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The r e l a t i o n  between b a s i c  and appl ied  r e s e a r c h  i s  a problem of  an almost  

p h i l o s o p h i c a l  n a t u r e  and t h e  s o l u t i o n  is l i k e l y  t o  v a r y  w i t h i n  d i f f e r e n t  f i e l d s  

o f  r e s e a r c h .  I s h a l l  conf ine  myself t o  t h e  s i g n i f i c a n c e  of  phosphate i n  t h e  

d i a b e t e s  d i s e a s e .  A c l o s e r  c o l l a b o r a t i o n  between b a s i c  r e s e a r c h  and t h e  c l i n i c s  

cannot  be expected t o  take p l a c e  s imply because some r e s e a r c h  c o u n c i l  o r  o t h e r  

a u t h o r i t y  i n s t r u c t  f r e e  s c i e n t i s t s  what t o  do. Representa t ives  of  b a s i c  re -  

s e a r c h  a r e  perhaps more i n d i v i d u a l i s t i c  than o t h e r s  and work b e s t  on problems 

which a t t r a c t  them. However, i n  a l l  development t h e r e  i s  one q u i t e  s imple pr in-  

c i p l e  which has  t h e  advantage of  being u n i v e r s a l .  What has  t o  come t o  pass  w i l l  

come t o  pass .  

A t  t h i s  moment when c l i n i c a l  d i a b e t e s  r e s e a r c h  i s  about  t o  take  a new p a t h ,  

i t  is  p o s s i b l e  t h a t  new i s s u e s  w i l l  a r i s e  and s tand  out  as  inescapable  and 

cha l lenging  t o  b a s i c  research .  One new path i s  t h e  t rea tment  of  a l l  d i a b e t i c s  

with phosphate supplementat ion,  introduced by D r  Jorn  D i t z e l  a t  Aalborg i n  

1976. He is doing t h i s  f o r  reasons  a r i s i n g  from h i s  own research .  But he i s  by 

no means a p ioneer  i n  t h i s  r e s p e c t .  On t h e  c o n t r a r y  phosphate  t rea tment  has  

e x i s t e d  f o r  a long t ime,  always r e c u r r i n g  f o r  a s  good reasons  as have been 

a v a i l a b l e  a t  t h a t  t i m e .  Phosphate d e f i c i e n c y  i n  r i c k e t s  was discovered i n  1920 

and a s  t h e r e  seemed t o  be c e r t a i n  s i m i l a r i t i e s  between r i c k e t s  and d i a b e t e s ,  

f o r  i n s t a n c e  s t u n t e d  growth, t h e  u s e  of  phosphate i n j e c t i o n s  was i n i t i a t e d  i n  

Germany b e f o r e  t h e  d iscovery  of i n s u l i n .  Both E l i a s  e t  a l .  ( 7 )  and F r i e d l a n d e r  

and Rosenthal  ( 9 )  noted reduced blood and u r i n e  sugar  and sometimes a decrease  

would cont inue  f o r  t h r e e  days a f t e r  o n l y  one i n j e c t i o n .  But then t h e  whole 

m a t t e r  was abandoned and f o r g o t t e n  a f t e r  t h e  d iscovery  of  i n s u l i n .  During t h e  

s i x t i e s  I was working on a hypothes is  d e a l i n g  wi th  t h e  observa t ion  t h a t  diabe-  

t e s  begins  wi th  increased  and n o t  wi th  reduced c o n c e n t r a t i o n s  of i n s u l i n .  One 

of  t h e  f u n c t i o n s  of  i n s u l i n  which h a s  long been overlooked i s  t h e  s t i m u l a t o r y  

e f f e c t  on phosphate and potassium uptake.  If t h e  c o n c e n t r a t i o n  o f  phosphate 

drops ,  t h e  i n c r e a s e  of  i n s u l i n  can be i n t e r p r e t e d  a s  an a d a p t a t i o n ,  t o  p r e s e r v e  

phosphate uptake .  I n  t h e  long run t h e  increased  product ion  o f  i n s u l i n  may lead 
t o  p e e l 1  exhaus t ion  and d i a b e t e s .  My hypothes is  was e n t i t l e d :  "Is phosphorus 
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d e f i c i e n c y  a primary and i n s u l i n  i n s u f f i c i e n c y  a r e s u l t a n t  secondary f a c t o r  i n  

t h e  e t i o l o g y  and pa thogenes is  of  d i a b e t e s ? "  

During t h i s  work I w a s  much s u r p r i s e d  t o  come a c r o s s  a f e w  l i n e s  i n  small .  

