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o l lowing  a 5 m g / k g  s.c. dose. A l t h o u g h  ev idence  for 
code inone  as a m e t a b o l i t e  was  no t  o b t a i n e d  in th i s  s tudy ,  
t he  f o r m a t i o n  of norcode ine  and  codeine  would  impl i ca t e  
i ts  f o r m a t i o n  as an  i n t e rmed ia t e .  E x c e p t  for t he  f o r m a t i o n  
of n o r c o m p o u n d s  and  g lucuron ide  c o n j u g a t e d  de tox ica-  
t i on  produc ts ,  t he  m e t a b o l i c  p a t h w a y s  of t h e b a i n e  
(Figure) h a v e  some in t e re s t ing  s imi la r i t i es  to  t he  bio- 
genet ic  sequence  of o p i u m  alkaloids  in p o p p y  p l a n t  25-27. 

This  s t u d y  d e m o n s t r a t e s  t h a t  r ap id  m e t a b o l i s m ;  
e l imina t ion  and  lack of pers i s tence  of t h e b a i n e  in r a t  
b r a i n  conce ivab ly  do n o t  give rise to  cel lular  a d a p t a t i o n  in 
t he  CNS, consequen t l y  t h e b a i n e  possesses v e r y  low 
p o t e n t i a l  for to l e rance  and  phys ica l  dependence .  R e p e a t e d  
a d m i n i s t r a t i o n  of t heba ine ,  however ,  could lead to some 
a c c u m u l a t i o n  in b r a i n  of smal l  q u a n t i t i e s  of i ts  m i n o r  
me t abo l i t e s  e.g., norcodeine ,  n o r m o r p h i n e ,  codeine a n d  
morph ine ,  wh ich  m a y  be  respons ib le  for t h e  low grade  
dependence  recen t ly  r epo r t ed  in m o n k e y  b y  t he  self- 
a d m i n i s t r a t i o n  t e c h n i q u e  ~s. 

Zusammen/assung. Rasche  Me tabo l i s i e rung  u n d  Aus- 
sche idung  sowie E l i m i n i e r u n g  von~ Theba~in im R a t t e n -  
h i m  v e r u r s a c h t  ke ine  b iochemische  2knderung der  Zel len 
im Z e n t r a l n e r v e n s y s t e m ,  w o r a u s  die ger inge phys io lo-  
gische G e w 6 h n u n g  resu l t i e ren  diirf te.  
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Ileal Absorption of Disodium Ethane-l-Hydroxy-1,1-Diphosphonate (EHDP) 
and Disodium Dichlol~omethylene Diphosphonate(Cl 2 MDP) in the Chick 

The  t h e r a p e u t i c  p o t e n t i a l  of t he  d i p h o s p h o n a t e  g roup  
of c o m p o u n d s  d ic t a t e s  t h a t  p e r t i n e n t  and  r e l e v a n t  
i n f o r m a t i o n  be  o b t a i n e d  on  the i r  m e t a b o l i c  fate.  These  
c o m p o u n d s  h a v e  been  shown to  i n h i b i t  t he  p r ec ip i t a t i on  
and  d isso lu t ion  of ca lc ium p h o s p h a t e  in  v i t ro  1-,. I n  v ivo  
t h e y  were found  to  p r e v e n t  sof t  t i ssue  ca lc i f ica t ion  ~,* 
a n d  in ce r t a in  cond i t ions  bone  ca lc i f ica t ion 5-1~ F u r t h e r -  
more  t h e y  can  also d i m i n i s h  bone  r e so rp t ion  1, 3, 7, 9,11. 

B e c a u s e  of these  proper t ies ,  a d iphosphona t e ,  d i sod ium 
e t h a n e - l - h y d r o x y - 1 ,  1 -d iphosphona te  ( E H D P ) ,  has  been  
used successful ly in  cl inical  cond i t ions  i nvo lv ing  e i t he r  
a b n o r m a l  ca lc i f ica t ion such  as calcinosis  un iversa l i s  ~2 and  
myos i t i s  ossif icans p rogress iva  18,1~, or increased  bone  
t u r n o v e r  such  as P a g e t ' s  disease ~. 

