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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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Diseases, and General Medical Sciences, U.S. Public Health Ser- 
vice. 
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s t e ro id  m a y  e x e r t  i ts  effect  t h r o u g h  a v a r i e t y  of s ter ic  ~ or  
i n d u c t i v e  m e c h a n i s m s  a S u c h  c o m p l e x  r e l a t i o n s h i p s  m u s t  
be  c o m m o n  to  s t r u c t u r e - f u n c t i o n  a n a l y s e s  in  m a n y  d rugs ,  
a n d  the  s e p a r a t i o n  of s o m e  of t he se  v a r i a b l e s  h a s  been  
g r e a t l y  fac i l i t a ted  b y  t h e  m u l t i p l e  p a r a m e t e r  app roach~ .  
W e  n o w  descr ibe  t h e  a p p l i c a t i o n  of t h i s  a p p r o a c h  to  
s te ro ids ,  for  t h e  f i r s t  t ime .  I n  t h i s  r e p o r t  we cons i de r  t h e  
a n t i - i n f l a m m a t o r y  a c t i v i t y  5a-a of 9 e - s u b s t i t u t e d  cor t i so l  
d e r i v a t i v e s  (Table).  P r e v i o u s  w o r k e r s  5b a t t e m p t e d  to  
a c c o u n t  for  t h e  b io logica l  in f luence  of 9 e - s u b s t i t u e n t s  on  
t h e  ba s i s  of t h e i r  i n d u c t i v e  effects ,  b u t  t h i s  f a c t o r  e x p l a i n s  
on ly  a p o r t i o n  of  t h e  v a r i a t i o n  (cf. e q u a t i o n  3). 

Methods. R a t h e r  t h a n  a t t e m p t i n g  to  der ive  de n o v o  
c o n s t a n t s  s~-a, we  ut i l ized t h e  s t o c h a s t i c  m e t h o d  u s ing  
k n o w n  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  ~ for  t h e  i n d u c t i v e  
effect  (az) 7, t h e  h y d r o p h o b i c  b o n d i n g  p o w e r  (=) ~, a n d  t h e  
size of s u b s t i t u e n t s  (mola r  r e f r ac t i v i t y ,  P~)9 a n d  (Es )~ .  
F r o m  t h e  d a t a  in t h e  T a b l e  we  de r i ved  v i a  t he  m e t h o d  of 
l eas t  s q u a r e s  e q u a t i o n s  (1-7).  I n  t h e  a b o v e  e q u a t i o n s ,  n 
r e p r e s e n t s  t h e  n u m b e r  of d a t a  p o i n t s  used  in t h e  regress ion ,  
r is t h e  co r r e l a t ion  coeff ic ient  a n d  s is t h e  s t a n d a r d  
dev ia t ion .  

Results. Of t h e  s i n g l e - p a r a m e t e r  e q u a t i o n s  (1-3), t h e  
one w i t h  = gives  t h e  p o o r e s t  resu l t .  I n d e p e n d e n t l y  ax a n d  
P ~  a c c o u n t  for  on ly  23~o a n d  30%,  respec t ive Iy ,  of  t h e  
v a r i a n c e  in t h e  da ta .  T o g e t h e r  t h e y  a c c o u n t  for  73% of 

t h e  va r i ance .  I n  t h e  t w o  p a r a m e t e r  e q u a t i o n s ,  l i t t le ,  if 
a n y t h i n g ,  is ga ined  u s i n g  ~. 
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S r $ r 

(1) log A ~ --0.1799 -- 0.2248~ 
(2) log A = 0.3219 -- 0.0959 log PE 
(3) log A = --0.7408 + 1.7707 0~ 
(4) log A = 0.5992 + 0.5821~ -- 0.1623 log PE 
(5) log A = --0.7256 -- 0.2965z + 1.8857 0• 
(6) log A = --0.2385 -- 0.1298 log PE + 2.5396 0• 
(7) log A = 0.0726 + 0.7642 ~ -- 0.2202 log PE + 2.7794 az 

