
INFORMATION TO USERS

The most advanced technology has been used to photograph and 
reproduce this manuscript from the microfilm master. UMI films the 
text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any 
type of computer printer.

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9” black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order.

University Microti m s  In te rna t iona l  
A Ben & H ow en in form ation  C o m p a n y  

3 0 0  N c ' t h Z e e b  R o a d  A nn  A rbor  Ml 4 8 1 0 6  1346  USA  
313  7 6 1 -4 7 0 0  8 0 0  5 2 1 - 0 6 0 0





O rd e r  N u m b e r  9020776

The role o f endopeptidase 24.15 in the m etabolism  o f LHRH  

Lasdun, Abraham M., Ph.D.

C ity  U niversity of New York, 1990

U M I
300 N. Zceb Rd.
Ann Arbor, MI 48106





y

THE ROLE OF ENDOPEPTIDASE 24.15 IN THE METABOLISM O F  LHRH

b y

A B R A H A M  M. L A S D U N

A dissertat ion submitted to the Graduate Faculty in the B iom edica l  

S c ien ce s  in partial fu lf i l lment o f  the requirements for the degree  of  

Doctor o f  Phi losophy,  The City University o f  N e w  York.

1 9 9 0



T h is  m a n u s c r ip t  has  b e e n  read and ac ce p te d  for  the G r a d u a t e  F acu l t y  in 

B i o m e d i c a l  S c i e n c e s  in sa t i s f a c t i o n  o f  the  d i s s e r t a t io n  r e q u i r e m e n t  fo r  the  

d e g r e e  o f  D o c t o r  o f  P h i lo sop hy .

D a t e  Dr.  M a r ia n  O r l o w s k i

C h a i r  o f  E x a m i n i n g  C o m m i t t e e

D a t e  Dr. T e r r y  A. Kru l wich

E x e c u t i v e  O f f i c e r

Dr. Sherwin Wilk.

Dr. Wil l iam P. Clarke  

Dr. James L. Roberts  

Dr. N e v i l l e  Marks  

S u p e r v i s o r y  C o m m i t t e e

T h e  Ci ty Unive rs i ty  o f  N e w  York



i i i

A b s t r a c t

T H E  R O L E  O F  EN DO PE PT ID A SE  24.15 IN T H E  ME TA BO LIS M OF LHRH

b y

A b r a h a m  M.  L a sd u n  

A dvi se r :  Dr.  M ar i an  O r l o w s k i ,  M.D. ,  P ro f e ss o r  o f  P h a r m a c o lo g y

P r e v i o u s  w o r k  in th i s  l a b o ra to r y  d e m o n s t r a t e d  that  p u r i f i e d  p r e p a r a t i o n s  o f  

c n d o p c p t i d a s c - 2 4 . 15 ( E P  2 4 . 1 5 ) ,  a z i n c - c o n t a i n i n g  m c t a l lo c n d o p c p t i d a . s e ,  c l e a v e s  

the T y r ^ - G l y ^  b on d  o f  lu t e in iz in g  h o r m o n e  r c l c a s i n g - h o r m o n c  ( L H R H ;  pG lu-  

H i s - T r p - S c r - T y r - G l y - L c u - A r g - P r o - G l y N H 2 )  (Or lowsk i  ct al.,  1983).  Th i s  e n z y m e  

has  bo th  so lu b l e  and  m e m b r a n e - a s s o c i a t e d  ac t iv i t i e s  ( A c k e r  ct al.,  1987)  and is 

p r e se n t  in the  b r a in ,  p i tu i t a r y  and  a l so pe r ip he ra l  t i s su es  ( C h u  a n d  O r l o w s k i ,  

1985).  S e v e r a l  su bs t r a t e s  as wel l  as poten t  ac t ive  s i t e -d i r ec t ed  in h ib i t o r s  o f  this 

e n z y m e  h a v e  been sy n th e s i z e d  in th i s  l abora to r y .  W e  hav e  used the se  

inh ib i to r s  to p rob e  the role o f  this  e n z y m e  in bo th  in  v i tro  and in  vivo  

m e t a b o l i s m  o f  L H R H  and its role in r egu la t in g  the r e sp ons e  o f  p i tu i t a ry  

g o n a d o t r o p c s  to  L H R H .  In m e m b r a n e  p r e p a r a t i o n s  o b t a i n e d  f rom the 

h y p o t h a l a m u s ,  an t e r i o r  p i tu i t ary ,  and  a l so  in intact  A tT  20 ce l l s ,  E P - 2 4 . 1 5  is the 

p r i m a r y  e n z y m e  r e s p o n s i b le  for  the d e g r a d a t i o n  o f  L H R H ,  c a t a l y z i n g  the 

c l e a v a g e  o f  the  T y r ^ - G l y ^  bond .  T h e  l ib e ra ted  N - l c r m in a l  p c n t a p c p t i d c  ( L H R H * "  

is then rap id ly  d e g r a d e d  fu r the r  to L H R H ^ ’ ^ by a n g i o t e n s i n  c o n v e r t i n g  

e n z y m e  ( A C E ) .  A d d i t io n  o f  E P  24 .15 inh ib i to r  to in c ub a t io n  m ix t u re s  e i the r  

c o m p l e t e l y  or ,  to a l a rge  de g re e ,  inh i b i t ed  L H R H  d e g r a d a t i o n  and  c o m p le t e ly  

abo l i sh e d  the  fo rm a t io n  o f  bo th  L H R H ^  and L H R H  * ' 3  m e ta b o l i t e s .  

E n d o p e p t i d a s c - 2 4 . 11 ( E P  2 4 . 1 1 ) ,  p r e s e n t  in th es e  m e m b r a n e  p r e p a r a t i o n s ,  a l so



i v

d e g r a d e d  L H R H ,  fo rm i n g  the L H R H * a n d  LH RH*  metabo l i t e s ,  a l thoug h  at a

m u c h  s l o w e r  rate .  T h e  r a t e - d e t e r m i n i n g  re a c t io n  in L H R H  d e g r a d a t i o n  by b r a in

and  p i tu i t ary ,  ev i den t ly ,  is the c l ea v ag e  o f  the  T y r ^ - G l y ^  bo nd  by E P  24.15.  

" S u pc r ac t i vc "  an a lo g s  o f  L H R H  in w h ich  G l y ^  w as  r ep laced  by a D -a m in o  acid

(" s u p c ra c t i v c "  L H R H  a n a l o g s  wi th  a D - a m i n o  ac id  su bs t i tu t io n  in po s i t io n  6 arc

h e n c e f o r th  r e f e r re d  to a s  " D - X a a ^ - a n a l o g s ") arc r e s is t an t  to d e g r a d a t i o n  by EP

24 .15 ;  r e s i s t a n c e  to th i s  p r im ary  d e g r a d i n g  ac t iv i ty  is h y p o t h e s i z e d  to 

c o n t r i b u t e  h e a v i l y  to t h e i r  s u p c r a c t i v c  p r o p e r t i e s .

In h ib i to r s  o f  E P - 2 4 . 1 5  arc s h o w n to  b lock the in vivo  d e g r a d a t i o n  o f  

i n t r a c c r c b r o v c n t r i c u l a r l y  ( I C V )  a nd  i n t r a v e n o u s l y  ( IV )  a d m i n i s t e r e d  L H R H .  

C o n c u r r e n t  I C V  a d m i n i s t r a t i o n  o f  L H R H  and  N- |  1- ( R S ) - c a r b o x y - 3 -  

p h c n y l p r o p y l ] - A l a - A l a - P h c - p - a m i n o b c n z . o a t c  ( c F P - A A F - p A B ) ,  a s p e c i f i c  

inh ib i t o r  o f  E P  24.15 ,  l ed to a m or e  than 10-fold inc rease  in L H R H  r eco ver y  

a b o v e  c o n t r o l s  t r ea te d  w i t h  L H R H  a lone.  A d m i n i s t r a t i o n  o f  N-( l - ( R S ) - c a r b o x y -  

3 - p h c n y l p r o p y l ] - P h c - p A B  ( c F P - F - p A B )  o r  c a p t o p r i l ,  i n h i b i t o r s  o f

" c n k c p h a l i n a s e "  ( E P  2 4 . 1 1 )  and a n g i o t e n s i n  c o n v e r t i n g  e n z y m e  ( A C E )  

r e s p e c t i v e l y ,  d i d  no t  s i g n i f i c a n t l y  in c r e a s e  L H R H  r e c o v e r y .  I n t r a v e n o u s  

a d m in i s t r a t i o n  o f  L H R H  and  e i t he r  c F P - F - p A B  or  c F P - A A F - p A B  bu t  not  ca p to pr i l ,  

led to  an inc rease  in the hal f- l i f e o f  L H R H  from 10 min  to 15 and 20 min  

r e s p e c t i v e l y .  C o n c u r r e n t  a d m i n i s t r a t i o n  o f  bo th  i n h ib i to r s  r e s u l t e d  in a

d r a m a t i c  8 - fo ld  inc rease  in the hal f - l i f e  o f  L H R H ,  s i m i la r  to  v a l u es  r ep or t ed  for

D - X a a ^ - a n a l o g s .  T h e  p o te n t i a t i n g  e f f ec t  o f  c F P - F - p A B  re su l t ed  f rom inh ib i t io n  

o f  the in  v ivo  degr ad a t i on  o f  c F P - A A F - p A B  by E P  24.11.  It is co n c lu d e d  that  EP  

24 .15  is the  d o m i n a n t  f ac to r  d e t e r m in in g  the in vivo  L H R H  d e g r a d a t i o n  bo th  in 

the  C N S  and  p e r ip h e ry ;  r e s i s t a nc e  to  th is  e n z y m e ,  th e re fo r e ,  is p r o b a b ly  the

f a c t o r  in the  p r o l o n g e d  ha l f - l i f e  o f  su p e r a c t i v e  an a lo g s .



T o  d e t e r m i n e  w h e t h e r  E P  24.15  ac t i v i ty  r e g u la te s  the  c o n c e n t r a t i o n  o f  

L H R H  r e a c h i n g  p i t u i t a r y  g o n a d o t r o p c s ,  c o n c e n t r a t i o n s  o f  p l a s m a  lu t e i n i z i n g  

h o r m o n e  ( L H )  and  fo l l ic l e  s t i m ul a t i ng  h o r m o n e  ( F S H )  w er e  m e a s u r e d  in rats  

a f t e r  ICV and  IV a d m in i s t r a t io n  o f  L H R H  a l one  o r  in c o n j u n c t i o n  wi th

in h ib i to r s  o f  E P  24 .15 .  In a n i m a l s  t r ea ted  wi th  N-[ 1- (R S ) - c a r b o x y - 3 -

p h c n y l p r o p y l  ] - A l a - A l a - T y r - p - a m i n o b c n z o a t c  ( c F P - A A Y - p A B )  a n d  c F P - A A F -  

pA B ,  two  potent  E P  24.15  inhibi tor s,  IV and ICV L H R H  in jec t ions  induced  a muc h  

g r e a t e r  a n d  lo n g e r - l a s t i n g  inc re as e  o f  p l a s m a  LH  and  F SH  c o n c e n t r a t i o n s  than

in c o n t ro l s  r ec e i v i ng  L H R H  a lone .  Th e  m a g n i t u d e  and du ra t i on  o f  the inc rea se s

w as  s im i la r  to those  af t er  admin i s t r a t ion  o f  [ D - T r p ^ j - L H R H  or  | D - L c u 6 ,dcs  Gly-  

N H 2 ^ ) - L H R H  c t hy la m id c ,  two  D - X a a ^ - a n a l o g s .

It is c o nc lu de d  that:  1) L H R H  deg ra d a t io n  by E P  24.15  l imi ts  the ma gn i tu de  

and  du ra t i o n  o f  the r e spon se  o f  the  p i tui t ary  to L H R H ;  and 2)  the inc reased  i n  

v i v o  ac t iv i ty  o f  the "supcrac t ivc"  L H R H  an a l ogs  can  la rge ly  be a t t r ibu ted  to

th e i r  r e s i s t a n c e  to  d e g r a d a t i o n  by E P - 2 4 . 15.

ICV  injec t ion  o f  a po tent  E P - 2 4 . 15 inh ib i t o r  a l o n e  ind uc es ,  a l th o u g h  on ly  

mi l d ly ,  a r ise in p l a s m a  LH le ve l s  in u r e th a n e - a n e s t h e t i z e d  rats ,  s u g g e s t i n g  that  

the e n z y m e  may  ha ve  a role in r egu l a t ing  e n d o g e n o u s  L H R H - s t i m u l a t c d  LH 

se c r e t i o n  by c o n t r o l l i n g  the  c o n c e n t r a t i o n  o f  s e c r e te d  L H R H  r e a c h i n g  the

p o r ta l  c i r c u l a t i o n  a nd  p i t u i t a r y  g o n a d o t r o p c s  in tac t .

In in v i tro  e x p e r i m e n t s  m e a s u r i n g  the  r ec o v er y  o f  L H R H  f o l l o w in g  KCI-

cv o k e d  re l ease ,  the  add i t ion  o f  E P  24.15  inh ib i t o r  in to  the in c u b a t i o n  m e d ia

d id  no t  in c re as e  L H R H  recovery .  T h i s  in d i ca te d ,  tha t  u n d e r  the  c o n d i t i o n s

u se d ,  no  a p p r e c i a b l e  d e g r a d a t i o n  o f  e n d o g e n o u s  L H R H  by h y p o t h a l a m i c

( m e m b r a n e )  E P  24 . 1 5  took p lace .  Th es e  f i nd in g s  arc r ea d i ly  u n d e r s t o o d  in

l ight  o f  the  low c o nc en t r a t io n  o f  L H R H  in the m e d ia  and  the shor t  (15 

m i n u t e )  p e r i o d  o f  in c u b a t i o n .
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INTRODUCTION

T h e  p r e s e n c e  o f  a h y p o t h a l a m i c  L u t e i n i z i n g  H o r m o n e - R e l e a s i n g  

H o r m o n e  ( L H R H )  was  first  i nd icated by the f ind ing  that  the in jec t ion  o f  

h y p o t h a l a m i c  e x t r a c t s  s t i m u la te s  the r e l e as e  o f  L u t e i n i z i n g  H o r m o n e  ( L H )  

( M c C a n n  ct  al.,  1960;  N ik i t o v i t c h - W i n cr ,  1962)  and Fo l l i c le  S t i m u la t i ng  

H o r m o n e  ( F S H )  in rats  ( Ig a rash i  and  M c C a n n ,  1964) .  T h e  s u b s e q u e n t  

p u r i f i ca t io n  and  i so la t ion  o f  L H R H  f rom h y p o t h a l a m i c  t i s sue ( Fa w c e t t ,  1968)  led 

the w ay  for  the d e t e r m in a t i o n  o f  its a m in o  ac id  se q u e n c e  ( M a t u s o  ct al . ,  1971a)  

and  s u b s e q u e n t  l ab or a t o ry  sy n t he s i s  ( M a t u s o  ct al . ,  1971b) .  T h i s  work  a l lo w ed  

for  s u b s e q u e n t  s t ud i es  s h o w i n g  tha t  e i th e r  pur i f i ed ,  natu ra l  L H R H  o r  the 

s y n t h e t i c  p e p t i d e ,  w h e n  i n je c t e d  e i t h e r  i n t r a v e n o u s l y ,  i n t r a a r t e r i a l l y , or

d i r ec t ly  into a h y p o p h y s i a l  por t a l  vesse l ,  i n du c es  the  se c re t ion  o f  LH and FSH  in 

an ident ical  m a n n e r  (Ar im ur a  ct al.,  1972; O n d o  ct al.,  1973; Rc nnc l s  ct al.,  1971; 

Scha l ly  ct al.,  1971).  T he  abi l i ty to s tudy the e f fec t s  o f  syn the t i c  L H R H  on 

g o n a d o t r o p i n  r e l ease  o p e n e d  the d o o r  for  the  m a s s iv e  w o rk  g e a r e d  to w ar d  the

u n d e r s t a n d i n g  o f  L H R H ’s role  in the r e g u la t i o n  o f  pu l s a t i l e  g o n a d o t r o p i n  

s e c r e t i o n  a nd  g o n a d a l  f u n c t io n .

