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C o m p a r i s o n  of the  inh ib i t ion  of av ian  and m a m m a l i a n  b o n e  a lka l ine  p h o s p h a t a s e s  by l e v a m i s o l e  
and c o m p o u n d  R8231 ~ 

J. J. Reyno lds  and  G. W. Dew 

Cell Physiology Department, Strangeways Research Laboratory, Worts" Causeway, Cambridge C B t  4 R N  (England), 
26 August 1976 

Summary. Alkaline phospha t a se s  f rom m a m m a l i a n  bone  are inhib i ted  m u c h  more  t h a n  chick bone  alkaline phospha tase  
by  levamisole and  c o m p o u n d  R8231. Doses of R8231 (10 .4 to  10 5 M) t h a t  a lmost  comple te ly  inhibi t  m a m m a l i a n  
alkaline phospha t a se s  do no t  inhibi t  t he  g rowth  of embryonic  ra t  femurs  in vitro.  R8231 should be an excel lent  bio- 
logical p robe  for the  func t ion  of alkaline phospha t a se  in bone  metabol ism.  

In  mos t  mineral iz ing t issues the  f i rs t  de tec tab le  deposi t ion 
of minera l  occurs in extracel lular  m e m b r a n e - b o u n d  
ma t r i x  vesicles der ived  f rom the  cell m e m b r a n e  s . In  an 
in v i t ro  s t u d y  of the  forming  bone collar in embryonic  
chick femurs  ~ p y r o p h o s p h a t e  was found  to  be a powerful  
s t imula to r  of ca lc ium uptake .  I t  was proposed 3 t h a t  
init ial  c rys ta l  fo rma t ion  depends  upon alkaline phospha-  
tase  act ing as a p y r o p h o s p h a t a s e  4 to boos t  the  p h o s p h a t e  
concen t ra t ion  wi th in  m a t r i x  vesicles. 
Levamisole  (L- te t ramisole  5) is a b road  spec t rum anthel -  
min t ic"  and th is  c o m p o u n d  and  analogues of i t  have  been  
descr ibed as p o t e n t  specific inhibi tors  of alkaline phos-  
pha t a se  7 ; there  are i m p o r t a n t  cy tochemica l  uses for these 
inhibi tors  7-~0. In  th is  r epor t  levamisole and  an analogue, 
R8231, have  been  t e s t ed  for the i r  effect iveness as inhibi-  
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Fig. 1. Inhibition of chick bone alkaline phosphatase by levamisole 
and R8231. 

