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CHAPTER I  

INTRODUCTION 

A d ren a l C o rtex : H i s t o r i c a l  I n t r o d u c t io n

T& iderstanding o f  th e  f u n c t io n  o f  th e  a d r ^ a l  g la n d , th e  e x is te n c e  

o f  >diich had b een  re p o r te d  a s  e a r ly  a s  15914-, began i n  1855 idien a  B r i t -  

i ^  su rgeon  named A ddison d e s c r ib e d  a  d is e a s e  %hich now b e a r s  h i s  name 

(T h o m , 1966) .  A roused b y  A dd ison ’ s w ork, B row n-Sequard, i n  1896, 

u n d e rto o k  to  rep ro d u ce  t h i s  syndrome i n  r a b b i t s ,  d o g s, g u in e a  p i g s ,  and 

r a t s  b y  e x t i r p a t i o n  o f  tb e  a d re n a l  g la n d s . Due to  th e  u n ifo im ly  f a t a l  

r e s u l t s  o f  a l l  th e s e  b i l a t e r a l  a d re n a le c to m ie s , h e  p o s tu la t e d  t h a t  th e  

a d re n a ls  were n e c e s s a ry  f o r  l i f e .  I t  i s  p ro b a b le  t h a t  d e a th  was m ost 

o f te n  due to  o p e ra t io n a l  shock , r a t h e r  th a n  to  la c k  o f  th e  a d re n a l  

s e c r e t io n s  (D orfnan , 1 9 6 2 ) . However, B e id l  and o th e r  w orkers l a t e r  

co n firm ed  B roun-S equard’ s c o n c lu s io n s  by  more a d e q u a te  and r e l i a b l e  

te c h n iq u e s ,  p ro v in g  t h a t  th e  c o r te x ,  n o t  th e  m e d u lla , was n e c e s s a ry  f o r  

l i f e  (D orfm an, 1 9 6 2 ).

A d re n o c o r t ic o trq p h in , o r  ACTH, h a s  been  s tu d ie d  d u r in g  th e  p a s t  

f o r t y - f i v e  y e a r s  b e g in n in g  w ith  th e  work o f  Sm ith  (1925 , 1 9 3 0 ), who 

d e s c r ib e d  th e  d e g e n e ra t io n  o f  th e  a d r m a l s ,  s p e c i a l l y  th e  c o r t e x ,  a f t e r  

hypophysectony , and t h e i r  su b seq u en t r e g e n e r a t io n  a f t e r  rep la ce m e n t 

th e ra p y  w ith  f r e s h ,  g round  p i t u i t a r y  t i s s u e .  The f i r s t  homogeneous 

a c t iv e  f r a c t i o n s  o f  ACTH w ere n o t  o b ta in e d  u n t i l  19U2, th e n  L i ,  S im pson, 

and Evans (19U2) and S a y e rs ,  W h ite , and Long (19U2) i s o l a t e d  a  f r a c t i o n

1
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2

w ith  m o le c u la r  w e ig h t o f  a p p ro x im a te ly  20 ,000  from  sheep  and p ig  p i t u -  

i t a r i e s .

The c l a s s i c a l  i n  v iv o  s tu d i e s  o f  th e  c o n t r o l l i n g  f a c t o r s  in v o lv e d  

i n  th e  p ro c e s s  o f  c o r t i c o s te r o id o g e n e s i s  w ere c a r r i e d  o u t  by  H ech te r e t  

a l . a t  th e  W o rch este r F o u n d a tio n  d u r in g  th e  e a r ly  1 9 5 0 's .  T hese s tu d i e s ,  

lAiich c o n s is te d  o f  p e r fu s io n  o f  b o v in e  a d re n a l  g la n d s , showed t h a t  

a d re n o c o r t ic o tro p h in  c o u ld  t r i g g e r  o f f  m echanism s n e c e s s a ry  f o r  a d re n a l  

s t e r o i d  b io s y n th e s is  (H e c h te r  1953; H e c h te r , 195U; M acchi and

H e c h te r , 195U ).

ACTH: S t r u c tu r e  and I s o l a t i o n

The p rim a ry  s t r u c tu r e  o f  ACTH from  f o u r  s p e c ie s  h a s  been r e p o r te d  

d u r in g  th e  p a s t  f i f t e e n  y e a r s ,  b e g in n in g  w ith  sheep : o r  <%̂ -ACTH (L i e t  

a l . . 1 9 5 5 ), p o rc in e :  o r  ofp-ACTH (S hepherd  e t  ^ . ,  1 9 5 6 ) , b o v in e : o r  

«(b-ACTH (E ngel and F r e d r i c k s ,  1 9 5 9 ), and th e  p a r t i a l  s t r u c tu r e  o f  human: 

o r  oCh“ACTH (L ee , L e m e r ,  and B u e ttn e r - J a n u s c h , I 9 6 0 ) ,  a s  i l l u s t r a t e d  in  

F ig u r e  1 .  A ll  s t r u c tu r e s  th u s  f a r  d e te rm in ed  c o n s i s t  o f  39 amino a c id s ,  

and s p e c ie s  v a r i a t i o n s  o c c u r  i n  th e  re g io n  o f  th e  m o le cu le  ( p o s i t io n s  

25-'33) w hich a p p ea rs  to  be  n o n e s s e n t ia l  f o r  b io lo g ic a l  a c t i v i t y  (D ixon , 

I 96U) . The " a c t iv e "  f r a g m a it  ( p o s i t io n s  1-2L) i s  i d e n t i c a l  i n  

s p e c ie s  in v e s t ig a te d  (D ixon , 196U ). The c a lc u la t e d  m o le c u la r  w e ig h t 

f o r  p o rc in e  ACTH i s  U56? (Brown e t  a l . , 1 9 5 6 ).

I s o l a t i o n  p ro c e d u re s  a r e  a id e d  b y  th e  sm a ll m o le c u la r  w e ig h t o f  

th e  ACTH m o lecu le  which a llo w s  th e  u se  o f  some te c h n iq u e s  n o t  a p p l ic a b le  

to  l a r g e r  p r o t e i n s .  T h is  m o le cu le  h a s  n e v e r  b een  " d e n a tu re d " , a s  i t  

a p p e a rs  t h a t  a ry  change i n  i t s  p r o p e r t i e s  i s  accom panied b y  a  change i n
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u

i t s  c o v a le n t  s t r u c tu r e  (D ixon , 196U) • I t s  low  m o le c u la r  w e ig h t a ls o  

e x p la in s  i t s  u n u su a l s o l u b i l i t y ,  a  f e a t u r e  l i i i c h ,  a long  w ith  th o s e  c i t e d  

above , a llo w s  th e  u se  o f  a c id  e x tra c t ic a i  p ro c e d u re s  developed  b y  Lyons 

( 1937) u s in g  0.2N H d  i n  80^ a ce to n e  and th o s e  o f  P ayne , Raben, and A s t-  

wood (1950) u s in g  h o t  g l a c i a l  a c e t i c  a c id .  D ia ly s is  a s  a  m ethod o f  

p u r i f i c a t i o n  i s  d i f f i c u l t  s in c e  ACTH can  p a s s  th ro u g h  d i a l y s i s  membranes 

u n d er norm al c o n d i t io n s .  L i  (1958) was a b le  to  d ia ly z e  a g a in s t  an  a lk a ­

l i n e  s o lu t io n  (ammonia) to  remove th e  s a l t s ,  b u t  t h i s  p ro c e d u re  was 

d i f f i c u l t  and te n d e d  to  s l i g h t l y  a l t e r  th e  m o le c u la r  s t r u c tu r e .

ACTH8 B io lo g ic a l  A c tio n

M e c h a n is tic  in fo rm a tio n  abou t th e  a c t io n  o f  ACTH i s  l im i te d  a lm o st 

e x c lu s iv e ly  to  s te r o id o g e n e s is .  T here  e x i s t s ,  how ever, a  h o s t  o f  o th e r  

r e a l  o r  a p p a r a i t  a c t io n s  o f  ACTH, >diich a re  d i f f i c u l t  o r  im p o s s ib le  to  

s tu d y  ^  v i t r o . One such  e f f e c t  i s  t h a t  o f  a s c o rb ic  a c id  r e l e a s e  from  

th e  a d re n a ls ,  w hich th u s  f a r  h a s  n o t  b een  l in k e d  to  s te r o id o g e n e s is ,  

b u t  i s  th e  b a s i s  f o r  one o f  th e  m ost s u c c e s s fu l  b io a s s a y  p ro c e d u re s  

f o r  ACTH a c t i v i t y  (S a y e rs ,  19U 8). S u g ar ( s p e c i f i c a l l y  D -x y lo se) e n try  

i n to  th e  a d re n a l  c e l l  i s  in c re a s e d  b y  ACTH ^  v iv o , b u t  c an n o t b e  s tu d ­

i e d  i n  v i t r o  b e ca u se  i t  i s  n o t  exc luded  u n d e r th e s e  c o n d it io n s  (G o lden , 

1961 ) , D i f f i c u l t i e s  a r i s e  i n  th e  u t i l i z a t i o n  o f  ^  v i t r o  te c h n iq u e s  

due to  th e  fo llo w in g  changes i n  s t r u c tu r e  and fu n c t io n s  p o ta s s iu m  i s  

l o s t  from  Ih e  c e l l  w h ile  sodium  c o n c e n tr a t io n  in c r e a s e s  (G o lden , 1 9 6 1 ); 

i n t r a c e l l u l a r  ensymes escap e  i n to  th e  medium (Shonbaum, 1 9 5 9 ); m e d u lla ry  

t i s s u e  i s  d e s tro y e d , l i b e r a t i n g  c a tch e ch o la m in es  a n d /o r  p r o t e o l y t i c  

enzymes i n to  th e  system  (H e c h te r , 195U) . T h e re fo re  i t  c an n o t b e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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d e te rm in ed  how m aiy o r  i n  what way th e  c e l l s  a re  d e s tro y e d  o r  a l t e r e d  

i n  an ^  v i t r o  sy stem .

L a b i le  p r o t e in s  have been  p o s tu la t e d  t o  p la y  a  r o l e  in  c o n t r o l l i n g  

s te ro id o g e n e s is  and hence t h e i r  s y n th e s is  i s  a n o th e r  e f f e c t  under th e  

c o n tr o l  o f  ACTH. T h a t ACTH in c r e a s e s  a d re n a l  p r o t e in  s y n th e s is  h a s  been  

d a n o n s tra te d  b y  F a re s e  (1967) and S t r e e to  and Reddy (1 9 6 7 ) . Grower and 

Bransome (1968) have su g g e s te d  t h a t  th e  s y n th e s i s  o f  some p r o t e in s  and 

n o t  o th e r s  i s  fa v o re d  b y  ACTH, a s  th e y  d em o n stra ted  on ac ry lam id e  g e l -  

e l e c t  ro p h o re  s i s  a  s e l e c t i v e  in c r e a s e  i n  c e r t a i n  s o lu b le  p r o t e i n s .

F a re s e  and Reddy (1963) w ere th e  f i r s t  to  d e a l  wiUi t h i s  p rob lem , show­

in g  t h a t  smne f a c t o r  i n  th e  10$ ,000  x g s u p e rn a ta n t  was r a t e  l im i t i n g  

f o r  i n  v i t r o  a d re n a l  p r o t e in  s y n th e s i s ,  and t h a t  t h i s  f a c t o r  was i n ­

c re a s e d  by  ACTH a d m in is t r a t io n .  F a re s e  (1966) w ent on to  show t h a t  

c o n tin u e d  ACTH tr e a tm e n t  l e d  t o  in c re a s e d  p r o te in  s y n th e t ic  a c t i v i t y  o f  

th e  a d r a i a l  po ly som es. F a re s e  (1967) su g g e s te d  t h a t  s t im u la to ry  e f f e c t s  

were due to  d i s s o c i a t i o n  o f  n u c le o p ro te in  com plexes w ith  co n seq u en t 

enhancem ent o f te m p la te  a c t i v i t y .  He w ent on to  s u g g e s t  th e  fo llo w in g  

p o s s i b i l i t i e s  f o r  th e  p ro p o sed  u n s ta b le  r e g u la to r y  p r o t e i n s  s a) RNA 

po ly m erase  i t s e l f ,  b ) p r o t e i n s  ïd iich  may in f lu e n c e  RNA p o ly m erase , c ) 

p r o t e i n s  id iich  m%r a c t iv a t e  ch ro m atin  te m p la te s ,  and d) p o ly c a t io n ic  

s u b s ta n c e s .

R e la te d  to  th e  p rob lem  o f  p r o t e i n  s y n th e s is  i s  t h a t  o f  th e  r e l a t i v e  

change i n  th e  amount and a c t i v i t y  o f  th e  RNA p r e s e n t  i n  th e  c e l l s  b e fo re  

and a f t e r  s t im u la t io n .  N et in c r e a s e s  i n  a d re n a l  RNA o c cu r soon a f t e r  

ACTH a d m in is t r a t io n  ( F i a l a ,  S p ro u l ,  and F i a l a ,  1 9 5 6 ), and in c re a s e d  i n ­

c o rp o ra t io n  o f  p r e c u r s o r  i n t o  RNA can  b e  o b se rv ed  ^  v iv o  s h o r t l y  a f t e r
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ACTH s t im u la t io n  (Bransome and C h a rg ra ff ,  196U) . A lthough Im rie  and 

H u tch in son  (196$) su g g e ste d  th a t  t h i s  RNA in c r e a s e  i s  due to  d e c r e a s in g  

RNA d e g r a d a tio n , F a r e se  (196?) d em onstrated  two p h a se s  in  th e  s t im u la ­

t o r y  e f f e c t  o f  ACTH on in c o r p o r a t io n  o f  n u c le o s id e  tr ip h o s p h a te s  in t o  

RNA, th e  f i r s t  o cc u rr in g  d u rin g  th e  e a r ly  hours o f  s t im u la t io n  and th e  

secon d  a f t e r  fo u r  h ou rs s t im u la t io n . He co u ld  n o t ,  how ever, d eterm in e  

i f  b o th  were under th e  c o n t r o l  o f  th e  same m echanism .

The r e l a t i o n s h i p s  o f  ACTH to  th e  NADPH l e v e l  o r  l o c a t io n  i n  th e  

c e l l ,  o f  ACTH to  c y c l ic  3 '$ '-AMP, and o f  c y c l ic  3 ‘5'-AMP to  NADPH have 

r e c e iv e d  c o n s id e ra b le  a t t e n t i o n  i n  th e  p a s t  d e c a d e . T h a t NADPH i s  

n e c e s s a ry  f o r  s te ro id o g e n e s is  was d em o n s tra ted  b y  Sw eat and Liscomb 

(19$$) i n  t h e i r  work on th e  fo rm a tio n  o f  a d re n a l  c o r t i c o s t e r o i d s .  U sing 

a d re n a l  hom ogenates, McKerns (196U) s tu d ie d  th e  a c t iv a t io n  o f  g lu c o s e -6 -  

p h o sp h a te  dehydrogenase  t y  ACTH. He s t r e s s e d  th e  im p o rtan c e  o f  g lu c o s e -  

6 -p h o sp h a te  a s  a  s u b s t r a t e  f o r  t h i s  enzyme and th e  im p o rtan ce  o f  t h i s  

enzyme a c t i v i t y  i n  r e g u la t in g  c e l l u l a r  NADPH c o n c e n tr a t io n .  He p o s tu ­

l a t e d  t h a t  ACTH e x e r t s  i t s  m ain in f lu e n c e  on s te ro id o g e n e s is  a t  t h i s  

p o i n t .  H is  work h a s  been  d i f f i c u l t  to  re p ro d u c e  and th e r e  have been  

r e p o r t s  t h a t  q u e s tio n  th e  im p o rtan c e  o f  NADPH c o n c e n tr a t io n s  a s  a  s i g n i ­

f i c a n t  c o n t r o l l in g  f a c t o r  (B ransom e, 1 9 6 8 ). Haynes and B e r th e t  (19$7) 

p u t  f o r t h  a  th e o ry  t h a t  ACTH s t im u la te d  oc-glucan p h o sp h o ry la se  a c t i v i t y  

i n  b o v in e  a d re n a l  s l i c e s ,  id iich  in c r e a s e d  th e  a v a i l a b i l i t y  o f  g lu c o s e -  

6 -p h o sp h a te  a s  a  s u b s t r a t e  f o r  d e h y d ro g e n a tio n  b y  g lu co  se  -6 -p h o sp h a te  

d eh y d ro g en ase , id iich  i n  tu r n  w ould in c r e a s e  th e  l e v e l  o f  red u ced  NADPH 

i n  th e  c e l l .  T h is  th e o r y ,  to o ,  h a s  been  c h a lle n g e d  b y  th e  s tu d i e s  o f  

H ard ing  and N elson  (1966) and Cammer and E s ta b ro o k  (1 9 6 6 ) , ^ o  fa v o r
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th e  co n cep t o f  re v e rs e d  e le c t r o n  t r a n s f e r  in v o lv in g  a  l in k a g e  o f  th e  

F -1^0  c h a in  to  th e  r e s p i r a t o r y  c h a in  th ro u g h  tra n s h y d ro g e n a tio n  ( f o r  a  

good re v ie w , see  Bransom e, 1 9 6 8 ).

C o r t ic o s te r o id  B io s y n th e s is

I t  i s  g e n e r a l ly  b e l ie v e d  t h a t  th e  c o r t i c o s t e r o i d s  a r e  d e r iv e d  from  

c h o le s t e r o l  v i a  p reg n en o lo n e  and p r o g e s te r o n e .^  Tchen (196?) h a s  sum­

m arized  th e  c h o le s te r o l  s id e c h a in  c le a v a g e  d ia g r a m a t ic a l ly  a s  shown in  

F ig u re  2 . T h is  c le av a g e  in v o lv e s  two h y d ro x y la tio n s  and a  ’d e sm o lase ' 

r e a c t io n  i n  th e  m ito c h o n d r ia l  f r a c t i o n .  B oth  ACTH and c y c l ic  3 ’5 '-AMP 

a p p e a r  to  have t h e i r  p r i n c i p a l  e f f e c t  s p e c i f i c a l l y  a t  th e  'd e sm o la se ' 

s te p  ( s to n e  and H e c h te r , 195Uj K araboyas and K o r i t z ,  1 9 65 ).