A  pu l sa t i l e  m o d e  o f  L H R H  release  f rom the m e d ia n  e m in e n c e  ( M E )  nerve

t e r m i n a l s  in to  the  p i t u i t a r y  por t al  c i r c u l a t io n  has  be e n  s h o w n  to be  the

b i o lo g i ca l  s igna l  for  the  no rm al  pu l sa t i l e  p i tu i t a ry  sec r e t i on  o f  LH  (and  FSH).  

S tu d ie s ,  in w h ic h  c o n c e n t r a t i o n s  o f  LH  in v e n o u s  s a m p l e s  were  s i m u l t a n e o u s l y  

m e a s u r e d  w i th  L H R H  c o n c e n t r a t i o n s  in po r t a l  b lo o d  (in sh e ep )  o r  in thi rd 

v e n t r i c l e  ( o f  m o n k e y s ) ,  h a v e  d e m o n s t r a t e d  a g o o d  c o n c o r d a n c e  b e t w e e n  L H  and 

L H R H  pu lses  (C la rke  and  Cu m m in s ,  1982; Fink,  1988; Lev i ne  e l  al.,  1982;

C r o w le y  el  al . ,  1985).  T h u s ,  ch a n g es  in the  f r e quency  o f  p la s m a  LH
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c o n c e n t r a t i o n s  a rc  a s s u m e d  to r ef l ec t  s i m i l a r  a l t e r a t io n s  in the  f r e q u e n c y  o f  

L H R H  s t im ula t io n  o f  the p i tu i t a ry  ( R c a m c  ct  al . ,  1984).  S a r k a r  ( 19 76 )  and Chin g  

( 1 9 8 2 a )  d e s c r i b e d  an i n c r e a s e  in r a d i o i m m u n o a s s a y a b l c  L H R H  c o n c e n t r a t i o n s  

in rat  h y p o p h y s e a l  b l o o d  sh o r t l y  p r e c e d i n g  the  p r e o v u l a t o r y  LH  su r g e  d u r in g  

p r oc s t ro us .  In a s i m i la r  m o d e ,  the  c h a n g e s  in LH s e c r e t io n  d u r in g  the

m e n s t r u a l  cy c le  ( in p r im a te s  and  h u m a n s ) ,  and  in p a r t i c u la r ,  the r ise in LH

p u ls e  f r e q u e n c y  d u r i n g  the p r e o v u l a t o r y  fo l l i c u la r  p ha s e ,  a rc  b e l i e v e d  by 

m a n y  r e s e a r c h e r s  to be p re c ip i t a t e d  by  pa ra l l e l  c h a n g e s  in L H R H  re lease  

(M ars ha l l  and  Kc lc h ,  1986; Marsha l l  ct  al.,  1988).  It is be l i eve d  that  the e l eva ted  

sc ru m  es t r a d io l  and  p r o g e s t e r o n e  l e ve l s  p r i o r  to the g o n a d o t r o p i n  su rg e  

m e d ia t e  the se  c h a n g e s  in L H R H  and  L H  sec r e t i on  due  to the i r  s t im ula to r y  

e f fec t s  at the h y p o th a la m ic  and  p i t u i t a ry  level  ( F r e e m a n ,  1988; G o o d m a n ,  1988;

K no bi l  and  H ot chk i s s ,  1988).

In ad d i t i o n ,  the inc re as e  in LH pu l se  f r e q u e n c y  d u r i n g  pu be r t a l

d e v e l o p m e n t  is be l i ev ed  to r ef l ec t  a m a tu r a t io n  in the cap ab i l i ty  o f  the  b ra in  to 

g ene ra t e  and re l ease  an in c reased  poo l  o f  L H R H  ( H o m p c s ,  ct .  al . ,  1982; Mcij s-  

Roc lo f s ,  1972) .  Q u i t e  po ss ib ly  bo th  p r o c e ss e s  arc s t i m ul a te d  ( in the f em al e )  by

the r i s ing  t i t te r  o f  e s t ro ge n  sec r e te d  by the d e v e l o p i n g  o v ar i a n  fo l l i c l e  ( O j e d a  ct

al.,  1980; 1983 An drew s ,  ct  al.,  1978, 1981).

Re c e n t  s t u d i e s  ha ve  su g g e s te d  tha t  a b n o r m a l i t i e s  o f  pu l sa t i l e  L H R H  

se c r e t i o n  a rc  r e s p o n s i b l e  fo r  ce r t a in  f o r m s  o f  r e p r o d u c t i v e  d i s o r d e r s .  F o r

e x a m p l e ,  in a va r i e ty  o f  f o rm s  o f  a n o v u l a t i o n ,  p i tu i t a r y  and  o v a r i a n  funct ion

are  a p p a r e n t l y  n o r m a l  and  ye t  n o r m a l  cy c l i c a l  c h a n g e s  in p i tu i t a r y  and  

o v a r i a n  h o r m o n e s  do  no t  occ ur .  T h e s e  s y n d r o m e s ,  w h ic h  in c lu d e  K a l l m a n ' s  

s y n d r o m e ,  a m e n o r r h e a  a s s o c i a t e d  wi th  w e i g h t  los s ,  a n o r e x i a  n e r v o s a ,  e x e r c i s e  

an d  e m o t i o n a l  s t r e s s ,  h a v e  be e n  c l a s s i f i ed  u n d e r  the  g e n e r a l  c a t e g o r y  o f
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" h y p o t h a l a m i c  a m e n o r r h e a "  s i n c e  th e  u n d e r l y i n g  a b n o r m a l i t y ,  a p u L a t i l c  

L H R H  sec re t io n ,  r e s i de s  in the h y p o t h a l a m u s  ( M ar sh a l l  and K e le h ,  1986;

M ars ha l l  ct  al . ,  1988) .  A s i m i l a r  h y p o t h a l a m i c  de f i c i t  s e e m s  to be the  u n d er ly i n g  

c a u se  in m a l e s  wi th  h y p o g o n a d o t r o p i c  h y p o g o n a d i s m ,  a p e r s i s t e n c e  o f  the 

p r e p u b e r t a l  s t a te  a s s o c ia t e d  wi th  g o n a d o t r o p i n  d e f i c i e n c y  ( S a n t o r o  c t  al . ,  1986) .  

Pu l sa t i l e  L H R H  th e ra p y  has  b e e n  su c ce ss fu l  in the in d u c t i o n  o f  o v u l a t i o n  and 

ev e n  p r e g n a n c i e s  in w o m e n  wi th  h y p o t h a l a m i c  a m e n o r r h e a  and  in the  

i n d u c t i o n  o f  p u b e r ty  in m e n  w i t h  id i o p a t h i c  h y p o g o n a d o t r o p i c  h y p o g o n a d i s m  

(Marsha l l  ct  al.,  1988; H of f ma n  and Cr ow ley ,  1982; F raser ,  1984).  The  fact that 

l o ng - te rm  pu l sa t i l e  L H R H  a d m in i s t r a t i o n  is n o w  used  to p r o m o t e  the m a tu r a t i o n  

o f  the p i tu i t a r y - go n ad a l  axi s  in these and  re l a ted d i s o r d e r s  (V a lk  c t  al . ,  1980;

C r o w le y  and M cA r t hu r ,  1980; L c y c n d c c k c r  and  W i ld t ,1 983 ;  J a co bs on  ct  al . ,  1979; 

M o r t i m e r  ct  al . .  1974) .  is f u r th e r  c o n f i r m a t i o n  that  pu l sa t i l e  L H R H  se c r e t i o n  

p r o v i d e s  the  s ig na l  fo r  g o n a d o t r o p i n  s e c r e t i o n  and  g o n a d a l  f u n c t io n .

B e c a u s e  o f  the l abi l i ty and  co n s e q u e n t  shor t  h a l f  l i fe o f  L H R H  in vivo  

( B e r g e r  ct  al . ,  1988) ,  p r o g re s s  beg a n  to w a r d  the d e v e l o p m e n t  o f  m o r e  c l in ic a l l y  

use fu l  L H R H  an a lo g s  wi th  inc re as e d  s tabi l i ty .  A scr ie s  o f  m o d i f i c a t i o n s  o f  the 

L H R H  m o l e c u l e  r e su l t ed  in an en t i r e  g e n e r a t i o n  o f  so c a l l e d  " s u p c r a g o n i s t s "

wi th  an  inc re as e d  m a g n i t u d e  and  du ra t i o n  o f  ac t ion  ( Ne s to r ,  1984) .  T h e  first  

im p o r t a n t  s t ruc t u ra l  m o d i f i c a t i o n  o f  L H R H  le a d in g  to in c r e a s e d  p o te n c y  was  

sub s t i tu t ion  at the C- tc rm in u s  (Fu j i no  ct al . ,  1972) .  The  in t r o d u c t i o n  o f  a Pro-  

c t h y l a m i d c  g r o u p  at th i s  p o s i t io n  a f f o r de d  a 5 - fo ld  in c re as e  in p o t e n c y  o v e r  

that  o f  the  na t i ve  m o le c u l e  ( Fu j i n o  c t  al . ,  1973).  Mor e  p o te n t  an a lo g s  r e sul t ed

f rom s u b s t i t u t i o n  o f  a r o m a t i c  and  m o r e  h y d r o p h o b i c  D - a m i n o  a c i d s  fo r  g ly c in e  

in po s i t io n  6 w h ic h  t e n d  to fu r the r  d ec r ea s e  the p l a s m a  c l e a r a n c e  ra t e s  o f  these  

c o m p o u n d s  ( B ar r o n  et  al . ,  1982).  T h i s  m o d i f i c a t i o n ,  c o m b i n e d  wi th  the
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r e p l a c e m e n t  o f  the  C - tc r m in a l  g ly c in e  a m i n e  r e s i d u e  w i th  an c t h y l a m i d c ,  had 

led to  the  p ro du c t io n  o f  an a lo g s  wi th  b io logical  ac t iv i t i e s  o f  up to 100 t imes  that

o f  na t i v e  L H R H  (Frase r ,  1984) .  S i nc e  th es e  s u b s t i tu t io n s  c o n f e r r e d  to these

m o l e c u l e s  i n c r e a s e d  re s i s t a n c e  to  d e g r a d a t i o n ,  it w as  a p p a r e n t  tha t  the i r  

inc re as e d  po te n c y  resul t s ,  at  l eas t  in par t ,  to an in c re as e d  in  v ivo  s t ab i l i t y  and  

c o n s e q u e n t  r e d u c e d  c l e a r a n c e  rate  (K a r t c n  and  Riv ic r ,  1986) .  In ad d i t i o n ,  a 

h i g h e r  b i n d i n g  a f f in i ty  m a y  p la y  a role  in c o n t r i b u t i n g  to  th e i r  b io lo g i c a l

ac t ion  ( C la y to n  a n d  Ca t t ,  1980).  T h e  re l a t io ns h i p  b e t w e e n  su sc ep t i b i l i t y  to 

d e g r a d a t i o n  a n d  b i o lo g i c a l  p o t e n c y  u n d e r s c o r e s  the  p o s s i b l e  i m p o r t a n c e  o f  

p e p t i d a s e s  in  v ivo  in cu r t a i l in g  the ac t ion  o f  the pep t ide ;  hen c e  the lo w er  

p o te n c y  o f  the n a t iv e  m o l e c u l e  than  o f  the  su p c ra g o n i s t s .

C l e a r l y  any  e n z y m a t i c  ac t i v i ty  r e s p o n s i b le  for  the in  v ivo  i n a c t i v a t i o n

and  c l e a r a n c e  o f  a p ep t i d e  h o r m o n e  w o u ld  m os t  l ike ly  be m e m b r a n e  b o u nd ,  

wi th  the  ac t iv e  s i t e f ac i ng  the e x t r a c e l l u l a r  s p a c e s  s inc e  p e p t id e  h o r m o n e s  

f o l l o w in g  s y s t e m ic  a d m in i s t r a t i o n  arc b e l i e ve d  to be c o n f i n e d  to  the 

e x t r a c e l l u la r  f luid v o l u m e  ( G i c s c  c l  al . ,  1973) .  W h i le  the  i n f o rm a t i o n  ava i l a b le  

f rom the ad m in i s t r a t i o n  o f  L H R H  a nd  its an a lo g s  d e m o n s t r a t e  th e  ro le  o f  

p e r ip h e ra l  m e m b r a n e  p e p t i d a s e s  in in a c t i v a t i n g  e x o g e n o u s  L H R H ,  it is a l so 

l ike ly  tha t  m e m b r a n e  p e p t id a s e s  in the cen tra l  n e r v o u s  sy s t e m  ( C N S )  m a y  p lay 

an e q u a l l y  im p o r t a n t  role  in in a c t i v a t i n g  e n d o g e n o u s  L H R H  f o l l o w i n g  its

se c r e t i o n  f ro m  the  ME.  T h u s ,  the f o l lo w in g  r eg u la to ry  p r o c e s s  is su g g e s t ed :  the 

c o n c e n t r a t i o n  o f  p h y s i o l o g i c a l l y  r e l e as e d  L H R H  re a ch in g  its s i t e  o f  ac t io n

( p i t u i t a ry  g o n a d o t r o p c s )  m a y  be c o n t ro l l e d  by  the  ac t ion  o f  p e p t i d a s e s  e i t h e r  at

the  s i te o f  r e l ease  ( M E )  o r  at the ta rge t  s i te ( an te r i o r  p i tu i t a ry ) .

W h i l e  th i s  is an a t t r ac t ive  h y p o t h e s i s ,  an u n d e r s t a n d i n g  o f  the

m e c h a n i s m  o f  i n a c t i v a t i o n  o f  r e l e as e d  n e u r o p e p t i d e s  has  b e e n  s l o w  to  d e ve lo p .
#

In the  c a s e  o f  "c l a s s i ca l "  n c u r o t r a n s m i t l c r s ,  i n a c t i v a t i o n  a t  th e  s y n a p s e  may
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o c c u r  by  e i t h e r  e x t r a c e l l u l a r  m e t a b o l i s m ,  as in the  ea se  o f  a c e t y lc h o l in e  

( W h i t t a k e r  ct al . ,  1972) ,  o r  by rc u p ta k c  f o l l ow ed  by  in t r a ce l l u la r  m e t a b o l i s m ,  as 

in the ease  o f  y - a m i n o b u t y r a t c  ( T u r n e r  and  W h i te ,  1983) .  T h e  i n v o l v e m e n t  o f  

u p t a k e  m e c h a n i s m s  in n e u r o p e p t i d e  m e t a b o l i s m  h a s  n o t  b e e n  d e m o n s t r a t e d ,  

a l th o u g h  it has  not  been  r ig or ou s l y  ex c lu d e d .  T h e  c o n s e n s u s  o f  o p in io n  is that  

the  p h y s i o l o g i c a l  ac t ion  o f  p e p t i d e s  is n o r m a l l y  t e r m i n a t e d  by  e x t r a c e l l u l a r  

m e t a b o l i s m  ( K r ic ge r ,  1983;  Ivcr scn  ct  al . ,  1976) .  T h i s  n o t io n ,  tha t  m e m b r a n e  

p e p t i d a s e - m e d i a t e d  m e t a b o l i s m  is the  p r i m a r y  m o d e  o f  p e p t i d e  h o r m o n e  

in a c t i v a t i o n ,  b e g a n  to e m e r g e  f o l l o w i n g  the ini t ia l  o b s e r v a t i o n  tha t  

e n k e p h a l i n s  a rc  r a p id l y  h y d r o l y z e d  by  s t r i a t a l  s y n a p t i c  m e m b r a n e  

p r e p a r a t i o n s  ( M a l f r o y  ct  al . ,  1978; T ur ne r ,  1986).  T h e s e  m e m b r a n e - b o u n d

p e p t i d a s e s  a rc  g e n e r a l l y  in t e g r a l ,  h y d r o p h i l i c  g l y c o p r o t e i n s  wi th  a sm a l l  

h y d r o p h o b i c  d o m a i n  ( n e a r  the  N - t c r m i n u s )  w h i c h  c o m p r i s e s  the  

t r a n s m c m b r a n c  por t io n .  T h e  ac t ive  s i t e is lo c a t e d  on  the  h y d r o p h i l i c  d o m a i n  

f ac ing  the  e x t r a c e l l u l a r  sp a c e  ( K e n n y  and  M a r o u x ,  1982) .  T h u s ,  su ch  e n z y m e s  

a rc  ide a l ly  o r i e n t e d  to c a t a l y z e  the e x t ra c e l l u l a r  h y d r o l y s i s  o f  s e c r e t e d  

n e u r o p e p t i d e s  at the  s y n a p s e .