7 0.8708 0.0378 0.1943 
7 0.7433 0.2989 0.5467 
7 0.7791 0.2296 0.4792 
7 0.7634 0.4084 0.6391 
7 0.8337 0.2943 0.5425 
7 0.5120 0.7339 0.8567 
7 0.3267 0.9187 0.9585 

Liver glycogen deposition activity and substituent constants for 9~-snbstitnted cortisol derivatives 

CH~OCOCH 3 

R Obsd.~ Calcd. Obsd. log A Calcd. b log A ax ~ ~a 
relative relative 
Activity Activity 

Log Es e Log P~f 

F 10.7 13.3 1.03 1.124 0.52 --0.17 0.78 1.20 
C1 4.7 2.3 0.67 0.364 0.47 0.39 0.27 5.96 
Br 0.3 0.7 --0.52 --0.169 0.45 0.60 0.08 8.86 
I 0.1 0.1 --1.00 --1.168 0.38 1.00 --0.16 13.90 
OH 0.2 0.2 -- 0.70 -- 0.696 0.25 -- 1.16 0.69 2.62 
H 1.0 0.7 0.00 --0.170 0.0 0.0 1.24 1.10 
CH~ 0.1 0.2 --1;00 --0.805 0.0 0.50 0.0 5.72 
OMe 0.07 0.1 -- --1.186 0.25 --0.47 0.69 7.24 
OEt 0.07 0.0 -- -- 1.821 0.25 0.03 0.69 11.86 
SCN 0.0 0.0 -- --  1.864 0.55 0.03 0.17 15.84 

Relative activity (eortisol acetate = 1) from ref. a. b Calcd. using equation (7). c From ref. 7. a From ref. s. e From ref. lo. ~ From ref. 9. 
7 This compound was resynthesized and the biological activity remeasured by the same technique by Endocrine Laboratories, Madison, 
Wisconsin. We thank Dr. WINSTON HO for the synthetic work. 
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E q u a t i o n  (7) gives t he  bes t  corre la t ion.  Th i s  e q u a t i o n  
satisfies t he  ' F - t e s t '  1~ a n d  is s t a t i s t i ca l ly  s ign i f ican t  a t  t he  
0.95 conf idence  level, Fa, 3 = 11.3 (F3, a a t  t h e  0.95 level  
is 9.6). E q u a t i o n  (7) is a s ign i f ican t  i m p r o v e m e n t  over  
t h e  t w o - p a r a m e t e r  e q u a t i o n  (6); (El, 3 = 6.8, F v a =  6.8, 
F~,~ e=0.1 = 5.5). Ideal ly ,  one would  l ike to  h a v e  15 d a t a  
po in t s  for a t h r e e  va r i ab l e  equa t ion .  I n  effect, t he re  are 
10 d a t a  po in t s  in  t he  p re sen t  case, b u t  on ly  7 h a v e  been  
used in de r iv ing  t he  equa t ion .  A l t h o u g h  inac t i ve  com- 
p o u n d s  c a n n o t  be  used to f i t  t i le regression,  never the less ,  
t he  fac t  t h a t  e q u a t i o n  (7) p red ic t s  t h e  SCN, O E T  a n d  
OMe c o m p o u n d s  to  h a v e  l i t t l e  or no ac t iv i ty ,  gives con- 
f idence in i ts  correctness .  

The  pos i t ive  coeff icient  w i t h  ~• a n d  w i t h  ~ ind ica tes  
a c t i v i t y  is p r o m o t e d  b y  e l e c t r o n - w i t h d r a w i n g  groups  and  
b y  groups  of h igh  h y d r o p h o b i c i t y .  The  nega t i ve  coeff icient  
w i t h  PE ind ica tes  an  inc reas ing  a c t i v i t y  w i t h  decreas ing  
size of t h e  subs t i t uen t .  