Sam uels and Uchikawa (196?) have shown t h a t  th e  m a jo r pathw ays to  

th e  g lu c o c o r t i c o s te r o id s  from  p reg n en o lo n e  a r e  th rough  p ro g e s te ro n e  i n  

m ost s p e c ie s ,  and t h a t  i n  a l l  s p e c ie s ,  some p ro g e s te ro n e  i s  h y d ro x y l a t  ed 

a t  C-21 to  f o m  1 1 -d e o x y c o r tic o s te ro n e  ( see  F ig u re  3) . The s te p  from  

p reg n en o lo n e  to  p ro g e s te ro n e  i s  one o f  c o n v e r t in g  a  ^ - 3 ^ - h y d r o x y s te r o id

^ h e  fo llo w in g  common names a re  u se d : p re g n e n o lo n e , 3^-h y d ro x y -5 -
p reg n e n e -2 0 -o n e ; p reg n en o lo n e  a c e t a t e ,  20-oxo-5 - p r e g n e n - - y l  a c e ta te ;  
17<x^hydroxypregnenolone, 3 ^ > 1 7 « f,2 1 -tr ih y d ro x y -5 -p reg n en e-2 0 -o n e ; 17«'- 
hydroxypregneno lone  a c e t a t e ,  3^, 1 7 « f-d ih y d ro ]y -5 -p reg n en e-2 0 -o n e  3 f -  
m o n o ac e ta te ; p ro g e s te ro n e ,  L -p re g n e n e -3 ,2 0 -d io n e ; c o r t i c o s te r o n e ,  1 1 ^ , 
2 1 -d ih y d ro x y -li-p reg n en e-3 ,2 0 -d io n e ; c o r t i c o s te r o n e - 2 1 - a c e ta t e ,  I l f , 21- 
d ihydroxy-U -pregnene-3>  2 0 -d io n e  2 1 -m o n o ace ta te ; c o r t i s o l ,  lljB,17oc21- 
t  r ih y d r  oxy-L - p r  egnene -  3 , 2 0 -d io n e ; c o r t i s o l - 2 1 - a c e t a t e ,  llf ,1 7 < x , 2 1 - t r i -  
h y d ro x y -U -p reg n en e-3 ^2 0 -d io n e  21-m o n o ace ta te ; 1 1 -d e o x y c o r t ic o s te ro n e , 
2 1 -h y d ro 3 g r-U -p regnene-3 j20 -d ione ; U - d e o x y c o r t i c o s te r o n e - a c e ta t e ,  3» 20- 
d ioxo  - h - p r  egnene-21-yl-ac e t a  t e  ; U -d e o x y c  o r t i  s o l ,  17'V'j 21 -d ihydroxy-U - 
p re g n e n e -3 ,2 0 -d io n e ;  l l - d o o x y c o r t i s o l - 2 1 - a c e ta t e ,  17A r,21-dihydroxy-U - 
p re g n e n e -3 ,2 0 -d io n e ;  11 - d e h y d ro c o r t ic o s te ro n e ,  21 -hyd roxy -U -p regnene- 
3 ,1 1 ,2 0 - t r io n e ;  c o r t i s o n e ,  17df, 2 1 -d ih y d ro x y -U -p re g n e n e -3 ,l l ,2 0 - t r io n e .
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CHOLESTEROL
(m ito ch c m d ria l)

(NADPH, Og)

20^HYDBO%YCHOLE8TEROL

(NADPH, Og)

20oO 22 ̂ -DIHÏDROXÏCHOLESTEROL

(NADPH, O2)

PREGNMOLONE 

+

ISOCAPROIC ALDEHYDE

FIGURE 2 . Mechanism o f  c h o le s t e r o l  s id e - c h a in  c le a v a g e  by  
a d re n a l  c o r te x  (Bransom e, 1 9 6 6 ).
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PREGNENOLONE

4/
PROGESTERONE

u p -  HYDRDXYPROGESTERONE

I ’H-HYDROXYPROGESTERONE U-DBOXYCOHTICOSTERONE

21-DE0XYC0HTI30L

U-DBOXYCORTISOL CORTICOSTERONE

CORTISOL

FIGUiffi 3- B io s y n th e s is  o f  c o r t i s o l  and c o r t ic o s t e r o n e  
(Dorfman and Ungar, 196$ ) .
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t o  a  4 ^ - 3-k e tc  s t e r o id  and in v o lv e s  a  3 ^ -o l-de tq rd rogen  ase  and a  ^ -3 - k e to -  

s t e r o i d  iso m e ra se , b o th  o f  w hich a re  fo tm d in  th e  'm icrosom al* f r a c t i o n  

p re p a re d  from  a d re n a l  endoplasm ic re t ic u lu m  (Sam uels e t  a l . . 1 9 3 1 ) . I n  

th e  r a b b i t  and m ost ro d e n ts ,  t h i s  i s  -Uie m ajo r pathw ay to  c o r t i c o s te r o n e .  

However, i n  c o r t i s o l  p ro d u c in g  s p e c ie s ,  th e  m a jo r i ty  o f  th e  p ro g e s te ro n e  

un d erg o es 17c(-hydro% ylation i n  th e  'm icrosom es' f i r s t ,  t h a i  21-h y d ro x y la ­

t i o n  to  U -d e o x y c  o r t i  s o l ,  and f i n a l l y  1 3 / -h y d ro x y la t io n  to  c o r t i s o l .

U sing  p e r f u s io n  s tu d i e s ,  E ich h o m  and H ech te r (1938) w ere a b le  to  

show t h a t  1 3 /-h y d ro x y p ro g e s te ro n e  can  be  c o n v e rte d  to  c o r t i s o l ,  t h a t  

17o(-hydroxyproge8terone form s o n ly  c o r t i s o l  a s  th e  17-hy d ro x y  g ro tp  i s  

n o t  rem oved, and 'U iat 11 -d e o x y c o r t ic o s te ro n e  i s  c o n v e rte d  o n ly  t o  c o r ­

t i c o s t e r o n e .  I n  an e a r l i e r  s tu d y  E ich h o m  and H e c h te r  (1937) were u n a b le  

t o  d e m o n s tra te  a  c o n v e rs io n  o f  c o r t i c o s te r o n e  to  c o r t i s o l .

C a rs te n so n , O e r t e l ,  and E ik-N es (1939) d is c o v e re d  17cf-hydroxypreg- 

n en o lo n e  in  c a n in e  a d re n a l  v e in  b lo o d . T h is  l e d  to  th e  e lu c id a t io n  o f  

a n o th e r  pathw ay from  p reg n en o lo n e  to  c o r t i s o l  v i a  ITkf-hydroxypregnenolone 

( see  F ig u re  U ). 17c<-Hydro3ypregnenolone i s  c o n v e rte d  t o  17< -hydroxypro - 

g e s te r o n e ,  which can be ty d ro x y la te d  a t  C -21, th e n  c o n v e rte d  t o  c o r t i s o l  

by  U f -h y d ro x y la t io n . H y d ro x y la tio n  a t  C-21 o f  17#-hydroxypregneno lone  

g iv e s  3 /,17û f,2 1 -trih y d ro x y p reg n -3 -C T i-2 0 -o n e  id iich  can  form  e i t h e r  1 1 - 

d e o x y c o r t is o l  ( B e r l i n e r ,  C azes , and N ab o rs , 1962) o r  th e  4 ? -3 ^ -hydroxy  

an a lo g  o f  c o r t i s o l ,  id iich  can  g iv e  c o r t i s o l  b y  o x id a t io n  a t  C -3 (D o rf­

man and U ngar, 1 9 6 3 ).

F ig u re  3 i l l u s t r a t e s  th e  pathw ays t o  c o r t i c o s te r o n e  from  p reg n en o ­

lo n e .  B e r l i n e r ,  C azes, and N abors (1962) d e m o n s tra te d  th e  pathw ay from  

p reg n e n o lo n e  to  1 1 -d e o x y c o r t ic o s te ro n e  v i a  21 -h y d ro 3 y p reg n en o lo n e .
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PRSQNENOLONE

,17<^-HÏDR0XÏPRîGNEM0L0NE

3^,174> 21-TRIHÏDROXÏPREGN-^-EN -  20-ONE. 17«K-HYDROXÏPROGESTERONE

3^,lJp,17<K, 21-TETRAHÏDROXÏPRBGN-5*EN«20-ONE >H-DB03CKOBTISOL

LCORTISOL'

PIGTJIŒ U. B io s y n th e s is  o f  c o r t i s o l  th ro u g h  17<ï'-hytiroxypregnenolone 
(Dorfman and U ngar, 1965«
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PREGNEMOLONE

21-Hn)BOXYPREGNENOLONE

DBOXTCOHTICOSTERONE.
\

3 c ( , l lp ,  21-TRIHÏDH0XÏPRBGN-5-ÏÎI-2O-ONE

CORTICOSTERONE

FIGURE 5 .  B io s y n th e s is  o f  c o r t ic o s t e r o n e  through 21-lQrdroxy- 
p reg n en o lo n e (Dorfman and U ngar, 1 9 6 | ) .
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21-H ydro3typregnenolone cou ld  a ls o  b e  l l -h y d r o x y la te d  t o  3 p j l l^ a 2 1 - t r i” 

h yd ro3!yp regn -5-en -20-on e, w hich would form  c o r t ic o s t e r o n e  v i a  th e  a c t io n  

o f  û ? -3 ^ o l-d e h y d r o g e n a se  (Dorfman and Ungar, 196^) .

A drenal H ydroxy lases

The fo rm a tio n  o f  th e  c o r t i c o s t e r o i d s  from  p reg n en o lo n e  and p ro g e s ­

te ro n e  i s  th e  r e s u l t  o f  h y d ro x y la tio n  r e a c t io n s  a t  th e  11 ^ , 17<<? and 21 

p o s i t io n s  o f  th e  s t e r o id  m o le c u le . T hese h y d ro x y la tio n s  a re  a e ro b ic  

r e a c t io n s  c a ta ly z e d  by  enzymes d e s ig n a te d  a s  'm ix e d -funet io n  o x id a s e s ' 

w hich a c t iv a t e  m o le c u la r  oxygen and c au se  th e  in c o rp o r a t io n  o f  one atom 

o f  oxygen i n to  th e  s u b s t r a t e .  The o th e r  oxygen atom a c c e p ts  th e  h y d ro -  

g a r  ta k e n  from  th e  s u b s t r a t e  an d , a lo n g  w ith  a  p r o to n ,  becomes a  w a te r  

m o le cu le  (Dorftaan and U ngar, 196$) . The oxygen atom o f  th e  h y d ro x y l 

g roup  i s  s t a b le  to  exchange and no i s o to p e  a p p e a rs  i n  th e  p ro d u c t when 

th e  r e a c t io n s  a r e  c a r r i e d  o u t  i n  DgO o r  (T a la d a y , 1 9 6 5 ).

Some i n t e r e s t i n g  o b s e rv a t io n s  re g a rd in g  s t e r o id  ly d ro x y la s e s  a re  

a s  f o l lo w s .  The 17«(-hydroxylase a c t i v i t y  h a s  n o t  been s e p a ra te d  from  

th e  2 1 -h y d ro x y lase  a c t i v i t y ,  b o th  o f  v h ich  a re  lo c a te d  i n  th e  m icrosom al 

f r a c t i o n  o f  th e  a d re n a l  c e l l  ( l^ a n  and E n g e l, 1 9 5 7 ). 1 1 -D e o x y c o rtic o s -  

te ro n e  was n o t  1 7 -h y d ro x y ia te d  by  a  p r e p a r a t io n  o f  17<<-hydroxylase, 

w hereas p reg n e n o lo n e  was tra n s fo rm e d  t o  1 1 -d e o x y c o r t is o l  (Dorfman and 

U ngar, 1965) . P ro g e s te ro n e  and 1 7 4 r t^ ro x y p r o g e s te r o n e  were c o n v e rte d  

b y  a d r a i a l  hom ogenates to  1 1 -d e o x y c o r t ic o s te ro n e  and U - d e o x y c o r t i s o l ,  

r e s p e c t iv e ly ,  w ith  e q u a l f a c i l i t y ,  w h ile  1 1 ^ -h y d ro x y p ro g e s te ro n e  and 

2 1 -d e o x y c o r t is o l  c o u ld  b e  h y d ro x y la te d  a ls o  (Dorfman and U ngar, 1 9 6 5 ). 

Hyano (1962) e x p la in s  th e s e  r e a c t io n s  a s  fo llo w ss  "The e n o l i z a t io n  o f
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17c?c>-hyxiroxyprogesterone a t  c a rb o n s  20 ,21  w ith  ensym atic  h y d ro x y la t io n  a t  

C-21 i s  s t r a i g h t  fo rw a rd . I n  th e  c a se  o f  p ro g e s te ro n e ,  e n o l iz a t io n  i s  

p o s s ib l e  i n  two d i r e c t i o n s ,  betw een ca rb o n s  1 7 ,2 0  (A) and betw een  20 ,21  

(B) . B oth  a re  fa v o re d  s t a t e s :  (A ), k i n e t i c a l l y  and (B ) , therm odynam ic­

a l l y .  T hus, a t  s p e c i f i e d  enzyme l o c i  17%- and 2 1 -h y d ro x y la tio n s  o f  

a p p ro p r ia te  e n o l fo rm s may p ro c e e d . W ith 1 1 -d e o x y c o r t ic o s te ro n e  on th e  

o th e r  h an d , th e  20 ,21  e n o l i s  th e  form  b o th  th erm o d y n am ica lly  and k i n e t ­

i c a l l y  f a v o re d , a llo w in g  o n ly  a  v e ry  low  c o n t r ib u t io n  o f  th e  1 7 ,2 0  fo rm . 

T h u s, t h e o r e t i c a l l y ,  17o<-hydroxylation  o f  t h i s  s t r u c t u r e  i s  e s s e n t i a l l y  

im p o s s ib le .  T h is  i s  in d e e d  o b se rv ed  i n  in c u b a tio n s  w ith  t h i s  s u b s ta n c e , 

w here no more th a n  t r a c e  q u a n t i t i e s  o f  U - d e o x y c o r t i s o l  have e v e r  been  

n o te d ."

The 11 /^-hydroxy lase  eystem , id iich  i s  found i n  th e  m ito c h o n d ria , i s  

much more th o ro u g h ly  s tu d ie d  th a n  e i t h e r  th e  17^^- o r  2 1 -h y d ro x y lase  s y s ­

tem s. On th e  b a s i s  o f  k i n e t i c  d a ta  showing r a t e s  o f  h y d ro x y la tio n  p r o ­

p o r t i o n a l  t o  s u b s t r a t e  c o n c e n tr a t io n ,  Sharm a, F o r c h e i l l i ,  and Dorfman 

(1962) su g g e s te d  t h a t  1 1 -d e o x y c o r t ic o s te ro n e  and U - d e o x y c o r t i s o l  a re  

h y d ro x y la te d  by  th e  same r e a c t io n  s i t e s  on th e  l l# -h y d ro x y la s e  and a r e  

t h e r e f o r e  c o m p e ti t iv e . C o r t ic o s te r o n e  and c o r t i s o l  were n o t  found  to  

i n h i b i t  th e  h y d ro x y la t io n  o f  U - d e o x y c o r t i s o l  and l l - d e o : ^ c o r t i c o s t e r o n e .

The q u e s t io n  o f  hydroaqylase s p e c i f i c i t y  a r i s e s  due t o  th e  f a c t  t h a t  

h y d ro ^ q rla tio n  r e a c t io n s  o f  a d re n a l  s t e r o i d s  a r e  su p p o rte d  b y  NADPH, i n ­

v o lv in g  a  tra n s h y d ro g e n a tio n  and r e v e r s e  e le c t r o n  f lo w  a lo n g  a  coengym- 

a t i c  c h a in  c o n ta in in g  cy tochrom e P-LSO. S p e c i f i c i t y  o f  th e  h y d ro x y la s e s  

may b e  due t o  m u l t ip le  fo im s o f  cytochrcwne P-U0O. The g r e a t  p re c e d e n t  

f o r  g e n e t ic  d i f f e r e n c e s  i n  cy tochrom es le n d s  s u p p o r t  t o  t h i s  th e o ry  

(B ransom e, 1 9 6 8 ) .
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C o r t ic o s te r o id o g e n e s is :  The R ab b it

The s e c r e to r y  p ro d u c ts  o f  th e  a d ren a l c o r te x  have b een  s tu d ie d  

b o th  ^  v iv o  and ^  v i t r o  f o r  a  v a r ie t y  o f  d iv e r s e  s p e c ie s .  Bush 

( 1953) found th a t  th e  m ajor s t e r o id  p r e s e n t  i n  th e  a d ren a l v e in  b lo o d  

was e i t h e r  c o r t i s o l ,  c o r t ic o s t e r o n e ,  or  a  m ix tu re  o f  b o th . He fu r th e r  

su g g e ste d  t h a t  th e  r a t i o  o f  a d r e n a l s t e r o id s  rem ained c o n s ta n t  a f t e r  

ACTH a d m in is tr a t io n . P i g s ,  sh e e p , and monkeys have b een  r ep o r ted  t o  

s e c r e t e  p r im a r ily  c o r t i s o l ;  r a b b it s  and r a t s  s e c r e t e  p r im a r ily  c o r t i c o ­

s te r o n e ;  w h ile  cow s, f e r r e t s ,  c a t s ,  and d ogs s e c r e t e  m ix tu r es  o f  th e  

two (B u sh , 1953) .

A f te r  o b se rv in g  th e  e f f e c t s  o f  ACTH and c o r t i c o s te r o id s  on th e  

r ib o n u c le ic  a c id  (RNA) o f  lym phoid t i s s u e s  o f  th e  r a b b i t ,  K ass e t  a l . 

(195U) su g g e s te d  t h a t  t h i s  r a t i o  o f  c o r t i s o l  t o  c o r t i c o s te r o n e  may n o t  

b e  c o n s ta n t .  I t  was found  t h a t  ACTH, c o r t i s o n e ,  and c o r t i s o l  caused  a  

change i n  th e  w e ig h t o f  RNA in  th e  lym phoid t i s s u e ,  w hareas c o r t i c o ­

s t e r o n e ,  e v a i  i n  r e l a t i v e l y  l a r g e  d o se s  cau sed  no  change . T h is  sug­

g e s te d  t h a t  th e  p ro lo n g e d  a d m in is t r a t io n  o f  ACTH m ust somehow a l t e r  

th e  a d re n a l  s t e r o i d  s e c r e t io n  from  p r im a r i ly  c o r t i c o s te r o n e  to  an i n ­

c re a s e d  l e v e l  o f  c o r t i s o l .  K ass e t  a l .  (195U) su g g e s te d  t h a t  t h i s  

in c r e a s e  was due to  th e  r a t e  o f  h y d ro x y la t io n  o f  p ro g e s te ro n e  a t  C-17 

and C -21 , p ro b a b ly  due to  th e  absence  o f  i n h i b i t i o n  o f  th e  C -I7 h y d ro x - 

y l a t i n g  sy s tem . Krum and G lenn (1965) r e p e a te d  th e  work o f  K ass and 

co w o rk ers , and p o s tu l a t e d  a  scheme f o r  th e  b io s y n th e t i c  pathw ay i n  

r a b b i t  a d re n a ls  ( s e e  F ig u re  6 ) .
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17o^-HÏDR0XÏPREGNIW0L0NE

c d
CHOLESTEROL :^PREGNH»GLONE ^PROGESTERONE ^17«<-HTDHOXÎPROGESTERONE

11-DEOXYCORTICOSTERONE

CORTICOSTERONE

ITx—OH—1 1 — 
DEOXYCORTICOSTERONE

CORTISOL

FIGURE 6 .  S te ro id o g e n e s is  i n  th e  r a b b i t  a d re n a l  c o r te x  
(Krum and G lenn , 1 9 6 5 ).
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K ass and cow orkers (195U) had p ro p o sed  an in c r e a s e  i n  s te p  d (F ig ­

u re  6) w ith  a  p o s s ib le  d e c re a se  i n  e ; P e r e a s  Krum and G lenn (196^) 

p ro p o sed  an in c r e a s e  i n  s te p  & a n d /o r  a  r e d u c t io n  i n  s te p  c .  Tudaev 

and M orozova (1 9 6 9 ) , in c u b a tin g  r a b b i t  a d re n a l s l i c e s  from  an im als 

s t im u la te d  2h days w ith  ACTH, found an in c r e a s e  i n  c o r t i s o l  w ith  a  d e ­

c re a s e  i n  c o r t i c o s te r o n e  p ro d u c tio n  from  p re g n a io lo n e . They su g g e s te d  

t h a t  t h i s  was due to  a  p a r t i a l  i n h ib i t i o n  o f  th e  2 1 -h y d ro x y lase  enzyme.

F ev o ld  ( 1967) su g g e s te d  t h a t  th e  l o s s  o f  21-h y d ro x y la se  a c t i v i t y  

p e r  gram a d re n a l  t i s s u e  re p o r te d  b y  Tudaev and M orozova (1969) co u ld  be 

e x p la in e d  b y  th e  f a c t  t h a t  th e  w e ig h t o f  a d re n a l t i s s u e  from  th e  ACTH 

s t im u la te d  an im als  was tw ic e  t h a t  o f  th e  c o n t r o l s .  I n  h i s  w ork, F evo ld  

( 1967) found  l i t t l e  ev id en ce  su p p o rtin g  an i n h i b i t i o n  o f  th e  21 -hydroxy- 

l a s t  system  i n  s t im u la te d  t i s s u e .