T h e  a f o r e m e n t i o n e d  s tu d i e s  o f  e n k e p h a l i n  m e t a b o l i s m  d e m o n s t r a t e d  

c l e a v a g e  at the G l y ^ - P h c ^  bon d  c a ta ly ze d  by an e n z y m e  p r e se n t  in b ra in  

m e m b r a n e  p r e p a r a t i o n s ,  w h ic h  w as  l a t e r  id e n t i f i e d  as e n d o p e p t i d a s e - 2 4 . 11 ( E P  

2 4 . 1 1 ,  a l so  r e f e r re d  to as "c n k e p h a l i n a sc " ) .  S u b s e q u e n t  e v i d e n c e  has  

a c c u m u l a t e d  s h o w i n g  tha t  o th e r  n e u r o p e p t i d e s  such  as s u b s t a n c e  P,  m a y  be 

ina c t i v a t e d  by th is  e n z y m e  in the b ra in  ( M a ts a s  et  al . ,  1983) .  A n o t h e r  cc l l -  

s u r f a c c  p e p t i d a s e ,  a n g i o te n s in  c o n v e r t i n g  e n z y m e  ( A C E ) ,  s h o w n  to  be  p r e s e n t  

in ce re bra l  t i s sue (G a n te n  et  al . ,  1984) ,  m a y  play  a role  in the  in ac t i va t io n  o f  

s u c h  n e u r o p e p t i d e s  as  C - t c r m i n a l l y  e x t e n d e d  e n k e p h a l i n  p e p t i d e s ,  n e u r o t e n s i n  

and  subs tance  P  (N o r m a n  e t  al.,  1985; Ch cc lc r  et  al . ,  1984,  Casc ier i  ct  al.,  1984).
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W h i le  m o s t  s t u d ie s  o f  n e u r o p e p t i d e  m e t a b o l i s m  has  c o n c e n t r a t e d  on the i r

in ac t iva t ion  in the C N S ,  an  ident ical  p r o ce ss  has  a l so been s h o w n  to o cc u r  in

the  p e r ip h e r y .  In v ivo  s t u d i es  h a v e  s h o w n  tha t  n u m e r o u s  c i r c u l a t i n g  pe p t id e  

h o r m o n e s  i n c l u d i n g  the  e n k e p h a l i n s ,  b r a d y k i n i n s ,  a n g i o t e n s i n  1 & II and 

s e v e r a l  h y p o t h a l a m i c  r e g u l a t o r y  f a c to r s ,  a rc  d e g r a d e d  by  e i t h e r  p e r i p h e r a l  

t i s sue  o r  p l a s m a  p ep t i da se s  (Benn e t t  and M c M a r t i n ,  1979).  S i n ce  E P  24.11 and 

A C E  a rc  p r e se n t  in s ig n i f i c an t  c o n c e n t r a t i o n s  in bo th  the b ra in  and  p e r ip h e r y  

( L lo rcn s  and  Sc hw at z ,  1981;  Kenny  and Fu lche r ,  1983; Kenny ,  1986;  Erdos  and 

Skidgcl ,  1985; Correa ,  ct  al.,  1986; Ryan ct al.,  1976),  it fo l lows that the ident ical  

p e p t i d a s e s  r e s p o n s i b l e  for  the d e g r a d a t i o n  o f  a n c u r o n a l l y  s e c r e te d  pe p t id e  

h o r m o n e  m a y  a l so  be in s t ru m e n ta l  in the  p e r ip h e ra l  i n a c t i v a t i o n  o f  the sam e  

p e p t i d e ,  f o l l o w i n g  i ts  s y s t e m i c  a d m i n i s t r a t i o n .

T h e  i d e n t i f i c a t i o n  o f  a p h y s i o l o g i c a l l y  r e l e v a n t  i n a c t i v a t i n g  p e p t i d a s e  

for  a g iv e n  pe p t ide  subs t r a t e  is l aden wi th  the f o l lo w in g  d i f f i cu l t i e s :

(1 )  P e p t i d a s e s  ge n e r a l l y  d i sp la y  a b r o ad  su b s t ra t e  s pe c i f i c i ty  w h i c h  d e p e n d s  not  

only on  the  am in o  ac ids  en g a g e d  in the sc iss i l c  a m in o  bo nd ,  but  a l so  on the 

a d j ac en t  one to three  a m in o  ac ids .  C o n s e q u e n t ly ,  a g iv en  pe p t id e  can  be 

h y d r o ly z e d  by a va r i e ty  o f  enz ym es .  As  a coro l l a ry ,  a g ive n  e n z y m e  may 

h y d r o l y z e  se ve r a l  n eu r o p e p t i d e s .  As a r esul t ,  o b s e r v a t i o n  o f  c l e a v a g e  si t es  

wi t h in  a n e u r o p e p t i d e  s ub s t ra t e  in c u b a t e d  wi th  t i s sue  p r e p a r a t i o n s  a f f o r d s  no 

i n f o rm a t i o n  as to the  ide n t i ty  o f  the  in a c t iv a t in g  e n z y m e .

(2) In  v i tro  spec i f i c i ty  s tud ies ,  as wel l  as the use o f  spec i f i c  ac t ive  s i t e -d i rec ted  

in h ib i t o r s ,  c a n  p r o v id e  g u i d a n c e  as to the l ike ly  p h y s i o l o g ic a l  s u b s t ra t e s  for  a 

g ive n  p ep t id e .  F or  e x a m p l e ,  the  f in d i ng  tha t  h y d r o l y s i s  o f  t a c h y k i n i n s  and  

e n k e p h a l i n s  by s y n a p t i c  m e m b r a n e s  a n d  b r a in  s l i ce  p r e p a r a t i o n s  is a b o l i s h e d

in the p r e s e n c e  o f  E P  24.11 inh ib i to r s ,  su g g e s t e d  tha t  the p h y s i o l o g ic a l
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i nac t iva t ion  o f  these pep t ides  may  be ca ta ly ze d  by E P  24.11 (M at s as  ct al . ,  1984; 

W a k s m a n  ct al..  1985; T u rn e r  ct al.,  1985).  These  s tud ies ,  whi le  sugg es t in g  a role 

o f  an e n z y m e  in the  d e g r a d a t i o n  o f  a g ive n  pep t ide ,  c a n n o t  d e t e r m in e  w h e t h e r  

the p e p t id a s e  is loc a ted  in the  sy n a p t i c  m e m b r a n e  and  wi th  the  ap p r o p r ia t e

o r i e n t a t i o n  for  it to have  a p h y s io l o g ic a l  role  in h y d r o l y z i n g  n e u r o p e p t i d e s  

r e l e as e d  at tha t  si te.  E n z y m e s  in s t ru m e n ta l  in p h y s io l o g ic a l  m o d e s  o f  p ep t ide  

m e t a b o l i s m ,  arc loc a ted  in  v ivo  in ce l l  m e m b r a n e s  in d i s c re te  s u b c c l l u la r

c o m p a r t m e n t s  tha t  m a y  not  c o m e  in c o n t a c t  wi th  the  s e c r e t e d  p ep t i de  un de r  

p h y s i o l o g i c a l  c o n d i t i o n s  ( F l o ur c t ,  1984) .  M o r e o v e r ,  in  vivo  r a t es  o f  e n z y m e

ac t ion  arc in f l ue n ced  by a n u m b e r  o f  f ac to r s  such  as pH,  local  c o n c e n t ra t i o n  o f  

r ea c ta n t s  and  the p r es e n ce  o f  u n k n o w n  co f a c t o r s .  T hu s ,  s t u d i e s  d i r ec te d  at 

e l u c i d a t i n g  the m e c h a n i s m s  for  d e g r a d a t i o n  o f  p ep t i d e  h o r m o n e s  by a 

p a r t i c u la r  o r g a n  sh ou ld  in c l ude  not  on ly  in vitro  p r e p a r a t i o n s  bu t  the

fun c t i ona l  o r g an  in vivo  as wel l  (C ar on c  ct  al . ,  1987).

O n e  su bse t  o f  n e u r o p e p t i d e s ,  t he  h y p o t h a l a m i c  r e l e a s i n g  fac to r s ,  have  

been s h o w n  to be subs t ra t e s  for  severa l  pe p t i da s es  in vi tro .  C o n s i d e r a b l e  

ev id en c e  has  d em o n s t r a t e d  the hyd ro ly s i s  o f  T R H ,  L H R H  and C R F  by var ious  

t i s sue  p r e p a r a t i o n s  o f  b r a in ,  p i tu i t a r y  and o t h e r  o r g a n s  ( G r i f f i th s  and  K e l ly ,  

1979;  G r i f f i t h s  a nd  M c D e r m o t t ,  1983) .  A l t h o u g h  m e m b r a n e - b o u n d  p e p t i d a s e s  

fo rm a sma l l  p e r c en ta g e  o f  the tota l  n e u r o p e p t i d e - d e g r a d i n g  ac t iv i ty  in the C N S  

and  p i tu i t a ry  ( J o s c p h - B r a v o  ct  al.,  1979) ,  they m a y  st i l l  p l ay an im p o r ta n t  part  

in the  in ac t i va t io n  p r ocess .  T h i s  m o d e  o f  ac t ion  p r o p o s e s  tha t  in a c t i va t i o n  o f  

the pep t ide  oc c u r s  at the M E  ne rv e  t e rmina l  o r  at the p i tu i t a ry  t a rge t  cel l  by 

e x t r a c e l l u l a r  m e m b r a n e  e n z y m e s  in the  v ic in i ty  o f  the  r ec ep to r .  In add i t io n ,  

r e g u la t i o n  o f  l e ve l s  o f  r e l e a s i n g  h o r m o n e  in the  ge n e r a l  c i r c u l a t i o n  by e i t h e r  

p l a s m a  o r  t i s sue  p e p t id a s e s  m a y  be im p o r t a n t  to  p r e v e n t  p i t u i t a r y - d e s t i n e d
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p e p t i d e  r e l e a s e d  f rom  h y p o t h a l a m u s  f rom  i n t e r a c t i n g  w i th  c x t r a p i t u i t a r y  s i t es  

such as  the L H R H  rec ep to r  in the  ov ar i e s  (G r i f f i ths  and M c D e r m o t t ,  1983).

S in ce  the d e v e l o p m e n t  o f  ago n i s t  and  a n t a g o n i s t  an a lo g s  o f  

h y p o t h a l a m i c  h o r m o n e s  h as  r el i ed  to s o m e  ex te n t  o n  the  k n o w l e d g e  o f  exa c t ly  

h o w  th es e  p e p t id e s  arc e n z y m a t i c a l l y  in ac t iv a te d  at v a r io u s  s i tes  in the body  

( M o r c ly ,  1980; S te w ar t ,  1982) ,  the th e ra p eu t i c  im p l i c a t i o n s  o f  k n o w l e d g e  

d e r i v e d  f rom  s t u d y i n g  th i s  m e t a b o l i c  p r o c e s s  arc b e c o m i n g  ap p a r e n t .  On e  

s t a r t i n g  p o in t  in a s s e s s i n g  the  p h y s i o l o g i c a l  and  p h a r m a c o l o g i c a l  s i g n i f i c a n c e  

o f  p e p t i d e - m e t a b o l i z i n g  e n z y m e s  is to ide n t i fy  1) w h ic h  b o n d s  in the  pe p t ide  

m o le c u l e  have  to  be  p r o t ec te d  in o r d e r  to e n h a n c e  the i r  b io log ic a l  ac t iv i ty ,  and 

2) w h ic h  e n z y m e s  ca ta lyz e  the c l ea v ag e  o f  the se  bonds .  T o  do  this ,  one  ev a lua tes  

the ac t io n  o f  the  e x o g e n o u s  s u b s t a n c e  a f t e r  p r o te c t i n g  it f rom d e g r a d a t i o n  by 

e i th e r  m o d i f y i n g  the h y d r o l y z a b l e  bo n d s  o r  by c o a d m i n i s t e r i n g  a su i t ab le  

e n z y m e  i n h i b i t o r  t o g e t h e r  wi th  the  pep t i de .

As  an e x a m p l e ,  seve ra l  o f  the syn th e t i c  e n k e p h a l i n  a n a l o g u e s  h av e  

m a r k e d l y  e n h a n c e d  o p i o i d  ac t iv i t y  in v ivo ,  an e f fec t  a t t r ibu ted  n o t  to  inc rea se d  

a f f in i ty  for  the  r ec ep to r ,  but  to r e s i s t a n c e  to  h y d r o l y z i n g  e n z y m e s  ( M o rc ly ,

1980) .  C h e m ic a l  m o d i f i c a t i o n  at spe c i f i c  s i t es  in the  e n k e p h a l i n  m o l e c u l e  c o n f e r

an in c re a se d  r e s i s t an ce  se lec t iv e l y  to e i th e r  a m i n o p c p t i d a s c s  o r  E P  24 .11.  T h es e  

a n a l o g s  p o s s e s s  a n a l g e s i c  p r o p e r t i e s  m a n y  t im e s  g r e a t e r  than  th o se  d i s p l a y e d  

by  the  na t i ve  e n k e p h a l i n  m o le c u l e  (S c h w a r t z  c t  al.,  1980).  W h i le  a n a lo g  s tud i es  

can  s u g g e s t  the  in v o l v e m e n t  o f  pe p t id a s e s  in the c u r t a i l m e n t  o f  b io lo g i ca l

ac t iv i ty ,  and  m a y  ev e n  ind ic a te  w h ic h  p ep t id e  bo n d s  are c l e a v e d  in this  p r ocess ,

o ne  c a n n o t  d e r iv e  a po s i t iv e  ide n t i f i ca t ion  o f  any spe c i f i c  e n z y m e  in v o lv e d  in 

th i s  p r o c e s s .