tors  of avian  and  m a m m a l i a n  bone  alkaline phospha ta ses  
and for any  possible g rowth  inh ib i to ry  effects oli chick 
and ra t  embryonic  femurs  in vi tro.  
Materials and methods. Prepa ra t i on  of alkaline phospha -  
tase  ex t r ac t s  f rom bone. I. Chick. Femu r s  were dissected 
f rom ei ther  day-old  chicks or f rom those  jus t  abou t  to 
ha tch .  The femurs  were freed of soft  t issue and chopped  in 
saline ; the  ex t r ac t  was left for 2 h a t  4 ~ to  remove  blood 
and  marrow.  1 g of washed  bone was added  to 5 ml  of 
physiological  saline, buffered to p H  7.0 wi th  0.01 M Tris- 
HC1, and  the  whole  homogenized  in a h a n d  glass-homo- 
genizer. The h o m o g e n a t e  was spun at  20,000 • g for 10 
min to  remove  cellular and  o the r  debris ;  abou t  50% of the  
ac t iv i ty  r emained  in the  pellet.  The s u p e r n a t a n t  was 
s tored at  4~ wi th  0.02% NaN 3 to  p r e v e n t  bacter ia l  
growth.  2. Mouse. This p repa ra t ion  was m a d e  as for  chick 
except  t h a t  adu l t  mice were the  source of femurs.  3. Rab-  
bit. An ex t r ac t  f rom embryon ic  bone  (20 days  gestat ion) 
was p repared  as for chick. Adu l t  r abb i t  femurs  were ob- 
ta ined  f rom the  s laughter  house. Abou t  20 g of sha f t  was 
th ro rough ly  washed  in 250 ml saline to remove blood. 
Clean bone  was t h e n  ground  in a mo r t a r  and  pest le  a t  
4~ and the  resul t ing f r agmen t s  were added  to 100 ml 
buffered saline (see above).  This suspension was kep t  a t  
4 ~ for 1 h wi th  occasional s t i r r ing and then  cent r i fuged 
as for chick. 4. Rat .  An ex t r ac t  f rom embryonic  femurs  
was p repared  as for chick. 
Assay of alkaline phospha tase .  The procedure  is based  on 
t h a t  of van  Belle it. The buffer  was 50 mM n-e thy lamino  
e thano l  and the  subs t r a t e  was 4-n i t rophenol  p h o s p h a t e  
(sodium sal t ;  10 mg/ml).  Fo r  assays,  20 ~1 of bone ex t r ac t  
was added  to  1.48 ml buffer  and  0.5 ml of subs t r a t e  solu- 
t ion;  inhibi tors  were added  as described.  The mix tu res  
were incuba ted  for 10 rain a t  40 ~ and  the  opt ical  dens i ty  
measured  a t  410 am. D- and L- te t ramisole  and R8231 
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Fig. 2. Inhibition of rabbit bone alkaline phosphatase by ]evamisole 
and R8231. 
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were the  generous gift  of Dr Borgers,  Janssen  P h a r m a -  
ceutica,  Beerse, Belgium. Inh ib i to rs  were dissolved in the  
assay buffer  and  kep t  as 10 -2 M s tock solutions.  For  assay 
0.2 ml  of inhib i tor  solut ion replaced the  equiva len t  
volume of buffer. 
Culture of bone rud iments .  Chick embryon ic  femurs  were 
cu l tured  as descr ibed previous ly  3. For  cul tures  of ra t  
bones,  femurs  f rom embryos  of 17-day p r e g n a n t  ra t s  were 
used in a similar m a n n e r  to chick explants .  
Results. Chick bone alkaline phospha ta se  can be progres-  
s ively inhib i ted  wi th  increasing concen t ra t ions  of e i ther  
levamisole or R8231 (figure 1). These 2 compounds  are 
equal ly  inh ib i to ry  for chick bone alkaline phospha ta se  
and the  50% inhibi t ion level is abou t  10 -4 M. The o the r  
isomer of te t ramisole  (D-tetramisole,  dexamisole) is wi th-  
out  s ignif icant  effect  a t  concen t ra t ions  up to 10 3 M. 
Levamisole  and R8231 are much  more  p o t e n t  in inhibi t ing 
the  alkaline phospha ta se  of adul t  r abb i t  bone, as com- 
pared  wi th  chick (figure 2). Addi t iona l ly  figure 2 dem-  
ons t ra tes  t h a t  R8231 is more  t h a n  10 t imes  as p o t e n t  as 
levamisole l l ;  50% inhibi t ion by  R8231 is achieved a t  
10 -6 M. R8231 is a racemic mix tu re  therefore  it is l ikely 
t h a t  the  act ive isomer is even more  p o t e n t  t h a n  da t a  
suggest .  Doses of dexamisole  above 10 4 M cause con- 
s iderable  inhibi t ion.  

Inhibition of avian and mammalian bone alkaline phosphatases by 
tetramisole, an analogue (R8231) and beryllium sulphate 

Source of bone Percentage inhibition of bone alkaline 
alkaline phosphatase by 
phosphatase dexamisole levamisole R8231 

(D-tetramisole) (L-tetramisole) 
BeSO 4 

Chick 5 10 11 79 
Rabbit (adult) 5 36 84 72 
Rabbit 
(embryonic) 0 33 75 74 
Mouse 6 24 81 57 