F ev o ld  ( 1967) d e te rm in e d  t h a t  th e  llh f-h y d ro x y la se  enzyme a c t i v i t y  

h a s  a  r e l a t i v e  s p e c i f i c i t y  f o r  ^2^-pregnaio lone o v e r p ro g e s te ro n e .  He 

a ls o  re p o r te d  t h a t  a  r e l a t i v e l y  l a r g e  ex ce ss  o f  p ro g e s te ro n e  co u ld  i n ­

h i b i t  th e  more e f f i c i e n t  c o n v e rs io n  o f  endogenous ^ - p r e g n e n o lo n e  to  

c o r t i s o l  v i a  th e  17e«-hydroxylase sy s te m . I t  i s  a ls o  i n t e r e s t i n g  to  n o te  

t h a t  th e  c o r t i s o l  t o  c o r t i c o s te r o n e  r a t i o  i s  dependen t tçton th e  s u b s t r a t e  

c o n c e n tr a t io n  (p re g n a io lo n e  o r  p ro g e s te ro n e )  such t h a t  a t  h ig h  c o n c e n tra ­

t i o n s  th e  c o r t i s o l  to  c o r t i c o s te r o n e  r a t i o  may be  q u i te  sm a ll , w hereas 

a t  low  c o n c e n tr a t io n s  i t  m ^  approach  o n e , o r  even su rp a s s  i t ,  g iv in g  

c re d en c e  to  th e  e a r ly  f in d in g s  o f  K ass ^  (199U ), idio r e p o r te d

c o r t i s o l  t o  c o r t i c o s te r o n e  v a lu e s  g r e a t e r  th a n  one (F e v o ld , 1 9 6 7 ).

A no ther im p o r ta n t  s te p  a long  t h i s  l i n e  was ta k e n  lAien F evo ld  (1968) 

showed t h a t  t h i s  IT br-hydroxylase  a c t i v i t y  co u ld  be in d u ce d  by  s t im u la t io n
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o f  r a b b i t s  w ith  O.U mg s y n th e t ic  ^ ^ " ^ ^ - c o r t i c o t r o p in  p e r  day  f o r  two 

d a y s . A lthough  th e  1 7 ^ -h y d ro x y la se  a c t i v i t y  r e p o r te d  was l e s s  th a n  t h a t  

o b ta in e d  a f t e r  s t im u la t io n  w ith  n a tu r a l  (p o rc in e )  ACTH, i t  showed t h a t  

t h i s  e f f e c t  was due to  th e  ACTH m o le cu le  and n o t  to  some o th e r  im p u r i ty  

p r e s e n t  i n  th e  n a tu r a l  p r e p a r a t io n .  T h is  l e s s e r  a c t i v i t y  may have been  

due to  a  d e c re a se d  s t a b i l i t y  o f  th e  te t r a c o s o p e p t id e  idien i n j e c t e d  i n t r a ­

m u sc u la r ly  a s  r e p o r te d  b y  Landon (196U ).
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CHAPTER I I  

STATÏM0ÏT OF THE PROBLEM

A pparen t a l t e r a t i o n s  i n  th e  s te ro id o g e n ic  pathw ays o f  th e  r a b b i t  

a d re n a l  c o r te x  a s  a  r e s u l t  o f  c h ro n ic  s t im u la t io n  by  p o rc in e  a d re n o c o r-  

t i c o t r o p i n  f o r  ex ten d ed  p e r io d s  o f  tim e  may r e f l e c t  th e  s t r u c tu r e  o f  

th e  a c tu a l  ACTH m o lecu le  i n j e c t e d  i n to  th e  a n im a l. A l l  p re v io u s  ex p e r­

im e n ts  on t h i s  prob lem  have u sed  ACTH from  p r im a r i ly  c o r t i s o l  p ro d u c in g  

s p e c ie s ,  th e  e x c e p tio n  b e in g  th e  s tu d ie s  in v o lv in g  s y n th e t ic  ^ ^ " ^ ^ - c o r -  

t i c o t r o p i n ,  id iich  i t s e l f  i s  s t r u c tu r e d  a f t e r  p o rc in e  ACTH. I t  was o f  

i n t e r e s t ,  t h e r e f o r e ,  to  a t t « n p t  to  d u p l ic a te  t h i s  a c t io n  u s in g  ACTH from  

a  p r im a r i ly  c o r t ic o s te ro n e -p ro d u c in g  s p e c ie s  to  d e te rm in e  A e t h e r  th e  

ty p e  o f  ACTH used  a f f e c te d  th e  mid r e s u l t  o f  t h i s  s t im u la t io n .  The 

fo c u s  o f  t h i s  r e s e a r c h ,  th e n ,  was to  i s o l a t e  ACTH from  a  c o r t i c o s te r o n e -  

p ro d u c in g  ^ e c i e s  and to  o b se rv e  i t s  e f f e c t  on th e  b io g e n ic  pa thw ays o f  

th e  r a b b i t  a d re n a l  c o r te x .  S in c e  th e  r a b b i t  i s  a  c o r t i c o s te r o n e - p r o ­

d u c in g  s p e c ie s ,  and a ls o  th e  s u b je c t  o f  th e  a d re n a l  s t im u la t io n  s tu d i e s ,  

i t  was s e le c te d  a s  th e  i d e a l  so u rce  f o r  th e  ACTH.

I t  was a ls o  d e s i r e d  to  make some com parison  o f  t h i s  ACTH from  a 

c o r t ic o s te ro n e -p ro d u c in g  s p e c ie s  w ith  ACTH from  a  c o r t i s o l - p r o d u c in g  

s p e c ie s .  F o r  la c k  o f  th e  p ro p e r  equ ipm ent, some ccmtparison s h o r t  o f  th e  

p r im a ry  amino a c id  sequence  had to  be  u s e d . D isc  g e l  e le c t r o p h o r e s i s  on 

p o ly a c ry la m id e  g e l  was s e le c te d  f o r  t h i s  p u rp o se .

19
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CHAPTER I I I  

EXPERIMENTAL METHODS AND MATERIALS 

A nim als and P i t u i t a r y  T is su e

1 .  P i t n i t a r i e s . Raw, f ro z e n  s t e e r  and r a b b i t  p i t u i t a r i e s  were p u rch a se d  

com m erc ia lly  from  P e l - F r e e z ,  I n c .

2 . R a ts . Male a lb in o  r a t s  o f  th e  Sprague-D aw ley s t r a i n  w eighing  approx­

im a te ly  200 g ,  which were u sed  f o r  th e  ACTH a s s a y s ,  were o rd e re d  from  

Rush L a b o r a to r ie s ,  I n c .

3 . R a b b i ts , M ale New Z ealand  w h ite  r a b b i t s  w eighing  2 ,3  to  3 .2  kg were 

i n j e c t e d  w ith  ACTH p r e p a r a t io n s ,  and t h e i r  a d re n a l  g la n d s  were sub­

s e q u e n t ly  u sed  f o r  th e  ^  v i t r o  in c u b a t io n s .

N otes A l l  an im als  were a llo w ed  to  a d ju s t  to  t h e i r  new environm ent i n  

th e  basem ent an im al rooms o f  th e  H e a lth  S c ie n c e  B u ild in g  o f  th e  U n iv e r­

s i t y  o f  M ontana f o r  a  p e r io d  o f  a t  l e a s t  th r e e  days b e fo r e  u se  i n  any o f  

th e  fo llo w in g  e x p e rim e n ts .

C hem icals

1 .  R a d io a c tiv e  M a te r ia l s

a .  P reg n en o lo n e -L -^^C , CFA 271, B atch  5 , N u c lea r-C h ic ag o ,

b .  C o r t ic o s te ro n e -1 ,2 -^ H , l o t  #92^-20-120 , T ra c e r  L ab.

c .  C o r t l s o l - 1 ,2 - % , TRK 133, B atch  9 , N u c lea r-C h ic ag o .

d .  11-D e o x y c o r t ic o s te ro n e -1 ,2 - ^ ,  l o t  #92S -22 -üh , T ra c e r  L ab .

e .  1 7 V -H y d ro x y p ro g e s te ro n e - l ,2 -% , Mann L a b o r a to r ie s .

N otes A l l  w ere c h ro m a to g ra p h ic a lly  p u r i f i e d  b e fo r e  u s e .
20
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2o C o fa c to rs  and A d d it iv e s

a .  A denosine t r ip h o s p h a te  (ATP) 99% p u r e ,  c o n tr o l  Uo» 6211 , N u t r i ­
t i o n a l  B iochem ical C orp.

bo N ic o tin a m id e , M etheson Colemæi and B e ll  Company.

c .  Sodium fu m ara te  (F u  1568U), C. F , B o eh rin g e r and Soehne Gmbh, 
M annhein Co.

do T rlp h o sp h o p y rid in e  n u c le o t id e  (NADP), l o t  No. l6-B=-7002, and 
D ip h o sp h o p y rid in e  n u c le o t id e  (NAD), l o t  No. l5=B -7260, S ig n a  
Chem ical Co.

3° B u ffe rs

a .  K reb s-R in g er b ic a rb o n a te  b u f f e r  and K reb s-R in g e r p h o sp h a te  b u f f e r  
w ere p re p a re d  a c c o rd in g  to  U m breit (1 9 5 7 ).

b . E le c t ro p h o re s is  b u f f e r s  were p re p a re d  a c c o rd in g  to  th e  in s t im e -  
t i o n s  f o r  th e  P o ly a n a ly s t  D isc ^ e c t r o p h o r e s i s  A p p ara tu s srqpplied 
b y  B u c h le r  In s t ru m e n ts ,  I n c .

c .  Ammonium A c e ta te  b u f f e r s  u sed  w ith  G M -cellu lose  colum n.

U, S ta n d a rd  S te r o id  S o lu t io n s

S te r o id  s o lu t io n s  were p re p a re d  by  d is s o lv in g  w eighed q u a n t i t i e s  o f  
c r y s t a l l i n e  s t e r o id s  i n  r e d i s t i l l e d  a b s o lu te  e th a n o l .  C o n c ^ t r a -  
t i o n s  o f  ^ - 3 - k e t o  s t e r o id s  were d e te rm in ed  by  t h e i r  W  a b s o r b é e e 
a t  2U0 nm.

5- S o lv e n ts

A ll  s o lv e n ts  t h a t  were n o t  s p e c t r a l  g rade  w ere r e d i s t i l l e d  b e fo re  
u s e .

6 .  C hrom atography P a p e r

Whatman No. 1 f i l t e r  p ^ e r  (L6 % 57 cm) was c u t  w ith  2 and 3 cm 
la n e s  f o r  d escen d in g  chrom atography .

7o S c i n t i l l a t i o n  F lu id

h Grams PPG ( 2 ,5 -d irh e n y lo x a z o le )  and $0 mg POPOP £ 2 -P -p h en y len e  
b is ( 5 - p h e n y lo x a z o le ) Î w ere d is s o lv e d  in  1 1 s p e c t r a l  q u a l i t y  t o l u ­
e n e .

8 .  G ases

W ater-pum ped n i t r o g e n  and a  m ix tu re  o f  carbon  d io x id e s  oxygen iS%~9S%) 
were s u p p lie d  b y  I n d u s t r i a l  A ir  P ro d u c ts ,  I n c .
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9 . ACTH

P u r i f i e d  p o rc in e  ACTH ( l o t  No. 7275) laas d o n a te d  by  D r. J .  W.
Hinman o f  th e  Upjohn Company.

1 0 . M isc e lla n e o u s  C hem icals

a .  C arboxym ethyl c e l l u l o s e —Eastman O rganic  C hem icals #7796.

bo B lue T é tra z o liu m  R eagen t—=Calbiochem #203592.

Co P y r id in e ,  r e d i s t i l l e d  under vacuum and s to r e d  i n  d e s ic a to r  
u n d er v acu u m --M allin ck ro d t Chem ical Works #7180.

c*. Te tram e th y l  ammonium h y d ro x id e , 10^ i n  H2O--Eastm an O rganic 
C h em ica ls .

e .  A c e tic  A nhydride , r e d i s t i l l e d  u n d er vacuum and s to re d  u n d er 
vacuum—M a llin c k ro d t  Chem ical Works #2U20.

f . Forroamide, r e d i s t i l l e d  u n d er vacuum --Math e  so n , Coleman, and 
B e l l  #27U9o

g . G lu co se -6 -p h o sp h a te  d e î^ d ro g e n a se , ty p e  V I—Sigm a Chem ical Co.

P re p a ra t io n  o f  ACTH

1 ) A cetone-A cid  Powder

The p ro ce d u re  f o r  th e  i s o l a t i o n  and p u r i f i c a t i o n  o f  ACTH from  s t e e r  

and r a b b i t  p i t u i t a r i e s  was a d ap ted  from  th e  p re v io u s  work o f  C, H. L i 

and h i s  a s s o c ia t e s  (L i e t  , 1955a; L i ,  1956; P ic k e r in g ,  1963; L i and 

B urk , I 96U) . Whole f ro z e n  p i t u i t a r i e s  were hom ogenized i n  a  W aring 

b le n d e r  w ith  83^ a c e to n e  i n  h y d ro c h lo r ic  a c id  ( 0 .5  1 H ^O sli.l 1 a ce to n e s  

0 .1  1 HCl) a t  U^C f o r  two m in u te s , u s in g  a  volume o f  U-1 1 o f  t h i s  

s o lu t io n  p e r  k ilo g ra m  o f f ro z e n  p i t u i t a r i e s .  A f te r  s t i r r i n g  th e  s u s ­

p e n s io n  i n  an i c e  b a th  f o r  one h o u r , th e  m ix tu re  was f i l t e r e d .  The 

re s id u e  was r e - e x t r a c te d  w ith  80^ a q u eo u s-a ce to n e  ( 2 1  p e r  kg o r i g i n a l  

m a te r ia l )  and m ixed f o r  one h o u r . A f te r  f i l t r a t i o n ,  t h i s  f i l t r a t e ,  

combined w ith  th e  p re v io u s  o n e , was p o u red  i n t o  a  l a r g e  volume o f  c o ld
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a c e to n e  (30 1 p e r  kg o r i g in a l  m a te r ia l )  and a llo w ed  to  s ta n d  o v e rn ig h t .  

A f te r  a p p ro x im a te ly  12 h o u rs  th e  p r e c i p i t a t e  was c o l l e c t e d  b y  d e c a n tin g  

th e  s u p e rn a ta n t  f l u i d ,  washed w ith  c o ld  a c e to n e , and d r ie d  u n d er vacuum. 

H e n c e fo r th , t h i s  f r a c t i o n  w i l l  be  r e f e r r e d  to  a s  AAP f o r  a c id -a c e to n e  

pow der.

2) F r a c t io n  D

The AAP was d is s o lv e d  in  d e io n iz e d  w a te r  (hi  m l/g ) and th e  pH was 

a d ju s te d  to  3»0. The p r e c i p i t a t e  form ed a t  fo llo w in g  a d d it io n  o f  

s a tu r a te d  NaCl s o lu t io n  (3 0  m l/g  AAP) was c o l l e c t e d  c e n t r i f u g a t io n  

and d is c a r d e d .  S o l id  NaCl was added to  th e  s u p e rn a ta n t  u n t i l  s a tu r a t e d ,  

c a u s in g  th e  fo rm a tio n  o f  a  p r e c i p i t a t e ,  which was a ls o  c o l l e c t e d  by  

c e n t r i f u g a t i o n .  T h is  p r e c i p i t a t e  was d is s o lv e d  i n  d e io n iz e d  H2O (5  m l/g  

AAP) and d ia ly z e d  a g a in s t  d i s t i l l e d  HgO a t  f o r  U8 h o u rs .  T h is  f r a c ­

t io n  w i l l  h e n c e fo r th  be  r e f e r r e d  to  a s  F r a c t io n  D.

3) F in a l  ACTH F r a c t io n

A 2 g sam ple o f  F r a c t io n  D was a p p lie d  to  a  carboxym ethy l c e l lu lo s e  

chrom atography  column (60  x  1 cm) p r e v io u s ly  e q u i l i b r a t e d  w ith  0 .0 1  M 

ammonium a c e ta te  b u f f e r ,  pH U .6 (L i and B urk , I 96U) . F o u r m i l l i l i t e r  

f r a c t i o n s  were c o l l e c t e d  u s in g  a  B u ch le r F ra c to ra a t. A l te r n a te  tu b e s  

w ere re a d  a t  278 nm u s in g  a G i l fo rd  sp e c tro p h o to m e te r  to  v e r i f y  th e  a b -  

so rb en ce  re c o rd e d  by  th e  l i q u i d  f lo w  a n a ly z e r .  The f i r s t  b u f f e r ,  0 .0 1  M 

ammonium a c e ta te  b u f f e r  (pH U .6 ) , was employed u n t i l  th r e e  t o  f o u r  ho ldup  

volum es had  been  c o l l e c t e d .  A g r a d ie n t  w ith  r e s p e c t  to  pH and c o n c e n tra ­

t i o n  was th e n  s t a r t e d  by  in tro d u c in g  0 .1  M ammonium a c e ta te  b u f f e r  (pH

6 . 7) th ro u g h  a  500 ml m ix ing  f l a d c  (^00 ml E rlenm yer f l a s k  equ ipped  w ith
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a  m agne tic  sp in  b a r )  c o n ta in in g  th e  s t a r t i r ^  b u f f e r  (P ic k e r in g  ^  a l . , 

1963) . A f te r  s e v e r a l  p e ak s  had been  e lu te d  and th e  a b s o r ta ic y  o f  th e  

e lu a te  app roached  th e  b a s e l in e  v a lu e ,  th e  g r a d ie n t  was in c r e a s e d  by  

s u b s t i t u t i n g  0 .2  M ammonium a c e ta te  (pH 6 .7 )  a s  th e  s o lu t io n  f lo w in g  

i n to  th e  m ix ing  f l a s k .

The e lu a te 8 c o rre sp o n d in g  to  th e  v a r io u s  p r o t e in  p eak s  were ly o -  

p h i l i z e d  s e v e r a l  t im e s  to  remove th e  ammonium a c e ta te  and th e  r e s u l t a n t  

d r ie d  fracti<M is were a ssa y ed  f o r  b io lo g ic a l  a c t i v i t y .

U) ACTH A ssay

The ly o p h i l i z e d  p r o t e i n  f r a c t i o n s  o f  th e  s t e e r  ACTH p r e p a r a t io n  

from  th e  C M -ce llu lo se  colum n were a ssa y ed  i n  o u r l a b o r a to r y  a cc o rd in g  

to  th e  p ro c e d u re  o f  S a f f ro n  and S c h a l ly  (1955; 1 9 6 5 ). The r a b b i t  ACTH 

p re p a r a t io n  was a ssa y e d  b y  G. W. Cam iener and P .  N. T ree  o f  th e  Upjohn 

Company u s in g  a  m ethod o f  C. H. L i a s  m o d ified  b y  G. W. C am iener, u s in g  

A c th a r (Armour) a s  th e  s ta n d a rd .  T hese men a ls o  a ssa y ed  th e  p ro c in e  

ACTH (Upjohn #7275) t h a t  was u sed  a s  th e  s ta n d a rd  f o r  th e  s t e e r  ACTH 

a s s a y .

The s t e e r  ACTH a ssa y  r e q u ir e d  th e  a d re n a l  g la n d s  o f  s ix  t o  e ig h t  

m ale a lb in o  r a t s  (hoây w e ig h t a p p ro x im a te ly  200 g) . The an im als  were 

s a c r i f i c e d  b y  d e c a p i t a t io n  to  a v o id  th e  in t r o d u c t io n  o f  any d ru g s  t h a t  

m ig h t have a f f e c t e d  th e  a s s a y .  C au tio n  had  to  be  ta k e n  to  av o id  e x c i ­

t a t i o n  rà iich  c o u ld  have  l e d  to  th e  s e c r e t io n  o f  endogenous ACTH i n t r o ­

d u c in g  a  q u e s t io n a b le  e f f e c t  on th e  r e s u l t s .  The a d re n a ls  were imme­

d i a t e l y  rem oved, d i s s e c te d  f r e e  o f a l l  f a t  and c o n n e c tiv e  t i s s u e ,  

w eighed , p la c e d  i n  each  o f  e ig h t  25 ml g la s s - s to p p e re d  E rlenm yer 

in c u b a t io n  f l a s k s  c o n ta in in g  1 .5  ml K re b s-R in g e r b ic a rb o n a te  b u f f e r
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(ph  7 .3 ^ ) ,  and p la c e d  on i c e .  Each f l a s k  was g a sse d  one m in u te  w ith  

b o t t l e d  95^ 02~!$% CO2 and p re in c u b a te d  i n  a  shak ing  w a te r  b a th  a t  38®C. 