A  m o r e  d i r ec t  a p p r o a c h  to w ar d  id e n t i f i c a t io n  o f  i n a c t i v a t i n g  e n z y m e s  

fo r  a g iv e n  p e p t i d e  is by  d e m o n s t r a t i n g  tha t  ac t ive  s i t e - d i r ec te d  in h ib i t o r s
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i n c re a se s  the  r e c o v e r y  o f  e i th e r  the  e x o g e n o u s  o r  e n d o g e n o u s  p ep t id e  in e i the r  

in v i tro  t i s sue p r epa ra t ion s  o r  in vivo.  For  e x a m p le ,  a role for  EP  24.11 in the 

C N S  ina c t iv a t io n  o f  both [ D - A l a ^ . L c u ^  l e nk cp h a l in  and  s u b s t a n c e  P was  

im p l i c a t e d  by d e m o n s t r a t i n g  tha t  h y d r o l y s i s  o f  th es e  p e p t i d e s  by s y n a p t i c  

m e m b r a n e s  is in h ib i t e d  by p h o s p h o r a m i d o n ,  a se l e c t i v e  E P  24.11  in h ib i to r  

(F u l c he r  ct  al . ,  1982; Mats as  ct al.,  1983).  The  sa m e  co n c lu s i o n  w as  r eached  by 

the use  o f  a po lyc lona l  an t i sc rum to E P  24.11 to abo l i sh  the hy d ro ly s i s  o f  |D-  

A l a ^ . L c u ^  l e n k c p h a l i n  by k i d n e y  m i c r o v i l l a r  m e m b r a n e s  a nd  s y n a p t i c  

m e m b r a n e s  ( M a t s a s  ct  al . ,  1983).  F u r t h e r m o r e ,  w h e n  [ M ct ^  ( e n k e p h a l i n  w a s  

in j e c t e d  i n t r a c c r c b r o v c n t r i c u l a r l y ,  i ts h a l f - l i f e  is i n c r e a s e d  by t h i o r p h a n ,  an 

EP  24.11 inh ib i to r ,  d e m o n s t r a t i n g  the im po r ta nc e  o f  EP  24.11 in the in v ivo  

m e t a b o l i s m  o f  e n k e p h a l i n s  ( S c h w a r t z ,  1983) .  T h e  i d e n t i f i c a t i o n  o f  m e t a b o l i z i n g  

e n z y m e s  for  e n d o g e n o u s  pe p t i de s  is an even  m o r e  va lu ab l e  use  o f  these  

inh ib i t o r s .  E P  24.11 in h ib i t o r s  w ere  s h o w n  to e n h a n c e  the r e c o v er y  o f  se c re te d  

e n d o g e n o u s  s t r i a t a l  M c t - c n c k p h a l i n ,  b o th  in  v i tro  ( u s in g  s t r i a t a l  s l i ce s )  (Pa tcy  

ct al.,  1981; Dc La  Ba umc  ct  al.,  1983),  and in v ivo  ( fo l l ow in g  the 

i n t r a c e r c b r o v c n t r i c u l a r  a n d  i n l r a p c r i t o n c a l  a d m i n i s t r a t i o n )  ( Z h a n g  c l  al . ,

1982; and M u r th y  ct al.,  1984).  In add i t ion,  the  p roduct  o f  E P  2 4 . 1 1 -media ted  

e n k e p h a l i n  h y d r o l y s i s ,  T y r - G l y - G l y ,  is m a r k e d l y  a nd  rap i d l y  d e p l e t e d  f ro m  the 

s t r i a tu m  fo l lo v ' in g  ICV  th io r p h a n  a d m in i s t r a t i o n  ( L l o r e n s  ct  al . ,  1985) .  T h e s e  

da ta  su p po r t  the no t ion  that  E P  24.11 is ope r a t ive  in the m e ta b o l i s m  o f  

e n d o g e n o u s  e n k e p h a l i n s .

M o r e  im p o r ta n t l y ,  ac t ive  s i t e -d i r ec t ed  in h i b i to r s  can  be us ed  to d e f in e  a 

p o s s i b le  b io lo g i ca l  fun c t i on  o f  a p ep t i da se .  T h e  d e m o n s t r a t i o n  tha t  in h ib i to r  

a d m in i s t r a t i o n  a m p l i f i e s  the  b io log ica l  ac t ion  o f  a pep t ide ,  im pl i e s  a role  o f  the 

i n h i b i t e d  e n z y m e  in m o d u l a t i n g  the  b io lo g ic a l  ac t iv i t y  o f  the  p e p t i d e  subs t ra t e .  

F o r  e x a m p l e ,  th i o r p h a n  and  k c l a t o r p h a n  (a h ig h ly  p o t e n t  s e l e c t i v e  a n d  p o te n t
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E P  24.11 in h ib i t o r )  am p l i f y  the a n t i n o c i c e p t i v e  ac t iv i t y  ( in d u c t io n  o f  an 

in c re as e d  r e s p o n se  l a t ency  in the hot  p la te  and  tail  f l ick t es t )  o f  

i n t r a c c r c b r o v c n t r i c u l a r l y  a d m i n i s t e r e d  M c t - c n k c p h a l i n .  s u g g e s t i n g  th a t  EP  

24.11 p la y s  a ro le  in c u r t a i l in g  M c t - c n k c p h a l i n ' s  ac t io n  at i t s  o p io id  r c c cp to r ( s )  

(R oq u es  ct al.,  1980; Yaksh  and Harty,  1982; Zalusk i  ct al.,  1984).  In a s imi la r  

type  o f  s tu dy ,  ca p t op r i l  w as  s h o w n  to  e n h a n c e  the s u b s t a n c e  P - i n d u c c d  

sa l iva t io n  in rats,  t hus  ind ic a t in g  a role for  A C E  in r eg u la t in g  the b io lo g i ca l  

ac t ions  o f  su bs t ance  P (Cascic r i  ct  al.,  1984).

Th i s  the s i s  r e sea r ch  p rojec t  is d e d i c a te d  to:

1) the id e n t i f i c a t i o n  o f  m e m b r a n e  p e p t i d a s e s  in s t ru m e n ta l  in the c l e a v a g e  o f  

L H R H  in the CN S  and in the pe r iphe ry ;  and

2)  the  d e t e r m i n a t i o n  o f  a p o ss i b le  role o f  m e m b r a n e  p e p t i d a s e s  in r eg u la t in g  

the b io log ica l  ac t ivi ty o f  L H R H .

(S e e  b e lo w .  In t ro d u c t io n ,  p a g e  I S ,  w h e re  a m o re  d e ta i l e d  o u t l in e  o f  the  th e s is  

g o a l s  is  d e l in e a te d )

T h e r e f o r e ,  it is ap p r o p r ia t e  to r ev i ew  the p r i o r  s t ud ie s  o f  L H R H  d e g r a d a t i o n  

r e l e v a n t  to th is  r e s e a r ch  p r o j ec t .

E a r ly  w o r k e r s  s t u d y i n g  L H R H  d e g r a d a t i o n  d u r i n g  i n c u b a t i o n  wi th  

h y p o t h a l a m i c ,  p i t u i t a r y  and  o t h e r  o r g a n  h o m o g c n a t c s ,  m e a s u r e d  the 

d i s a p p e a r a n c e  o f  L H R H  as wel l  as the a p p e a r a n c e  o f  m e ta b o l i t e s  t h r o u g h  

r a d i o i m m u n o a s s a y  ( R I A )  o r  H P L C .  In bo th  the  h y p o t h a l a m u s  and p i tu i t a r y ,  

L H R H - d e g r a d i n g  ac t iv i ty  ( L H R H - D A )  w as  s h o w n  to be lo c a l i z e d  su b c c l l u la r ly  in 

bo th  the so lub le  and  pa r t i cu la te  f rac t ions  ( L o u d c s  ct al.,  1978; Kel ly ct al.,  1979).  

In l igh t  o f  the  p r o b a b l e  i m p o r t a n c e  o f  m e m b r a n e  p e p t i d a s e s  in r e g u la t i n g  

pe p t id e  h o r m o n e  ac t ion ,  se ve ra l  g r o u p s  ha ve  used  se ve r a l  m o d e l s  to  s tudy  L H R H



m e t a b o l i s m  by m e m b r a n e  e n z y m e s .  T o  th i s  en d ,  L H R H  d e g r a d a t i o n  was  s tud ied  

f o l l o w i n g  i ts  i n c u b a t i o n  w i t h  e i th e r  p a r t i c u l a t e  f r a c t i o n s  o f  h y p o t h a l a m i c  and 

p i tu i t a r y  h o m o g c n a t c s  ( M c D e r m o t t  ct  al . ,  1982) ,  s y n a p t o s o m a l  p r e p a r a t i o n s  

( M c D e r m o t t  cl  al . ,  1983) ,  h y p o th a la m ic  t i s sue b lo c k s  ( P o w e r s  and  J o h n so n ,  1981;

Ro t s z t c jn  c t  al . ,  1976;  S u n d b e r g  ct al . ,  1978)  o r  m e m b r a n e  p r ep a ra t io ns  o f  

n e u r o b l a s t o m a  ce l l s  ( Y o k o s a w a  ct  al . ,  1987).  W h i le  the p r e p o n d e r a n c e  o f  the 

L H R H - D A  in bo th  the bra in and p i tu i t a r y  r ea d i ly  so lub i l i z ed  ( J o s c p h - B r a v o  ct 

al . ,  1979;  P a r ke r  ct al . ,  1979) ,  m e m b r a n e - b o u n d  p ep t i da se s  m a y  stil! pl ay  an 

i m p o r t a n t  pa r t  in the  i n a c t i v a t i o n  p ro ce ss .

T h e  ana lys i s  o f  L H R H  me ta b o l i t e s  has  a l lowed  for  ex a m in a t i o n  o f  the si tes 

o f  c l e a v a g e  within  the L H R H  mo le cu le  by the p ep t i d as es  in these so lub l e  o r

m e m b r a n e  f r a c t io n s  o f  t i s sue  h o m o g c n a t c s .  S ev er a l  g r o u p s  h a v e  s h o w n  that  the

p r im a ry  p r o d u c t s  o f  L H R H  d e g r a d a t i o n  by b r a in  and  p i t u i t a ry  in c lu d e  the N-

tc rm in a l  t r i - ,  p cn ta -  and  h c x a p c p t i d c s ,  s u g g e s t i n g  tha t  the ini t ia l  c l e a v a g e  

o c c u r s  at the T rp - ^ -S c r ^ ,  T y r ^ - G l y ^  and  G l y ^ - L c u ^  b o n ds ,  r e s p e c t i v e ly  ( E l k a b c s  

ct al.,  1981; Yoso kaw a  ct al., 1987; Krause ct  al.,  1982; Koch  ct  al.,  1974; Haz um ct 

al . ,  1981) .  N o n th c l c ss ,  b e c a u s e  o f  the  m u l t i t u d e  o f  p ep t i de  b o n d - c le a v in g  

e n z y m e s  in all t i s sues ,  two  d i f f i c u l t i e s  a rc  in h e r e n t  in th es e  e x p e r i m e n t a l  

m o d e l s :

1) s inc e  a g iv en  pep t ide  m a y  se rve  as a subs t r a t e  for  n u m e r o u s  e n z y m e s ,  

d e t e r m i n a t i o n  o f  the c l e a v a g e  s i t es  in L H R H  af fo rds  no d e f in i t iv e  

ide n t i f i c a t i o n  o f  the p e p t i d a s e s  in v o lv e d ;  a n d

2) the  p r e s e n c e  o f  m u l t ip le  c l e a v a g e  s i t es  s u g g e s t s  that  f o l l o w i n g  p r im a ry  

c l e a v a g e  o f  L H R H ,  the r e su l t ing  m e ta b o l i t e s  m a y  be  d e g r a d e d  by o the r  

e n z y m e s  c a t a l y z i n g  " s e c o n d a r y  c l e a v a g e " .  I d e n t i f i c a t i o n  o f  the  m e t a b o l i t e s

a p p e a r i n g  f o l l o w i n g  i n c u b a t i o n  w i th  c r u d e  e n z y m i c  p r e p a r a t i o n s  d o c s  not
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d i s t i n g u i s h  the  r e a c t i o n s  c a t a l y z i n g  p r i m a r y  c l e a v a g e  f ro m  th o se  

r e s p o n s i b l e  fo r  f o r m a t i o n  o f  s e c o n d a r y  c l e a v a g e  p r o d u c t s .

Re so lu t i o n  o f  these d i f f i cu l t i e s  as wel l  as the d e t e r m in a t i o n  o f  a 

p h y s i o l o g i c a l / p h a r m a c o l o g i c a l  role  o f  m e m b r a n e  p e p t i d a s e s  in r e g u l a t i n g  the  

b i o lo g i ca l  ac t iv i ty  o f  L H R H  can  be  de f in i t iv e l y  a c c o m p l i s h e d  by the  use o f  

ac t i v e  s i t e - d i r e c t e d  in h ib i t o r s ,  i.c i f  t he  p r e s e n c e  o f  an inh ib i to r :

1) r e t a rds  the d i s a p p e a r a n c e  o f  L H R H ,  the  inh ib i t ed  e n z y m e  is in f e r red  to be 

i n s t r u m e n t a l  in its d i s a p p e a r a n c e ;  and

2)  e n h a n c e s  the b io log ica l  e f f ec t s  o f  L H R H ,  the inh ib i t ed  e n z y m e  is in fer red  to

be  in s t r u m e n t a l  in r e g u l a t i n g  i ts  ac t ion .

In o r d e r  to ch o s e  the  inh ib i to r s  to be used for  these  p u rp os es ,  a

p r e r e q u i s i t e  is the ide n t i f i c a t io n  o f  the e n z y m e s  for  w hi ch  L H R H  se rv e s  a 

sub s t ra t e  in the ir  pur i f i ed form.  T o  date ,  L H R H  has  been sho w n  to se rve as a 

s u b s t r a t e  for  a n u m b e r  o f  e n z y m e s  w h ic h  ha ve  bee n  pu r i f i ed  f rom bra in ,  

p i tu i t a ry  and  k idney .  For  the mos t  par t ,  t hese e n z y m e s  arc be l i e v e d  to be

l o c a l i z e d  e x c l u s i v e l y  in c i t h e r  so lu b l e  o r  p a r t i cu la t e  f r a c t io n s  o f  th es e  

p r ep a ra t i o n s .  S o l ub le  L H R H - D A  has  be e n  a t t r ibu ted  to the a c t io n s  o f  several

p e p t i d a s e s :

1) neu t ra l  c n d o p c p t i d a s c  w h ic h  h y d r o l y z e s  the  T y r ^ - G l y ^  and  H i s ^ - T r p ^  b o n d s  

w h ic h  is in h i b i t e d  by th io l  pep t i da se  in h ib i t o r s  such  as p-

c h l o r o m c r c u r i b c n z o a t c  ( H o r s t h c m k c  and  Ba uer ,  1980;  H o r s t h c m k c  ct  al.,

19 81) ;

2) a D F P -s c n s i t iv c ,  pro ly l  c n d o p c p t i d a s c  w h ic h  c l e a v e s  the P r o ^ - G l y  ^  b o n d

(Wi l k  et  al.,  1979; Krause  ct al.,  1982; Hersh  and Mc Kc lv y ,  1979);

3)  a " c a t i o n - s e n s i t i v e  m u l t i c a t a l y t i c  p r o t e i n a s e  c o m p l e x "  w h ic h  c l e a v e s  the 

T y r ^ - G l y ^  bond  (Wi lk  and  Orlowsk i ,  1980,  1983).
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M e m b r a n e - b o u n d  L H R H - D A  has  been  a t t r ib u ted  to:

1) E P  24 .11 ,  ident ical  wi th  c n k c p ha l in as c ,  wh i ch  c l e a v e s  the G l y ^ - L c u ^  and  the

S c r ^ - T y r ^  bond s  ( Ma s t as  ct  al.,  1984);

2)  A C E ,  which  c l eaves  the t r ipcp t idcs  f rom the C-  and  N - t c r m in u s  o f  L H R H  

(Sk id gc l  and  Erdos,  1985).

To  d a t e ,  the use  o f  e n z y m e  inh ib i to r s  for  c h a r a c t e r i z i n g  L H R H - D A  by 

b ra in  o r  p i tu i t a ry ,  has  been  o f  l imi ted  value .  A dv i s  ct al. (1 9 8 2 a)  d e m o n s t r a t e d  

that  the T y r ^ - G l y ^  bond  in L H R H  is c l ea ved  by a m c ta l l op cp t i da sc  in 

su p e r n a t a n t  f r a c t io ns  o f  rat h y p o t h a l a m u s  by  s h o w i n g  tha t  c l e a v a g e  is b l o c k e d

by o - p h c n a n t h r o l i n e .  A n o t h e r  g r o u p  has  m a d e  s im i l a r  use  o f  p- 

c h l o r o m c r c u r i b c n z o a t c  to  s h o w  tha t  the fo rm a t i o n  o f  L H R H ^ ‘ 5 by

n e u r o b l a s t o m a  m e m b r a n e s  is c a ta ly ze d  by a thiol  p r o tc a sc  ( Y o k o s a w a  ct al.,

1987).  Yet ,  t he se  inh ib i to r s ,  due  to the ir  lack  o f  se l ec t iv i ty ,  p r o v id e  no

in f o rm a t i o n  as  to  the ex a c t  ident i ty  o f  the r e l ev an t  pep t ida se .  In a s tu dy  o f  the 

h y d r o l y s i s  o f  e x o g e n o u s  L H R H  by sy n a p t i c  m e m b r a n e  p e p t i d a s e s ,  the add i t io n  

o f  e i t h e r  p h o s p h o r a m i d o n  ( E P  24.11 in h i b i to r ) ,  b c s t a t i n  ( a m i n o p c p t i d a s c  

in h ib i to r ) ,  o r  an a n t i c a ta ly t i c  a n t ib o d y  to p r o ly l  c n d o p c p t i d a s c  had  l i t t le  ef fec t .  

