l e v e l s  were doubled by ilA, t h e  r e s u l t s  
sugges t  they  cou ld  no t  be normalized by the rapy  wi th  e i t h e r  !iA o r  
ilani. iiAD s t a b i l i t y  was no t  a l t e r e d  i n  t h e  p a t i e n t .  Thus, lower 
s u b s t r a t e  u t i l i z a t i o n  f o r  n u c l e o t i d e  s y n t h e s i s ,  o r  a l t e r n a t i v e  
metabolism must be impl i ca ted  i n  t h e  low e r y t h r o c y t e  iiAD l e v e l .  
Higher  s u b s t r a t e  l e v e l s  d i d  no t  i n c r e a s e  p roduc t ion  r a t e ,  
s u g g e s t i n g  t h a t  maximal a c t i v i t y  and not  s u b s t r a t e  a f f i n i t y  o f  
t h e  committed enzymes may be invo lved .  
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Excess p u r i n e  degrada t ion  i n  e x e r c i s i n g  muscle due t o  impaired 
g l y c o l y s i s  causes  hyperuricemia i n  muscle glycogenoses (myogenic 
hyperu r i cemia ) .  However, hyperuricemia has  been seen  more f r e -  
quen t ly  i n  Type VII t h a n  i n  Type V .  This  s tudy  was des igned  t o  
c l a r i f y  a me tabo l i c  b a s i s  f o r  t h e  d i f f e r e n t  f r equency  o f  hyper- 
ur icemia between t h e  d i s e a s e s .  5 p a t i e n t s  ( 2  males,  3 f e m a l e s )  
with Type V and 4 ( 3  males ,  1 f emale )  wi th  Type VII p a r t i c i p a t e d  
i n  t h e  s tudy .  1 ) In eve ry  p a t i e n t ,  semiischemic fo rea rm e x e r c i s e  
caused no increase i n  l a c t a t e  bu t  exaggera ted  i n c r e a s e s  i n  ammo- 
n i a ,  i n o s i n e  and hypoxanthine i n  c u b i t a l  venous blood.  The a m o -  
n i a  i n c r e a s e  was n o t  d i f f e r e n t  between Type V and Type VII ,  bu t  
i t  was g r e a t e r  i n  male t h a n  female p a t i e n t s .  2 )  Semiischemic 
forearm e x e r c i s e  performed a f t e r  glucagon i n j e c t i o n  showed t h a t  
l a c t a t e  p roduc t ion  was induced by e x e r c i s e  i n  Type V bu t  n o t  i n  
Type VII. 3 )  S a l i n e  o r  g l u c o s e  s o l u t i o n  was i n f u s e d  i n  a p a t i e n t  
with Type V du r ing  e x e r c i s e  on a b i c y c l e  ergometer .  With s a l i n e  
i n f u s i o n ,  amnonia and hypoxanthine i n  sys temic  c i r c u l a t i o n  i n -  
c reased  g r e a t l y  a f t e r  e x e r c i s e .  Conversely,  wi th  g l u c o s e  i n f u s i o n  
t h e r e  were no i n c r e a s e s  i n  t h e s e  m e t a b o l i t e s .  These f i n d i n g s  
i n d i c a t e d  t h a t  blood g l u c o s e  can be a v a i l a b l e  a s  me tabo l i c  fuel 
through muscle g l y c o l y s i s  i n  Type V bu t  no t  i n  Type VII .  Thus, 
muscle p u r i n e  degrada t ion  may be a c c e l e r a t e d  more i n  Type VII 
than i n  Type V ,  l e a d i n g  t o  a h igher  f r equency  o f  hyperu r i cemia .  
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