E q u a t i o n  (8), h a v i n g  a fo rm c o m p a r a b l e  to  e q u a t i o n  (7), 
compares  t he  q u a l i t y  of f i t  w i t h  a n o t h e r  p a r a m e t e r  for  
size, E s. 

(8) log A = --1.6416 + 1.4777 E s + 0.3920= + 2.5271 ~I 
s r ~ ~' 

7 0.5950 0,7305 0.8547 

I t  gives t he  same q u a l i t a t i v e  answer  b u t  t he  cor re la t ion  
is poor.  The  s ter ic  p a r a m e t e r  E s  is d i rec t iona l  in na tu re .  
The  fac t  t h a t  E s  gives poore r  resu l t s  t h a n  PE i nd ica tes  a 
b u l k  to le rance  p r o b l e m  r a t h e r  t h a n  a s ter ic  effect  in t he  
Ta f t  sense. 

Discussion. Recen t ly ,  we found  t h r o u g h  X - r a y  crys ta l -  
lographic  s tud ies  ~ a n d  CNDO/2  ca lcu la t ions  ~ t h a t  t he  
c o n f o r m a t i o n  a n d  e lec t ron  dens i t y  d i s t r i b u t i o n  of the  
9~- subs t i t u t ed  cort isol  de r i va t i ve s  is m a r k e d l y  affected b y  
t h e  n a t u r e  of t he  9e - subs t i t uen t .  Major  changes  are seen 
in t he  c o n f o r m a t i o n  of the  A-ring,  and  in the  e lec t ron  
dens i t y  on  t he  11fl-OH a n d  a t  C-4. These  effects  offer an  
e x p l a n a t i o n  for t h e  h i g h  d e p e n d e n c e  on  s ter ic  and  
e lect ronic  t e r m s  in e q u a t i o n  (7). Clearly, t h e  i n d u c t i v e  
n a t u r e  of t he  9~ - subs t i t uen t  will  affect  i ts  in f luence  on  t he  
e lec t ron  dens i t y  d i s t r i b u t i o n  in t he  s u b s t i t u t e d  compound ,  
whereas  t h e  s ter ic  in f luence  will  h a v e  c o n f o r m a t i o n a l  and  

e lect ronic  consequences .The  use of e q u a t i o n  (7) to  e v a l u a t e  
t he  biological  effect  of a s u b s t i t u e n t  is, of course, far  
easier  a n d  more  d i rec t  t h a n  ti le CNDO/2  approach .  

The  s ignif icance of t he  ~ p a r a m e t e r  is .more di f f icul t  to  
del ineate .  The  increase  in  a c t i v i t y  w i t h  inc reas ing  hydro -  
p h i b i c i t y  could be  due  to  b e t t e r  t r a n s p o r t  to  t he  si te  of 
ac t ion  for more  l ipophi l ic  c o m p o u n d s  a n d / o r  to  hydro -  
p h o b i c  i n t e r a c t i o n  a t  t he  ac t ive  s i te  1~. The  fac t  t h a t  large  
groups  (as m e a s u r e d  b y  PE) are  on ly  weak ly  ac t ive  
ind ica tes  t h a t  e - s u b s t i t u e n t s  m a y  h a v e  to  f i t  t h e  r ecep to r  
site, a s i t u a t i o n  in h a r m o n y  w i t h  a pos i t ive  role for ~ for 
9e-funct ions .  A l t h o u g h  i t  has  been  sugges ted  t h a t  cort i -  
coids i n t e r a c t  w i t h  t he  r ecep to r  on  t he  fl-face ~3, th i s  
resu l t  could  be  ev idence  t h a t  t he  9 e - s u b s t i t n e n t  does in  
fac t  i n t e r a c t  w i t h  t he  receptor .  

E q u a t i o n  (7) offers t he  chance  to p red ic t  more  ac t ive  
cor t icoids  b u t  few s u b s t i t u e n t s  mee t  t he  r equ i r emen t s .  
A 9~-CF~ group  should  h a v e  a c t i v i t y  of a b o u t  4.0 re la t ive  
to  hydrocor t i sone ,  b u t  mos t  groups  w i t h  t he  requi red  
hydrophob ic i •  are too large to  be  act ive .  