T h u s ,  sti l l  an o t h e r  e n z y m e  b es id es  E P  24 .11 ,  a m i n o p c p t i d a s c  o r  p rolyl  

c n d o p c p t i d a s c  ap pe a r s  to p lay  the m a jo r  role in the h y d r o ly s i s  o f  L H R H  by 

s y n a p t o s o m c s  ( E d w a r d s o n  and  M c D e r m o t t ,  1985) .  I d e n t i f i c a t i o n ,  th e r e f o r e ,  o f

the  im p o r t a n t  ( m e m b r a n e )  L H R H - d e g r a d i n g  e n z y m e s  in the  C N S  t h r o u g h  the

use  o f  spe c i f i c  inh ib i to r s ,  h ad  not  ye t  bee n  ac c o m p l i sh e d .

In add i t ion  to the p res en ce  o f  L H R H - D A  in the b ra in  and  p i tu i t ary ,  L H R H  

d e g r a d a t i o n  h a s  be e n  s t u d i e d  in p e r ip h e ra l  o r g an s .  T h e  a p p e a r a n c e  o f  se ve r a l  

L H R H  m e ta b o l i t e s ,  p r in c i p a l ly  a m o n g  . icm L H R H  1 ' 5  and  L H R H  * "3,  were 

o b s e r v e d  f o l l o w i n g  in c u b a t i o n  o f  L H R H  wi th  h o m o g c n a t c s  o f  l ive r ,  l ung ,
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ov a r i e s  and  t e st es  ( Ca ro nc  ct al.,  1987).  F u r t h e rm o re ,  in l ive an i mal  mo d e l s ,

m e ta b o l i t e s  o f  r a d i o l ab e l ed  L H R H  w er e  de te c te d  in bo th  b lo o d  and ur ine  (Sic t l c r

S t e v e n s o n  ct al . ,  1983).  Whi le  the p resen ce  o f  L H R H - D A  in the b ra in  and 

p i t u i t a ry  su g g e s t s  a role  for  these e n z y m e s  in the  in a c t i v a t i o n  o f  

p h y s i o l o g ic a l l y  r e l ea se d  L H R H .  L H R H - D A  in the pe r i p h e ry  is not  l ike ly  

in vo lve d  in the t e rm ina t i on  o f  the ac t ion  o f  e n d o g e n o u s  L H R H  at the 

g o n a d o t r o p c s .  H o w e v e r ,  p e r i p h e r a l  p e p t i d a s e s  m a y  h e a v i l y  in f l u e n c e  the 

d i s p o s i t io n  o f  sy s l c m ic a l ly  a d m in i s t e r e d  L H R H  by c o n t r i b u t i n g  to its p l a s m a

c l e a r a n c e  rate and p o ss ib ly ,  by c a u s in g  its se q u e s t r a t i o n  in t i s sues  r ich in 

L H R H - d c g r a d i n g  p e p t id a s e s  ( B e r g e r  ct al..  1987).

T h e  b io log ica l  p o te ncy  o f  L H R H  has  been  en h a n c e d  t r e m e n d o u s l y  as a 

r esul t  o f  s t ruc tu ra l  m o d i f i c a t i o n s  w hi ch  s l o w  its d e g r a d a t i o n .  For  e x a m p l e ,  

r e p la c e m e n t  o f  the Gly^’ r e s idue  by espec ia l ly  a ro ma t i c  D -a m in o  ac ids ,  such as 

D - t r y p t o p h a n ,  d r a m a t i c a l l y  r e t a rds  i ts d e g r a d a t i o n  by s o lu b l e  and  pa r t i cu la t e

f ra c t io n s  o f  b ra in  h o m o g c n a t c s  and  in c re as e s  its b io lo g i ca l  p o t e n c y  in vi tro  

so m e  30  to 100 t imes  (Bar ron  ct al . ,  1984).  W he r ea s  the d ec l in e  o f  sys lc mic a l ly  

a d m i n i s t e r e d  L H R H  in p la s m a  is e x t re m e l y  rapid,  the m o d i f i e d  " s u p c r a g o n i s t s "  

h a v e  a f ar  s lo w e r  r at es  o f  dec l in e ,  i.e. t he ir  ha l f - l ive s  arc p r o lo n g e d  ( B ar r o n  cl 

al . ,  1982) .  It is now  c l ea r  that  this  p r ec ip i to us  d ec l in e  o f  p l a s m a  L H R H  level s  is 

due ,  in l a rge  par t ,  to de g r a d a t io n  by t i s sue p e p t id a s e s  w h ic h  ina c t iva te  and  thus,  

l imi t  the  b iologica l  ac t ion  o f  L H R H  (B erg e r  ct al . ,  1988);  the s l o w e r  dec l ine  o f  

the  D - X a a ^ - a n a l o g s  is the re f o r e  d u e  to the ir  r e s i s t an ce  to the se  pep t i d as es .  T hus ,  

an u n d e r s t a n d i n g  o f  the  m e c h a n i s m  o f  in a c t i v a t i o n  o f  sy s l c m i c a l l y  

a d m i n i s t e r e d  L H R H  is r e l e v an t  in the c o n t i n u e d  i m p r o v e m e n t  in d e s i g n i n g  

p r o t oc o l s  o f  L H R H  and  ana log  adm in i s t r a t ion .  As  wi th  CN S  p ep t i das es ,  a 

d e f i n i t i v e  d e t e r m i n a t i o n  o f  the  i m p o r t a n t  i n a c t i v a t i n g  p e r i p h e r a l  e n z y m e s  and 

t h e i r  b io lo g i ca l  fun c t i on  can  be m a d e  on ly  by d e m o n s t r a t i n g  that  in the
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p r e s e n c e  o f  an ac t iv e  s i t e - d i r ec te d  inh ib i to r :  * h h c  d i s a p p e a r a n c e  o f  L H R H  f rom  

the pe r ip h e ry  is r e t a rded ;  2 ) an(j the  e f f e c t s  o f  s y s t c m i c a l l y  a d m i n i s t e r e d  L H R H  

arc e n h a n c e d .  W h i le  F l ou rc t  ( 19 8 7 )  has  used  p h o s p h o r a m i d o n ,  a sp e c i f i c  EP

24.11 in h ib i t o r ,  to d e m o n s t r a t e  tha t  L H R H  b r e a k d o w n  by renal  b r u s h  bo r d e r  

m e m b r a n e s  is c a t a l y z e d  by E P  2 4 . 1 1 ,  the p e r ip h e ra l  p e p t i d a s e s  r e s p o n s i b l e  for  

the d i s p o s i t i o n  o f  L H R H  in the  ge n e r a l  c i r c u la t io n  h a v e  not  b e e n  iden t i f i ed .

In s u m m a r y ,  the  f o l l o w i n g  c o n c l u s i o n s  r e g a r d i n g  L H R H  m e t a b o l i s m  and 

its e f f ec t s  on L H R H  act ion  arc d r a w n  from the l i t erature:

(1)  E x o g e n o u s  L H R H  is c l e a v e d  at seve ra l  b o n d s  by m e m b r a n e - b o u n d  and 

so lu b l e  e n z y m e s  p r es e n t  in se v e r a l  in v i t ro  p r e p a r a t i o n s  o f  b r a i n ,  p i tu i t a ry  

a n d  p e r i p h e r a l  o r g a n s .

(2)  E x o g e n o u s  L H R H ,  in j e c t ed  in t r a v e n o u s ly ,  u n d e r g o e s  r ap id  m e t a b o l i s m  i n  

v i v o ,  w i th  a c o n s e q u e n t l y  r ap id  c l e a ra n c e  rate  and  sh o r t  ha l f - l i f e .

(3)  T h e  b io lo g i ca l  hal f - l i f e  and p o te n c y  o f  L H R H  is inc re as e d  by s t ruc tu ra l  

m o d i f i c a t i o n s  w h i c h  in c r e a s e  i ts r e s i s t a n c e  to d e g r a d a t i o n .

On  the  o t h e r  hand ,  se ve r a l  c ru c i a l  po in t s  c o n c e r n i n g  the  b io lo g i ca l  

im p o r t a n c e  o f  L H R H  m e t a b o l i s m  st i l l  ne e d  c l a r i f i c a t io n :

(1)  T h e  id e n t i ty  o f  the  m e m b r a n e  p e p t id a s e s  r e s p o n s i b le  for  c a t a l y z i n g  the 

c l e a v a g e  o f  the va r io us  p ep t i d e  b o n d s  in  v i tro,  as wel l  as the o r d e r  o f  their  

i m p o r t a n c e ,  ha s  no t  be e n  d e c i p h e r e d .

(2)  B e c a u s e  o f  the  d i f f i c u l t i e s  in e x t r a p o l a t i n g  f rom ( m e m b r a n e )  p r e p a r a t i o n s  

in  v i t ro ,  to in vi vo  cond i t io ns :

a)  the ide n t i ty  o f  the  m e m b r a n e  p e p t id a s e s  c a ta ly z i n g  in vi vo  m e ta b o l i s m  o f  

e x o g e n o u s  L H R H  m u s t  st i l l  be d e t e r m in e d .  F u r t h e r m o r e ,  n o  d e f in i t iv e
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e v i d e n c e  has  s h o w n  that  e n d o g e n o u s  L H R H  is in a c t iv a t e d  by C N S  o r  

p i t u i t a r y  m e m b r a n e  e n z y m e s  f o l l o w i n g  its r e l e ase .

b)  it m u s t  sti l l  be de f in i t ive ly  d e m o n s t r a t e d  that  C N S  m e ta b o l i s m  o f  L H R H  

cu r t a i l s  i ts LH -  and  F S H - r c l c a s i n g  ac t iv i ty  at the  p i tu i t a ry .

c )  it m u s t  sti l l  be  d e f i n i t iv e l y  d e m o n s t r a t e d  tha t  the  L H -  and  F S H - r c lc a s in g  

ac t iv i t y  o f  sy s l c m i c a l l y  a d m i n i s t e r e d  L H R H  is cu r t a i l e d  by p e r ip h e ra l  

p e p t i d a s e  ac t iv i ty .  In a d d i t io n ,  w h e t h e r  the  m a j o r  c a u se  for  the  in c re as e d  

p o te n c y  o f  the L H R H  an a lo g s  is the i r  r e s i s t an ce  to  d e g r a d a t i o n  o r  the i r

in c r e a s e d  b in d in g  p o te n c y ,  h as  yet  to be  d e t e r m in e d .

T h e  N- and C - t e n n i n u s  o f  L H R H  is b lo cked  by a p y r o g l u t a m yl  and  an 

a m id e  g r o u p  res pe c t i ve l y .  T h i s  c o n f e r s  to the  m o l e c u l e  the  r e s i s t a n c e  to 

d e g r a d a t i o n  by c x o p c p t i d a s c s  (w i t h  the  p o s s i b le  e x c e p t i o n  o f  p y r o g l u t a m y l  

p ep t id as e ,  an e n z y m e  wi th  a r a t he r  lo w  ac t iv i ty  in the  p i tu i t a ry  and  brain) .  

E n z y m a t i c  d e g r a d a t i o n  o f  L H R H  m us t  the re fo re  be  in i t ia t ed  by the ac t ion  o f  

c n d o p e p t i d a s c s .  P r e v i o u s  w o r k  in th i s  l a b o ra to r y  has  c o n c e n t r a t e d  o n  tw o  z inc-  

c o n t a i n i n g  m c t a l l o c n d o p c p l i d a s c s ,  w i th  L H R H - D A ,  p r e se n t  in bo th  b r a in  and

p i tu i t a ry .  O r l o w s k i  and W i l k  ( 19 81)  have  i so la t ed  f rom the  p i tu i t a r y  and  b ra in ,  a

m e m b r a n e - b o u n d  m c t a l l o c n d o p c p t i d a s c  tha t  c l e a v e s  p e p t i d e  b o n d s  on  the 

a m i n o  s i d e  o f  h y d r o p h o b i c  a m i n o  ac id  r e s id u e s  and  s u b s e q u e n t l y  s h o w e d  its 

id e n t i ty  wi th  E P  24.11  ( " c n k c p h a l i n a s c " )  in i t i a l ly  i so la t e d  f rom k id n e y  b r u sh

b o r d e r  m e m b r a n e s  by K e r r  and Kenny  (1 974 ) ,  ( A l m c n o f f  ct.  al . ,  1981;  A l m c n o f f  

and  O r l o w s k i ,  1983).  A se con d  m e ta l lo e n d o p e p t i d a s c  d i s t inc t  f rom  E P  24.11 was

d i s c o v e r e d  a n d  c h a r a c t e r i z e d  in o u r  l a bo ra to r y ,  a n d  a s s i g n e d  by  the

N o m e n c l a t u r e  C o m m i t t e e  o f  the  I n te r n a t io n a l  U n io n  o f  B i o c h e m i s t r y ,  the

n u m b e r  E C  3 . 4 .2 4 . 15 ,  and is the re f o r e  r efe r red  to  as  e n d o p e p t i d a s e - 2 4 . 15 (wi l l  be 

abbr ev ia te d  as: E P  2 4 . 15)  (Or lo wsk i  et.  al . ,  1983).  E P  24 .15 w as  ini t ial ly  i solated
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f ro m the  so lu b le  p ro te in  f r a c t ion  o f  b ra in  h o m o g c n a t c s  ( ib id ) .  A m e m b r a n e -

b ou n d  fo rm o f  the e n z y m e ,  co ns t i t u t in g  a p p r o x im a te ly  20 to  2 5 %  o f  the total 

ac t iv i ty  w a s  a l so  ident i f i ed .  T h i s  fo rm  was  found to be a s so c i a te d  wi th brain and 

p i tu i t a r y  m e m b r a n e  f r ac t i on s  i n c lu d in g  s y n a p t o s o m c s  ( A c k e r  ct  al . ,  1987) .  EP

24 .1 5  ac t iv i t y  is a l so  found in s o l ub le  and  m e m b r a n e  f r ac t i on s  p r ep a re d  f rom 

per i phe ra l  t i s sues  (C h u  a n d  O r l o w s k i ,  1985; al so:  u n p u b l i s h e d  d a t a  f rom this

l a b o r a to r y ) .  S p e c i f i c i t y  s t u d i e s  wi th  m o d e l  s y n t h e t i c  s u b s t r a t e s  and na t u ra l  

b io a c t i v c  p e p t id e s ,  s h o w e d  tha t  the  e n z y m e  c l e a v e s  p r e f e r e n t i a l l y  b o n d s  on  the 

c a r bo x y l  s ide  o f  h y d r o p h o b ic  a m i n o  acid r e s i du es ,  and  that  a h y d r o p h o b ic  or

bu l k y  r e s i due  in the  P 3 po s i t io n  g rea t ly  e n h a n c e s  the  a f f in i ty  o f  the  sub s t ra t e

toward  the ac t ive  si te o f  the e n z y m e  ( Or lo w sk i  ct  al.,  1983,  C h u  and Or lowsk i  

1985).  M a p p i n g  o f  the ac t ive  si te o f  the e n z y m e  p r o v i d ed  a r at ional  bas i s  for  the 

d e s ig n  and  sy n th e s i s  o f  ac t ive  s i t e d i r e c t e d  N - c a r b o x y m c t h y l  p e p t i d e  in h ib i t o r s  

(C hu  and  O r l ow s k i ,  1984) ,  so m e  o f  the m h a v i n g  Kj values  in the n m o la r  range 

( Or l ow sk i  ct al.,  1988).

S ev er a l  n a tu ra l  o l i g o p e p t i d e s  se rve  as su b s t ra t e s  for  p ur i f i ed  E P  24 .15,  

i n c l u d i n g  b r a d y k i n i n ,  n e u r o t e n s i n ,  d y n o r p h i n  A * ‘ ^,  s u b s t a n c e  P  and  L H R H .  

