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Relationship of Pharmacokinetic and Metabolic 
Dependence Liability with Thebaine-SH 

T h e b a i n e  (pk~, 8.15), a congener  of m o r p h i n e  (pk~, 8.05) 
is devo id  of analgesic  a c t i v i t y  a n d  phys ica l  dependence  
l iabi l i ty~,  2. P r i m a r i l y  a cen t ra l  s t imu lan t ,  i t  p roduces  
s t rychn ine - l ike  convuls ions  in  e x p e r i m e n t a l  an ima l s  3-6 
(LDs0 in r a b b i t s  14 mg/kg,  ave rage  fa t a l  dose in mice 
31 mg/kg) .  A l t h o u g h  t he  c o m p a r a t i v e  p h a r m a c o l o g y  of 
t h e b a i n e  has  been  s tud ied  ~-~, t he  basic  m e c h a n i s m  of t he  
lack of i ts  phys ica l  dependence  l i ab i l i ty  r em a i ns  obscure.  
The  impl ica t ions  of p h a r m a c o k i n e t i c  and  me tabo l i c  
fac tors  on t he  l i t t l e  or  no  p o t e n t i a l  for phys ica l  dependence  
on t h e b a i n e  are discussed here.  

Materials and methods. Theba ine -aH was p r epa red  b y  
ca ta lyzed  exchange  t r i t i u m  labe l ing  of t h e b a i n e  in d i m e t h y l  
f o r m a m i d e - t r i t i a t e d  w a t e r  of h i g h  specific a c t i v i t y  
(Amersham/Sear le ) .  Labi le  t r i t i u m  was r e m o v e d  b y  
lyophi l i za t ion  a f te r  mix ing  w i t h  m e t h a n o l  a n d  the  b rown-  
ish res idue sub jec ted  to  r epea t ed  c h r o m a t o g r a p h y  on  
n e u t r a l  a lumina ,  severa l  p rec ip i t a t ions  f rom di lu te  acid 
solut ion,  charcoa l  decolour i sa t ion  and  p r e p a r a t i v e  se- 
quen t i a l  I T L C  (Ge lman  i n s t a n t  t h i n  layer  c h r o m a t o g r a p h y  
media ,  silica gel i m p r e g n a t e d  glass f ibre  sheets,  20 • cm) 
w i t h  so lven t  sys tems :  n - bu t ano l - ace t i c  acid and  w a t e r  
(35 : 3 : 10, v /v)  and  b e n z e n e - e t h y l  a c e t a t e - m e t h a n o l  and  
cone. a m m o n i a  (80: 20:1.2:  0.1, v /v ) .  The  f inal  p r o d u c t  
was  checked  for i ts  r ad iochemica l  p u r i t y  b y  m e l t i ng  
poin t ,  and  buf fe red  p a p e r  a n d  t h i n  l ayer  c h r o m a t o g r a p h y  
in  d i f fe ren t  so lven t  sys tems.  Theba ine-~H was d i lu ted  
w i t h  n o n r a d i o a c t i v e  m a t e r i a l  to  a sp. ac t :  1.2 [xCi/mg for 
in jec t ion  solut ion.  

Male W i s t a r  r a t s  (110-150 g) were in jec ted  s.c. w i t h  a 
5 m g / k g  dose of thebaine-SH,  t he  b r a i n  a n d  b lood col lected 
a t  d i f fe rent  per iods  of t i m e  b y  p rev ious  t e c h n i q u e s l ~  
Free  thebaine-~t-I was  d e t e r m i n e d  in d i lu ted  (1:5) 2 ml  
a l iquo ts  of p l a s m a  or b r a i n  h o m o g e n a t e s  (20% in 0.5 M 
HC1) con ta in ing  1 ml  n o n r a d i o a c t i v e  t h e b a i n e  car r ie r  
(500 ixg/ml). The  p H  was ad ju s t ed  to 10-10,5 w i t h  d i lu te  
N a O H ,  t he  so lu t ion  buf fe red  w i t h  2 ml  KaPO t buf fer  p H  

Parameters to the Absence of Physical 

10.4 a n d  e x t r a c t e d  w i t h  15 ml  ch lo roform b y  shak ing  for 
15 min.  The  organic  phase  was cent r i fuged,  w a s h e d  w i t h  
4 ml  4 %  K2HPO ~ a n d  10 ml  a l iquots  of organic  phase  
e v a p o r a t e d  in c o u n t i n g  vials.  The  res idue was dissolved 
in 0.5 ml  m e t h a n o l  and  r a d i o a c t i v i t y  coun t ed  w i t h  10 ml  
t o l u e n e - p h o s p h o r  solut ion.  The  coun t s  were cor rec ted  for 
q u e n c h i n g  us ing  toluene-SH as a n  i n t e rna l  s t anda rd .  Th i s  
m e t h o d  (min ima l  s ens i t i v i ty  10-20 ng) p rov ided  in vi t ro ,  
95 ~= 3 % recovery  of t h e b a i n e  f rom biological  ma te r i a l s  in 
t he  c o n c e n t r a t i o n  r ange  50-1000 ng. O t h e r  m e t h o d s  for 
assay  of t o t a l  r ad ioac t iv i ty ,  ac id-hydro lys i s  of c o n j u g a t e d  
me tabo l i t e s  were s imi la r  to  those  descr ibed  earl ier  ~~ 
B i n d i n g  of t h e b a i n e  w i t h  r a t  p l a s m a  p ro te ins  and  h u m a n  
a l b u m i n  ( f ract ion V, S igma  Chemica l  Co., St. Louis,  Mo.) 
was s tud ied  us ing  Amicon  u l t r a f i l t r a t i on  m e m b r a n e  cones. 