The  knowledge  of t h e  m e t a b o l i s m  of these  compounds ,  
a n d  especial ly  t h e i r  i n t e s t i n a l  absorp t ion ,  the re fore  
b e c a m e  of impor t ance .  I n  a r ecen t  mul t i - spec ies  s tudy ,  
~![ICHAEL et  al. ~ n o t e d  t h a t  E H D P ,  w h e n  fed as p a r t  of 
t he  d ie t  or g iven  b y  garage ,  was  on ly  s l igh t ly  a b s o r b e d  in 
t he  ra t ,  r a b b i t  a n d  m o n k e y  ( <  10%).  I n  t he  dog, E H D P  
a b s o r p t i o n  was, on  t he  average,  a b o u t  20% in y o u n g  
an ima l s  and  a b o u t  14% in old  ones, and  i t  was  sugges ted  
t h a t  nea r ly  all  of the  a b s o r p t i o n  occurred  in t h e  s t o m a c h  ~6. 
I n  man ,  a b s o r p t i o n  is in  t he  r ange  of a few percen t .  The  
va lues  differ,  however ,  g rea t ly  f rom one ind iv idua l  to  
ano the r .  I t  is poss ible  t h a t  t he  u n e v e n  t h e r a p e u t i c  
response  is due to  th i s  v a r i a t i o n  in absorp t ion .  Therefore  a 
b e t t e r  u n d e r s t a n d i n g  of t he  l a t t e r  process  is necessary.  
I n  t he  p re sen t  expe r imen t s  we h a v e  s tud ied  t he  absorp-  
t i on  of two d i p h o s p h o n a t e s  b y  l iga ted  ch ick  i leum. 

Experimental. W h i t e  L egho r n  cockerels,  in  t he  we igh t  
r ange  of 150-238 g, were fas ted  overn igh t .  I n  t he  absorp-  
t i o n  phase,  t he  chicks  were anes t he t i z ed  w i t h  e ther ,  a 
l a p a r o t o m y  per fo rmed ,  a n d  t h e  i l eum exposed.  Tile 
l u m e n  of t h e  i l eum was r insed  w i t h  saline,  fol lowed b y  a 
s t r e a m  of air  to  r e m o v e  excess saline.  The  l e n g t h  of t he  
ileal s egmen t  was  f rom t he  r e m n a n t  of t he  yo lk  sac to  
t he  p r o x i m a l  a t t a c h m e n t  of t he  cecal horns .  1 ml  of t he  
dos ing  solut ion,  a t  p H  7.2, composed  of 150 m M  NaC1, 
2 m M  K~HPO 4, e i the r  8 m M  E H D P  or 8 m M  CI~MDP, was 
in jec ted  in to  t he  l u m e n  be t w een  Iigation~; t he  concen t r a -  
t i on  of I~C-EHDP a n d  14C-C12MDP was 0.2 tzc/m117. A t  
15 m i n  pos t - in jec t ion ,  t he  ch ick  was ki l led b y  pen to -  
b a r b i t a l  ( N e m b u t a l  | and  t he  l iga ted  s egm en t  r e m o v e d  

and  i ts  l e n g t h  de t e rmined .  The  l u m i n a l  c o n t e n t s  were 
al lowed to flow in to  a g r a d u a t e d  t u b e  f rom a cu t  end  a n d  
t he  l u m e n  s u b s e q u e n t l y  r insed  w i t h  30-35 ml  of p h o s p h a t e  
buf fe r  (150 m M  NaC1, 2 m M  K~HPO~, p H  6.8), and  all  
t u b e s  were m a d e  up  to 40 ml.  The  i n t e s t i na l  t i ssue  was 
weighed,  cu t  in to  smal l  pieces and  t r an s f e r r ed  to a homoge-  
n iz ing  tube .  P h o s p h a t e  buf fe r  was  added  in a n  a m o u n t  
equa l  to  3 t imes  t he  we igh t  of t he  t i ssue  and  t he  t issue 
t h o r o u g l y  homogen ized  w i t h  a P o t t e r - E l v e h j e m  homoge-  
n izer  ( tef lon pestle).  1 ml  a l iquo t s  of t h e  gu t  h o m o g e n a t e  
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Table I. Ileal absorption of disodium ethane-l-hydroxy-l,l-diphos- 
phonate (14C-EHDP) and d{sodium dichloromethylene diphosphonate 
(14C-C12MDP) in the chick 