The dose-response curves for levamisole and  R8231 to- 
ge ther  wi th  e i ther  embryonic  rabbi t ,  or mouse  or em- 
bryonic  r a t  bone  alkaline p h o s p h a t a s e  were essent ial ly  
the  same as for adul t  r abb i t  (figure 2). Beryl l ium sul- 
p h a t e  it is more  effective t h a n  e i ther  levamisole or 1R8231 
as an inhib i tor  of chick bone  alkaline p h o s p h a t a s e  (table) 
and  comparab le  when  t e s t ed  on m a m m a l i a n  enzymes.  
Because of the  tox ic i ty  of beryl l ium salts  we did no t  con- 
sider t h e m  fur ther  as a biological probe.  W h e n  added  to  
the  cul ture  media  bo th  isomers of t e t ramiso le  and R8231 
caused more  inhibi t ion of g rowth  of chick exp lan t s  t h a n  
rat ,  in t e rms  of l eng th  and  we igh t  dur ing  6 days  in vi tro.  
Above  10-4 lVl all these  compounds  were g ro w t h  inh ib i to ry  
for chick exp lan t s ;  since there  is only  50% inhibi t ion of 
alkaline p h o s p h a t a s e  by  e i ther  levamisole or tZ8231 a t  
10 -4 M these  inhibi tors  have  l imited usefulness for s tudies  
wi th  chick explants .  Much more  impor t an t ly ,  wi th  ra t  
bone exp lan t s  a dose of 10 -4 M, which  for R8231 blocks 
alkaline phospha t a se  ac t iv i ty  a lmos t  complete ly ,  was 
wi thou t  any  g rowth  inhib i tory  effects. 
Discussion. These da t a  fit  well o the r  results  7-11 t h a t  leva- 
misole and R8231 are p o t e n t  inhibi tors  of m a m m a l i a n  al- 
kaline phospha tases .  However ,  chick bone  alkaline phos-  
pha t a se  is much  less suscept ible  to inhib i t ion  by  these  
compounds ;  doses needed to a lmost  comple te ly  inhibi t  
chick bone alkaline phospha ta se  were g rowth  inh ib i to ry  
when  t e s t ed  on bone exp lan t s  in vitro.  The difference be- 
tween  the  inh ib i to ry  effects of levamisole and analogues 
on avian  and m a m m a l i a n  alkaline p h o s p h a t a s e  has  also 
been no ted  for chick and pigeon l iver and serum (M. 
Borgers  and  H. v a n  Belle, personal  communica t ion) ,  as 
compared  wi th  se rum alkaline p h o s p h a t a s e  f rom man,  
dog and rat .  Majeska and  W u t h i e r  12 also suggest  t h a t  
levamisole is n o t  a p o t e n t  inhib i tor  of chick alkaline 
phospha t a se  bu t  showed t h a t  bo th  the  phospha t a se  and  
p y r o p h o s p h a t a s e  act ivi t ies  of the  enzyme  were equal ly  
blocked by  levamisole.  

The values are averages of duplicate or triplicate estimations. All test 12 R.J .  Majeska and R. E. Wuthier, Biochim. biophys. Acta 391, 
substances were used at a concentration of 10 -~ M. 51 (1975). 

Effect of germinat ion  on the g lycoprote in  of m a s h  (Phaseo lus  m u n g o )  seeds  

B. L. KAWATRA 1 and I. S. BHATIA 

Department o/ Chemistry and Biochemistry, Punjab Agricultural University, Ludhiana (India), 9 February 1976 

Summary. The soluble ca rbohydra t e s  and insoluble pro te ins  of Phaseolus mungo seeds decreased cons iderab ly  up to  
96 h of germinat ion,  whereas  the  soluble pro te ins  remained  near ly  cons tan t .  The ca rbohydra t e s  co n t en t  of g lycopro te in  
also remained  cons tan t .  This suggests  t h a t  a negligible change took place in the  g lycoprote in  dur ing  the  init ial  per iod 
of mash  seed germinat ion .  

Glycoprote ins  are ubiqui tous  in the  p lan t  kingdom. 
They  are a r ich source of m a n y  i m p o r t a n t  subs tances  
such as hemagglu t in ins  2, toxins  a and some enzymes  4,5. 
Glycoprote ins  are also known  to  p lay  an i m p o r t a n t  phys-  
iological role in the  t r an spo r t a t i on  and  s torage 6 of carbo-  
hydra tes .  During germina t ion  the  metabol ic  processes 
become active and  the  role p layed  by  g lycoprote ins  in 
ge rmina t ing  seeds is still no t  fully known.  Thus,  in the  
p resen t  invest igat ion,  the  changes  in g lycopro te in  frac- 
t ion in the  germina t ing  mash  seeds have  been  repor ted .  
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