Results and discussion. The  m e a n  va lues  on t h e  con- 
c e n t r a t i o n  of t h e b a i n e  and  half- l i fe  in  r a t  b i a i n  and  p l a s m a  
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a t  d i f fe ren t  t i m e s  a f t e r  a s ingle s.c. 5 m g / k g  dose are g iven  
in t h e  Table .  The  b r a i n  to  p l a s m a  r a t i o  for t h e b a i n e  a t  
0.5 h was a p p r o x i m a t e l y  5 t i m e s  t h a t  w i t h  m o r p h i n e  1~ 1~. 
H i g h e r  c o n c e n t r a t i o n s  of t h e b a i n e  in b r a i n  could ar ise  
due  to  t he  g rea te r  l ip id - so lub i l i ty  of t h e b a i n e  as c o m p a r e d  
to  m o r p h i n e  ( a p p a r e n t  p a r t i t i o n  coeff icient  of t heba ine -3H 
a n d  morph ine -N-me thy l - l~C  in 1 -oc tano l /M/15  p h o s p h a t e  
buffer  p H  7.4 in  conc. r ange  1-100 tzg/nll were 8.32 a n d  
1.03, respect ively) .  T h e b a i n e  h a d  a fas te r  r a t e  of p e n e t r a -  
t i on  in to  a n d  egression f rom t h e  CNS t h a n  m o r p h i n e  a n d  
i ts  levels  in  b r a i n  were no t  su s t a ined  as long as those  of 
m o r p h i n e  10,15-17. I n  c o n t r a s t  to  d rugs  of h i g h  d e p e n d e n c e  
l i ab i l i ty  e.g., m o r p h i n e  l~ a n d  m e t h a d o n e  n ,  13, t h e b a i n e  
d id  no t  pe rs i s t  in  r a t  b r a i n  for  a p ro longed  period.  The  
e l eva t ion  a n d  decl ine of CNS levels of t h e b a i n e  in b r a i n  
coincided rough ly  w i t h  those  in p l a s m a  a n d  i nd i ca t ed  t h a t  
un l ike  m o r p h i n e  and  m e t h a d o n e ,  i t  was  p r e d o m i n a n t l y  
p r e sen t  in  t he  ex t race l lu la r , s i tes  in t he  CNS a n d  p r o b a b l y  
b o u n d  in  a freely revers ib le  m a n n e r  to  t h e  b r a i n  t issue.  

B i n d i n g  of d rugs  to  p l a s m a  p ro t e in s  is a n  i m p o r t a n t  
fac to r  in  t he  d u r a t i o n  a n d  i n t e n s i t y  of pha rmaco log i ca l  
a c t i o n ~ t  R a t  p l a s m a  p ro t e ins  a n d  h u m a n  a l b u m i n  (5% in 
M / 1 5  p h o s p h a t e  buf fe r  p H  7.4) b o u n d  t h e b a i n e  to  t he  
e x t e n t  of 66.74 • 2.03 (S.E.) a n d  27.34 4- 1.07 (S .E . )% 
respec t ive ly  a t  5 d i f f e ren t  c o n c e n t r a t i o n s  in  t he  r ange  
1-100 txg/ml arm th i s  b i n d i n g  was  found  to  be  r e l a t ive ly  
i n d e p e n d e n t  of t h e b a i n e  c o n c e n t r a t i o n  in th i s  r ange  
(morph ine  b i n d i n g  2~ to p l a s m a  pro te ins ,  30 =~ 10%). The  
grea te r  b i n d i n g  of t h e b a i n e  c o m p a r e d  to  m o r p h i n e  could 
poss ib ly  be  due  to  a closer i n t e r a c t i o n  of i t s  r ing  s t r u c t u r e  
w i t h  p ro t e in s  b y  sho r t  r ange  molecu la r  forces, because  
a m i n o  groups  in bas ic  d rugs  h a v e  been  r epo r t ed  2~,~2 to  
p l a y  a m i n o r  role in such  b ind ing .  F u r t h e r  ~ a n d  fl- 
l i popro te ins  also accoun t  in  large measu re  for t he  b i n d i n g  
of l ipophi l ic  t h e b a i n e  molecules.  

The  m e a n  p e r c e n t a g e  of free t h e b a i n e - a H  excre ted  in 
96 h u r ine  and  feces of 4 male  r a t s  fol lowing 5 m g / k g  s.c. 
dose were 16.65 • 2.05 a n d  4.34 • 1.27 ( S . E . ) % ;  t o t a l  
r a d i o a c t i v i t y  va lues  in u r ine  and  feces were 43.38 • 3.92 
and  8.42 =~ 1.86 (S .E . )% respect ively �9  Co lumn  c h r o m a t o -  
g r a p h y  of pooled  r a t  u r ine  on  A m b e r l i t e  X A D - 2  a n d  I T L C  
(silica gel) b y  t echn iques  p rev ious ly  descr ibed  13, 2~, 24 es tab-  
l i shed t he  presence  of free codeine,  norcodeine ,  n o r m o r p h i -  
ne, m o r p h i n e  a n d  14 -hydroxycode inone  as some of t he  mi-  
no r  me tabo l i t e s ,  and  o r ipav ine  a n d  g lucuronide  con juga t e s  
of n o r m o r p h i n e  and  norcode ine  as m a j o r  me tabo l i t e s .  Some 
of these  m i n o r  m e t a b o l i t e s  were also de t ec t ed  in b r a i n  1 h 
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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.  

A. L. MISRA, R. B. PONTANI and  S. J. MULE' 
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(New York 77277, USA),  29 January 7973. 
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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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