Resumen. ])or p r i m e r a  vez  se b a n  ana l i zado  las rela-  
clones e s t r u c t u r a - f u n c i 6 n  de diez de r ivados  del 9~- 
cort isol  subs t i t u ido  u s a n d o  t6cnicas  de regres i6n de 
p a r s  mfil t iples.  Se conc luye  que  los fac tores  
e lec t r6nicos  y est6ricos son de m a y o r  i m p o r t a n c i a  al 
d e t e r m i n a r  el efecto del s u b s t i t u y e n t e ,  y que  la u n i 6 n  
h id ro f6b ica  t a m b i 6 n  es de i m p o r t a n t e  consideraci6n.  Se 
d iscu te  el s igni f icado de estos resul tados .  
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Autofluorescence of Isolated Unfixed Rabbit Deiters' Neurons and Surrounding Neuroglial Clumps 

Neurons  were i so la ted  f rom t h e  De i t e r s '  nuc le i  of 
y o u n g  r a b b i t s  we igh ing  2-3 kg b y  t he  m e t h o d  of HYDEN 1,2. 
Groups  of sma l l  neurogl ia ,  of s imi la r  vo lumes  to  wh ich  
I-IYDEN has  g iven  t he  n a m e  ' c l umps '  3 were also s epa ra t ed  
f rom the  a d j a c e n t  neurons .  The  s ingle  neu r ons  or neuro-  
glial  ' c l umps '  were i n c u b a t e d  in  '199 '  cu l tu re  m e d i u m  4 in 
para l l e l -wal led  c h a m b e r s  m a d e  f rom microscope  slides 5. 
Over  150 n e u r o n s  a n d  50 neurogl ia l  c lumps  were e x a m i n e d  
w i t h  m e r c u r y  v a p o u r  i l lumina t ion ,  a t  an  overa l l  magni f i ca -  
t i o n  of • 600, us ing  Le i tz  f i l ters  B G  38 a n d  U G  1, u n d e r  
e i t he r  a Beck  48 or a Le i t z  O r t h o p l a n  mic roscope ;  t he  
exc i t ing  w a v e l e n g t h  was a p p r o x i m a t e l y  3650 A. B o t h  t he  
n e u r o n s  (Figure  1) a n d  t he  neurogl ia l  ' c l umps '  f luoresced.  
The  i n t e n s i t y  of t h i s  f luorescence in a r a n d o m  selec t ion of 
these  ceils was  m e a s u r e d  us ing  a n  E E L  m i c r o p h o t o m e t e r ;  
t i le image  c o n t r a s t  was  ca lcu la ted  us ing  t h e  fo rmula  of 
YOUNG 6, as 

intensity of object - intensity of background 

intensity of object, 

Fo r  11 neu rons  a n d  9 neurogl ia l  ' c lumps ' ,  t h e  c o n t r a s t  was  
0.28 ~ 0.07, a n d  0.34 q- 0.22, respect ive ly .  The  r e l a t i ve ly  
la rger  v a r i a t i o n  in respec t  of t he  neurogl ia l  c lumps  p r o b a -  
b ly  reflects  g rea te r  v a r i a b i l i t y  of t h e i r  sizes. 

M e t h y l e n e  b lue  causes  a m i n o  acids to  f luoresce 7, and  
' 199' m e d i u m  con ta ins  severa l  f luo rochromes  ~. Therefore ,  
i t  was  dec ided  to  isola te  t he  same  cells w i t h o u t  m e t h y l e n e  
blue  in i so tonic  NaC1 only, a n d  to  e x a m i n e  t h e m  for 
f luorescence immed ia t e ly .  As soon as t h e y  were exposed,  
a weak  app legreen  f luorescence was  de tec ted ,  a n d  t h e n  
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