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Uptake and Phosphorylat ion of 2 -Deoxy-D-Glucose  by Normal  Hu ma n  Uterine Muscles  and Uterine 
Myomata  

P r e v i o u s  i n v e s t i g a t i o n  b y  us x disclosed t h a t  h u m a n  
u t e r i ne  m y o m a t a  do n o t  deve lop  s ign i f i can t  t en s i on  in 
excess p o t a s s i u m  a n d  also r e s pond  poor ly  to  a u t o n o m i c  
a n d  o t h e r  d rugs  w h e n  c o m p a r e d  to  n o r m a l  u t e r i ne  
muscles .  A sea rch  i n to  t h e  r ea son  for th i s  un re spons ive -  
ness  is be ing  ca r r i ed  o u t  b a s e d  on  t h e  s pecu l a t i on  t h a t  
t h e  ene rgy  for  m a i n t e n a n c e  of a po la r i zed  cell m e m b r a n e  
is l ack ing  in m y o m a t a .  U p t a k e  a n d  p h o s p h o r y l a t i o n  of 
2-deoxy-D-glucose (DOG) was t h u s  s tud ied  because  g]u- 
cose is t h e  p r i m a r y  s u b s t r a t e  for ene rgy  p r o d u c t i o n  in 
n o r m a l  u t e r i ne  muscles .  

Materials and methods. Tissues  were  o b t a i n e d  f r o m  20 
p r e m e n o p a u s a l  pa t i en t s .  U t e r i n e  musc les  f rom 10 p a t i e n t s  
were  a d j u d g e d  to  b e  n o r m a l  b y  c r i t e r i a  desc r ibed  pre-  
v ious ly  ~. M y o m a t a  were  o b t a i n e d  f rom i 0  o t h e r  p a t i e n t s .  
These  t i s sues  were  used  n o t  l a t e r  t h a n  18 h a f t e r  surgery .  
VVhen necessary ,  t h e y  were  s to red  in R i n g e r - L o c k e  U.S .P .  
X I V  so lu t ion  a t  4 °C. La te r ,  work ing  sec t ions  of approx i -  
m a t e l y  1 m m  th i cknes s  a n d  150 m g  were  cu t  f rom each  
t i s sue  a n d  used  as fol lows:  2 sec t ions  for  ana lys i s  of 
D O G  a n d  D O G  p h o s p h a t e ,  3 sec t ions  for  ana lys i s  of 
i n u l i n  (ex t race l lu la r  space),  1 sec t ion  for  e s t i m a t i o n  of 
e n d o g e n o u s  inu lo id  ma te r i a l ,  1 sec t ion  for  e s t i m a t i o n  of 
t o t a l  t i s sue  wate r .  These  sec t ions  were  i n c u b a t e d  for  2 h 
in  gassed  (95% O,  + 5% CO2) R i n g e r - L o c k e  U .S .P .  X I V  
a n d  h e a t e d  to  37 °C. I n u l i n  was m e a s u r e d  b y  t h e  m e t h o d  
of RoE  e t  a l ) .  D O G  a n d  D O G  p h o s p h a t e  were d e t e r m i n e d  
as desc r ibed  b y  KIPNIS a n d  CoRI 4 a n d  WARAVDEKAR a n d  
SASLAW 5. T h e  i n t r ace l l u l a r  c o n c e n t r a t i o n s  of suga r  a n d  
p h o s p h a t e  were  ca l cu la t ed  f rom t h e  f o r m u l a  of KIPNIS 
a n d  PARRISH 8. T h e  t o t a l  t i s sue  w a t e r  was  o b t a i n e d  b y  
s u b t r a c t i o n ,  u s i n g  t h e  w e t  w e i g h t  a n d  t h e  w e i g h t  a f t e r  
d r y i n g  a t  120 °C to  c o n s t a n t  weight .  

Results. B o t h  types  of t i s sue  were  i n c u b a t e d  in a 
so lu t ion  c o n t a i n i n g  0.82 m g / m l  of D O G  a n d  th i s  led to  a n  
i n t r a c e l l u l a r  c o n c e n t r a t i o n  of D O G  plus  D O G  p h o s p h a t e  
of a p p r o x i m a t e l y  1 m g / m l  in each  t issue.  T h e  i n t r ace l l u l a r  
D O G  p h o s p h a t e  in  m y o m a t a  was  h o w e v e r  s ign i f i can t ly  
lower  t h a n  in n o r m a l  muscles .  I n c u b a t i o n  also r e su l t ed  in 
a n e t  w a t e r  loss in  each  t issue.  I n u l i n  space  in  m y o m a t a  
was s ign i f i can t ly  g r ea t e r  t h a n  in  n o r m a l  muscles .  