In i t ia l  s t u d i es  have  sh o w n  that  this  pe p t id a s e  c l e a v e s  the  ce n t r a l  T y r - ^ - G l y ^  

bond  in L H R H  (Or low sk i  ct  al.,  1983).  The  ad j acen t  G l y ^ - L c u ^  bon d  is c l eaved  by 

E P  24.11 (M ats as  ct al.,  1984).  S ince  nei the r  o f  the two  e n z y m e s  wou ld  be 

e x p e c t e d  to c l ea v e  a su bs t ra t e  wi th a D -a m in o  acid in e i the r  the P )  or  P' j  

po s i t io n ,  it w as  th o u g h t  tha t  the r e la t ive  r e s i s t a n c e  o f  the L H R H  s u p c ra g o n i s t s  

with a D - X a a ^  subs t i tu t ion  (P' ]  for  E P  24.15 and  P] for E P  24 .11)  to t issue 

d e g r a d a t i o n  su g g e s t s  that  e i t h e r  one  o r  bo th  o f  thes e  e n d o p c p t i d a s c s  m a y  be 

r e s p o n s i b le  for  a l a rge po r t ion  o f  na t iv e  L H R H  d e g r a d a t i o n  bo th  in vi vo  and i n  

v i t r o .  M o r e o v e r ,  s ince r e s i s t an ce  to  e n z y m a t i c  ac t iv i ty  a p p e a r s  to be 

r e sp o n s i b le ,  in par t ,  for  the  inc rea se d  po te n c y  o f  such  an a lo g s ,  a role for  one  o r
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bo th  o f  these  e n z y m e s  is s u g g e s te d  in r eg u la t in g  L H R H ' s  b io lo g i ca l  ac t ions .  T h e  

av a i l a b i l i ty  o f  po te n t  and  spe c i f i c  in h ib i t o r s  o f  the t w o  e n z y m e s  b e c a m e

th e r e f o r e  an im p o r t a n t  tool  in d e t e r m i n i n g  the  r e l a t ive  i m p o r t a n c e  o f  the  tw o  

e n z y m e s  in L H R H  d e g r a d a t i o n  and in r eg u la t in g  the  b io log ic a l  ac t ion  o f  L H R H

E P  24.11 ,  E P  24.15 and A C E  all posse ss  m e m b r a n e - a s s o c i a te d  pep t idase  

act iv i t ie s .  W hi le  the  act ivi ty  o f  EP  24.15  was  be l i eved  to be co n c e n t ra t e d  

p r i ma r i l y  in the  brain (Chu  and Or l ows k i ,  1985),  EP  24.11 and  A C E  h av e  high 

a c t i v i t i e s  in n u m e r o u s  p e r i p h e r a l  o r g a n s  i n c lu d in g  the  lu n g ,  k id n e y  and

intes t ine  ( K e n n y  and  Fu lche r ,  1983; Erdos ,  1976),  as wel l  as in b ra in  ( A l m c n o f f  

and O r l o ws k i ,  1984; Cor rea  ct al.,  1986).  S ince  all o f  these three 

m c t a l lo p c p t id a s c s  d eg r a d e  L H R H ,  at least  in the ir  pu r i f i ed  form,  it was  

th e r e f o r e ,  o u r  o b j e c t i v e  to d e t e r m i n e  th e i r  r e l a t ive  i m p o r t a n c e  in bo th  ce n t r a l  

and  p e r ip h e ra l  L H R H  d e g r a d a t i o n ,  and  the  p o ss i b le  b io lo g i c a l  r a m i f i c a t io n s .  To

car ry  ou t  this  s tudy ,  the fo l lo w in g  s t e ps  w er e  taken :

1. A c t i v c - s i t c  d i r ec te d  inh ib i to r s  o f  these th ree  e n z y m e s  w e r e  used  to iden t i fy

the c n z y m c ( s )  in s t ru m e nt a l  in the  in vi tro  d e g r a d a t i o n  o f  e x o g e n o u s  L H R H  

by m e m b r a n e  p r e p a r a t i o n s  o f  h y p o t h a l a m u s ,  a n t e r i o r  p i t u i t a r y  a n d  A t T 2 0  

cel ls .  E x a m in a t i o n  o f  the p r o d u c t s  by H P L C  and  a m in o  ac id  an a ly s i s  a l lo w ed  

for  d e t e r m i n a t i o n  o f  the ex ac t  b o nd s  c l e a v e d ,  the  e n z y m e s  r e s p o n s i b l e  for  the 

c l e a v a g e  ac t iv i t i e s ,  and  the o r d e r  o f  i m p o r ta n c e  o f  th es e  c l ea v ag e s .

2. A c t i v e - s i t c  d i r ec te d  in h i b i to r s  o f  these three  e n z y m e s  w e r e  a d m i n i s t e r e d  1CV,

in c o n j u n c t i o n  wi th  L H R H ,  in o r d e r  to  ide n t i fy  the  im p o r t a n t  ac t i v i ty ( i c s )  

invo lve d  in the in vivo  C N S  deg ra d a t io n  o f  e x o g e n o u s  L H R H  fo l lo w in g  its 1CV

a d m i n i s t r a t i o n .
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3. A c t iv c - s i t c  d i r ec te d  in h ib i t o r s  o f  the se  th ree  e n z y m e s  w e r e  a d m i n i s t e r e d  IV, 

in c o n j u n c t i o n  wi th  L H R H ,  in o r d e r  to d e t e r m in e  w h ic h  a c t i v i t y ( ics)  arc 

r e s po ns ib le  for  the in vi vo  pe r ip he ra l  d e g r a d a t i o n  o f  e x o g e n o u s  L H R H  

f o l l o w i n g  i ts  i n t r a v e n o u s  a d m i n i s t r a t i o n .

4. A c t ivc - s i t c  d i r ec ted  inh ib i to r s  o f  EP  24.15 and EP  24.11 were  ad m in i s t e r ed  in 

c o n j u n c t i o n  wi th  L H R H  in o r d e r  to de t e r m in e  if  o n e  o r  bo th  o f  th es e  e n z y m e s  

p lay a ro le  in r egu l a t ing  the L H -  and F S H - r c l c a s i n g  ac t iv i ty  o f  in t r a v en o u s l y  

a nd  i n t r a c c r c b r o v c n t r i c u l a r l y  a d m i n i s t e r e d  L H R H .  F u r t h e r m o r e ,  the  LH-  and 

F S H - r c s p o n s c  to IV "LHRH & inh ibi tor "  t r ea tmen t  w as  c o m p a r e d  to the 

r e s p o n s e  to  D-Xaa*’ -an a l ogs  in o r d e r  to d e t e r m in e  w h e t h e r  the  in c re a se d  

b io lo g i ca l  ac t iv i t y  o f  thes e  s u p c r a g o n i s t s  can  be d e f i n i t i v e l y  a t t r ib u te d  to

th e i r  r e s i s t a n c e  to e n z y m a t i c  d e g r a d a t i o n ,  and to w h ic h  e n z y m e s  in

p a r t i c u l a r .

5. P las m a  LH  was  measu red  fo l lowing ICV infusion o f  inh ib i to r s  o f  E P  24.15,  in 

o r d e r  to d e t e r m i n e  i f  t h is  e n z y m e  m a y  be ins t r u m e n ta l  in r e g u la t i n g  the

c o n c e n t r a t i o n  o f  b i o a c t i v c  e n d o g e n o u s  L H R H  r e a c h i n g  the  g o n a d o t r o p c s  

f o l l o w in g  r e l e as e  f rom M E  ne rv e  t e rm ina l s .

6 . A c t iv c - s i t c  d i r ec ted  inh ib i to r s  o f  E P  24.15 were used to d e t e r m in e  if  this  

e n z y m e  is invo lve d  in the m e ta bo l i sm  o f  en d o g e n o u s  L H R H  fo l lo w in g  KCI-

e v o k e d  re l e a se  f rom br a in  s l i ces.
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MATERIALS AND M ETHODS

M A TE R IA LS

Cap topr i l  (Kj ,  1.7 nM;  Ondci t i  and C u s h m a n ,  1982) was  ob ta in ed  f rom the Sq u ibb  

M ed ica l  R e s e a r c h  Ins t i tu t e  ( P r inc e t on ,  NJ) .  T h e  tw o  E P  24 . 15  su bs t ra t e s ,  B/ . -Gly-  

A l a - A l a - P h c - p A B  a n d  B o c - P h c - A l a - A l a - P h c - p A B  w e r e  s y n t h e s i z e d  as  d e s c r i b e d  

p r ev io u s l y  ( Or lo w sk i  ct  al, 1983).  T h e  EP  24.11 subs t ra t e ,  G l t - A l a - A l a - P h c - 2 N A ,  

a nd  inh ibi tor s ,  c F E - F - p A B  (Kj ,  71 nM)  and c F P - F - p A B  (Kj ,  38 n M )  were  

sy n th e s i z e d  as d e s c r ib e d  p r ev io us ly  (O r lo w sk i  and Wi lk ,  1981;  A l m c n o f f  and 

O r l o w s k i ,  1983; Po zs ga y  cl al . ,  1986).  EP  24 .15  inh ib i to r s  N- |  l ( R , S ) - c a r b o x y - 3 -  

p h c n y l p r o p y l ] - A l a - A l a - P h c - p A B  ( c F P - A A F - p A B ;  Kj = 27 nM)  and N-[1(R,S) -  

c a r b o x y - 3 - p h c n y l p r o p y l  1 - A l a - A l a - T y r - p A B  ( c F P - A A Y - p A B ;  Kj = 16 nM )  arc 

m o r e  p o t e n t  a n a l o g s  o f  N-[ 1 ( R , S ) - c a r b o x y - 2 - p h c n y l c t h y  11 - A l a - A l a - P h c - p A B  ( K i 

= 1.94 g M )  repor ted  p r ev iou s l y  (Chu  and  O r l o w s k i ,  1984)  and w er e  sy n th e s i z ed  as 

d esc r ibed  (Or lowski  cl  al.,  1988).  L H R H ,  | D - A l a 6 ] -LH RH,  dcs-

G l y  ^ [ i m i d a z o b c n z . y l - D - H i s ^ J - L H R H  c t h y l a m i d c ,  t h c r m o l y s i n  and  u r e th a n e  were  

sup p l i ed  by S ig ma  Ch em ic a l  C o m p a n y  (MO).  | D - T r p ^ ) - L H - R H  and  | D - L c u * \  dcs- 

G l y l ^ ] - L H R H  c t h y la m id c  wer e  su pp l i ed  by B a ch c m .  B i osc i .  Inc.  ( P h i l ad e lp h i a ,  

PA) .  A m i n o p c p t i d a s c  N was  p r ep a re d  f rom ho g  k id ne y  a c c o r d i n g  to  the  m e th od  

o f  P f l c id c r c r  ( P f l c i d c r c r ,  1970)  and  f r eed  f ro m  th e  c o n t a m i n a t i n g  

m c t a l l o c n d o p c p l i d a s c  as  d e s c r ib e d  p r e v io u s l y  ( A l m c n o f f  and  O r l o w s k i ,  1983) .  

G o a t  ant i  r abbi t  an t i sc ru m  (Lo t  101-5)  was  p ro v id ed  by B i o r c c la m a t i o n  (East  

M e a d o w ,  NY).  Horse ,  rabbi t  and fetal ca l f  sc ru m  as wel l  as E ar l e ’s B uf fe re d  Salt  

So lu t io n  ( E B S S )  and  H E P E S  were  sup p l i ed  by G ib c o  L ab or a t o r i e s  ( G r a n d  Is land,  

N Y ) .
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METHODS

E x p e r i m e n t s  c o m p r i s i n g  th i s  th es i s  p r o je c t  a rc  d iv id e d  in to  se ve r a l  ph as es .  In

the f o l l o w i n g  sec t i on ,  the  ge ne ra l  d e s ig n  for  ea ch  p ha s e ,  its r a t io na le  and  a im s  

arc de s c r ib ed .  Each  o f  th es e  de s c r ip t i on s  arc fo l lo w ed  by a m o r e  de t a i l ed  

d e s c r i p t i o n  o f  e x p e r i m e n t a l  m e t h o d s  used  in e a c h  o f  th e se  phas es .

EM  s e  1 : L H R H  d e g r a d a t i o n  b y  m e m b r a n e  p r e p a r a t i o n s  o f  b r a i n ,

p i t u i t a r y  a n d  A t T 2 0  c e l l s .

R a t i o n a l e  a n d  g e n e r a l  d e s c r i p t i o n  o f  e x p e r i m e n t a l  p r o c e d u r e s

As  desc r ibed  in the I n t r o d u c t i o n ,  (page  16 & 21) ,  3 m e m b r a n e  pep t idases ,  

w ith k n o w n  L H R H - D A  ( in pur i f i ed  p re p a ra t i o n s )  arc p r ese n t  in the C N S .  It was  

o u r  a im to d e t e r m in e  w h ic h  o f  these p e p t id a s e s  play  i m p o r ta n t  ro les  in the 

d e g r a d a t i o n  o f  e x o g e n o u s  L H R H  by h y p o t h a l a m i c ,  a n t e r io r  p i t u i t a r y  and  AlT2()  

cel l  m e m b r a n e s  ( as  wel l  as  intact  AtT2()  ce l l s ) .  M e a s u r e m e n t  o f  d e g r a d a t i o n  

p r o d u c t s  is a p r e f e r re d  m e a n s  o f  s tu d y i n g  d e g r a d a t i o n  than by m e re ly

m e a s u r i n g  d i s a p p e a r a n c e  o f  the  r eac t an t .  T h e r e f o r e  H P L C  f o l l o w e d  by a m in o  

ac id  ana lys i s  was  used  to m o n i t o r  the a p p e a r an c e  o f  p r o d u c t s  o f  E P  24 .15- ,  EP 

24 .11-  and  A C E - c a ta ly z e d  L H R H  c le a va g e .  In o r d e r  to d e t e r m i n e  w h ic h  ac t iv i t ie s  

in the se  c r u d e  e n z y m e  p r e p a r a t i o n s  arc r e s p o n s i b le  for  e a c h  o f  the id en t i f i ed  

p r o d u c t s ,  in an o t h e r  e x p e r i m e n t  h o m o g e n e o u s  p r e p a r a t i o n s  o f  E P  24 .15  and  EP

24 .11 w e r e  inc ub a t e d  wi th  L H R H  and  the m e ta b o l i t e s  wer e  ide n t i f i ed  by H P L C  

and  a m i n o  ac id  an a l y s i s .  S u b s e q u e n t l y ,  w h e n  ide n t i ca l  m e t a b o l i t e s  w er e  f o r m e d  

wi th  c r u d e  e n z y m e  i n c u b a t i o n s ,  the  e n z y m e  r e s p o n s i b l e  f o r  f o r m a t i o n  o f  these  

p r o d u c t s  w a s  eas i ly  iden t i f i ed ;  the ab s e n c e  o f  a m e ta b o l i t e ' s  fo rm a t i o n  upon

a d d i t i o n  o f  e n z y m e  i n h ib i to r s  c o n f i r m s  the ide n t i ty  o f  the  e n z y m e  re s p o n s i b le

fo r  its p ro d u c t i o n .  T h e r e f o r e ,  the ad d i t io n  o f  in h ib i t o r s  o f  the se  3 e n z y m e s  to 

c r u d e  e n z y m e  in c u b a t i o n  m i x t u r e s  se rv e d  2 p u r p o se s :  1) to p o s i t i v e l y  ident i fy
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w h i c h  e n z y m e s  in th e se  p r e p a r a t i o n s  a rc  r e s p o n s i b l e  for  the  f o r m a t i o n  o f  each  

o f  the  p r od uc t s ;  and 2 ) to de t e r m in e  the im p or ta nc e  o f  each o f  these e n z y m e s  in 

L H R H  h y d r o l y s i s  by th es e  p r e p a r a t i o n s .