A f te r  one h o u r , each  f l a s k  was removed from  th e  b a th ,  th e  b u f f e r  w ith ­

drawn w ith  a  t r a n s f e r  p i p e t t e ,  1.1: ml f r e s h  b u f f e r  ad d ed , and ACTH 

s o lu t io n  e q u iv a le n t  t o  0 .3  o r  0 .9  mg o f  p r o t e in  added . The f l a s k s  were 

a g a in  g assed  w ith  th e  Og-COg m ix tu re  and in c u b a te d  i n  th e  sh ak in g  w a te r  

b a th  f o r  two h o u r s .  A t t h i s  t im e , 1 ml o f  th e  in c u b a tio n  medium (a q u e ­

ous) was removed and added to  1 ml c o ld  m ethy lene  c h lo r id e  ( s p e c t r a l  

g rad e ) i n  a  $ m l g la s s - s to p p e re d  tu b e . The m ix tu re  was shaken t h o r ­

o u g h ly , and c e n t r i f u g e d  (a p p ro x im a te ly  1$00 rpm) to  s e p a ra te  th e  p h a se s . 

The o p t i c a l  d e n s i ty  o f  th e  o rg a n ic  p h ase  was re a d  a t  21:0, 2$0, 25?, and 

260 nm and th e  horm onal re sp o n se  d e te rm in ed :

0 .D . o|,A ” O.D.A^^
Response = -------^  x  10

A d ren a l T is s u e  W t.

O .D .g^o r e p r e s e n ts  th e  maximum a b s o rp t io n  o f  th e  c o r t i c o i d  (iÛ ^-3-keto- 

s t e r o id )  r i n g .  S p e c t r a l  sc an s  o f  a d re n a l  in c u b a tio n  e x t r a c t s  i n d i c a t e  

c o in c id e n ta l  c h a r a c t e r i s t i c s  w ith  c o r t i s o l  from  230 to  265 nm and a  21:0 

nm maximum (S a ff ro n  and S c h a l ly ,  1 9 6 2 ) . T u r b id i ty  W iich d ev e lo p s  i n  

th e  m eth y len e  c h lo r id e  e x t r a c t s  n e c e s s i t a t e s  a  c o r r e c t io n  a t  th e  h ig h e r  

w aveleng th  o f  25? nm. The re sp o n se  was p l o t t e d  a g a in s t  th e  dose  on 

s e n d - lo g  p ^ e r  f o r  com parison  o f  th e  s lo p e s  and r e l a t i v e  h e ig h t s .  The 

r e s u l t a n t  s lo p e s  o f  th e s e  s t r a i g h t  l i n e s  sh o u ld  b e  i d e n t i c a l  f o r  h o r ­

mones o f  s im i la r  a c t i v i t y .  The d i f f e r e n c e  i n  t h e i r  h e ig h t s  i n d i c a t e s  

th e  r e l a t i v e  p o te n c y  o r  a c t i v i t y  o f  th e  horm ones b e in g  compared ( S a f ­

f r o n  and S c h a l ly ,  1 9 6 ? ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

5) E le c t r o p h o re s is  o f  A cth

D isc  e le c t r o p h o r e s i s  u s in g  7.$% p o ly a c ry la m id e  g e l  was c a r r i e d  o u t 

on th e  p o rc in e  ACTH (U p jo h n ), v a r io u s  C M -cellu lo se  f r a c t i o n s  o f  th e  

s t e e r  and r a b b i t  ACTH p r e p a r a t io n s .  M a te r ia ls  and m ethods employed 

w ere th o s e  accom panying th e  te m p e ra tu re - re g u la te d  B u c h le r P o ly a n a ly s t  

d is c  e le c t r o p h o r e s i s  a p p a ra tu s .  The s t e e r ,  r a b b i t ,  and p o rc in e  ACTH 

p r e p a r a t io n s  were ru n  a t  pH 9*3 on 7.^% p o ly a c ry la m id e  g e l .  The 

p o rc in e  and r a b b i t  p r e p a r a t io n s  were a ls o  ru n  on p o ly a c ry la m id e

g e l  a t  pH L .6 .

A pprox im ate ly  200 jjg o f  sa n g le  were added to  each  colum n. T race  

am ounts o f  broraphenol b lu e  w ere u sed  to  mark th e  b u f f e r  f r o n t  i n  th e  

a n io n ic  sy s tem , w hereas m eth y l g reen  was u sed  i n  th e  c a t io n ic  sy stem .

A c u r r e n t  o f  1 .2 ^  ma p e r  colum n was a p p lie d  u n t i l  th e  sam ples had  a l ­

t e r e d  th e  s ta c k in g  g e l  s i f te r  id iich  i t  was in c r e a s e d  to  2 .^  ma p e r  column 

f o r  th e  rem ain d er o f  th e  ru n  (60  m in u te s ) . The g e ls  were s ta in e d  one 

hour w ith  X% Amido Schw arz i n  7% a c e t i c  a c id ,  th e n  de s ta in e d  a t  S ma p e r  

tu b e  w ith  7% a c e t i c  a c id  i n  th e  tp p e r  and lo w er b u f f e r  cham bers. The 

g e ls  w ere s to r e d  a t  i n  7$ a c e t i c  a c id .

R a b b it  A d ren a l A ssay

l )  T is s u e  P r e p a r a t io n

M ale New ZesüLand w h ite  r a b b i t s  w eigh ing  2 .3  t o  3 .2  kg were i n j e c t e d  

tw ic e  d a i l y  f o r  two d ay s  w ith  a p p ro x im a te ly  26 U p u r i f i e d  p o rc in e  ACTH 

(% )john , l o t  n o , 7276) o r  th e  e q u iv a le n t  o f  26 U s t e e r  o r  UO U r a b b i t  

ACTH, td iic h  had b een  p u r i f i e d  b y  th e  p re c e d in g  m ethod . The c o r t i c o t r o ­

p in s  w ere su sp a id e d  b y  m eans o f  a  s o n i f i e r  i n  beesw ax i n  p e a n u t o i l
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c o n ta in in g  p h e n o l a s  a  p r e s e r v a t iv e .  C o n tro l a n im a ls  were i n j e c t e d  

w ith  th e  beesw ax -p ean u t o i l  v e h ic le  o n ly . Under a n e s th e s i s  o f  p e n ta -  

b a r b i t o l  i n j e c t e d  in  an e a r  v e in ,  th e  a n im a ls  were e x sa n g u in a te d  and 

th e  a d re n a ls  rem oved, d i s s e c te d  f r e e  o f  f a t  and c o n n e c tiv e  t i s s u e ,  and 

w eighed . A d ren a l g la n d s  o f  s im i l a r ly  s t im u la te d  a n im a ls  were p o o led  

and hom ogaiized  a t  0®C i n  su ff ic iC T it K reb s-R in g er p h o sp h a te  b u f f e r  to  

g iv e  a  t i s s u e  c o n c e n tr a t io n  o f  100 mg p e r  m l.

2)  R a b b it A d ren a l In c u b a tio n

S u b s t r a t e ,  c o n s i s t in g  o f  pregnenolone-U -^^C  (N u c le a r  C hicago) w hich 

had been  p r e v io u s ly  p u r i f i e d  by  p a p e r  ch rom atography  and vhose s p e c i f i c  

a c t i v i t y  had  been  a d ju s te d  t o  1 .0  ^C i and 3 -3  pm oles p e r  ml w ith  n a n - 

r a d io a c t iv e  p reg n en o lo n e  (S ig m a), was added i n  0 .2  ml p ro p y le n e  g ly c o l -  

e th a n o l  (1 :1 )  t o  2$ ml in c u b a tio n  f l a s k s .  Each f l a s k ,  t h e r e f o r e ,  r e ­

c e iv e d  0 .6 6  ^ o l e s  and 0 .2  pC i p re g n e n o lo n e . The e th a n o l  was a llo w ed  to  

e v a p o ra te  u n der n i t r o g e n  a t  UO°C b e fo re  th e  a d d i t io n  o f  two u n i t s  

g lu e o se -6 -p h o sp h a te  dehydrogenase  (S ig n a  Type VI) , To t h i s  was added 

1 .0  ml o f  hom ogenized a d re n a l  t i s s u e  i n  K reb s-R in g e r p h o sp h a te  b u f f e r  

(100  t i s s u e )  and 1 .0  ml K re b s-R in g e r p h o sp h a te  b u f f e r  c o n ta in in g  

s u f f i c i e n t  q u a n td -tie s  o f  c o f a c to r s  and a d d i t iv e s  to  g iv e  th e  f i n a l  two 

ml in c u b a tio n  volume th e  fo llo w in g  c o n c e n tr a t io n s :  O.Î4 mM n ic o tin a m id e

ad en in e  d in u c le o t id e  (NAD), O.U mM n ic o t in s m id e  a d e n in e  d in u c le o t id e  

p h o sp h a te  (NADP), UO.O mM n ic o t in a m id e , 0.1; mM ad en o sin e  t r ip h o s p h a te  

(ATP), 0 .1  mM sodium fu m a ra te , 1 mg/ral ^ -D -g lu c o s e , and 1 mg/ml g lu c o s e -  

6 -p h o sp h a te .

Each f l a s k  'was g a sse d  w ith  CO2 f o r  one m in u te , s to jq o ered ,

and p la c e d  in  a  c o n s ta n t  te m p e ra tu re  sh ak in g  w a te r  b a th  a t  37 .$°C .
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ü jic u b a tio n s  were c a r r i e d  o a t  i n  d u p l ic a te  o r  t r i p l i c a t e  f o r  p e r io d s  o f  

ze ro  and th r e e  h o a r s .  A d d itio n  o f  $ ml d ic h lo ro m e th a n e se th y l a c e ta te  

(1 :1 )  te rm in a te d  th e  in c a b a t io n .  The in c u b a tio n  medium and th e  o rg a n ic  

s o lv a n t  w ere m ixed th o ro u g h ly  and s to r e d  a t  -20®C u n t i l  e x t r a c te d .

3) E x tr a c t io n  o f  S te r o id s

A pprox im ately  0 .$  jaCi o f  c h ro m a to g ra p h ic a lly  p u r i f i e d  % - la b e le d

c o r t i s o l ,  c o r t i c o s te r o n e ,  U -d e o x y c o r t ic o s te r o n e ,  and 17«4-hydroxypro-

g e s te ro n s  were added to  each  f l a s k  and to  s e p a r a te  c o u n tin g  v i a l s  in
1

o rd e r  to  e s t im a te  th e  p e r c e n t  r e c o v e r ie s  o f  th e s e  co n fo u n d s . D e io n ized  

w a te r  (3  m l) was added to  th e  in c u b a tio n  f l a s k s  to  b r in g  th e  t o t a l  aque­

ous volume to  $ m l. The in c u b a t io n  m edia  were th a n  e x t r a c te d  f o u r  tim e s  

w ith  10 m l d ich lo ro m e th an e : e th y l  a c e ta te  (1 :1 )  w ith  th e  o rg a n ic  p h ase  

from  each  e x t r a c t io n  b e in g  added to  t h a t  o f  th e  p re v io u s  e x t r a c t i o n s .

The combined e x t r a c t s  were e v a p o ra te d  u n d er n i t r o g e n  a t  UO°C i n  p r e p a r -  

a tic m  f o r  ch ro m ato g rap h ic  s e p a r a t io n .

U) P ro d u c t I s o l a t i o n :  C hrom atography and A c é ty la t io n

R esid u es o f  th e  combined e x t r a c t s  were i n i t i a l l y  s e p a ra te d  i n to  

th r e e  m a jo r f r a c t io n s  o f  p a p e r  ch rom atography  on 3 cm s t r i p s  o f  Whatman 

No. 1 f i l t e r  p a p e r  i n  th e  hep tan e /fo rm am id e  s y s ta n  ( Z a f f a r o n i ,  19$3) , 

d ev e lo p ed  f o r  one h o u r a f t e r  th e  m ob il p h a se  had  re a c h e d  th e  end o f  th e  

s t r i p .  A f te r  th e  h e p ta n e  had e v a p o ra te d , th e  s t r i p s  were deve loped  i n  

th e  ch lo ro fo rm /fo rm am ide  s y s to a  f o r  3-U h o u r s .  A s ta n d a rd  m ix tu re  o f  

$0 pg  each  o f  c o r t i c o s te r o n e ,  c o r t i s o l ,  and 1 1 -d e o x y c o r tic o s te ro n e  was

^ In  th e  c a se  o f  th e  s t e e r  ACTH in c u b a t io n ,  o n ly  % - la b e le d  c o r t i s o l  
and c o r t i c o s te r o n e  t r a c e r s  w ere ad d ed .
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ru n  on a  s e p a ra te  s t r i p  w ith  each  chrom atogram . The chrom atogram s were 

d r ie d  o v e rn ig h t  a t  room te m p e ra tu re , th e n  scanned  to  l o c a t e  th e  v a r io u s  

s t e r o i d s ~ t h e  s ta n d a rd s  f o r  u l t r a v i o l e t  a b so rb in g  m a te r i a l s  b y  means o f  

a  H a in es  S can n er (H a in e s , 1 9 ^ 0 ) , and th e  sam ples b y  a  g a s - f lo w  s t r i p  

and t h i n - l a y e r  sc a n n e r (S tom ic  A c c e s s o r ie s  m odel RSC 363) equ ipped  w ith  

a  c h a r t  r e c o r d e r .  The sam ple t r a c in g s  were compared w ith  th e  s ta n d a rd  

s t r i p s ,  and th e  a r e a s  c o rre sp o n d in g  to  th e  known compounds w ere c u t  and 

e lu te d  w ith  1$ m l r e d i s t i l l e d  a b s o lu te  e th a n o l .

F u r th e r  p a p e r  ch rom atography  was c a U ie d  o u t  u s in g  2 cm s t r i p s  o f  

Whatman Ho. 1 f i l t e r  p a p e r  u n t i l  t h e  v a r io u s  compounds ap p ea red  to  b e  

s e p a ra te d .  F ig u re  7 i l l u s t r a t e s  th e  scheme u t i l i z e d  in  th e  s e p a r a t io n  

o f  th e  c o r t i c o s t e r o i d s  r e s u l t i n g  from  th e  in c u b a tio n  o f  r a b b i t  and p o r ­

c in e  A C TH -stim ulated a d re n a l  t i s s u e .

When th e  s e p a r a t io n  o f  th e  in d iv id u a l  c o r t i c o s t e r o i d s  ap p ea red  to  

b e  c o m p le te , a c é ty l a t i o n  was p e rfo rm ed . To th e  p r e v io u s ly  d r i e d  sam ple 

r e s id u e  was added 0 .2  ml p y r i d in e : a c e t i c  a n h y d rid e  ( U : l  v /v )  . The tu b e  

was th e n  p la c e d  i n  th e  d a rk  o v e rn ig h t  ( 8 - I 6  h o u rs)  . The r e a c t io n  was 

s to p p ed  by  th e  a d d i t io n  o f  2 ml r e d i s t i l l e d  e th a n o l . The e th a n o l  and 

p y r id in e  were th e n  e v a p o ra te d  u n d er n i t r o g e n  a t  UO®C. S ta n d a rd  s t e r o id  

s o lu t io n s  were t r e a t e d  in  l i k e  f a s h io n  to  be  ch rom atographed  w ith  th e  

a c e ty la t e d  sa m p le s . F in a l  chrom atogram s were ru n  on 2 cm s t r i p s  o f  

Whatman Ho. 1 f i l t e r  p a p e r  p r e v io u s ly  washed f i v e  days w ith  d e io n iz e d  

w a te r  fo llo w e d  b y  f i v e  days w ith  r e d i s t i l l e d  m e th an o l.

A b r i e f  sk e tc h  o f  th e  s e p a r a t io n  o f  each  o f  th e  th r e e  s e c t io n s  o f  

th e  o r i g i n a l  chrom atogram  fo l lo w s :

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CD"D
O
Q.
C

8
Q.

"O
CD

C /)
C /)

8
( O '

3.
3 "
CD

CD"D
O
Q.
C
a
o3
"O
o

CD
Q.

■D
CD

C /)
C /)

COMBIKED EXTRACTS

HeptanG/Eormamide
&

C hlorofom /Tom am ide

FRACTION I*

A cé ty la tio n  

FRACTION I-A c e ta te

FRACTION n i l

FRACTION I I I

Chloroform:Benzene ( 1 :1 ) /  
Formatnide

Chloroform /
Formamide

C o r t lso l-2 1 -A ce ta te

FRACTION I I I

A cé ty la tio n A c é ty la tio n

RACTION I I

A c é ty la tio n  

FRACTION I I -A c e ta te  

RACTION I I I .

Benzene/ 
Formamide

C o rti sone-21-A cetate

FRACTION I I I ,-A c  

/
Heptane:Benzene ( 1 :1 ) /  

j  Formamide

FRACTION IH2-AC

.Benzene/Formamide

C orticosterone-21-A c Ih id e n t if ie d

11-D eoxycortisol-21-A c

S te ro id

FRACTION. I H y A c

H -D eoxycorticosterone-21-A c

Heptane:Benzene 
(1 :1 ) /Formamide

Pregnenolone-:

P rogeste rone

FIGURE 7 . Chromatographic se p a ra tio n  scheme o f ad ren a l c o r t ic o s te ro id s .



31

FRACTION I  ( c o r t i s o l )  was e lu te d  w ith  1$ ml r e d i s t i l l e d  a b s o lu te  

e th a n o l ,  e v a p o ra te d  u n d e r n i t r o g e n  a t  UO®C, and a c e ty la te d  a long  w ith  a  

$0 |3g s ta n d a rd  o f  c o r t i s o l .  The a c e ty la te d  r e s id u e  was chrom atographed  

i n  th e  ch lo ro fo rm /fo rm am ide  system  to  th e  f r o n t .  The s e c t io n  c o r r e s ­

pond ing  to  th e  c o r t i s o l - 2 1 - a c e ta te  s e c t io n  o f  Uie s ta n d a rd  s t r i p  was 

e lu te d  w ith  1^ ml e th a n o l ,  e v a p o ra te d , and s to re d  i n  10 d ro p s  e th a n o l 

a t  U°C f o r  a n a ly s i s  o f  m ass and r a d i o a c t i v i t y .

FRACTION I I  ( c o r t i s o n e )  was e lu te d ,  a c e ty l a t e d ,  and chrcxnatographed 

i n  th e  benzene/fo rm am ide sy stem . The chrom atogram  was a llo w ed  to  deve lop  

f o u r  h o u rs  a f t e r  th e  m o b il p h a se  had  rea ch e d  th e  and o f  th e  s t r i p .  The 

s e c t io n  c o rre sp o n d in g  to  th e  c o r t i s o n e - 2 1 - a c e ta te  s e c t io n  o f  th e  s ta n d a rd  

s t r i p  was e lu te d  w ith  e th a n o l ,  th e  s o lv a n t  e v a p o ra te d , and s to r e d  f o r  

a n a ly s i s  a s  above.

FRACTION I I I  ( c o r t i c o s te r o n e ,  U - d e o x y c o r t ic o s te r o n e ,  1 1 -d eo x y c o r- 

t i s o l ,  17<% -hydroxyprogesterone, IT^g-hydroxypregnenolone, p ro g e s te ro n e , 

and p reg n an o lo n e) was ch rom atographed  i n  th e  ch lo ro fo rm sbenzene  ( l : l ) /  

form am ide system  to  th e  f r o n t .  The a re a  c o rre sp o n d in g  to  c o r t i c o s te r o n e  

and l l - d e o 3 q rc o r t i s o l  was e lu t e d ,  d r i e d ,  and a c e ty l a t e d .  The h e p ta n e :  

benzene ( Is l) / fo rm a m id e  sy s te m , dev e lo p ed  22 h o u rs  a f t e r  ttie  m o b il p h ase  

had rea ch e d  th e  end o f  th e  s t r i p ,  s e p a ra te d  th e s e  two compounds. The 

c e n te r  o f  th e  F r a c t io n  I I I  chrom atogram  was a c e ty la te d  and chrom ato­

g raphed  i n  th e  benzene/fo rm am ide system  t o  th e  f r o n t .  The s e c t io n s  c o r ­

re sp o n d in g  to  l l - d e o ^ c o r t i c o s t e r o n e -  2 1 - a c e ta te ,  17<^-hydroxypregnenolone- 

21- a c e t a t e ,  and U - d e l^ d r o c o r t i c o s te r o n e - 2 1 - a c e ta t e  w ere e lu te d  and 

s to r e d  f o r  a n a l y s i s .  The t h i r d  s e c t io n  o f  th e  F r a c t io n  H I  chrom atogram  

c o n ta in in g  th e  l e a s t  p o l a r  compounds, p re g n e n lo n e  and p ro g e s te ro n e ,  was
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d ev e lo p ed  i n  th e  h e p ta n e :b e n z e n e  ( 1 :1 ) /form am ide system  a f t e r  a c é ty l a ­

t i o n ,  and th e  a r e a s  c o rre sp o n d in g  to  p ro g e s te ro n e  and p re g n e n o lo n e -3^- 

a c e ta te  w ere e lu te d  and s to r e d  f o r  a n a ly s i s .