14C-EHDp 14C-C12MDp 

No. of chicks �9 6 6 
Body weight (g) 170 • 15.0 �9 192 • 7.5 
Length of ileal segment (cm) 19.3 • 0.9~ 22.7 • 1.4 
Absorption (% dose) 28.1 4- 1.4 b 43.3 -t- 2.3 
In gut tissue (% dose) 15.4 • 1.9 ~ 11.8 • 2.9 
Intobody(% dose) 12.7 4- 2.1 b 31.5 4- 2.5 

Values are means ,-4- sE 
Difference between EHDP and C12MDP groups not significant 

(p > 0.05). b Difference between EHDP and CI~MDP groups signif- 
icant at p < 0.001. 

Table II. Comparison of absolute transfer of 14C-EHDP and 
14C-CIzMDP across chick ileum in situ 

Absorption Into body 
(~zmoles/cm/h) 

ENDP (8 mM) 0.46 0.21 
C12MDP (8 mM) 0.61 0.44 

were added  to  a smal l  screw-cap bot t le ,  dr ied  a t  65 ~ a n d  
solubi l ized w i t h  Soluene 100 (Packard |  a t  65~ A 
0.1 ml  a l iquo t  of t he  solubi l ized m a t e r i a l  was a d d e d  to  
10 ml  of l iqu id  sc in t i l l a t ion  so lu t ion  m a d e  f rom 600 ml  
t o luene  and  400 ml  e t h y l e n e - g l y c o m o n o e t h y l e t h e r  in  
w h i c h  were d isso lved  80 g N a p h t a l e n e  (Merck | Nr.  6200) 
a n d  7.0 g lButy l -PBD (Ciba-Geigy|  The  r a d i o a c t i v i t y  
was m e a s u r e d  in a P a c k a r d  T r i ca r b  sc in t i l l a t ion  spect ro-  
meter .  The  l u m i n a l  so lu t ion  (0.2 ml  a l i quo t  f rom 40 ml) 
was  coun t ed  in t he  same  fashion.  Q u e n c h  cor rec t ions  
were m a d e  b y  t he  use of i n t e r n a l  s t anda rds .  

Results and discussion. T he  values,  g iven  in Tab le  I, 
i nd i ca t e  t h a t  b o t h  d i p h o s p h o n a t e s  are  abso rbed  f r o m  
ch ick  i leum: W i t h i n  t he  15 m i n u t e  a b s o r p t i o n  period,  
a b o u t  28% and  4 3 %  of t h e  i n j ec t ed  E H D P  a n d  CI~MDP, 
respec t ive ly ,  lef t  t h e  i n t e s t i n a l  lumen .  A b o u t  15% a n d  
12% of E H D P  a n d  C12MDP, respect ive ly ,  r e m a i n e d  in 
t he  i n t e s t i n a l  t issue,  whereas  14% a n d  32% of these  
c o m p o u n d s  were  t r a n f e r r e d  s t h e  body,  i.e., lef t  t he  
i n t e s t i n a l  region.  CI~MDP was a b s o r b e d  a n d  was t r ans fe r -  
red  in to  b o d y  to  a s ign i f i can t ly  g rea te r  degree t h a n  
E H D P  (p < 0.001). 

I n  Tab le  II ,  t h e  a m o u n t  of t he  d i p h o s p h o n a t e s  t h a t  
was t r a n s f e r r e d  ou t  of t he  l u m e n  or en t e red  t he  p l a s m a  
pe r  u n i t  t i m e  a n d  per '  u n i t  l e n g t h  as ca lcu la ted  f rom the  
specific a c t i v i t y  of t he  label led  dos ing  so lu t ion  a n d  t he  
a m o u n t  of r ad ioac t i ve  label  t h a t  was  t r a n s f e r r e d  are given.  

