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Seve ra l  i n v e s t i g a t i o n s  h a v e  e s t a b l i s h e d  t h a t  i n d i v i d u a l  p l a s m a  a n d  t i s sue  
e n z y m e  ac t iv i t i e s  a re  c o m p o s e d  of t w o  or  m o r e  s imi l a r  b u t  chemica l ly ,  i m m u n o l o g i -  
cal ly  a n d  e l ec t ropho r e t i c a l l y  d i f f e r en t  c o m p o n e n t s .  Keiding (1), Hadson, La tner& 
Raine (2) u s i n g  e l e c t r o p h o r e t i c  t e c h n i q u e s  a c h i e v e d  f r a c t i o n a t i o n  of s e r u m  a lka l i ne  
p h o s p h a t a s e s .  I t  h a s  a lso b e e n  r e p o r t e d  b y  1FIarkert (3) t h a t  t i s sue s  c o n t a i n  one  or  
m o r e  of t h e s e  i soenzymes .  

U s i n g  t i s sue  i s o e n z y m e  d i f f e r ences  a n d  t he  fac t  t h a t  t h e  d i f f e ren t  pa tho log i ca l  
s t a t e s  cause  c h a n g e s  in  t h e  i s o e n z y m e  p a t t e r n s ;  i t  h a s  b e e n  p o s s i b l e  to  co r re l a t e  t h e  
d i sease  s t a t e  of va r i ous  o r g a n s  w i t h  p l a s m a  i s o e n z y m e  p a t t e r n  changes .  

Boyer, Schul t z& Weilbacher(4) r e p o r t e d  t h a t  t i s s u e  sou rce s  of va r i ous  e n z y m e s  
c a n  p o s s i b l y  b e  e s t a b l i s h e d  b y  c o m p a r i n g  t h e m  w i t h  e n z y m e s  f r o m  d i f f e r en t  
t i s sues .  I n  t he  s a m e  l ine,  Bruns (5) s u g g e s t e d  t h a t  in  o r d e r  to  e v a l u a t e  a n d  differ-  
e n t i a t e  a n  o r g a n  spec i f ic  enzym e ,  s eve r a l  p o i n t s  m u s t  b e  t a k e n  in to  cons ide r a t i on .  
T h e s e  a re  t h e  ro le  of pH,  e n z y m e  k ine t i cs ,  e l e c t r o p h o r e t i e  b e h a v i o u r ,  se lec t ive  
a c t i v a t o r s  or i n h i b i t o r s  as  wel l  as  i m m u n o c h e m i c a l  p r o c e d u r e s .  

T h e  s ign i f i can t  v a r i a t i o n s  in  s e r u m  a lka l ine  p h o s p h a t a s e s  ac t iv i t i e s  in  b i l i a ry  
a n d  b o n e  d i seases  a re  a l r e ady  we l l  e s t a b l i s h e d  b y  Armstrong, King & Harris (6) a n d  
Bodansky  & Jas (7). 

T h e  a i m  of t he  p r e s e n t  w o r k  is t h u s  to  s t u d y  t h e  ro le  of p H  o n  t i s s u e  a lka l i ne  
p h o s p h a t a s e s  of d i f f e ren t  o r g a n s  of h u m a n  subges t s .  T h e  o r g a n s  s e l ec t ed  a re  l iver,  
b o n e ,  i n t e s t i ne ,  k i d n e y  a n d  ad rena l s ,  s i nce  t h e s e  o r g a n s  r e p r e s e n t  t h e  r i c h e s t  
s o u r c e s  of a lka l ine  p h o s p h a t a s e s  as  p r e v i o u s l y  r e p o r t e d  (8). I n  th i s  respec t ,  t i s s u e  
a lka l i ne  p h o s p h a t a s e  ac t iv i t i es  we re  d e t e r m i n e d  a t  d i f f e ren t  p H  va lues  r a n g i n g  
f r o m  p H  8.0 to p H  10.6. 