5) A n a ly s is

A f te r  a l l  s e p a r a to ry  p ro c e d u re s  had  been  co m p le ted , th e  a c e ty la te d  

s t e r o i d  r e s id u e ,  w hich had  been  e lu te d  i n to  a  15 ml c e n t r i f u g e  tu b e  and 

th e  s o lv e n t  e v a p o ra te d  u n d e r n i t r o g e n ,  was s to r e d  a t  U°C in  10  d ro p s  

r e d i s t i l l e d  e th a n o l ,  was d r ie d  u n der n i t r o g e n  atm osphere a t  UO®C. One 

ml r e d i s t i l l e d  e th a n o l  was added to  each  tu b e .  The tu b e  was im m ed ia te ly  

cap p ed , a llo w ed  to  s ta n d  a t  room ten q p era tu re  f o r  15 m in u te s , and su b se ­

q u e n tly  m ixed t h o r o u ^ l y  f o r  one m in u te . Two 300 ^  a l iq u o t s  w ere tak e n  

f o r  q u a n t i t a t i v e  a n a ly s i s  o f  m ass and two 100 ; i l  a l i q u o t s  were ta k e n  f o r  

a n a ly s i s  o f  th e  c o n te n t  o f  %  and

A d re n o c o r t ic a l  s t e r o id s  c o n ta in in g  th e  a lp h a - k e to l  s id e - c h a in  (e x ­

c e p t  th e  17o4-hydroxy compounds) were q u a n t i t a t i v e l y  d e te rm in ed  i n  d u p l i ­

c a te  b y  means o f  th e  b lu e  té t r a z o l iu m  ( 3 ,3 '  - d i a n i s o l e - b i 8 - L ,L '- 3 ,h - d i -  

p h en y l té t r a z o l iu m  c h lo r id e )  r e a c t io n  ( i z z o ,  Keutmann, B u rto n , 1957; 

P e fo n , 1962) . 17®f-Hydroxylated c o r t i c o s t e r o i d s  w ere d e te rm in ed  in  

d u p l ic a te  b y  th e  m ethod o f  P o r t e r  and S i l b e r  (1950) .

D ual ch an n e l l i q u i d  s c i n t i l l a t i o n  sp e c tro m e try  was used  to  d e t e r ­

m ine th e  and %  c o n te n t . P e r c e n t  re c o v e ry  v a lu e s  w ere d e te rm in ed  

b y  d iv id in g  th e  amount o f  t r i t i u m  p r e s e n t  i n  each  sam ple a f t e r  e x t r a c ­

t i o n  and s e p a r a t io n  b y  th e  amount o f  t r i t i u m  added to  each  f l a s k  p r i o r  

to  e x t r a c t io n  and m u lt ip ly in g  t h i s  b y  a  f a c t o r  o f  t a i  t o  c o r r e c t  f o r  

th e  f r a c t i o n  r e p re s e n te d  i n  th e  a l i q u o t  an a ly zed  (O .IO  m l) . The p e r ­

c e n t  c o n v e rs io n  o f  s u b s t r a t e  was e q u iv a le n t  t o  th e  q u o t ie n t  o f  th e
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c o n t a i t  ( m u l t ip l i e d  b y  a  f a c t o r  o f  te n  to  a cc o u n t f o r  a l iq u o t )  i n  th e  

sam ple d iv id e d  b y  th e  p r e s e n t  i n  th e  o r i g i n a l  s u b s t r a t e  b e fo re  

in c u b a t io n .  T h is  v a lu e  was c o r r e c te d  f o r  p e r c e n t  re c o v e iy  i n  c a se s  

id ie re  % - t r a c e r  compounds had been  added p r i o r  to  e x t r a c t io n .  I n  o th e r  

c a s e s  i t  r e p r e s e n ts  th e  r e l a t i v e  p e r c e n t  c o n v e r te d .
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CHAPTER IV 

RESULTS 

ACTH I s o l a t i o n

D ata  c o n c e rn in g  th e  e x t r a c t io n  and p u r i f i c a t i o n  o f  ACTH from  s t e e r  

and r a b b i t  p i t u i t a r i e s  i s  p re s e n te d  in  T ab le  1 .  The c u rv e s  i n  F ig u re s  

8 and 9 r e p r e s e n t  th e  u l t r a v i o l e t  a b s o rb t io n  (278 nm) o f  th e  p r o t e in  

(and  o th e r  U V -absorbing m a te r ia l )  a s  i t  was e lu te d  from  th e  carboagr- 

m eth y l c e l l u l o s e  colum n. A bsorbance a t  251i nm was re c o rd e d  on an I s c o  

l i q u i d  f lo w  a n a ly z e r  and th e  ab so rb an ce  o f  a l t e r n a t e  in d iv id u a l  f r a c ­

t i o n s  (U m l) were v e r i f i e d  a t  280 nm w ith  a  G il fo rd  sp e c tro p h o to m e te r . 

The d ry  w e ig h ts  o f  th e  r e s u l t i n g  p r o t e in s  from  th e  tu b e s  in c lu d e d  u n der 

th e  'p e a k s ' o f  th e  c u rv e s  a r e  re c o rd e d  i n  T a b le  1 .

W eights o f  th e  a c id -a c e to n e  pow der, AAP, o b ta in e d  from  th e  s t e e r  

and r a b b i t  p r e p a r a t io n s  have  been  expanded to  th e  v a lu e s  ex p ec ted  from  

1 kg o f  p i t u i t a r i e s  b a se d  on th e  re c o v e ry  from  913 g s t e e r  p i t u i t a r i e s  

and 3U9.6 g r a b b i t  p i t u i t a r i e s ,  p e rm i t t in g  a  ccm parison  o f  th e s e  w e ig h ts  

w ith  each  o th e r  and w ith  p re v io u s  w e ig h ts  o f  AAP i s o l a t e d  by  t h i s  p ro ­

ced u re  from  sheep p i t u i t a r i e s  ( L i ,  1 9 $ 6 ) . T h is  ex p an sio n  r e v e a l s  2 3 .6  g 

AAP/kg p i t u i t a r i e s  f o r  th e  r a b b i t  p r e p a r a t io n  as compared w ith  th e  r e ­

p o r te d  y i e ld  o f  35 g AAP/kg sheep  p i t u i t a r i e s  ( L i ,  1956) . F in a l  ACTH 

p re p a r a t io n s  r e s u l t i n g  from  chrom atography  o f  2 g F r a c t io n  D on a  CM- 

c e l lu lo s e  column were 110 mg f o r  th e  s t e e r  and 69 mg f o r  th e  r a b b i t .  L i 

(196U) r e p o r t s  a  y i e l d  o f  100 mg sheep ACTH from  a  2g sam ple o f  F r a c t io n

D chrom atographed  by  th e  same p ro c e d u re .

3k
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TABLE 1 .  Dry w e ig h ts  o f  ACTH f r a c t i o n s  i s o l a t e d  from  s t e e r  and r a b b i t  
p i t u i t a r i e s .

S te e r R abb it

Raw p i t u i t a r y  glsoids 91 3 .0  g 3U9.6 g

A c id -a c e to n e  powder 2 1 .6  g 1 3 .0  g

A c id -a c e to n e  pow der/kg 23 .6  g 2 8 .6  g

F r a c t io n  D/20 g AAP 2 0 2 g 3.15g

C M -ce llu lo se  f r a c t i o n s / 2  g F r a c t io n  D

a) tu b e s  u n d e r A* 0 .057  g 0 .0 6 6  g

b ) " » B 0 .111  g 0 .0 3 7  g

c) " " C 0 .0 1 9  g 0 .067  g

d) " " D 0.02U g 0 .0 5 2  g

e) " " E 0 .0 1 1  g 0 .0 6 5  g

f )  11 It p O.OUU g

*  D esig n a ted  on F ig u re s  8 and 9 .
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ACTH Assay

The a c t i v i t i e s  o f  th e  s t e e r  ACTH p r e p a r a t io n s  were e s t im a te d  a c ­

c o rd in g  to  th e  a s s a y  m ethod o f  S affrom  and S c h a lly  (196?) d e s c r ib e d  

e a r l i e r .  The s ta n d a rd  c o n s is te d  o f  p o rc in e  ACTH (Upjohn #727?) . Both 

th e  s ta n d a rd  ACTH and th e  e x p e r im e n ta l f r a c t i o n s  were d is s o lv e d  in  

0 .0 2 ?  N a c e t i c  a c id  to  a  c o n c e n tr a t io n  o f  9 m g/m l. A second s o lu t io n  

was d i lu t e d  I s 3 w ith  0 .0 2 ?  N a c e t i c  a c id  to  a  c o n c e n tra t io n  o f  3 m g/m l. 

B ased on an a c t i v i t y  o f  62 U/mg f o r  th e  s ta n d a rd , th e  s ta n d a rd  s o lu t io n s  

r e p re s e n te d  s o lu t io n s  o f  ? ? .8  U/ml and 1 8 .6  U /m l. A liq u o ts  o f  0 .1  ml 

u sed  i n  th e  a s s a y  re p re s e n te d  ? .6  Ü and 1 .9  U o r  0 .9  mg and 0 .3  mg o f 

th e  s ta n d a rd  and U .? mg and 1 .?  mg o f  th e  e x p e rim e n ta l horm one. The

.  OoD.pkn “ O.D.pcft .  .  .
re sp o n se  v a lu e s  (R = ' "A'lren a l~ W t *  10) f o r  th e  s ta n d a rd  (p o rc in e )

and th e  e x p e rim e n ta l ( s t e e r )  ACTH a t  b o th  th e  x  mg and th e  3% mg l e v e l  

a r e  re c o rd e d  in  T ab le  2 .

The av erag e  re sp o n se  v a lu e s  a t  th e  1 .9  U and ? .6  U l e v e l  f o r  th e  

s ta n d a rd  p ro c in e  hormone were p l o t t e d  on se m i-lo g  p a p e r .  S im i la r ly ,  

th e  re sp o n se  v a lu e s  o f  th e  e x p e r im e n ta l hormone were p l o t t e d  w ith  th e  

X mg l e v e l  a t  1 .9  U and th e  3x l e v e l  a t  ? .6  U. A lthough  th e  e x p e rim e n ta l 

hormone r e p re s e n te d  f i v e  t im e s  Hie c o n c e n tr a t io n  o f  th e  s ta n d a rd , p la c in g  

th e  two re sp o n se  p l o t s  on th e  same c y c le  o f  th e  se m i-lo g  p a p e r  i s  p e r ­

m is s ib le  becau se  lo g  ?x = lo g  ?  + lo g  x .  T h is  a llo w s  e a s i e r  com parison  

o f  th e  two l i n e  p l o t s .  The e x p e r im e n ta l l i n e  p l o t  i s  e x tr a p o la te d  h o r i ­

z o n ta l ly  on to  th e  s ta n d a rd  in  o rd e r  to  e s t im a te  th e  a c t i v i t y  o f  th e  

unknown i n  T ftiits. The a c t i v i t y  and w e ig h t o f  th e  s ta n d a rd  a r e  known
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FIGURE 10 ACTH ASSAY

R esponse v a lu e s  from  l a b l e  2 ,

S lE tit ACÏh: lu b e s  221-260*
SlAKLAKD: i o rc in e  ACIH

^ S tee r p r e p a r a t io n  c o n c e n tr a t io n  o f s ta n d a rd
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FIGURE 12 ACTH ASSAY

R esponse v a lu e s  from  T ab le  2 ,

STEER ACTH: Tubes 305-330*
STANDARD: P o rc in e  ACTH

S te e r  p r e p a r a t io n  5x c o n c e n tr a t io n  o f  s ta n d a rd .
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TABLE 2 . Response v a lu e s  from  s t e e r  ACTH p r e p a r a t io n  a ssa y s

S te e r
C M -C ellu lose F r a c t io n s  l.$m g

S ta n d a rd  
l*.5mg 0.3mg 0.9mg

T ubes 87-120 29.1* 2 9 .0  35 .9 1*9 .5

II 121-220 31 .6
1 6 .0

l*l*.l 31*.9 
2 1 .3  23 .8

1*7.6
2 5 .5

n 221-260 5 3 .1 73 .8  1*7 . 1 6 3 .0

tf 261- 301* 6 3 .0 6 6 .9  1*0.9 1*9 .9

II 305-3^0 1*1*.3 5 7 . 3  33 .2 39 .9

TABLE 3 . E stim a te d  a c t i v i t y  o f  s t e e r  ACTH f r a c t i o n s .

CM -CeUulose F r a c t io n s  Dry W eight
(mg)

A pproxim ate
A c t iv i ty

(ïï/mg)

T o ta l
A c t iv i t y

(TJ)

Tubes 87-120 5 7 . 0 0 0

It 121-220 1 1 0 .5 10 1105

It 221-260 1 9 .1 15 287

II 261- 301* 21* .1* 25 610

II 305-350 1 0 .8 25 270
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and th e  w e ig h t o f  th e  e x p e r im e n ta l hormone i s  known, p e rm i t t in g  th e  

c a l c u l a t i o n  o f  th e  a c t i v i t y  o f  th e  e x p e rim e n ta l hormone in  U n its /m g . 

T hese a c t i v i t i e s  a r e  re c o rd e d  i n  T ab le  3 .

S i m i l a r i t y  i n  s lo p e  o f  th e  se m i-lo g  p l o t s  f o r  th e  e x p e rim e n ta l h o r ­

mone p r e p a r a t io n  to  t h a t  o f  th e  s ta n d a rd  hormone in d ic a t e s  a  s i m i l a r i t y  

i n  hormone a c t io n .  T ak ing  i n t o  c o n s id e r a t io n  th e  e s tim a te d  a d re n a l  

c o r t i c o s t e r o i d  s t im u la t in g  a c t i v i t y  and th e  s i m i l a r i t y  i n  th e  s lo p e  o f  

th e  r e s u l t i n g  re sp o n se  c u rv e , th e  f r a c t i o n  made up o f  th e  e lu a te  i n  

tu b e s  26I - 30U was s e le c te d  a s  th e  f r a c t i o n  m ost c lo s e ly  re sem b lin g  ACTH 

( p o r c in e ) . T h is  f r a c t i o n  was e s t im a te d  to  have an a c t i v i t y  o f  2^ U /n^ , 

a s  h ig h  o r  h ig h e r  Hian any o th e r  f r a c t i o n ,  and i t s  se ra i-lo g  s lo p e  was 

m ost s im i la r  to  t h a t  o f  th e  s ta n d a rd  horm one. T h is  f r a c t i o n  a ls o  c o r ­

re sp o n d s  to  th e  "ACTH" peak  f o r  sheep  ACTH p re p a re d  by  th e  same m ethod 

(L i  and B irk , 196U) • I t  was t h i s  f r a c t i o n  t h a t  was u sed  i n  th e  r a b b i t  

a d re n a l  s t im u la t in g  e x p e rim e n t.

S im i la r  a s sa y s  w ere c a r r i e d  o u t  u s in g  th e  r a b b i t  ACTH f r a c t i o n  made 

up o f  th e  e lu a te  i n  tu b e s  2?li-272 s in c e  i t  co rre sp o n d ed  to  th e  m ost 

a c t iv e  f r a c t i o n  i n  b o th  t h e  s t e e r  p r e p a r a t io n  m en tioned  above and th e  

d ieep  p r e p a r a t io n  o f  L i and B irk  ( 196U) . However, s in c e  th e  r e s u l t s  

were so  v a r i a b le  and th e  amount o f  t h i s  f r a c t i o n  so sm a ll (6$m g), i t  was 

d ec id ed  to  have t h i s  p r e p a r a t io n  a ssay ed  e ls e w h e re . W ith th e  a s s i s ta n c e  

o f  J .  W. Hinman o f  th e  Upjohn Company, i t  was p o s s ib le  t o  have t h i s  

p r e p a r a t io n  a ssa y ed  b y  G. W. C am iener and P .  N . T re e , a l s o  o f  th e  Ujpjohn 

Compapy. A m ethod o f  a s s a y  b y  C. H. L i m o d if ie d  b y  Cam iener u s in g  q u a r­

te r e d  r a t  a d re n a ls  was u s e d . The s ta n d a rd  employed was A c th ar (A rm our). 

They r e p o r te d  an a c t i v i t y  o f  U8 U/mg (T ab le  U) b u t  in d ic a te d  t h a t  t h i s
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TABLE U» ACTH a ssa y  d a ta  from  Upjohn L a b o r a to r ie s .

UU

Sample A verage A c t iv i ty A c tu a l V a lu es
A c th a r Iftiits /m g U-5 dose l e v e l s

i n  d u p l ic a te

R a b b it ACTH m ± 7* 5 5 , 5U, UU, UO

P o rc in e  ACTH (% jo h n  #7275) 6 2 + 2 6 1 , 63

*A verage ± lc r - .

v a lu e  may b e  lo w er th a n  th e  t r u e  a c t i v i t y  b e ca u se  o f  th e  l im i te d  s o lu ­

b i l i t y  o f  th e  r a b b i t  ACTH p r e p a r a t io n .

T hese men a ls o  a ssa y e d  th e  p ro c in e  ACTH (U pjohn #7275) id iich  was 

b e in g  u sed  a s  a  s ta n d a rd  i n  t h i s  l a b o r a to r y .  The a c t i v i t y  o f t h i s  

m a te r ia l  was found  to  b e  62 U/mg r a t h e r  th a n  100 U/mg a s  p r e v io u s ly  

b e l ie v e d .  The r e s u l t s  o f  t h e i r  a s s a y s  a r e  r e p o r te d  i n  T ab le  U»

E lec  tro p h o re  s i  s

D isc  g e l  e le c t r o p h o r e s i s  on 7*5# p o ly a c ry la m id e  showed th e  p o rc in e  

ACTH p r e p a r a t io n  to  b e  more hom og^ieous th a n  th e  o th e r  two p r e p a r a t io n s .  

One m a jo r band  o c c u r re d  a t  b o th  th e  a c id  and b a s ic  pH w ith  a  second band 

which had  a  h ig h e r  m o b i l i ty  i n  b o th  ^ s t e r n s  f a i n t l y  v i s i b l e .  The r a b b i t  

and s t e e r  ACTH p r e p a r a t io n s  d is p la y e d  num erous b a n d s , b u t  i n  each  th e r e  

was a  d i s t i n c t  m a jo r  band  w ith  a p p ro x im a te ly  th e  same m o b i l i ty  as t h a t  

o f  th e  p o rc in e  p r e p a r a t i o n .  F ig u re  13 i l l u s t r a t e s  th e  g e l s  ru n  i n  b o th  

th e  a c id  i^ s tem  (pH U. 3) and th e  b a s ic  ^ s t a a  (pH 9 .2 ) .
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A t pH U .3 th e  e le c t r o p h o r e t i c  m o b i l i ty  o f  t t ie  m a jo r band o f  th e  

r a b b i t  and p o rc in e  p r e p a r a t io n s  were i d e n t i c a l .  No g e l  was ru n  f o r  th e  

s t e e r  ACTH, so no  com parison  can  be  made. I n  th e  b a s ic  system  (pH 9 .3 ) ,  

th e  m o b i l i ty  o f  th e  m a jo r band  o f  th e  r a b b i t  p r e p a r a t io n  was somewhat 

g r e a t e r  th a n  t h a t  o f  th e  p ro c in e  and s t e e r  p r e p a r a t io n s .  The m ajo r 

bands o f  th e  p o rc in e  and s t e e r  p r e p a r a t io n s  v a r ie d  o n ly  s l i g h t l y  from  

each  o th e r  w ith  th e  m a jo r  band o f  th e  s t e e r  p r e p a r a t io n  hav in g  th e  

g r e a t e r  m o b i l i ty .