In add i t ion ,  hy d ro ly s i s  o f  L H R H  and two  D - X a a ^ - a n a l o g s  by pur i f i ed  EP

24 .15  and E P  24.11 p re p a ra t i o n s  w ere  c o m p a r e d .  Be ca us e  o f  the  pos s ib le  

i m p o r ta n c e  o f  thes e  e n z y m e s  in c u r t a i l i ng  the b io lo g i ca l  ac t i v i ty  o f  L H R H  (see  

I n t r o d u c t i o n ,  page  6 & 25) ,  it was  imp or ta n t  to de te rm in e  if  the sup crac t ivc  

L H R H  an a lo g s  m a y  a t t a in  th e i r  in c re as e d  b io lo g i ca l  p o te n c y  d ue  to r e s i s t an ce  to 

thes e  e n z y m e s .  T h e r e f o r e ,  th e i r  su sc ep t i b i l i t y  (or  lack  th e re o f )  to h y d r o l y s i s  by 

th es e  e n z y m e s  w a s  d e t e r m i n e d .

P r e p a r a t i o n  o f  p a r t i c u l a t e  f r a c t io ns  f rom p i tu i t a r y  a n d  h y p o t h a l a m u s .

Male  S p rag ue  D aw lc y  rats w e i g h i ng  250 to 300 g were k i l l ed  by 

dec ap i t a t io n .  T h e  h y p o th a la m i  wer e  d i s s ec t ed  by  the m e th o d  o f  G l o w in s k i  and  

I vc r scn  (1 966 ) ,  w e ig h e d ,  and  10% h o m o g c n a t c s  w er e  p r e p a r e d  in an i ce - co l d ,  

Tr i s -HCI  buf fe r  (0 .05 M; pH 7.6)  and then cen t r i fuged  at 10,000 g for 20  min.  The 

pel l et  was  w a sh e d  tw ice  wi th an equa l  v o lu m e  o f  b u f fe r  and then re su sp e n d e d  

in the  sam e  bu f fe r  and  s to red  at -20 C.  P a r t i c u l a t e  f r a c t io n s  o f  r at  a n t e r io r  

p i tu i t a r y  w er e  p r e p a r e d  by the sa m e  p r o c e d u re .

D e t e r m i n a t i o n  o f  e n z y m e  a c t i v i t y .

Ac t iv i ty  o f  EP  24 .15 was  de t e r m in e d  wi th  t B O C - P h c - A l a - A l a - P h c - p A B  as 

d es c r ib ed  p rev i ous ly  ( O r lo w sk i  et  al . ,  1983).  T h e  p r od u c t  o f  the r eac t ion  (Ala-  

A l a - P h e - p A B )  was  d e g r a d e d  to the con s t i tuen t  a m i n o  ac ids  and p A B  by an exc ess  

o f  a m in o p c p t id a s c  M a d de d  to the incu ba t io n  mix t u re s .  F re e  p A B  w as  then 

d e t e r m i n e d  by a d ia z o t i z a t i o n  p r o c e d u r e  (B ra t t o n  and  M a rs h a l l ,  1939;  G o l d b a r g  

and  Ru t en b e rg ,  1958).  Act iv i ty  was  al so d e t e r m in e d  in the  p r e s e n c e  o f  20  ( iM N-
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[ 1 ( R , S ) - c a r b o x y - 3 - p h c n y l p r o p y l  ] - A l a - A l a - P h c - p A B  ( c F P - A A F - p A B ) ,  a s p e c i f i c  

ac t ive  si te d i r ec ted  inh ib i to r  o f  E P  24. 15  (Kj  = 27 nM) .  T h e  d i f f e ren ce  in

ac t iv i t i e s  m e a s u r e d  in the  tw o  inc uba t i on  m ix tu re s  was  t aken  as a m e a s u r e  o f  EP

24 .15  act ivi ty .  Act iv i ty  was  a l wa ys  de t e r m in e d  in the p r ese nce  o f  20  p M  N -(1 - 

( R , S ) - c a r b o x y - 2 - p h c n y l c t h y l  ] - P h c - p A B  ( c F E - F - p A B )  ( A l m c n o f f  a nd  O r l o w s k i ,  

1983) ,  an  inh ib i t o r  (Kj  = 7.1 x 1 0 ' ^  M )  o f  m e m b r a n e - b o u n d  neu t ra l

m c t a l l o c n d o p c p t i d a s c  ( E C  3 .4 .2 4 .1 1) ,  w h ic h  c l e a v e s  t B O C - P h c - A l a - A l a - P h c - p A B  at 

the A la - P h c  bon d  and  a l so s lowly  d e g r a d e s  the inh ib i t o r  o f  the so l ub le  

m c t a l l o c n d o p c p t i d a s c .  E n z y m e  ac t iv i ty  is e x p r e s s e d  in un i t s ,  o n e  uni t  be in g  

de f in e d  as the a m o un t  o f  e n z y m e  req u i r ed  to  r e l ease  1 p m o l  o f  p r o d u c t / h .

Sp ec i f i c  ac t iv i ty  is e x p r e s s e d  in u n i t s /m g  p ro te i n  d e t e r m i n e d  ( L o w r y  ct al . ,

1951)  wi th  b o v i ne  sc ru m  a l b u m in  as the  s tandard .

The  K m o f  L H R H  with respect  to EP  24.15 was  m eas ur ed  by incuba t ion o f

pur i f i ed  e n z ym e (Or lowski  ct al.,  1983)  with L H R H  (20 to 200  p M )  in a T r i s -HC l  

b u f fe r  (0.1 M;  pH 7 .0 )  c on ta in in g  0 .4 m M  d i th io thrc i to l  (D TT ) .  T h e  reac t ion  was  

t e rm in a t e d  by addi t ion  o f  an a l iquot  o f  1.0 M H O Ac ,  and  p r od uc t  fo rmat ion  was  

e s t i m a te d  by H P L C  as des c r i bed  below.

In so m e  ex p e r im en t s ,  L H R H  o r  su pc ra c t iv c  an a lo gs  o f  L H R H  were  

in cu ba te d  wi th  pur i f i ed  rat b rain E P  24 .15 (Or low sk i  ct  al . ,  1983)  o r  rat k idne y  

E P  24.11 (Or lowsk i  and Wi lk ,  1981; A lm c n o f f  and O r lowsk i ,  1983).  A total  vo lu me  

o f  600  p L  con ta ined 0.2 m M  L H R H ,  0.2 m M  DTT,  0.03 M Tri s-HCl  (pH 7.0) and 1.2 U 

E P  24.15,  or  4.8 U EP  24.11.

Reaction o f  LHRH wi th  p i tu i t a ry  and h v p o t h a l m i c  p a r t i c u l a t e  f r a c t i o n s .

Ac t i v i t y  t o w a r d  L H R H  was  d e t e r m i n e d  by f o l lo w in g  the  d e g r a d a t i o n  o f  

the  pe p t i de  by HP L C .  Incu ba t io n  m ix tu re s  con ta in e d  L H R H  (0.1 m M ) ,  T r i s - H C l  

b u f fe r  (0.1 M;  pH  7.0) ,  D T T  (0.4 m M )  and the  m e m b r a n e  f rac t ion  ( co n ta in in g
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ab ou t  2 -5  m g  p r o te in )  in a final v o lu m e  o f  0.8 mL.  Incub a t ion s  w ere  at 37 C. In 

e x p e r im e n t s  in w h ich  the  ef fec t  o f  inhibi t ion  o f  E P  24.15 w as  te s ted,  50 p M  o f  

c F P - A A F - p A B  w as  inc lu de d  in the in c uba t i on  mi x t u r e s .  E P  24.11 and  an g i o t en s in

c o n v e r t i n g  e n z y m e  w e r e  inh i b i t ed  by c F E - F - p A B  (2 0 0  p M )  and  cap topr i l  (10

p M ) ,  r e s pe c t i ve l y .  A l i q u o t s  o f  the r ea c t ion  m ix tu re  (60  p L )  were w i t h d r a w n  at

t im es  0,  I ,  2, and  3 h our s  and t r ea ted  wi th  30% t r ich lo roace t i c  ac id.  The

p r e c i p i t a t e d  p r o te i n  w a s  r e m o v e d  by c e n t r i f u g a t i o n  and  the  s u p e r n a t a n t  was  

sub jec ted  to H P L C  as de sc r i b ed  below.

A l T 2 0  cel l  cu l tu r e  and  react ion  o f  L H R H  with ce l l s  and pa r t i cu la t e  

f r a c t i o n s .

AtT2()  ce l l s  were  g r o w n  in m o n o l a y e r  cu l tu re  in H am 's  F I 2 m e d iu m  

s u p p le m e n te d  wi th 10 m M  sod iu m b ica rbona te ,  10 m M  H E P E S  (pH 7.2) ,  12.5% 

horse  sc rum ,  2 . 5%  fetal  c a l f  sc rum ,  1,000 U /m L  penic i l l in ,  1 ,000 p g / m L  

s t r e p t o m y c i n  su l fa t e ,  and 2.5 p g / m L  a m p h o t e r i c i n  B. C e l l s  w er e  i n o c u la t e d  in to  

24 c m ^  p | a s tic t i s sue cu l tu re  f lasks (Fa lcon ,  Ox nar d ,  CA )  and inc uba ted  at 3 7 ° C  in 

a h um id i f i ed  a t m o s p h e r e  o f  9 0 %  a i r /10% C 0 2 -  Th e  m e d iu m  was  c h a n g e d  twice 

w e e k  I y .

F or  incu ba t io n  o f  ce l l s  d i r ec t ly  wi th  L H R H  in m o n o l a y e r  cu l tu re ,  25 c m ^  

f la sks  were  inocu la ted  wi th  3.0 m L  o f  a cell  suspe ns i on ,  and  g r o w n  for  1 wee k  as 

d es c r ib ed  above .  T h e  m e d iu m  was rem ov e d ,  and ce l l s  wer e  w as h e d  once  wi th  5.0 

m L  o f  f re sh  m e d iu m .  5 .0  m L  o f  a s tc r i l c- f i l tc rcd m e d iu m  co n t a i n i n g  0.1 m M  

L H R H ,  110 m M  NaCl ,  5.3 m M  KCI,  1.0 m M  M g C l2 , 25 m M  glucose,  70 m M  sucrose,

1.8 m M  C a C l 2 , 0.4 m M  di thiothrci lo l  and 2 m M  d ibas ic  sod iu m ph o sp ha te  (pH o f  

the m e d i u m  was ad j us ted  to 7 .35).  S o m e  f lasks  c on t a i n e d  the  E P  24 . 15  inh ib i to r  

c F P - A A F - p A B  (50  p M )  and  o th e r s  c o n t a i n e d  the  a n g i o te n s in  c o n v e r t i n g  e n z y m e  

inh ib i t o r  ca p topr i l  (10  p M ) .  S am p le s  o f  100 p L  wer e  r e m o v e d  wi th  a ster i le  p ipc t
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for  H P L C  ana lys i s  as de sc r i be d  below.  Ce l l s  were ha r ve s te d  at the end  o f  the 

e x p e r i m e n t  and c o u n t e d  wi th  a h c m o c y t o m c t c r .

A p a r t i c u la t e  f r act ion  o f  A tT 2 0  cel l s  was  p r e p a re d  and  in cu ba te d  d i r ec t ly  

wi th  L H R H .  Ce l l s  from 4  f lasks were  ha rves ted  by addi t ion  o f  5.0 m L  0.5 m M  

E D T A ,  and  cen t r i fu ged  im m ed ia te ly  for  5 min  at 1000 g. Ce l l s  were then washe d  

by r e s u s p e n d in g  three  t i m es  in no rm al  m e d iu m  ( see  a b o v e )  to r e m o v e  E D T A .

T h e  final  p ac ke d  cell  pel le t  was  ho m o g e n iz e d  in ap pr o x im at e ly  10 vol o f  0 .05 M 

T r i s - H C l  (pH 7.0).  T h e  sus p en s io n  was  cen t r i f uge d  for  20 min  at 12,000g.  The 

s u p e r n a t a n t  was  r e m o v e d  and the m e m b r a n e s  w er e  w a s h e d  tw ic e  in the sam e  

buffer .  T h e  final pel let  w as  h o m o g e n iz e d  in 10 vol o f  the sa m e  buf fe r  and 

f rozen  in a l iquo t s  for  l a t er  use.  Incuba t ion  m ix t u re s  co n t a in e d  0.1 m M  L H R H ,  

0 .4  m M  d i th i o th rc i to l ,  0.01 M Tr i s -H Cl  (pH 7.0)  and  the pa r t i cu la t e  f ract ion 

d e s c r ib e d  above .  EP  24 .15 had a spec i f i c  ac t ivi ty in the in c uba t i on  m ix t u re  o f  

0.21 p m o l c s / m g / h r  (1 7 0  p g  p r o te i n )  us i ng  t B O C - P h c - A l a - A l a - P h c - p A B  as the 

s u b s t r a t e .

S e p a r a t i o n  and iden t i f i ca t io n  o f  the p r o d u c t s  bv H P L C .

High  p ressu re  l iquid c h r o m a to g r a p h y  ( H P L C )  was  ca r r i ed  ou t  on a C j  g

r c v c r s c - p h a s c  p B o n d a p a k  co l um n (30  x 0 .4 cm; 10 p.M; Wat e r s ) .  P ro d u c t s  were 

e l u te d  wi th  a l ine a r  g r ad ie n t  e s t a b l i s h e d  b e t w e e n  0 . 1% p h o s p h o r i c  ac id  and  

ac c t on i t r i l c .  Th e  ini t ial  c o n c e n t r a t i o n  o f  a c c t on i t r i l c  w as  in c re a se d  f rom 10% to 

3 5 %  d u r in g  30  min  at a f low rate o f  1 m L /m in .  T he  acc ton i t r i l c  c o n c en t r a t io n

w as  then  m a in ta in ed  at 3 5%  for  an add i t iona l  20  min .  E m e r g i n g  pe a k s  were

m o n i t o r e d  at 214  nm.

F o r  i so la t i on  o f  r e a c t io n  p r o d u c t s ,  t he  in c u b a t i o n  m i x t u r e s  d e s c r i b e d

a b o v e  w er e  t r ea ted  wi th  2.5 m L  o f  e th an o l  and  c o n c e n t ra t e d  u n d e r  a s t r ea m o f  

n i t r o g e n  a f t e r  r e m o v a l  o f  p r o te i n  by c e n t r i f u g a t i o n .  T h e  e n t i r e  i n c u b a t i o n
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m ix tu re  was  sub je c t ed  to H P L C  and  the  e m e r g i n g  p ea k s  wer e  co l l ec te d  for  

an a ly s i s  o f  a m in o  ac id  co m p o s i t i o n .  A m i n o  ac ids  w er e  d e t e r m i n e d  as  p r ev io u s l y  

de s c r ib e d  ( O r lo w sk i  and Wi lk ,  1981)  fo l low ing  ac id  h y d r o ly s i s  o f  the  pe p t id es  in 

6 M HC1 at 105 C for 24 h.

P h a s e  2: I n  v i vo  d e g r a d a t i o n  o f  e x o g e n o u s  L H R H  in  t h e  C N S  a n d  in 

t h e  g e n e r a l  c i r c u l a t i o n .

R a t i o n a l e  a n d  g e n e r a l  d e s c r i p t i o n  o f  e x p e r i m e n t a l  p r o c e d u r e s :

A. F o l l o w i n g  the ide n t i f i c a t io n  o f  the  i m p o r ta n t  C N S  L H R H - d c g r a d i n g  e n z y m e s  

in v i t ro  t h r ough  the  use  o f  e n z y m e  inh ibi tor s ,  it was  d ec id e d  to do  a s imi la r  

d e t e r m i n a t i o n  in vivo.  E n z y m e s  re sp o n s i b le  for the d e g r a d a t i o n  o f  ICV 

a d m i n i s t e r e d  L H R H  w e r e  ide n t i f i ed  by c o a d m i n i s t e r i n g  in h i b i to r s  o f  E P  24 .15 ,  

E P  24.11 and A C E  wi th  LHR H.  Th e  d i sa ppe ara nce  o f  L H R H  was mon i t o re d  by 

r a d i o i m m u n o a s s a y  o f  L H R H  r e m a i n i n g  in b ra in  o n e  h o u r  fo l l o w in g  ICV  

L H R H  in fu s i o n  ( us in g  an a n t i s c ru m  to L H R H ' ' ^  that  d o c s  not  c ro ss r ea c t  wi th  

the p ro d u c t s  o f  EP  24 .15 and E P  2 4 . 1 1 -m edi a te d  hydrolys i s ) .