p r i n t  i n  t h e  Presse  Medicale where P. Le Gac s t a t e d  t h a t  l a c k  of  phosphate  i o n s  

r e n d e r s  t h e  i n s u l i n  i n e f f e c t i v e .  The y e a r  of  p u b l i c a t i o n  w a s  1950 but  n e i t h e r  

p r e v i o u s l y  n o r  l a t e r  could I f i n d  any a r t i c l e  on t h e  m a t t e r .  A s  I discovered 

h e r e  a conf i rmat ion  of my own i d e a s  I wrote  a l e t t e r  t o  Le Gac who turned out  

t o  be a Professor  o f  Pharmacology a t  Rennes and received a kind r e p l y  and some 

r e p r i n t s  from p r o v i n c i a l  French p e r i o d i c a l s  (1 1 ) . S t r a n g e l y  enough i t  appeared 

t h a t  a l s o  h i s  view o f  t h e  d i a b e t e s  problem o r i g i n a t e d  from h i s  knowledge o f  

v e t e r i n a r y  medicine t o  which phosphate d e f i c i e n c y  was a c u r r e n t  problem a l r e a d y  

i n  t h e  t h i r t i e s .  Le Gac thought he could s e e  s imi la r i t i es  between t h e  f r e q u e n t  

acetonemia i n  c a t t l e  and t h e  d i a b e t i c  c r i s i s  i n  man and ace tone  vomit ing i n  

c h i l d r e n .  These c o n d i t i o n s  are severe  a c i d o s e s  l e a d i n g  t o  heavy l o s s e s  of 

phosphate. Consequently i t  becomes impera t ive  t o  rephosphat ize  t h e  p a t i e n t .  

This  is p r e c i s e l y  what Le Gac was doing a l r e a d y  a t  t h e  end of  t h e  t h i r t i e s  by 

t h e  a d m i n i s t r a t i o n  o f  a d a i l y  dose of  3-4 g sodium phosphate. 

Guest and Rapoport (10) repor ted  i n  1941 t h a t  o r a l  and p a r e n t e r a l  admini- 

s t r a t i o n  of  phosphate a c c e l e r a t e s  t h e  recovery  from d i f f e r e n t  forms of  acidos-  

is ,  l i k e  experimental  ammonium c h l o r i d  a c i d o s i s ,  g a s t r o e n t e r i t i s  i n  c h i l d r e n  

and d i a b e t e s .  In t h e  USA, t rea tment  of  d i a b e t i c  coma wi th  phosphate  i n j e c t i o n s  

was i n i t i a t e d  i n  1948 and t h e  r e s u l t s  were b e t t e r  than with convent iona l  a l k a l i  

t rea tment .  Despi te  t h e i r  a p p a r e n t l y  b e n e f i c i a l  e f f e c t s  on t h e  d i s e a s e  t h e s e  

e a r l y  experiments  have n e i t h e r  in f luenced  today-s  therapy  of  n o r  concepts  about  

d i a b e t e s .  

One-sided view of  t h e  i n s u l i n  e f f e c t  

Is it p o s s i b l e  t h a t  t h e  l a c k  of i n t e r e s t  i n  t h e  r o l e  of  phosphate  i s  due t o  

t h e  f a c t  t h a t  too much a t t e n t i o n  has  been focused on t h e  e f f e c t  of  i n s u l i n  on 

g lucose  uptake? S c i e n t i s t s  have enjoyed t h e  concept  of  g lucose  dancing t o  t h e  

tune  of  t h e  i n s u l i n  long enough. But t h e r e  i s  a n o t h e r  p i p e r  c a l l i n g  t h e  tune. .  

Not u n t i l  t h e  s i x t i e s  was t h e r e  any proof  t h a t  i n s u l i n  s t i m u l a t e s  phosphate 

and potassium uptake.  S t u d i e s  on e r y t h r o c y t e s  e s t a b l i s h e d  t h a t  i n s u l i n ,  without  

a f f e c t i n g  t h e  uptake of g lucose ,  caused complex changes i n  t h e  phosphate meta- 

bol ism involv ing  s y n t h e s i s  of  phosphorylated products .  A t  h igh  c o n c e n t r a t i o n s  

of  g lucose  phosphoryla t ion  i s  a r a t e - l i m i t i n g  metabol ic  s t e p  ( 6 ) .  Glycolys is  

would consequent ly  r e q u i r e  t h a t  s u f f i c i e n t  amounts o f  phosphate are p r e s e n t  

when i n s u l i n  s t i m u l a t e s  g lucose  uptake.  It is  p o s s i b l e  t h a t  t h i s  demand f o r  

phosphate  can only be s a t i s f i e d  by t h e  u t i l i z a t i o n  of  bo th  t h e  an ion  p r e s e n t  i n  