A d ren a l In c u b a tio n s

T a b le s  S th ro u g h  10 in c lu d e  d a ta  c o n ce rn in g  s i x  c o r t i c o s te r o i d s :  

c o r t i s o l ,  c o r t ic o s te rc a n e , 1 1 -d e o x y c o r t ic o s te ro n e , 1 1 -d e h y d ro c o r tic o -  

s t e r o n e ,  c o r t i s o n e ,  and an u n id e n t i f i e d  conqpound.^ The p e rc e n t  re c o v e ry  

f o r  c o r t i s o l ,  c o r t i c o s te r o n e ,  and 1 1 -d e o x y c o r tic o s te ro n e  b ased  on th e  

re c o v e ry  o f  % - la b e le d  t r a c e r  am ounts o f  th e s e  s t e r o id s  added p r i o r  to  

e x t r a c t io n  a re  r e p o r t e d .  The m ass (pg  p e r  100 mg o f  a d re n a l  t i s s u e )  

f o r  th e  a c e ty la te d  (C -2 l)  form  o f  each  s t e r o id  i s  r e p o r te d .  T h is  v a lu e  

i s  c o r r e c te d  i n  a l l  c a s e s  f o r  d i l u t i o n  and h a s  had  th e  a v erag e  v a lu e  

f o r  th e  b la n k  s u b s t r a c te d  from  i t  ( th e  b la n k s  c o n ta in e d  a l l  s u b s t r a t e  

and t r a c e r  m a t e r i a l s ,  b u t  la c k e d  th e  t i s s u e )  . The re c o v e re d  m ass v a lu e s  

and p e r c e n t  c o n v e rs io n  o f  s u b s t r a t e  v a lu e s  w ere a ls o  c o r r e c te d  f o r  p e r ­

c e n t  re c o v e ry  w here a p p l i c a b le .

^ h i s  compound was b e l ie v e d  to  b e  1 1 -d e o x y c o r t is o l  and was t r e a t e d  
a s  su c h . However, r e c a i t  r e c r y s t a l l i z a t i o n  s tu d ie s  b y  R o b ert Dyer o f  
t h i s  la b o r a to r y  have shown t h a t  t h i s  compound i s  n o t  1 1 - d e o x y c o r t is o l . 
I t  a p p a re n tly  resp o n d ed  to  th e  P o r t e r - S i l b e r  r e a c t io n  f o r  l% (-h y d ro x y - 
l a t e d  s t e r o i d s .  The e x p e r im e n ta l  d a ta  i s  p r e s e n te d  a lth o u g h  th e  com­
pound h a s  n o t  been  I d m i t l f i e d  and d o es  n o t ,  t h e r e f o r e ,  c o n t r ib u te  to  
th e  c o n c lu s io n s  drawn i n  t h i s  t h e s i s .
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The in d iv id u a l  s t a t i s t i c s  f o r  th e  two m a jo r p ro d u c ts ,  c o r t i s o l - 2 1 -  

a c e ta te  and c o r t i c o s te r o n e - 2 1 - a c e ta t e ,  a re  r e p o r te d  i n  T ab le s  5 and 6 , 

r e s p e c t iv e ly .  T ab le  11 com pares th e  av e rag e  v a lu e s  f o r  th e s e  two t a b le s .  

The r a t i o s  o f  c o r t i s o l  and c o r t i c o s te r o n e ,  b o th  f o r  mass and p e rc e n t  

s u b s t r a t e  c o n v e r te d , a r e  a ls o  r e p o r te d  i n  T ab le  1 1 . As e x p ec te d  from  

p re v io u s  work (F e v o ld , 1 9 6 8 ), th e s e  r a t i o s  i n  n o n -s t im u la te d  c o n tro l  

t i s s u e  a r e  v e ry  s m a ll ,  th e  av e rag e  r a t i o  f o r  th e  m ass b e in g  0 .0 1  a s  

compared w ith  th e  r a b b i t  A CTH -stim ulated t i s s u e  a v erag e  o f  1 .2 .  The 

p o rc in e  A C TH -stim ulated t i s s u e  showed a  l a r g e  in c r e a s e  i n  c o r t i s o l  p ro ­

d u c tio n  ( 32 .5  p g ) . The in c r e a s e  i n  c o r t i s o l  s y n th e s is  i n  r a b b i t  ACTH- 

s t im u la te d  t i s s u e  (3 -5  pg) was n o t  a s  m arked a s  w ith  th e  p o rc in e  AGTH- 

s t im u la te d  t i s s u e ,  b u t ,  n o n e th e le s s ,  s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  

p roduced  i n  th e  c o n t r o l  t i s s u e  (O .6O ^ g ) . D ecrease  i n  th e  s y n th e s is  o f  

c o r t i c o s te r o n e  was l ik e w is e  n o t  a s  g r e a t  i n  th e  r a b b i t  ACTH- a s  i n  th e  

p o rc in e  A C TH -stim ulated t i s s u e ,  3 0 .0  and 2 6 .U p g , r e s p e c t iv e ly ,  b u t  

i t  i s  i n t e r e s t i n g  t h a t  th e  d e c re a se  i n  c o r t i c o s te r o n e  p ro d u c tio n  more 

c lo s e ly  app rox im ated  t h a t  found  i n  th e  p o rc in e  A C TH -stim ulated t i s s u e  

th a n  d id  th e  in c r e a s e  i n  c o r t i s o l  p r o d u c t io n .

T a b le s  7 th ro u g h  9 in c lu d e  d a ta  f o r  th r e e  o th e r  c o r t i c o s te r o id s ?  

1 1 -d e o x y c o r t ic o s te ro n e , a  p r e c u r s o r  o f  c o r t i c o s te r o n e ,  1 1 -d e h y d ro c o r t i ­

c o s te ro n e ,  an o x id a t io n  p ro d u c t  o f  c o r t i c o s te r o n e ,  and c o r t i s o n e ,  an 

o x id a t io n  p ro d u c t o f  c o r t i s o l .  The v a lu e s  f o r  m ass and p e rc e n t  o f  sub­

s t r a t e  c o n v e rte d  i n  m ost c a s e s  i s  v e ry  lo w . U - D e l^ d ro c o r t ic o s te ro n e  

i s  h ig h e s t  f o r  th e  c o n t r o l  t i s s u e  in c u b a te d  th r e e  h o u r s ,  i h i c h  i s  a ls o  

h ig h e s t  f o r  c o r t i c o s te r o n e .  S im i la r ly ,  c o r t i s o n e  i s  h ig h e s t  i n  th e  

p o rc in e  A C TH -stim ulated t i s s u e  in c u b a te d  th r e e  h o u rs ,  i n  ih ic h  th e
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Q. TABLE C o r t is o l -2 1 -a c e t a te  b io s y n t h e s is  fo l lo w in g  p o r c in e  and r a b b it  ACTH s tim tû a tio n ,

■D
CD

C/)

o'3
O

8

( O '

3.
3 "
CD

CD■D
O
Q.C
a
o
3

■D
O

CD
Q.

■D
CD

C/)
C /)

Adrenal
T issue

mg
Equivalent

T issue

% Recovery^
"■2--------

n
C ortisol-21-A c

Average 
pg± I s

% Conversion^ 
of Substrate

Average 
% Conversion

Porcine 100 9S .0 32.3 16,5
3 Hour 100 76.1 37.7 32.8+U.5 16 .0 16.3+0,3

100 75 .3 28,5 16 .3

Rabbit 100 37 oU U.2 3.6
3 Hour 100 75.9 3.2 3.5+0,6 1 ,2 U.9+1.8

100 62 .6 3.2 6 ,9

Control 100 77.0 0 .8 1 .5
3 Hour 100 8U.U 0 ,6 0.6+0.1 0 .9 1 .2+ 0 .3

100 67.1 0 ,5 1 ,2

Porcine 100 16,7 0 0
0 Hour 100 70.5 0 ,2 0 0 0

100 77.5 0 0

Rabbit 100 58 ,3 0 0
0 Hour 100 18 .5 0 .3 0 0 0

100 19 .9 0 0

Control 100 82.1 0 ,2 0
0 Hour 100 72,6 0 0 0 0

100 82,5 0 0

^Adjusted such th a t maximum i> recovery not greater than 
Corrected fo r  d ilu tio n  fa c to r , average blank value, and % recovery. 

^Corrected fo r  % recovery.
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TABLE 6 .  C o r t ic o s te r o n e -2 1 -a c e ta te  b io s y n t h e s is  fo l lo w in g  p o r c in e  and r a b b it  ACTH s t im u la t io n .

■D
CD

C /)
C /)

CD

8

Adrenal
T issue

mg
Equivalent

T issue

%
Recovery C orticosterone-

21-Ac

Average
pg+ls Conversion g 

of Substrate

Average % 
Substrate  
Conversion

Porcine 100 83.8 26.0 18.6
3 Hour 100 90.1 25.1 2 6 .U il.5 17.7 18,6+0.9

100 51.7 28.0 19.6

Rabbit 100 89.3 27.1 23.9
3 Hour 100 70.0 27.3 30. 0+3.1 23.3 2U.1+0.9

100 63.2 35.5 25.0

Control 100 101.5 51.7 30.3
3 Hour 100 107.0 58.1 51 . 8+6.8 33.I4 31.1+1.9

100 75.5 iiU.5 29.7

Porcine 100 25.0 0 0
0 Hour 100 26.7 0 0 0 0

100 71.9 0 0

Rabbit 100 30.1 0 0
0 Hour 100 U5.9 0 0 0 0

100 73.9 0 0

Control 100 35.9 0 0
0 Hour 100 73.2 0 0 0 0

100 73.7 0 0

3.
3 "
CD

CD■D
O
Q.
C
aO3
"O
O

CD
Q.

■D
CD

C /)
C /)

^Corrected fo r  d ilu tio n  fa c to r , average blank va lue, and % recovery. 
^Corrected fo r  % recovery.
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Q .1 TABLE 7o l l -D e o x y c o r t ic o s te r o n e -2 1 -a c e ta te  b io s y n t h e s is  fo l lo w in g  p o r c in e  and r a b b it  ACTH s t im n la t io n .

■o
CD

C /)(/)
o'
=5

8

cq'

=5
CD

CP-=T
CD

CD
■o
O
Q .Ca
o
=5

■o
o

&

oc
■o

CD

C/)

o'
=5

Adrenal
T issu e

mg
E q u iv a len t

T issu e

%
Recovery D eoaycorticosterone-

21-Ac

Average
Pg+l8

55
Conversion « 

o f S u b s tra te

Average ^ 
Conversion 

Jig+ls

P o rc ine 100 59.9 1 .5 0
3 Hour 100 2k .8 k .8 . 3.2+1.6 0 0

100 5k.U (2 .0 )k 0

R abb it 100 63,2 1 .9 0
3 Hour 100 58 .1 1.3+0.7 0 0

100 5 k .8 0 .6 (o .k ) 0

C on tro l 100 60.9 0 .9 0
3 Hour 100 58.7 0 .9 0.9+0 0 0

100 58 .1 — — (0 .2 ) 0

P o rc in e 100 68 .0 1 .7 k .2
0 Hour 100 60.7 0 .9 1 .2±0.9 1 ,0 2.0+1,9

100 67.1 0 .9 0 .9

R abbit 100 77.3 0 .6 0 .9
0 Hour 100 6 9 .3 0 .7 0 .9+0 .2 0 .9 l.Q +0,1

100 66.6 1 .3 1 .0

C o n tro l 100 6 k .5 0 .9 0.8
0 Hour 100 72.2 0 .2 0.7+0.7 0,7 1 ,0+ 0 .3

100 57 .1 1 .1 1 .3

^C orrected  f o r  d i lu t io n  f a c to r  and average b lank  value . 
C orrec ted  fo rjK  reco v ery .

3 (—) In d ic a te s  no v a lu e  o b ta in ed .
% es8  average zero hour v a lu e .
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Q. TABLE 8 .  D e h y d r o c o r tic o s te r o n e -2 1 -a c e ta te  b io s y n t h e s is  fo l lo w in g  p o r c in e  and r a b b it  ACTH s t im u la t io n  «

■D
CD

C/)W
o"3
O

8

ci'

3
3 "
CD

CD■D
O
Q.
C
aO
3

■D
O

CD
Q.

■D
CD

C /)
C / )

Adrenal
T issue

mg
E qu iva len t

T issue
D ehydroco rtico ste rone-

21-Ac

A v e rse
p g t l s

$
Conversion 

o f  S u b s tra te

Average 
% Conversion 

p g t ls

P o rc in e 100 119.$ 2 12.7
3 Hour 100 0 .$ 1 .9+1 .9 13.2 12,9+0.3

100 3.2 (l.U )3 12.7 (1 2 .8 )3

R abb it 100 0 ,2 12.$
3 Hour 100 3.8 2.U±1,9 13.$ I k . l i l . k

100 3.3 (1 .$ ) 16.2 (ik .O )

C on tro l 100 2,U I k . 3
3 Hour 100 1 ,6 2,$+1,0 17 .0 1$.1±1,7

100 3,6 (2 .0 ) 13.9 (1$.0)

P o rc in e 100 0 .6 0,2
0 Hour 100 0 .7 0 .$ t0 .1 0 ,1 0,1+0

100 0 .1 0 ,1

R abb it 100 1 .3 0 ,1
0 Hour 100 1 .2 0 .9+0.6 0 .3 0.1±0.1

100 0 ,2 0 .1

C on tro l 100 o.U 0 .1
0 Hour 100 0 .6 0.$+0.1 0 .1 0.1*0

100 0 ,$ 0 ,1

^k > rrec ted  f o r  d i lu t io n  f a c to r  and average b lank va lue  < 
^Value o f  119.$ ptg n o t inc luded  in  t h i s  f ig u r e .
% e ss  average zero hour v a lu e .
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TABLE 9 . C o r t is o n e -2 1 -a c e ta te  b io s y n t h e s is  fo l lo w in g  p o r c in e  and r a b b it  ACTH s t im u la t io n .

"O
CD

C/)W
o"3
O

8

ci'

Adrenal
T issue

mg
Equivalent

T issue
C ortisone-

21-Ac

Average
jag+ls

%
Conversion 

o f  Substrate

Avprage 
% Conversion 

i l s

Porcine 100 1 .8 1 .7
3 Hour 100 1 .8 1.7±0.2 1 .6 l.^ iO .3

100 l . l 1 .2

Rabbit 100 0 .8 0.7
3 Hour 100 O.U o.Uto.U 0.8 O.^iO.U

100 0 .1 0 .1

Control 100 o.U 0 .2
3 Hour 100 0 .2 O .31O .I 0 .2 O .liO .l

100 0 .2 0

P orcine 100 0 0
0 Hour 100 0 0 0 0

100 0 0

Control 100 0 0
0 Hour 100 0 0 0 0

100 0 0

a
3 "
CD

CD■D
O
Q .
C
aO
3

■D
O

CD
Q .

■D
CD

C / )
C / )

^Corrected fo r  d ilu t io n  fa c to r  and average blank value.
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c o r t i s o l  p ro d u c tio n  was th e  g r e a t e s t .  I n  b o th  c a s e s  th e  r a b b i t  ACTH- 

s t im u la te d  t i s s u e  i s  in te rm e d ia te  f o r  c o r t i s o l  and c o r t i c o s te r o n e ,  a s  

w e ll  a s  t h e i r  o x id a t io n  p r o d u c ts .  The r e v e r s e  s i t u a t i o n  i s  o b se rv ed  

f o r  11-d e o x y c o r t ic o s te ro n e  a s  th e  p o rc in e  A C TH -stim ulated t i s s u e  showed 

th e  h i p e s t  p ro d u c tio n  o f  th d s  compound, b u t  was lo w e s t  i n  c o r t i c o s t e r ­

o n e .

T ab le  12 r e c o rd s  th e  combined av erag e  v a lu e s  f o r  m ass and p e r c e n t  

s u b s t r a t e  c o n v e r te d  to  1 7 -d e a x y c o r t ic o id s  and t o  1 7 ^ -h y d ro x y c o r tic o id s . 

As i n  T ab le  1 1 , t h e  r a t i o  o f  l? o f -h y d ra x y c o r tic o id s  to  1 7 -d e o x y c o r tic o id s  

i s  c a l c u l a t e d .  The r a t i o s  o f  c o r t i s o l  to  c o r t i c o s te r o n e  and th e  r a t i o s  

o f  th e  combined IT b c - ty d ro x y c o rtic o id s  t o  1 7 -d e o x y c o r tic o id s  a re  v e ry  

s im i l a r .

P re g n e n o lo n e -U -^ C  n o t  c o n v e r te d  to  o th e r  compounds i s  l i s t e d  i n  

T ab le  13 a s  a  p e r c e n t  o f  t o t a l  s u b s t r a t e  b e fo re  in c u b a t io n .  The sum o f  

th e s e  v a lu e s  and th e  p e r c e n t  c o n v e rs io n  o f  s u b s t r a t e  v a lu e s  from  T a b le s  

$ th ro u g h  9 g iv e s  an  e s t im a te  o f  th e  p e r c e n t  o f  th e  s u b s t r a t e  id iich  can  

be  acco u n ted  f o r .  T h is  v a lu e  f o r  a l l  f l a s k s  was c o n s i s t e n t  and ran g ed  

n e a r  ^0  p e r c e n t .

T a b le s  lij. and 1$ in c lu d e  th e  d a ta  from  th e  in c u b a tio n  o f  s t e e r  and 

p o rc in e  ACTH s t im u la te d  a d re n a l  hom ogenates id iich  was pe rfo rm ed  p r i o r  

t o  th e  one d e s c r ib e d  ab o v e . S in c e  t h i s  was a c t u a l l y  a  p r e l im in a ry  ex­

p e rim e n t d e s ig n e d  to  t e s t  th e  p ro c e d u re s  to  b e  u se d  w ith  th e  r a b b i t  ACTH 

p r e p a r a t io n ,  o n ly  c o r t i s o l  and c o r t i c o s te r o n e  i n  t h e i r  a c e ty la te d  fo rm s 

were i s o l a t e d  and q u a n t i t a t i v e l y  d e te rm in e d  f o r  m ass and r a d i o a c t i v i t y .  

T ra c e r  q u a n t i t i e s  o f  t h e s e  two compounds were added p r i o r  t o  e x t r a c t io n  

i n  o rd e r  to  d e te rm in e  th e  p e r c e n t  o f  each  ccanpound re c o v e re d . T ab le  16
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c o n ta in s  th e  av e rag e  v a lu e s  f o r  th e  m ass and p e r c e n t  c o n v e rs io n  o f  sub­

s t r a t e  t o  c o r t i s o l  and c o r t i c o s te r o n e .  I t  can  be  o b se rv ed  t h a t  th e  

s ta n d a rd  d e v ia t io n  o f  c e r t a i n  q u a n t i t i e s  i s  v e ry  g r e a t .  A lso , no non­

s t im u la te d  c o n t r o l s  were ru n  s in c e  r e s u l t s  from  p re v io u s  in c u b a tio n s  

would s e rv e  f o r  com parison  (F e v o ld , 1968) . Com parison w ith  th e  p r e ­

v io u s ly  d e s c r ib e d  in c u b a tio n  shows a  d e f i n i t e  in c r e a s e  i n  c o r t i s o l  f o r  

b o th  th e  p o rc in e  and s t e e r  A C TH -stim ulated t i s s u e s  a s  compared to  th e  

e x p ec te d  p ro d u c tio n  b y  n o n -s t im u la te d  t i s s u e .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Q . TABLE 13o S u b s tr a te  co n v ers io n  and r eco v ery  a f t e r  in c u b a tio n  and chrom atographic se p a r a t io n .

■D
CD

C/)W
o"3
O

8

C Q '3"
i
3
CD

3 .
3 "
CD

CD■D
O
Q .
C
aO
3

■D
O

CD
Q .