Discussion. T h e  response  to  some  a u t o n o m i c  d r u g s  c a n  
be  r e l a t ed  to  t he i r  a f fec t  on  t h e  r e s t i ng  m e m b r a n e  p o t e n -  
t i a l  of t h e  r e s p o n d i n g  cellsL T h e  m a i n t e n a n c e  of t h e  
m e m b r a n e  p o t e n t i a l  in  s m o o t h  musc le  cells is be l i eved  
d e p e n d e n t  on  ac t ive  t r a n s p o r t  progresses  for  i n w a r d  
m o v e m e n t  of p o t a s s i u m  a n d  e x t r u s i o n  of i n t r a c e l l u l a r  
s o d i u m  a n d  b o t h  processes  h a v e  b e e n  coupled  w i t h  u p t a k e  
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Parameter • Myomata Normal muscles 

Total water (cmg/kg) 887 :~: I3 879 :h 7 
Inulin space (cmSlkg) 319 :k 23 b 233 :h 16 
Water loss (cm3/kg) 84 :/= 12 82 =h 7 
Intracellular DOG (mg/ml) 0,85 =h 0.06 b 0.54/:  0.03 
Intracellular DOGP (mg/ml) 0.27 ~ 0.05 b 0,51 =[: 0.04 
Extracellular DOG (mg/kg) 0.82 =h 0.003 0,82 i 0.003 

DOG is 2-deoxy-D-glucose. DOGP is 2-deoxy-D-glucose phosphate. 
Value is a mean of 10 experiments/= its standard error, b Indicates 

value for myomata differs from normal muscles P = 0.05 or less. 

a n d  u t i l i z a t i on  of g lucoseL The  p r e s e n t  e x p e r i m e n t s  
d e m o n s t r a t e  t h a t  h u m a n  u t e r i ne  m y o m a t a ,  t h o u g h  able  
to  t a k e  u p  D O G  in t race l lu la r ly ,  c a n n o t  p h o s p h o r y l a t e  
D O G  as c o m p l e t e l y  as can  n o r m a l  u t e r i ne  muscles .  Be-  
cause  D O G  is p h o s p h o r y l a t e d  b y  h e x o k i n a s e  as  is glucose s 
a n d  is t h o u g h t  to  be  t r a n s p o r t e d  b y  t h e  s ame  s y s t e m  
respons ib le  for  glucose t r a n s p o r t  9, ou r  o b s e r v a t i o n s  on  
p h o s p h o r y l a t i o n  of D O G  shou ld  a p p l y  to  glucose as  well. 
W e  the re fo re  be l ieve  t h a t  such  reduced  p h o s p h o r y l a t i o n  
of glucose is r e l a t ed  to  t h e  poo r  con t r ac t i l e  r e sponse  of 
m y o m a t a  to  some  d rugs  a n d  depo la r iz ing  so lu t ions  w h i c h  
caused  good responses  in  n o r m a l  musc les  I. W e  are  m i n d f u l  
t h a t  t he se  e x p e r i m e n t s  were  p e r f o r m e d  on  c u t  musc les  
a n d  t h a t  p e r m e a b i l i t y  to  m a n y  s u b s t a n c e s  inc lud ing  D O G  
increases  in  c u t  musc les  c o m p a r e d  to  i n t a c t  ones  10. How-  
eve r  t h e  i n t r aee l l u l a r  t o t a l  D O G  (DOG + D O G  phos -  
pha t e )  was  t h e  s ame  in b o t h  t i ssues  a n d  was  h ighe r  t h a n  
ex t r ace l lu l a r  D O G  i n d i c a t i n g  ac t ive  t r a n s p o r t .  T h u s  i t  
wou ld  seem t h a t  p h o s p h o r y l a t i o n  r a t h e r  t h a n  ac t ive  
t r a n s p o r t  of glucose is de fec t ive  in m y o m a t a .  

T h e  inu l in  space  in  our  n o r m a l  musc les  was  233 cm3/kg. 
I t  c o m p a r e s  f a v o r a b l y  w i t h  va lues  for  gu inea -p ig  n a n d  
r a b b i t  n u te rus .  T h e  inu l in  space  for  m y o l n a t a  is 319 
cm3/kg a n d  is s ign i f i can t ly  g r ea t e r  t h a n  in n o r m a t  mus-  
cles. W e  c a n n o t  exp la in  th i s  d i f fe rence  b u t  sugges t  t h a t  
sec t ion ing  of  m y o m a t a  resu l t s  in  more  cu t  musc le  cells 
owing  to  t h e i r  n o n - s y m e t r i c a l  o r i e n t a t i o n  18. 

Zusammen/assung. E i n  Vergle ich  der  a k t i v e n  A u f n a h m e  
u n d  P h o s p h o r y l i e r u n g  y o n  2-deoxy-D-glucose i m  n o r m a l e n  
U t e r u s m u s k e l  u n d  i m  M y o m a t a  des  M e n s c h e n  zeigte, dass  
be ide  Gewebe  d e n  Zucke r  u n t e r  E n e r g i e a u f w a n d  auf-  
n e h m e n .  M y o m a t a  h i n g e g e n  p h o s p h o r y l i e r t  weniger  auf-  
g e n o m m e n e n  Zucke r  als de r  n o r m a l e  U t e r u s m u s k e l .  
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