t h e  c e l l  and t h a t  taken up. Decreased phosphoryla t ion  could consequent ly  r e s u l t  

from low serum phosphate o r  d e p l e t i o n  of i n t r a c e l l u l a r  phosphate ,  e.g. dur ing  
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a c i d o s i s .  One extreme s i t u a t i o n  w i t h  i n t r a c e l l u l a r  d e p l e t i o n  i s  t h e  d i a b e t i c  

c r i s i s  when blood phosphate i s  o f t e n  a s  h igh  as 7-8 mgg and e x c e p t i o n a l l y  17 
mgg. If you then ,  l i k e  Franks e t  a l .  ( 8 ) ,  i n j e c t  sodium phosphate ,  t h e  metabo- 

l i s m  w i l l  r e s t a r t  and t h e  r e s u l t  i s  s a i d  t o  s u r p a s s  t h e  customary a l k a l i  t reat-  

ment. The method is s t i l l  not  g e n e r a l l y  accepted.  The remarkable observa t ion  

t h a t  t h e  l a r g e  amounts of  e x t r a c e l l u l a r  phosphate do n o t  respond t o  i n s u l i n  

whereas exogenous phosphate does,  remains t o  be explained.  

Under p h y s i o l o g i c a l  c o n d i t i o n s  i n s u l i n  prevents  t h e  e f f l u x  of  phosphate from 

c e l l s  (1 5 ) .  U n s u f f i c i e n t  o r  d i s c o n t i o u s  i n s u l i n  a d m i n i s t r a t i o n  t o  d i a b e t i c s  may 

consequent ly  e x p l a i n  why t h e s e  p a t i e n t s  have a somewhat r a i s e d  blood phosphate 

and l o s e  more phosphate wi th  t h e  u r i n e  than h e a l t h y  i n d i v i d u a l s  (1 ). Astrug ( 1  ) 
p o i n t s  o u t  t h a t  i n  t h i s  d i s e a s e  s o  much phosphate can be mobil ized t h a t  one 

must suspec t  increased  para thyro id  a c t i v i t y .  

Metabolic changes due t o  phosphate d e f i c i e n c y  

I n  normal s u b j e c t s ,  bu t  no t  d i a b e t i c s ,  t h e r e  i s  a s u b s t a n t i a l  r e d u c t i o n  of 

blood phosphate dur ing  g lucose  t o l e r a n c e  tests (3 ) .  This  i s  analogous t o  t h e  

e f f e c t  of i n s u l i n  which i n  h e a l t h y  s u b j e c t s  l e a d s  t o  a r a p i d  and s u s t a i n e d  

reduct ion  of  phoshate  whereas a s m a l l e r  e f f e c t  of  s h o r t  d u r a t i o n  i s  obtained 

wi th  d i a b e t i c s  ( 4 ) .  Another d i f f e r e n c e  i s  t h a t  l i p i d  phosphorous i n c r e a s e s  i n  

normal s u b j e c t s  a f t e r  a carbohydra te  meal, b u t  d e c r e a s e s  i n  t h e  d i a b e t i c s .  The 

phosphate metabolism is consequent ly  anomalous i n  d i a b e t e s  (1 4). Even i f  blood 

phoshate  is normal o r  increased  and t h e  uptake d i s t u r b e d  t h e r e  i s  a phosphate 

d e f i c i e n c y  i n  a p h y s i o l o g i c a l  sense .  Experimental s t u d i e s  have shown t h a t  t h e  

ATP-synthesis decreases  dur ing  phosphate d e f i c i e n c y  (2,16).  This  observa t ion  

may i n d i c a t e  a d i s t u r b a n c e  of  g lucose  phosphorylat ion as w e l l  as o t h e r  phospho- 

r y l a t i o n  processes  r e s u l t i n g  i n  metabol ic  a c i d o s i s .  S ince  t h e  a c i d o s i s  f a c i l i -  

t a t e s  phosphate e l i m i n a t i o n  wi th  t h e  u r i n e ,  phosphate d e f i c i e n c y  may be s e l f -  

aggreva t ing .  Also o t h e r  d i s e a s e s  than d i a b e t e s  wi th  increased  l o s s e s  of  phos- 

pha te  i n  t h e  u r i n e  can be improved by phosphate t rea tment  ( 1 3 ) .  

The blood phosphate l e v e l  can be a d j u s t e d  by food supplementat ion 

My hypothes is  on d i a b e t e s  a s  mentioned e a r l i e r  was based on t h e  i d e a  t h a t  

phosphate d e f i c i e n c y  could be regarded as a primary f a c t o r  i n  t h e  pathogenesis .  