■D
CD

C /)
C / )

A drenal
T issu e

Sum o f % 
Conversion 
Values^

% P re ^ i j io lo n e -  

Recovered

Average
i l s

% S u b s tra te  
Accounted f o r

P o rc in e 50.2 l.U
3 Hour 1 .2 1.1+O.U 51 .3

0 .6

R abb it li5oIi 0 .5
3 Hour O.U 0.9*0.7 U l.6

1 .7

C o n tro l 1x9,2 1 .0
3 Hour 1 .2 1.2±0.2 50.U

l .U

P o rc in e 2.1 39.9
0 Hour 50.5 U7.1+6.2 U9.2

50.8

R abb it 1 .1 55.9
0 Hour 56.5 55 .6 t3 .0 57.0

53.5

C on tro l 1 .0 5U.5
0 Hour 5U.5 58.3±6.5 58.7

65.8

^Sum o f  (c) and (D) from Table 1.
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Q . TABLE lU® C o r t i s o l - 2 1 -a c e ta te  b io s y n t h e s is  due t o  p o r c in e  and s t e e r  ACTH s t im u la t io n ,

"O
CD

C /)W
o"3
O

8

C Q '

Adrenal rag
Equivalent

T issue

% Recovery Cortisol-21-A c^ Average
p

Conversion 
o f  Substrate

Average % 
Substrate  
Conversion

Porcine 100 95.il ii6 .3 11.7
#1 100 93.0 18 .3 26.0±10.2 10 .0 10.96

3 Hour 100 85 .li 20.7 (22 .7 )3 9 .3
100 8 6 ,L 18 .7 8 .7

Porcine 100 93.1 33.1 10.5
#2 100 100.0 16.2 19.5+6.8 12.6 10.76

3 Hour 100 87.2 11.2 (17.0) 7 .8
100 92 .3 17 .6 9.U

S teer 90 8U.9 19 .3 lU .2+5.1 6.U1 7.32
3 Hour 90 99.1 9 .0 (12.9) 8.23

P orcine #1 100 50.1 5 .2 3.3+ 0 0 .20
0 Hour 100 90.7 l.U O.U

Porcine n 100 31.8 3.9 2.5 0 0 .10
0 Hour 100 86 .6 1 .0 0 .2

S teer 90 73.it 2.U 1 .3 0.28 0.U6
0 Hour 90 95.3 0 .1 0.6U

3
3 "
CD

CD■D
O
Q .
C
aO
3

■D
O

CD
Q .

■D
CD

C / )
C / )

^ C o rrec ted  fo r  d i lu t io n  f a c to r ,  % average b lan k , and % recovery . 
^C orrec ted  to  100$ reco v ery .
^Average l e s s  zero hour v a lu e .
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Q . TABLE 1 $ . C o r tic o s te r o n e -2 1 -A c e ta te  b io s y n t h e s is  due to  p o r c in e  and s t e e r  ACTH s t im u la t io n .

"O
CD

C/)W
o"3
O

8

C Q '

Source o f mg
E qu iva len t

T issu e

% Recovery^ C o rtic o s te ro n e -
21-Ac^

Average
2

% Conversion 
o f S u b s tra te

Average % 
S u b s tra te  

Conversion

P o rc in e 100 57.7 0 1 8 .9 , 2 .1
#1 100 57.8 1 .1 ( 0)3 2.U 2 .0

3 Hour 100 ii6.7 30.1 1 .7
100 l a . i Wt.5 1 .7

P o rc in e 100 5 1 .Ul 0 2.1
#2 100 56.7 0 0 2.U 2.2

3 Hour 100 51.2 0 (0) 2 .3
100 UU.6 0 1 .9

S te e r 90 5 5 .U 10.9 3U.1 5 .3 5.U
3 Hour 90 56.5 U7.3 (20 .1) 5 .5

P o rc in e  #1 100 36.5 0 22.5 0 0
0 Hour 100 31.7 U5.1 0

P o rc in e  #2 100 U l.7 23.1 55 .0 0 0
0 Hour 100 19.7 88.8 0

S te e r 90 51.2 15.6 lU .o 0 0
0 Hour 90 60 .6 12.5 0

3
3 "
CD

CD■D
O
Q .
C
aO
3

■D
O

CD
Q .

■D
CD

C / )
C / )

^C orrected  f o r  d i lu t io n  f a c to r ,  % average b lan k , and % recovery . 
^C orrected  to  lOOjC reco v ery .
^Average l e s s  zero hour v a lu e .
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CD
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C Q '3"
1
3
CD
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CD

CD■D
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C
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O

TABLE 16 o Summary o f d a ta  from T ab les iL  and 1$ and r a t i o s  o f  C ortiso l-21-A c to  C orticosterone-21-A c

A drenal
T issu e

(a)  C orticosterone*21-A c
Average Mass Average % 

ug/100 mg T issue  Conversion

(B) C ortiso l-21-A c
Average Mass Average % 

ug/100 mg T issue  Conversion

R atio  (B)/(A)
Mass/Mass %

Conversion

P o rc in e  #1 
3 Hour

1 8 .9 20.0 26.0 9 .9 l .U 5 .0

P o rc in e  #2 
3 Hour

0 2.2 19.5 10.1 OO U.6

S te e r  
3 Hour

3 k .l S . 3 l b . 2 7 .3 O.U l .U

CD
Q .

■D
CD

C /)
C / )



CHAPTER V 

DISCUSSION

To d a te ,  a l l  s tu d ie s  in v o lv in g  c o r t i c o t r o p in  have u sed  th e  ACTH 

m o lecu le  e x t r a c te d  frcm  p i  t u i  t a r i e s  o f  c o r t i s o l - p ro d u c in g  s p e c ie s  such 

a s  th e  p i g ,  cow, o r  sh e e p . The work o f  Morozova (1966) and F ev o ld  (1968) 

c o n ce rn in g  an a l t e r a t i o n  i n  th e  r a t i o  o f  c o r t i s o l  to  c o r t i c o s te r o n e  p r o ­

duced by  th e  r a b b i t  a d re n a l  c o r te x  fo llo w in g  c h ro n ic  ^  v iv o  s t im u la t io n  

w ith  ACTH was c a r r i e d  o u t u s in g  c o r t i c o t r o p in  from  a  c o r t i s o l -p ro d u c in g  

s p e c ie s ,  t h e  p i g .  I t  was th e  g o a l o f  th e  p r e s e n t  p r o j e c t  to  i s o l a t e  

ACTH from  r a b b i t  p i  t u i  t a r i e s  and t o  compare th e  e f f e c t s  o f  c h ro n ic  s tim ­

u l a t i o n  from  t h i s  hormone on th e  r a b b i t  a d re n a l  c o r te x  w ith  th o s e  e f f e c t s  

r e s u l t i n g  from  s t im u la t io n  w ith  p o rc in e  and b o v in e  ACTH,

ACTH was f i r s t  i s o l a t e d  from  s t e e r  p i t u i t a r i e s  i n  o rd e r  to  e s t a b l i s h  

th e  p ro c e d u re  o f  e x t r a c t i o n ,  a s s a y , and s t im u la t io n  o f  r a b b i t  a d re n a l  

t i s s u e  b e fo re  w orking w ith  th e  more e x p en siv e  r a b b i t  p i t u i t a r i e s .  Ap­

p ro x im a te ly  l i t , 000 f ro z e n  r a b b i t  p i  t u i  t a r i e s  a r e  r e q u i r e d  to  p ro v id e  one 

k ilo g ra m  o f  t i s s u e ,  id ie re a s  a p p ro x im a te ly  100 s t e e r  p i  t u i  t a r i  e s  a r e  r e ­

q u ir e d .  T h a t a  s l i g h t l y  g r e a t e r  amount o f  a c id -a c e to n e  powder ( 2 8 .6  g /  

kg) was o b ta in e d  from  th e  r a b b i t  g la n d s  th a n  from  th e  s t e e r  (2 3 .6  g /kg ) 

may have been  due to  an i n h e r e n t  d i f f e r e n c e  i n  th e  amount o f  ACTH (and 

o th e r  p o ly p e p t id e s  o f  s im i l a r  s i z e  and c h a r a c t e r i s t i c s )  p r e s e n t  p e r  

k ilo g ram  o f  p i t u i t a r y  t i s s u e  a c c o rd in g  to  s p e c ie s ,  a s  w e ll  a s  a  h o s t  o f  

o th e r  p o s s i b i l i t i e s  such  a s  th e  c o n d i t io n  o f  th e  an im als  b e fo re  s la u g h ­

t e r ,  th e  m ethod o f  s l a u g h te r ,  th e  le n g th  and m anner o f  s to ra g e  o f  th e

61
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t i s s u e  b e fo r e  u s e ,  or  th e  la b o r a to r y  tech n iq u e  u sed  in  e x tr a c t io n  o f  th e  

ACTH f r a c t i o n .  A lth ough  th e  method o f  e x tr a c t io n  was th e  same, some 

d i f f i c u l t y  was en cou n tered  in  rem oval o f  th e  AAP from th e  f i l t e r  p a p er ,  

e s p e c i a l l y  a f t e r  th e  s u c t io n  d ry in g  i n  a  Buchner fu n n e l fo llo w in g  th e  

f i n a l  a c e to n e  w a sh in g . A ls o ,  th e  d i f f e r e n c e  i n  a c t i v i t y  o f  th e s e  two 

c o r t ic o tr o p in  f r a c t io n s  may b e a t t r ib u t a b le  to  one o r  more o f  th e  above 

c a u s e s .  I t  would b e  o f  i n t e r e s t  t o  d eterm in e more c l o s e ly  th e  r e l a t i v e  

amounts and a c t i v i t i e s  o f  th e  ACTH i n  th e  p i t u i t a r i e s  from th e s e  two 

s p e c ie s ,  b u t  fu r th e r  in v e s t ig a t io n s  would be n e c e s s a r y  t o  a llo w  more 

m ea n in g fu l c o n c lu s io n s .

I n  com paring th e  b i o l o g i c a l  a c t i v i t y  o f  th e  two p r e p a r a t io n s , Dixon  

( 196U) s u g g e s ts  t h a t  even  a  s in g l e  s e t  o f  c o n d it io n s  d oes n o t  gu aran tee  

a un iq u e answer f o r  th e  p o t « ic y  r a t io  o f  a  p a ir  o f  su b s ta n c e s . The a c ­

cu ra cy  o f  s lo p e  com parison o f  d o se -r e sp o n se  cu rv es  f o r  two hormone 

p r e p a r a tio n s  i s  dependent upon th e  d o se  l e v e l s  u se d . A ls o , th e  a c t i v i t y  

o f  sam ples c o n ta in in g  th e  same a c t iv e  su b sta n ce  may d i f f e r  even though  

th e y  a re  s im ila r  e x c e p t  f o r  m inor co n ta m in a n ts. D ixon warns th a t  th e  

a c t i v i t y  found may a p p ly  o n ly  t o  th e  a ssa y  c o n d it io n s  u se d , and to  no 

o th e r  c o n d it io n s .  He fu r th e r  n o te s  th a t  s in c e  th e  n a tu r e  o f  hormone 

a c t io n  i s  n o t  known, i t  may r e q u ir e  s e v e r a l  c o n s e c u t iv e  r e a c t io n s  a s  in  

th e  c a s e  o f  a  m u lt i  s t e p  angym atic r e a c t io n ,  th e  e x te n t  t o  ih ic h  each  o f  

th e s e  r e a c t io n s  a f f e c t s  th e  w hole v a r y in g  w ith  th e  c o n d it ic m s . I n  o th e r  

w ords, th e  a c t i v i t i e s  o f  th e  v a r io u s  ACTH f r a c t io n s  u sed  in  t h i s  p r o j e c t  

were determ ined b y  th e  t o  v i t r o  r a t  a d ren a l a s sa y s  and may o n ly  demon­

s t r a t e  th e  a b i l i t i e s  o f  th e  v a r io u s  ACTH f r a c t io n s  to  e l i c i t  c o r t i c o ­

s t e r o id s  under th e s e  ^ e c i f i c  c o n d it io n s .  The a c t i v i t i e s  d eterm in ed  by
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t h i s  m eans, t h e r e f o r e ,  magr n o t  r e f l e c t  th e  r e l a t i v e  a c t i v i t i e s  o f  th e s e  

p r e p a r a t io n s  i n  th e  r a b b i t  s t im u la t io n  s tu d ie s  to  be  d is c u s s e d  l a t e r .

Some p o s s ib l e  re a so n s  f o r  v a r i a t i o n  i n  Hie r e l a t i v e  a c t i v i t i e s  o f  two 

hormone p r e p a r a t io n s  u n der d i f f e r i n g  c o n d it io n s  w i l l  b e  c o n s id e re d  in  

more d e t a i l  i n  th e  d is c u s s io n  o f  s t r u c t u r a l  v a r i a t i o n s  o f  th e  ACTH m ole­

c u le .  V a r ia t io n s  i n  hom ogeniety  among th e  th r e e  ACTH p r e p a r a t io n s  was 

i l l u s t r a t e d  b y  d i s c  e le c t r o p h o r e s i s .  The p o rc in e  ACTH was e s s e n t i a l l y  

p u re ,  w h ile  th e  r a b b i t  and s t e e r  ACTH p re p a r a t io n s  appeared  to  c o n ta in  

num erous p r o t e i n s .  T hus, on t h i s  b a s i s  i t  would be  ex p ec ted  t h a t  th e  

s t e e r  ACTH p r e p a r a t io n ,  id iich  was m ost h e te ro g e n e o u s , would be  th e  l e a s t  

a c t iv e  and th e  p o rc in e  m ost a c t i v e .

F u r th e r  o b s e rv a t io n s  can  b e  drawn from  th e  e le c t r o p h o r e t i c  r e s u l t s .  

C onparison  o f  th e  e le c t r o p h o r e t i c  m o b i l i ty  o f  th e  m ajo r band i n  each 

g e l ,  assum ing t h i s  band r e p r e s e n ts  th e  ACTH p o ly p e p t id e ,  r e f l e c t s  th e  

s t r u c t u r a l  s i m i l a r i t i e s  and v a r i a t i o n s  o f  th e  m o le cu le s  b e in g  com pared. 

A lthough th e  s t r u c tu r e  o f  th e  r a b b i t  c o r t i c o t r o p in  was n o t  i n v e s t i g a t e d ,  

a  few  o b s e rv a t io n s  can b e  made from  th e s e  e le c t r o p h o r e t i c  r e s u l t s  coiqpled 

w ith  p re v io u s  know ledge o f  o th e r  ACTH m o le c u le s  from  th e  l i t e r a t u r e .  I t  

was d em o n stra ted  t h a t  th e  m o b i l i t i e s  o f  th e  m ajor bands were s im i la r  f o r  

each  p r e p a r a t io n  i n  b o th  th e  a c id  and b a s ic  sy s te m s. F ig u re  1 i l l u s ­

t r a t e s  th e  known p r im a ry  s t r u c t u r e  o f  p o rc in e  and b o v in e  ACTH m o le c u le s , 

a s  w e ll  a s  th e  s t r u c tu r e  o f  th e  human and sheep c o r t i c o t r o p in  (Hofmann, 

1962) . B ecause a l l  c o r t i c o t r o p i n s  th u s  f a r  s tu d ie d  c o n ta in  39 amino 

a c id  r e s id u e s ,  i t  i s  l i k e l y  t h a t  r a b b i t  ACTH a ls o  c o n ta in s  t h a t  num ber. 

The s i m i l a r i t y  i n  e l e c t r o p h o r e t i c  m o b i l i ty  o f  th e  r a b b i t  ACTH to  t h a t  

o f  s t e e r  and p o rc in e  ACTH, a s  w e ll  a s  th e  s i m i l a r i t y  o f  t h e i r  e lu t io n
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g r a d ie n ts  on C M -celliilo se  chrom atography  column te n d  to  co n firm  t h i s  

c o n c lu s io n . The p r im a ry  s t r u c tu r e s  o f  a l l  ACTH m o le cu le s  th u s  f a r  i n ­

v e s t ig a te d  have  been  shown to  v a ry  i n  th e  re g io n  o f  r e s id u e s  2^-33 

(Hofbiann, 1962; L i and O e lo fse n , 196?) . F ig u re  1 i l l u s t r a t e s  t h a t  

b o v in e  ACTH d i f f e r s  from  p ro c in e  ACTH i n  th e  re g io n  o f r e s id u e s  27 

th ro u g h  31 <• The a la n in e ,  g lu ta m ic  a c id ,  and a s p a r t i c  a c id  r e s id u e s ,  

p o s i t io n s  27 , 28, and 29, r e s p e c t iv e ly ,  o f  th e  p o rc in e  m olecu le  can be  

found in  p o s i t io n s  28, 29 , and 30 o f  th e  b o v in e  m o le cu le . However, i n  

p o s i t io n s  29 and 31 o f  th e  b o v in e  m o lecu le  a g lu ta m ic  a c id  and s e r in e  

r e s id u e  r e p la c e  th e  g lu ta m in e  and le u c in e  r e s id u e s  o f  p o s i t io n s  30 and 

31 o f  th e  p o rc in e  m o le c u le . A t a c id ic  pH (U .3) th e  two m o lecu le s  would 

have a p p ro x im a te ly  th e  same n e t  e l e c t r o s t a t i c  ch arg e  an d , th e r e f o r e ,  b e  

e x p ec ted  to  have v i r t u a l l y  i d e n t i c a l  e le c t r o p h o r e t i c  m o b i l i ty .  However, 

a t  b a s ic  pH (9 .3 )  th e  two m o le c u le s  would d i f f e r  by  one n e t  n e g a t iv e  

charge  due to  th e  K -carboxy l g roup o f  th e  g lu tam ic  a c id  r e s id u e ,  p o s i ­

t io n  29 o f  th e  b o v in e  m o le c u le , c au s in g  th e  b o v in e  m o lecu le  to  have a 

g r e a te r  e le c t r o p h o r e t i c  m o b i l i ty .  S in c e  th e  m ajo r band o f  th e  r a b b i t  

p r e p a ra t io n  had th e  same m o b i l i ty  a s  th e  p o rc in e  p r e p a r a t io n  in  th e  

a c id  pH e le c t r o p h o r e s i s  system  and a  g r e a t e r  m o b i l i ty  th a n  e i t h e r  th e  

s t e e r  o r  p o rc in e  p r e p a r a t io n  in  th e  b a s ic  pH system , i t  i s  e v id a i t  t h a t  

i t s  p r im a ry  s t r u c tu r e  d i f f e r s  s l i g h t l y  from  b o th  th e  s t e e r  and th e  p o r ­

c in e  ACTH. From th e s e  o b s e rv a t io n s  i t  c a n n o t b e  de te rm in ed  in  which 

re g io n  o f  th e  m o le cu le  t h i s  d i f f e r e n c e ( s )  o c c u rs .

O ther a s p e c ts  o f  th e  ACTH m o le cu le  a re  a ls o  o f  i n t e r e s t .  I t  h a s  

been  dem onstra ted  t h a t  th e  NH2“te rm in a l  end o f  th e  ACTH m o lecu le  i s  

n e c e s s a ry  f o r  a d r e n a l - s t im u la t in g  a c t i v i t y .  W hite  (19^5) showed t h a t
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tr e a tm e n t o f  p o r c in e  ACTH w ith  le u c in e  am in op ep tid ase  f o r  s e v e r a l  hours  

b rou gh t about an approxim ate 5o p e r c e n t  rem oval o f  th e  S er  and Tyr r e s i ­

d u es i n  p o s i t i o n s  1  and 2 , and an approxim ate l 5  p e r c e n t  rem oval o f  th e  

S er  and Met r e s id u e s  o f  p o s i t i o n s  3 and U accom panied by a r e d u c tio n  in  

a d ren a l c o r t ic o t r o p ic  a c t i v i t y  o f  6U p e r c e n t .  The COOH-terminal p o r t io n ,  

on th e  o th e r  hand, appeanrs much l e s s  im p o rta n t, s in c e  s y n th e t ic  m o le c u le s  

c o n s is t in g  o f  2k (Schw yzer and Ka p p e le r , 1 9 6 3 ) , 23 (Hofmann e t  a l . ,  1 9 6 2 ) ,  

20 (HoAiann e t  a l . ,  1 9 6 2 ) , and 19 (L i ejb a l . ,  I9 6 0 ) amino a c id  r e s id u e s  

co rresp o n d in g  to  th e  H H g-term inus o f  th e  ACTH m o le cu le  e x h ib i t  h igh  

a d r e n a l-s t im u la t in g  a c t i v i t y .  Because th e  ACTH m o lecu le  e x i s t s  a s  a  

rand<M& c o i l  ( L i ,  1 9 6 2 ) , th e r e  i s  no secon d ary  o r  t e r t i a r y  s tr u c tu r e  to  

be a l t e r e d  by v a r ia t io n  in  th e  le n g th  o f  th e  prim ary amino a c id  s tr u c tu r e .