M a t e r i a l  a n d  m e t h o d s  

Tissue ex t rac ts  

F o r  t h i s  p u r p o s e ,  n o r m a l  h u m a n  a d u l t  t i s s ue s  w i t h o u t  a n y  a p p a r e n t  d i seases ,  
w e r e  o b t a i n e d  f r o m  a u t o p s y  w i t h i n  24 h o u r s  a f te r  a c c i d e n t a l  d e a t h  w e r e  inc luded .  
Af te r  b e i n g  f reed  f r o m  fat  a n d  o t h e r  e x t r a n e o u s  t i ssues ,  t h e y  we re  w a s h e d  w i t h  
phys io log i ca l  sa l ine ,  t h e n  w i t h  co ld  w a t e r  t i l l  b e i n g  free  f r o m  b l o o d  cells. T h e y  w e r e  
p l o t t e d  b y  f i l ter  p a p e r  a n d  h o m o g e n i s e d  in  a g lass  h o m o g e n i s e r  w i t h  phys io log i ca l  
sa l ine  in  t h e  p r o p o r t i o n  of 1:20 w i t h  t he  a d d i t i o n  of 10 % to luene .  T i s sue s  w e r e  lef t  to  
au to lyse  a t  r o o m  t e m p e r a t u r e  for  t w o  d a y s  a n d  t h e n  k e p t  in  t h e  co ld  for  f u r t h e r  24 

*) L e c t u r e r  a t  F a c u l t y  of Gir ls ,  A1-Azhar  U n i ve r s i t y ,  Cairo.  
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hours and finally centrifugued for 15 minutes  at 3.000 r.p.m. The supernatants thus 
prepared keep their activities unchanged for several mouthes if kept in a refrige- 
rator. 

Determination of p H  hydrolysis curves: 

The method used for determination of alkaline phosphatase activities was that 
described by King, Abul-Fald & Wa/ker (9). Using disodium phenyl phosphate as a 
substrate and veronal-carbonate buffer covering a pH range from 8.0 to 10.6 pH of 
each solution was checked by pH meter. After mixing equel volumes of 0.02 M 
substrate, disodium phenyl phosphate and veronal-carbonate buffer (2.0 ml each), 
the pH was again adjusted, warming the mixture  to 37 ~ in a water bath; 0.2 ml of 
tissue homogenate were added and allowed to hydrolyse for exactly 30 minutes. At 
the end of the encubat ion period, 1.8 ml of Folin-Phenol reagent were added to stop 
the reaction and precipitate proteins. Phenol  liberated was estimated colourimetri- 
cally. 

Enzyme units were expressed as mg phenol liberated/30 minutes] l  g tissue 
protein at 37 ~ 

The protein content  of the homogenates were determined by the micromethod 
described by Lowry (10). 

R e s u l t s  and d i s c u s s i o n  

T h e  p H  h y d r o l y s i s  c u r v e s  of d i f f e r en t  t i s sue  a l k a l i n e  p h o s p h a t a s e s  
w e r e  p r e s e n t e d  i n  t he  a c c o m p a n y i n g  g r aphs .  

el. 

.~ 6o 
~n 

} 
~ 0- 

20- 

L ive r  

8:2 9b ~'e ' ,0:6 ' p .  

T h e  p H  h y d r o l y s i s  c u r v e s  s h o w e d  t h a t  l ive r  t i s sue s  c o n t a i n  two alka-  
l i ne  p h o s p h a t a s e  i s o e n z y m e s ;  o n e  o p t i m a l l y  ac t ive  at  p H  9.2-9.4 a n d  the  
o the r  at  p H  9.9. T h e  f i rs t  i s o e n z y m e  ac t iv i ty  is h i g h e r  t h a n  the  s e c o n d  a n d  
i ts  o p t i m a l  p i t  was  s h o w n  to  v a r y  s l i gh t ly  w i t h  d i f f e r en t  i nd iv idua l s .  

B o n e  was  f o u n d  to c o n t a i n  two i s o e n z y m e s  o p t i m a l l y  ac t ive  at  p H  9.4 
a n d  9.9 r e s p e c t i v e l y  a n d  t he  ac t i v i t y  at  p H  9.9 was  c o m p a r a t i v e l y  l ow e r  
t h a n  t h a t  at  p H  9.4 s i m i l a r  to t ha t  o b s e r v e d  i n  case  of l iver  t i ssues .  