I n  those  days ,  t h e  s i x t i e s  and t h e  beginning of  t h e  s e v e n t i e s ,  t h i s  i d e a  was 

unacceptab le  s i n c e  a c o n d i t i o n  of  phosphorus d e f i c i e n c y  i n  man was unheard of  

a t  t h e  time. Today t h e  s i t u a t i o n  i s  d i f f e r e n t  because i t  has  now been shown 

t h a t  such d e f i c i e n c y  not  on ly  does e x i s t  bu t  a l s o  i s  f a i r l y  f r e q u e n t .  This  f a c t  

i s  s t i l l  n o t  u n i v e r s a l l y  recognized.  

Let u s  now r e t u r n  t o  Jorn  D i t z e l  whom I met a t  t h e  I n t e r n a t i o n a l  Workshop on 

Phosphate i n  Heidelberg 1976, where he showed t h a t  an i n c r e a s e  of  phosphate 
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improves t h e  d e f e c t i v e  oxygen binding of red blood c e l l s  i n  d i a b e t e s .  He has  

s u c c e s s f u l l y  cont inued h i s  s t u d i e s  of t h e  s i g n i f i c a n c e  o f  2,3-diphosphoglyce- 

rate (2,T-DPG) , begun 15 y e a r s  ago. The r a t i o  2,3-DPG/hemoglobin should be h igh  

i n  o r d e r  t o  achieve  on opt imal  oxygen supply  f o r  t h e  t i s s u e s .  The s y n t h e s i s  of  

2,3-DPG i n c r e a s e s  wi th  blood phosphate which i n  t u r n  can be enhanced by a phos- 

pha te  supplemented d i e t .  He b e l i e v e s  t h a t  i t  may be p o s s i b l e  t o  prevent  t h e  

v a s c u l a r  l e s i o n s  of  d i a b e t e s  i n  t h i s  way ( 5 ) .  For  my p a r t  and s t a r t i n g  from a 

d i f f e r e n t  b a s i s  I t r e a t e d  some d i a b e t i c s  a l r e a d y  i n  t h e  f i f t i e s .  The e f f e c t  of  

t rea tment  was h e a l i n g  of u l c e r s  and t h e  i n s u l i n  dose could be reduced by about  

70%. 
It should a l s o  be mentioned t h a t  when making experiments  i n  1979 w i t h  normal 

r a t s  on a phosphate-def ic ien t  d i e t ,  I was s u r p r i s e d  t o  f i n d  t h a t  t h e  time of  

coagula t ion  was d r a s t i c a l l y  reduced. Is phosphorus d e f i c i e n c y  a new coagula t ion  

f a c t o r  and can normal iza t ion  of t h e  phosphate l e v e l  prevent  thromboses i n  t h e  

c a p i l l a r i e s ?  Here a g a i n  i s  a problem which shows t h e  c l i n i c s '  need of  suppor t  

from b a s i c  research .  

C l i n i c a l  d i a b e t e s  r e s e a r c h  t a k e s  up t h e  phosphate i s s u e  

A t  t h e  1979 Workshop on Phosphate i n  S t rasbourg ,  a group o f  p h y s i c i a n s  and 

biochemists  l e d  by S. Ljunghal l  (12)  presented  an i n v e s t i g a t i o n  of  2000 h e a l t h y  

middle-aged men, d iv ided  i n t o  two groups,  one wi th  high t h e  o t h e r  wi th  low 

blood-phosphate. The former group had less blood g lucose  and i n s u l i n  than  t h e  

o t h e r .  Even i n  h e a l t h y  i n d i v i d u a l s  a r e l a t i v e  phosphate d e f i c i e n c y  t h u s  shows 

an e f f e c t  on blood g lucose  and i n s u l i n  which, i f  aggrava ted ,  would r e s u l t  i n  a 

d i a b e t i c  condi t ion .  

If and when phosphate t rea tment  of  d i a b e t e s  becomes g e n e r a l l y  accepted and 

put  i n t o  p r a c t i s e ,  one can expect  a reduced i n s u l i n  requirement .  We do not  y e t  

know f o r  c e r t a i n  whether v a s c u l a r  compl ica t ions  can be c o n t r o l l e d .  An a l e r t  

s ix-year-old phosphate-or iented r e s e a r c h  programme is now t a k i n g  up t h e  prob- 

lems of t h e  n e a r l y  s ixty-year-old d i a b e t e s  r e s e a r c h .  Perhaps t h e  o ld  dream of  a 

c l o s e r  c o l l a b o r a t i o n  between b a s i c  c l i n i c a l  r e s e a r c h  w i l l  come t r u e  a f te r  a l l .  
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3. 

4. 
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