F e v o ld  ( 1968) d em onstrated  t h a t  s y n th e t ic  ^ ^ " ^ ^ -c o r t ic o tr o p in  had 

th e  a b i l i t y  to  in c r e a s e  c o r t i s o l  p ro d u ctio n  in  th e  r a b b it  adrenal c o r te x  

o f  an im als s t im u la te d  f o r  two d ays w ith  ch ro n ic  d o se s  o f  th e  hormone 

a n a lo g . T h is  s y n t h e t ic  c o r t ic o tr o p in  i s  fa sh io n e d  a f t e r  th e  2k NHg- 

t e im in a l amino a c id  r e s id u e s  o f  p o r c in e  ACTH, in d ic a t in g  th a t  a l l  o r  

p a r t  o f  th e  a b i l i t y  o f  ACTH t o  a l t e r  th e  b io s y n t h e t ic  pathw ay o f  th e  

r a b b it  ad ren a l c o r te x  l i e s  in  t h i s  p o r t io n  o f  th e  p o r c in e  ACTH m o le c u le .  

The apparent lo w er a c t i v i t y  o f  th e  s y n th e t ic  c o r t ic o tr o p in  f o r  in c r e a s ­

in g  th e  p ro d u ctio n  o f  c o r t i s o l  in  F ev o ld * s  experim ent may have b een  due 

to  p o s s ib le  a l t e r a t io n s  in  s tr u c tu r e  o f  th e  m o le cu le  ad*ter a d m in is tra ­

t i o n .  P r o t e o ly t ic  enzymes m igh t a t ta c k  th e  sm a ller  m o le cu le  more rea d ­

i l y  th u s  in a c t iv a t in g  i t  more q u ic k ly ,  a s  su g g e ste d  b y  Landon e t  a l .

(196U) . Or p o s s ib le  v a r ia t io n s  in  th e  r a t e  o f  tr a n sp o r t  from th e  s ig h t  

o f  a d m in is tr a tio n  to  th e  r e c e p to r  s i t e  in c lu d in g  tr a n sp o r t  through
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membrane b a r r i e r s  m igh t a f f e c t  th e  p o te n c y  (L i and O e lo fse n , 1 9 6 ? )•  The 

e f f e c t  o f  a l t e r i n g  th e  c o r t ic o s te r o id o g e n ic  pathw ay o f  th e  r a b b i t  a d re ­

n a l  c o r t e x ,  a lth o u g h  s i g n i f i c a n t l y  l e s s  th a n  t h a t  due to  n a t iv e  p o rc in e  

ACTH, i s  d e f i n i t e l y  c h a r a c t e r i s t i c  o f  th e  N H g-term inal 2h amino a c id  

p o r t io n  o f  th e  ACTH m o le c u le .

T h a t th e  s t e e r  ACTH used  i n  t h i s  fâcperim ent was much l e s s  p u re  

th a n  th e  p o rc in e  ACTH was o b se rv ed  from  th e  e le c t r o p h o r e t ic  d a ta .  The 

c o n ta m in a n ts  may a f f e c t  th e  hormone m o lecu le s  i n  some way so to  acco u n t 

f o r  th e  lo w e r a c t i v i t y  o b se rv ed  i n  th e  r a b b i t  s t im u la t io n  experim en t 

even though  th e  a n im a ls  were s t im u la te d  w ith  «gaproxim ately th e  same 

number o f  u n i t s  o f  a c t i v i t y  a c c o rd in g  to  th e  r e s u l t s  o f  th e  r a t  a d re n a l 

a s s a y . T h e re fo re , th e  d i f f e r e n c e  o b se rv ed  i n  th e  e f f e c t  o f  s t e e r  ACTH 

on th e  r a b b i t  a d re n a l  c o r te x  a s  com pared to  t h a t  o f  th e  p o rc in e  ACTH 

may b e  due to  a  d i f f e r e n c e  i n  s t a b i l i t y  a n d /o r  s o l u b i l i t y  o f  th e  two 

c o r t i c o t r o p in  m o le c u le s .

The m ost im p o r ta n t  r e s u l t  o f  th e s e  e x p erim en ts  was t h a t  r a b b i t  

ACTH a ls o  showed th e  a b i l i t y  to  a l t e r  th e  b io s y n th e t ic  pathw ay o f  th e  

r a b b i t  a d re n a l  c o r te x  u n d e r c o n d it io n s  s im i la r  to  th o se  f o r  th e  p o rc in e ,  

s t e e r ,  and s y n th e t ic  honraones. I n  t h i s  a cp e rim e n t, a  g r e a te r  number o f  

u n i t s  o f  th e  r a b b i t  ACTH was a d m in is t r a te d  p e r  an im al p e r  day  th a n  o f 

th e  p o rc in e  ACTH. The r e s u l t i n g  change i n  th e  c o r t i c o s te r o id  p ro d u c tio n  

by  th e  r a b b i t  A C T H -stim ulated t i s s u e  was l e s s  th a n  t h a t  o f  th e  p o rc in e  

ACTH -stim ulated t i s s u e .  A g a in , t h i s  msy have been  due to  i t s  l e s s e r  

p u r i t y  o r  due to  i t s  lo w e r s o l u b i l i t y  a s  su g g e s te d  by  Hinman (1969) .

I t  i s  e v id e n t from  t h i s  t h a t  r a b b i t  ACTH h a s  c e r t a i n  a c t iv e  g ro u p s vdiich 

resem b le  th o se  o f  th e  p o r c in e  and b o v in e  m o le c u le , a s  w e ll a s  o f  th e
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^  ^ ^ - c o r t i c o t r o p i n »  I n  f a c t ,  from  t h e s e  c o m p a riso n s  and  p r e v io u s  know­

le d g e  o f  t h e  ACTH m o le c u le ,  i t  i s  q u i t e  l i k e l y  t h a t  th e  N H g -te rm in a l 2h 

am ino a c id  r e s i d u e s  o f  t h e  r a b b i t  ACTH a re  t h e  same a s  th o s e  o f  t h e  

o t h e r  t h r e e  m o le c u le s  c o n s id e r e d ,  a s  w e l l  a s  a l l  o t h e r  known s t r u c t u r e s  

o f  -ttie ACTH m o le c u le s .  H ow ever, i t  c a n n o t b e  r u l e d  t h a t  th e  1$ COOH- 

t e r m in a l  am ino a c id  r e s i d u e s  p l a y  no  p a r t  i n  t h i s  a c t i o n .  I t  i s  q u i t e  

p o s s i b l e  t h a t  th e  d e g re e  t o  w hich  th e  r a t i o  o f  c o r t i s o l  t o  c o r t i c o s t e r o n e  

i s  a l t e r e d  w ith  i d e n t i c a l  dosaiges u n d e r  i d e n t i c a l  c o n d i t io n s  i s  a  fu n c ­

t i o n  o f  c e r t a i n  am ino a c id  s id e -g ro tq p s  i n  t h i s  r e g io n ,  r a t h e r  th a n  o r  

a lo n g  w i th  v a r i a t i o n s  i n  s o l u b i l i t y  a n d /o r  s u s c e p t i b i l i t y  t o  d e g ra d a t io n  

o f  t h e  ACTH m o le c u le  m e n tio n e d  a b o v e . F u r t h e r ,  i t  i s  l i k e l y  t h a t  t h e  

ACTH m o le c u la r  s t r u c t u r e  d i f f e r s  n o  m ore b e tw een  c o r t i s o l  p ro d u c in g  

s p e c ie s  and c o r t i c o s t e r o n e  p ro d u c in g  s p e c ie s  th a n  among th e  v a r io u s  

c o r t i s o l  p ro d u c in g  s p e c i e s .  I t  i s  e v id e n t  from  th e s e  e x p e r im e n ts  t h a t  

t h e  d i f f e r e n c e s  i n  c o r t i c o s t e r o i d  o u tp u t  b y  th e  a d r e n a l  c o r t e x  i s  due 

to  a  d i f f e r e n c e  i n  t h e  c o m p o s it io n  o f  t h e  a d r e n a l  t i s s u e  r a t h e r  th a n  

t h e  s p e c i f i c  s t r u c t u r e  o f  t h e  c o r t i c o t r o p i n  m o le c u le .

T h u s , i t  i s  se e n  t h a t  s t e e r  and  r a b b i t  ACTH a f f e c t  th e  r a b b i t  

a d r e n a l  c o r t e x  a f t e r  p ro lo n g e d  s t i m u l a t i o n  j u s t  a s  p o r c in e  ACTH h%d 

p r e v io u s ly  b e e n  shown t o  a f f e c t  i t .  B ased  on h i s  f i n d in g s  t h a t  

p re g n e n o lo n e  i s  a  b e t t e r  p r e c u r s o r  o f  c o r t i s o l  th a n  i s  p r o g e s te r o n e  i n  

A C T H -stim u la ted  t i s s u e ,  F e v o ld  (1 9 6 ? ) s u g g e s ts  t h a t  th e  s h i f t  fro m  c o r ­

t i c o s t e r o n e  t o  c o r t i s o l  p r o d u c t io n  i s  d u e  t o  an in c r e a s e d  17of-hydroxy- 

l a s t  a c t i v i t y ,  b u t  w i th o u t  an acconq)anying d e c r e a s e  i n  21-h y d ro x y la s e  

a c t i v i t y  a s  s u g g e s te d  b y  K a ss  e t  (195U) • F o llo w in g  th e  t im e  c o u rs e  

o f  t h e  m e ta b o lism  o f  p re g n e n o lo n e -U -^ ^ C  b y  h cm o g en a tes  o f  a d r e n a l  t i s s u e
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fro m  A C T H -stim u la ted  r a b b i t s ,  F e v o ld  (1 969 ) p r e s e n te d  d i r e c t  e v id e n c e  

f o r  t h e  e x i s t e n c e  o f  a  c o r t i s o l  b i o s y n t h e t i c  pathwagr id iic h  b y p a s s e s  

p r o g e s te r o n e  w ith  1 % ^ -h y d ro x y p reg n en o lo n e ,  170 6 -h y d ro x y p ro g es te ro n e , and 

1 1 - d e o x y c o r t i  s o l  a s  i n t e r m e d ia t e s  b e tw een  p re g n e n o lo n e  and c o r t i s o l .  

T h ese  d a t a  do n o t  s\ç> po rt t h e  h y p o th e s is  o f  Tudaev and  M orozova (1965) 

t h a t  t h e  i n c r e a s e d  c o r t i s o l  p r o d u c t io n  b y  A C T H -stim ula ted  r a b b i t  a d re n a l  

t i s s u e  was due  to  p a r t i a l  i n h i b i t i o n  o f  th e  2 1 -h y d ro :q r la se ,  m aking m ore 

p r o g e s te r o n e  a v a i l a b l e  f o r  1 7 ^ h y d r o : ^ l a t i o n . A schem e o f  t h e  b io s y n ­

t h e t i c  p a th w ay  f rc m  ^ - p r e g n e n o lo n e  to  c o r t i s o l  and c o r t i c o s t e r o n e  i s  

p r e s e n te d  i n  F ig u r e  lU .

S e ly e  ( I9 k 6 )  h y p o th e s iz e d  th e  c e n t r a l  h o m e o s ta t ic  r o l e  o f  th e  

p i t u i t a r y - a d r a i o c o r t i c a l  a x i s ,  o r  " g ^ e r a l  a d a p ta t io n  sy n d rc m e ,” i n  an 

a t te m p t  t o  e x p la in  t h e  a b i l i t y  o f  an  o rg an ism  to  a d a p t  t o  s u s ta in e d  i n ­

j u r i o u s  o r  n o x io u s  e n v iro n m e n ta l  ch an g e s  th ro u g h  m o b i l i z a t io n  o f  i t s  

a d r e n o c o r t i c a l  h o rm o n es , t h e  p e r ip h a ^ a l  i n f lu e n c e s  o f  id iic h  a id  i n  t h i s  

a d a p t a t i o n .  E x h a u s tio n  o f  t h i s  a d r e n o c o r t i c a l  f u n c t io n  would te r m in a te  

t h i s  a b i l i t y  o f  t h e  o rg a n ism  t o  s u s t a i n  i t s  p h y s io lo g ic  a d a p ta t i o n ,  and 

u n d e r  c o n tin u e d  s t r e s s ,  c o u ld  l e a d  to  t h e  d e a th  o f  t h e  o rg a n ism . The 

m echanism  o f  th e  r a b b i t  a d r e n a l  c o r t e x  d i s c u s s e d  i n  t h i s  t h e s i s  may 

p l a y  a  r o l e  i n  t h i s  a d a p ta t i o n  syndrom e, i f  i t  d o e s  in d e e d  e x i s t  u n d e r  

n a t u r a l  c o n d i t i o n s ,  i . e . ,  i f  u n d e r  e x tre m e  s t r e s s  su ch  a s  t r a u m a t ic  

sh o c k , e x e r c i s e ,  i n f e c t i o u s  d i s e a s e ,  h e m o rrh a g e , s t a r v a t i o n ,  e x p o su re  

to  c o ld ,  h e a t ,  o x y g e n - la c k ,  o r  b u m s ,  r a d i a t i o n ,  o r  o v e rc ro w d in g  t h e  

r a b b i t  p i t u i t a r y  r e l e a s e s  e n d o g a io u s  ACTH a t  s u f f i c i e n t l y  h ig h  l e v e l s  

f o r  s u f f i c i e n t l y  lo n g  p e r i o d s  o f  t im e  a s  t o  b r i n g  a b o u t an in c r e a s e d  

c o r t i s o l  p r o d u c t io n .  T h is  w ould  b e  a d v a n ta g e o u s  t o  th e  a n im a l u n d e r
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s t r e s s  b e c a u s e  c o r t i s o l  and c o r t i s o l - l i k e  compounds ( e . g . ,  c o r t i s o n e )  

a r e  m ore p o t e n t  th a n  c o r t i c o s t e r o n e  and 1 1 - d e o x y c o r t ic o s te r o n e  i n  c e r ­

t a i n  f u n c t i o n s  o f  g l u c o c o r t i c o id s  su ch  a s  c a r b o h y d ra te  r e g u l a t i o n ,  a n t i ­

in f la m m a to ry  a c t i o n ,  and immune re s p o n s e  (Gorbman and B e rn , 1 9 6 2 ) .  A 

s w itc h  t o  a  m ore p o t e n t  horm one w ould r e q u i r e  p ro d u c t io n  o f  l e s s  ho rm onal 

m a t e r i a l  t o  m ee t th e  demand due t o  s t r e s s ,  o f f e r i n g  p r o t e c t i o n  o f  t h e  

a d r e n a l  t i s s u e  fro m  e x h a u s t io n .
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CHAPTER 71 

SUMMART

1 .  ACTH was I s o l a t e d  from  f r o z e n  s t e e r  and  r a b b i t  p i t u i t a r i e s .

2o T he a c t i v i t y  o f  t h e  s t e e r  and  r a b b i t  ACTH was e s t im a te d  b y  com paring  

t h e  i n c r e a s e  i n  ^ - 3- k e t o s t e r o i d  p ro d u c t io n  b y  q u a r te r e d  r a t  a d re n ­

a l s  w i th  t h a t  p ro d u c e d  b y  th e  p o r c in e  ACTH s ta n d a r d  o f  known a c t i v ­

i t y .

3 . The e l e c t r o p h o r e t i c  m o b i l i t y  o f  s t e e r ,  r a b b i t ,  and p o r c in e  ACTH w ere 

com pared  u n d e r  b a s i c  (pH 9 .2 )  and  a c i d i c  (pH U .3 ) c o n d i t i o n s . The 

p r e p a r a t i o n s  w ere  fo u n d  t o  v a r y  i n  num ber o f  e l e c t r o p h o r e t i c  b a n d s  

and  h e n c e  p u r i t y .  The m o b i l i t y  o f  th e  m a jo r  b a n d s , assum ed to  

r e p r e s e n t  t h e  ACTH p o ly p e p t id e s ,  w ere s i m i l a r ,  y e t  n o t  i d e n t i c a l .

U. R a b b its  w ere  i n j e c t e d  in t e r m u s c u la r ly  w ith  a p p ro x im a te ly  1*0 U n i ts  

o f  r a b b i t  ACTH o r  26 U n i t s  o f  s t e e r  o r  p o r c in e  ACTH tw ic e  d a i l y  f o r  

two d a y s .  C o n t r o ls  r e c e iv e d  o n ly  t h e  c a r r i e r  v e h ic l e .

The a d r e n a l  fro m  s i m i l a r l y  s t im u la te d  a n im a ls  w ere  p o o le d ,  homogen­

i z e d ,  and  in c u b a te d  w i th  a p p r o p i i a t e  c o f a c t o r s  i n  a  p h y s io lo g ic a l  

b u f f e r  a t  37.5®C f o r  two h o u r s .  A ^ -P re g n e n o lo n e -U -^ C  w as u s e d  a s  

s u b s t r a t e .

6 . The r e s u l t i n g  c o r t i c o s t e r o i d s  w ere  e x t r a c t e d  w ith  o rg a n ic  s o lv e n ts  

and  s e p a r a t e d  t y  a  s e r i e s  o f  d e s c e n d in g  p a p e r  ch ro m a to g ram s. P r o ­

d u c ts  w ere  a c e t y l a t e d  a t  p o s i t i o n  21 p r i o r  t o  f i n a l  c h ro m a to g ra p h y .

7 . The c o r t i c o s t e r o i d  a c e t a t e s  w ere a n a ly z e d  b y  th e  m ethod o f  P o r t e r  

and  S i l b e r  o r  th e  B lu e  t é t r a z o l iu m  m ethod  t o  d e te rm in e  t h e  m ass o f

71
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e a c h .  A ls o , l i q u i d  s c i n t i l l a t i o n  s p e c t ro m e try  was p e rfo rm e d  t o  

d e te rm in e  th e  p e r c e n t  o f  s u b s t r a t e  c o n v e r s io n .

8 .  I t  was fo u n d  t h a t  s t e e r ,  r a b b i t  and p o r c in e  ACTH a l l  c a u se d  an  

a l t e r a t i o n  o f  t h e  b io s y n ld ie t ic  pa th w ay  o f  t h e  r a b b i t  a d r e n a l  c o r ­

t e x .  C o n tro l  t i s s u e  p ro d u c e d  c o r t i c o s t e r o n e  w ith  o n ly  t r a c e  

am oun ts o f  c o r t i s o l ,  w h e re a s  th e  A C T H -stim ula ted  t i s s u e  showed a  

d e f i n i t e  i n c r e a s e  i n  c o r t i s o l  p r o d u c t io n  w ith  a  su b s e q u e n t d e c r e a s e  

i n  c o r t i c o s t e r o n e ,  i n d i c a t i n g  t h e  a c t i v a t i o n  o f  a  l?û (rh y d ro x y la s e  

s y s te m .

9 .  I t  was d e m o n s tra te d  b y  i h i s  t h a t  th e  i n c r e a s e  i n  c o r t i s o l  p ro d u c ­

t i o n  b y  th e  r a b b i t  a d r e n a l  c o r t e x  a f t e r  p ro lo n g e d  s t im u la t io n  w ith  

ACTH fro m  a  c o r t i s o l - p r o d u c i n g  s p e c i e s ,  i . e . ,  t h e  p i g ,  was n o t  due 

t o  t h e  s o u rc e  o f  t h e  ACTH, b u t  r a t h e r  a  phenom ena caramon t o  s t e e r  

ACTH, a l s o  a  c o r t i s o l  p r o d u c i i^  s p e c i e s ,  and r a b b i t  ACTH, a  c o r t i ­

c o s te r o n e  p ro d u c in g  s p e c i e s .
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