F r o m  the  a b o v e  m e n t i o n e d  o b s e r v a t i o n s ,  i t  is c lear  t ha t  l iver  a n d  b o n e  
a l k a l i n e  p h o s p h a t a s e s  are  v e r y  s i m i l a r  i n  t he  s h a p e  of p H  h y d r o l y s i s  
curves .  Th i s  s i m i l a r i t y  a g r e e d  wel l  w i t h  t he  s t u d y  ca r r i ed  ou t  b y  Moss,  
Diana, Karkas  & K i n g  (11) o n  t he  e n z y m e  k i n e t i c s  w h e r e  t h e y  fa i led to 
r evea l  a n y  d i f f e r ences  i n  s e r u m  a l k a l i n e  p h o s p h a t a s e s  i n  cases  s u f f e r i n g  
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f rom bone  and biliary diseases. R o s e n b e r g  (12), us ing zone electrophore-  
sis, two zones for se rum alkaline phospha tases  were obta ined in some 
cases suffering f rom disorders  associated with increased se rum alkaline 
phospha tases  activity. The two zone obta ined by R o s e n b e r g  had  a single 
opt imal  pH at 9.8 which  is very near  to our  second opt imal  pH, 9.9 
obtained in the present  work.  Also, the two zones were not  specific for 
nei ther  bone  nor  biliary diseases. The similarity of liver and bone  iso- 
enzymes  ex tends  to the propor t ion  of the two isoenzymes  obtained.  These  
ratios were  (1.14 : 1.00) and (1.15 : 1.00) at pH 9.4 and 9.9 respect ively for 
bo th  bone  and liver tissues. 

The presence  of two enzymes  in liver t issues suppor ted  the claim of 
Cloetens (13) that  liver contains  two alkaline phosphatases .  
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The k idney  contains only one alkaline phospha tase  opt imally active at 
pH 9.0-9.2 which  showed a slight variat ion with different individuals.  In  
this connect ion,  Bonting,  Pol lak  & MeuhrcRe  (14) using h is tochemical  
techniques  repor ted  that  k idney  alkaline phospha tase  was opt imal ly  
active at pH  10.0. These variations m a y  be due to differences in tech- 
niques,  buffers  and  substra tes  used;  since these factors are k n o w n  to 
inf luence the opt imal  pH of enzyme activities. 

The adrenal  gland, in addi t ion to and i soenzyme of opt imal  pH 9.2 it 
contains  another  i soenzyme opt imally active at pH  10.1 which  was absent  
f rom k idney  tissues. This f inding is very  interest ing since B o n t i n g  
repor ted  that  k idney  alkaline phospha tase  was opt imally active at pH 10.0. 
Thus  the origin of such  enzyme m a y  be the adrenal  gland and no t  the  
k idney  especially those  workers  did not  consider  the adrenal  gland dur ing  
their studies. It  is wor thy  to note  that  the adrenal  gland is by  far more  rich 
in alkaline phospha tase  activi ty when  compared  with the k idney  tissues 
and the i soenzyme opt imally active at pH 10.1 cor responds  to about  three 
folds the activity at pH  9.2 in the adrenal  gland. 
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In tes t ina l  mucosa ,  a l though  it is r ich in a lkal ine  p h o s p h a t a s e  ye t  it 
conta ins  only  one e n z y m e  which  is op t imal ly  ac t ive  at  9.7. In tes t ina l  
a lkal ine  p h o s p h a t a s e  s eems  to be  un i que  in its op t ima l  p H  in be ing  
specif ic  and  sharp.  This  p r o p e r t y  of in tes t inal  a lkal ine  p h o s p h a t a s e  agreed  
wi th  the  f indings  of F l s h m a n  (15) who  repor t ed  the  s te reospeci f ic  inhibi-  
t ion of intes t inal  a lkal ine  p h o s p h a t a s e  b y  L-pheny la l an ine  ra ther  than  
o ther  t i ssue  a lkal ine  phospha tases .  
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Summary 

The role of pH on tissue alkaline phosphatases have been investigated in 
different human tissues. Different isoenzymes have been observed in different 
organs. Bone and liver were similar in having the isoenzymes optimally active at g.4 
and pH 9.9. The kidney has a single alkaline phosphatase optimally active at pH 9.2, 
while the adrenal gland has two isoenzymes of optimum pH 9.2 and 10.1. Intestinal 
alkaline phosphatase was optimally active at pH 9.7. 
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