As before,  t he  r a t e  of t r a n s l o c a t i o n  of C12MDP was some- 
w h a t  g rea t e r  t h a n  t h a t  for E H D P .  I t  is i n t e re s t ing  to  
compa re  t he  t r a n f e r  r a t e  of d i p h o s p h o n a t e s  to  t h a t  of 
inorgan ic  p h o s p h a t e  (Pal. I n  a d i f fe ren t  bu  t c o m p a r a b l e  
s t u d y  in chicks  is, t h e  pe rcen t age  of t he  dose of Pi 
abso rbed  f rom ileal s egmen t  in to  t he  b o d y  was found  
to  be  27.6% a n d  24.5% for l u m i n a l  c o n c e n t r a t i o n s  of 
5 m M  a n d  20 m/Vf respect ive ly .  Assuming  a l inear  r e l a t i on  
b e t w e e n  these  2 concen t ra t ions ,  t he  i n t e r p o l a t e d  pe rcen t -  
age for 8 m M  would  be  27%,  and  t he  t r a n s f e r  r a t e  of P,  
in to  t h  e b o d y  would  be  0.55 b~moles/cm/h. This  va lue  for 
P ,  t r a n s f e r  is g rea t e r  t h a n  t h a t  for E H D P ,  b u t  n o t  too  
d i ss imi la r  f rom the  va lue  for CleMDP. 

These  resu l t s  i nd i ca t e  t h a t  t he  d i p h o s p h o n a t e s  can  
cross t he  i n t e s t i na l  ep i the l ium,  and  t h a t  t h e  i n t e s t i n a l  
t r a c t  m i g h t  r e p r e s e n t - a  s ign i f ican t  rou t e  of e n t r a n c e  of 
these  c o m p o u n d s  in to  t h e  body.  However ,  i t  should  be 

r e c a l l e d  t h a t  a b s o r p t i o n  was occur r ing  f rom a washed  
i n t e s t i n a l  loop c o n t a i n i n g  l i t t l e  or no  res idua l  ingesta .  
The  p rev ious  sugges t ion  t h a t  d i p h o s p h o n a t e s  are l i t t l e  
abso rbed  f rom the  g a s t r o i n t e s t i n a l  t r a c t  of m a m m a l s  was 
based  on  feeding e x p e r i m e n t s  or t he  a d m i n i s t r a t i o n  of t he  
c o m p o u n d s  pe r  os to  t he  fas ted  a n i m a l  1~. I t  was p roposed  
b y  MICHAEL et  aI. 16 t h a t  th i s  low a b s o r p t i o n  r a t e  m i g h t  
be due  to  b i n d i n g  of t he  d i p h o s p h o n a t e s  to  some endo-  
genous ly  sec re ted  or d i e t a r y  subs tances .  Also t h e  s t u d y  
of MICHAEL et  al. 16 was done  w i t h  m a m m a l s  only, 
whereas  t he  c u r r e n t  resu l t s  were o b t a i n e d  in b i rds  and  
the re fore  m i g h t  ref lect  species v a r i a b i l i t y  in t he  absorp-  
t ion  of E H D P  and  C12MDP. The  p r e sen t  e x p e r i m e n t a l  
p ro tocol  does p rov ide  a de f i ned  s y s t e m  for t he  s y s t e m a t i c  
a s ses smen t  of t he  effect  of va r ious  fac tors  on  d i p h o s p h o n a t e  
t r a n s l o c a t i o n  across t he  in tes t ine .  

R&umd. Une  p r o p o r t i o n  non  n6gl igeable  de d i sod ium 
e t h a n e - l - h y d r o x y - 1 ,  1 -d iphosphona t e  ( E H D P )  e t  de diso- 
d i u m  d i c h l o r o m e t h y l e n e d i p h o s p h o n a t e  (CI~MDP) p e u t  
8tre  absorb6e  au n i v e a u  de l ' i l eum de poulet .  L ' a b s o r p t i o n  
du  CI=MDP est  s i g n i f i c a t i v e m e n t  sup6r ieure  ~ celle de 
I ' E H D P .  
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Corre la t ion  of P h y s i c o c h e m i c a l  P a r a m e t e r s  and B i o l o g i c a l  Act iv i ty  in S tero ids .  
9 a - S u b s t i t u t e d  Cort i so l  D e r i v a t i v e s  1 

The  n a t u r e  of t he  r e l a t ionsh ip  b e t w e e n  chemica l  
c o n s t i t u t i o n  and  biological  a c t i v i t y  ill s te ro ids  is of b o t h  
p r ac t i c a l  a n d  theo re t i ca l  impor tance �9  Recen t ly ,  we de- 
m o n s t r a t e d  t h a t  a g iven  molecu la r  mod i f i ca t i on  in a 
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