B. In a s i m i l a r  s tu dy ,  we  ide n t i f i ed  the pe r i p h e ra l  p e p t id a s e s  r e sp o n s i b le  for  the 

d e g r a d a t i o n  o f  IV a d m in i s t e r e d  L H R H  by the  c o a d m i n i s t r a t i o n  o f  in h i b i t o r s  o f  

E P  24 .15 ,  E P  24.11 and  ACE.  L H R H  d i sa p p ea ra nc e  was  mon i t o re d  by 

r a d i o i m m u n o a s s a y  o f  p l a s m a  L H R H  c o n c e n t r a t i o n s  at v a r io u s  t im e  in te r v a l s  

f o l lo w in g  IV L H R H  in ject ion .  T h e  e f fec t  o f  the v a r io us  p ep t id as es  on 

d i s p o s i t i o n  o f  L H R H  in the g en e r a l  c i r c u la t io n  w a s  f u r th e r  q u a n t i f i e d  by 

d e t e r m i n i n g  the  p l a s m a  hal f - l i f e  o f  L H R H  in the  p r e s e n c e  and  ab s e n c e  o f  

inh ib i t o r s  o f  these pep t id as es .  In o r d e r  to su gg e s t  the l ike ly  s i t es  o f  L H R H  

hy dr o ly s i s  by  E P  24 .15 and E P  24.11 in the pe r ip he ry ,  the ac t iv i ty  o f  the se  2 

c n d o p c p t i d a s c s  in s e v e r a l  p e r i p h e r a l  o r g a n s  w a s  a s s a y e d .
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As part  o f  this  s tudy,  the labi l i ty o f  the E P  24.15 inh ib i to r ,  c F P - A A F - p A B ,  

in the  g ene ra l  c i r cu la t ion  w as  s tud ied .  As will  be e x p l a i n e d  fu r t he r  in the

R e s u l t s  and D i s c u s s i o n  s e c t ions ,  it was  d e t e r m in e d  tha t  th is  inh ib i t o r  can  

se rv e  as a su b s t ra t e  for  E P  24.11 and  th c rm o ly s i n .  T h e r e f o r e ,  the hy d r o ly s i s

o f  c F P - A A F - p A B  by pur i f i ed  EP  24.11 ,  thc rm oly s in  as  well  as EP  24.11 in crude

t i s sue  h o m o g c n a tc s ,  was  s t ud ie d  by H P L C  and a co l o r i m e t r i c  e n z y m e  assay  

( see  be lo w,  .

ICV in jec t ion s  o f  L H R H  and  in h i b i t o r s .

150-175  g m a le  rats  wer e  a n e s th e t i z e d  by in t r a p c r i t o n c a l  ( IP)

a d m in i s t r a t i o n  o f  u r e t ha n e  (1 .3 g /kg) ,  and an inc i s ion  was  m a d e  in to  the  sca lp

a l on g  the  mid l inc .  A hole was  d r i l l ed th ro u gh  the  skul l  at 1 m m  p os te r i o r  and

1.5 m m  lateral  to Bregma.  A ca nn u la  (0 .010"  O.D. )  was  low ere d  9  m m  front the

sur fac e  o f  the sku l l  at an ang l e  o f  10° f rom the ver t ical  ( t r a v e l in g  f rom la teral

to med ial ) .  The  gu ide  ca nn u la  (0 .018"  O.D. )  was  be ve le d  ap p r o x im a te ly  10° so  that 

the  in j ec t ion  cou ld  be  m a d e  d i r ec t ly  d o w n  in to  the thi rd ve n t r i c l e  ( W a l l s  and  

W i sh ar t ,  1977).  A so lu t i on  c o n t a in i n g  L H R H  wi th  o r  w i th ou t  in h ib i t o r s  was  

in j ec t ed  (1 p l / m i n )  us i ng  a sy r i ng e  p um p.  A n i m a l s  wer e  left  fo r  1 hr ,  then 

s a c r i f i c e d  by d ec ap i t a t io n .  B r a i n s  wer e  r e m o v e d ,  h o m o g e n i z e d  in 10 v o l u m e s  o f

0.1 M acet ic  acid,  and L H R H  was  as sayed  as des c r i bed  below.  T h i rd  ven t r i c le  

c a n n u l a t i o n  w as  v e r i f i e d  by d i r ec t  o b s e r v a t i o n  o f  the  c a n n u l a  " t r a ck"  be fo re  

h o m o g e n i z a t i o n .

I n t r a v e n o u s  ( IV )  a d m i n i s t r a t i o n  o f  L H R H  and  i n h i b i t o r s .

Ma le  rats  (3 00  - 350  g)  were  ane s t h e t i z ed  wi th  1.3-1.5 g /k g  u r e th an e  ( IP)

a nd  f i t t ed  wi th  a r igh t  at rial  ca the te r .  T h e y  su b s e q u e n t l y  w er e  t r ea ted  wi th  733

p. l/kg o f  a 50 m M  L H R H  so lu t ion (36.6 nmol  L H R H /  kg)  IV th ro ugh  the atrial
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ca the te r .  G r o u p s  o f  an im a l s  r ec e iv ed  in j ec t ions  o f  3.11 m l / k g  o f  e i the r :  1) 50 

m M  so lu t ion o f  c F P - A A F - p A B  (156 mm o l / k g ) ;  2) 50 m M  solut ion  o f  c F P -F -p A B ;  3) 

a mix t u re  o f  50 m M  c F P - A A F - p A B  and 50  m M  cF P -F -p A B ;  4)  10 m M  captopr i l  or  5)

0 . 9 %  sa l ine ,  at 5 m in u t e s  p r io r  to the L H R H  inject ion  and a se co n d ,  sup p le m e n ta l  

d o s e  o f  1.1 m l / k g  o f  the sa m e  was  g iven at 8 m in u t es  af ter  the L H R H  

a d m in i s t r a t i o n .  B l o od  s a m p l e s  o f  0.5 ml wer e  d r a w n ,  th r o u g h  the at rial  ca th e te r  

at 5,  20,  35.  50,  65 and  80 m inu te s  fo l lowing  L H R H  admin i s t r a t ion .  P la sm a  was 

se pa r a t e d  f rom red b lood  ce l l s  ( R B C )  by cen t r i f uga t i on  (at 1600g  for  15 

m in u t e s ) ,  and  f rozen  on d ry  iec for  r a d i o i m m u n o a s s a y  o f  L H R H  c o n c e n t r a t i o n s

as  d es c r ib ed  be lo w.  Each  R B C  pel le t  was  r e su spe nde d  in h e p a r i n i / c d  sa l ine  (50

1 .U. /ml )  and  r e tu r n e d  to the  a n i m a l s  a f t e r  the s u b s e q u e n t  sa m p l i n g .

D e te r m in a t io n  o f  E P  24 .15 & E P  24.11 act ivi ty  in c ru d e  t i s sue  h o m o g e n a t e s .

Ma le  rats ,  300  g were  sa c r i f i ced  by dec ap i t a t ion .  T h e  b ra in ,  k idn ey ,

s p le e n ,  lu n g ,  sk e le t a l  m u s c le  ( g a s t r o c n e m i u s ) ,  h ea r t  and  l iv e r  w er e  

im m ed ia te ly  ex c i se d  and h o m o g e n iz e d  in 10 vo lu m e s  o f  0 .05  M T r i s - H C l ,  pH 7.6.

E P  24 .15  ac t i v i ty  in h o m o g c n a t c s  was  d e t e r m i n e d  wi th  B o c - P h c - A l a - A l a - P h c -  

p A B  (0.4 m M )  as d esc r ibed  above  (R e s u l t s , phase  1). EP  24.11 act ivi ty  was  

d e t e r m i n e d  u s i n g  G l l - A l a - A l a - P h c - 2 N A  (0 .8  m M )  as p r e v i o u s l y  d e s c r i b e d  

( O r lo w sk i  and  Wi lk ,  1981).  E P  24.11 ac t iv i ty  was  m e a s u r e d  in the  p r es e n ce  and 

ab s e n c e  o f  0 .4  m M  c F P - F - p A B ,  a se l ec t ive  ac t ive  s i t e -d i rec ted  inh ib i t o r  o f  EP  

24 .11 .  T h e  d i f f e r e n c e  in ac t iv i t i e s  m e a s u r e d  in the  two  in c u b a t i o n  m ix t u r e s  was

taken  as a m e a su r e  o f  EP  24.11 act ivi ty.

E n z y m e  ac t iv i t i e s  arc ex p r e ss e d  in uni ts ,  o n e  uni t  be i ng  d e f in e d  as the 

a m o u n t  o f  e n z y m e  requ i r ed  to r e lease  1 p m o l  o f  p r od uc t /h .  Sp ec i f i c  ac t iv i ty  is 

e x p r e s s e d  in u n i l s /m g  o f  p r o te in .  P ro t e i n  was  d e t e r m i n e d  by the  m e t h o d  o f  

L o w r y  et  al . ,  ( 1 9 5 1 )  wi th  b ov ine  sc ru m  a l b u m in  as the s t an dar d .
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D eg ra da t io n  o f  c F P - A A F - p A B  and G U - A A F - 2 N A  bv E P  24.11 in k i d n e y . 

lu ng ,  s p l e e n  and b r a in  h o m o g c n a t c s .

A p p r o p r i a t e  d i l u t io n s  o f  the c r u d e  h o m o g c n a t c s  o f  k id n e y ,  lung ,  sp leen  

and  b r a in ,  p r e p a r e d  as  d e s c r i b e d  in p r e v i o u s  p a r a g r a p h ,  w er e  in c u b a t e d  wi th  

c F P - A A F - p A B  (f inal  c on c en t r a t io n ,  0 .2 m M )  in Tr i s -H Cl  buf fe r  (0 .05  M, pH 7.6)  

in the  p r es e n ce  o f  ex ces s  am in o p c p t id a sc  N (10  p g ) .  In cu b a t io n s  w er e  at  3 7 °  C in 

a final  v o lu m e  o f  0 .25  ml.  T he  re l ease  o f  free pA B  was  m e as u r ed  as des c r i bed  

ab o v e  for  d e t e r m in a t i o n  o f  E P  24.15  ac tivi ty .  Ac t i v i t i e s  wer e  m e a s u r e d  in the 

p r es e nc e  and  ab se nc e  o f  0.4 m M  c F P - F - p A B ,  a speci f ic  ac t ive  s i t e -d i r ec t ed  

inh ib i to r  o f  E P  24.11.  The d i f f e re n ce  in ac t iv i t i e s  m e a s u r e d  in the two

incuba t ion  mix tu res  was  t aken as a me as u r e  o f  EP  24.11 ac tivi ty .  EP  24.11 

ac t i v i ty  in th e se  h o m o g c n a t c s  a l so  was  d e t e r m i n e d  wi th  G l t - A l a - A l a - P h c - 2 N A

(0.8 m M )  as the sub s t ra t e  as de sc r i be d  above .

D e g r a d a t i o n  o f  c F P - A A F - p A B  bv pur i f i ed  E P  24.11  and  t h c rm o ly s in  and

i d e n t i f i c a t i o n  o f  the  r e a c t i o n  p r o d u c t s .

A h o m o g e n e o u s  p r ep a ra t io n s  o f  EP  24.11 ( A l m c n o f f  a n d  O r l o w s k i ,  1983)  

was  inc uba ted  wi th  c F P - A A F - p A B  (0.25 m M )  in a 0 .05 M T r i s -H C l  buf fe r  (pH 7.6)  

at 3 7 ° C ,  in a final  v o lu m e  o f  1.0 ml.  Af ter  80 mi nu te s  o f  incuba t ion  the r eact ion  

was  t e rm in a t e d  by add i t ion  o f  50  ml o f  glacia l  acet ic  ac id.  In r ea c t ions  wi th 

th c rm o ly s i n  the  in c uba t i on  m ix tu re s  cons i s t ed  o f  1.0 m M  c F P - A A F - p A B ,  5 m g  o f  

c r ys t a l l i ne  bac te r i a l  t h c rm ol ys in  ( S ig m a  C h e m ic a l s ) ,  0 .05 M T r i s -H C l ,  p H  7 .6  in a 

f inal  v o lu m e  o f  1.0 ml .  Re ac t ion s  wer e  car r i ed ou t  at 3 7 ° C  for  30 m in u t es  and 

t e rm in a t e d  by add i t ion  o f  50  ml  o f  g lacia l  acet i c  acid.  A l iq u o t s  o f  the r eac t ion  

m i x t u r e s  w e r e  s u b je c t e d  to h ig h  p r es su r e  l iqu i d  c h r o m a t o g r a p h y  ( H P L C )  on  a 

C )8 r e v e r s e - p h a s e  p B o n d a p a k  co lu mn  (30  x 0 .4 cm; 10 p m ;  W a te r s ) .  P ro d uc t s
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w e r e  e l u te d  wi th  a l i ne a r  g r a d ie n t  e s t a b l i s h e d  b e t w e e n  0 . 1% p h o s p h o r i c  ac id  

and  a c c t on i t r i l c .  T h e  ini t ial  c o n c e n t r a t i o n  o f  a c c t o n i t r i l c  was  in c r e a s e d  from 

10% to 4 0 %  d ur ing  30 min  at a f low rate o f  1 ml / min .  Th e  accton i t r i lc  

c o n c e n t r a t i o n  w as  then  m a in ta in e d  at 4 0 %  for  an add i t io n a l  10 min .  E m e r g i n g  

pe a k s  wer e  m o n i t o r e d  at 2 14  nm.  F or  i so la t ion  o f  r ea c t io n  p r o d uc t s ,  the 

in c u b a t i o n  m ix t u re s  d e s c r ib e d  ab ov e  w er e  sub je c t ed  to H P L C  w i th  a g r ad i en t  

s ys te m  d e s c r ib e d  ab o v e  e x c e p t  that  p h o s p h o r i c  ac id  w as  r ep la ce d  by 

t r i f lu o r o a c c t i c  ac id .  E m e r g i n g  pe a k s  w er e  c o l l e c te d  a n d  ac c t o n i t r i l c  and 

t r i f lu o r o a c c t i c  ac id  w er e  r e m o v e d  (a nd  p e p t id e s  w e r e  c o n c e n t r a t e d )  u n d e r  a 

s t r e a m  o f  n i t r o g e n  for  f u r t h e r  an a ly s i s  o f  the  p r o d u c t s .

R a d i o i m m u n o a s s a y  ( R I A )  for LHRH

RIA  w a s  ca r r i e d  ou t  by the ge n e r a l  p r o c e d u r e  d e s c r i b e d  p re v io u s l y  

( M ol in c au x  ct al.,  1986).  10 p i  sc rum a l iquo t s  were  inc uba te d  wi th  an L H R H  

sp e c i f i c  a n t i s c r u m  (k ind ly  p r o v id e d  by Dr.  J a m e s  R o b e r t s  o f  th i s  ins t i tu t io n)  

and 5 0 0 0- 70 0 0  cpm  o f  [ ^ ^ I J L H R H  in a total vo lu me  o f  300  ml o f  150 m M  sod ium 

p h o s p h a t e  b u f f e r  (pH  7 .4)  c o n t a i n i n g  0 . 1 %  b o v in e  s c r u m  a l b u m i n  (w /v )  and 

0 . 1 %  T r i to n  X - 1 0 0  (v/v) .  R a d i o i m m u n o a s s a y s  p e r f o r m e d  on  d e g r a d a t i o n  p r o d u c t s  

ob ta in ed  af ter  incuba t ion  o f  L H R H  with E P  24 .11,  E P  24 .15 and am in o p c p t id a sc  N 

s h o w e d  that  th e re  is less  th a n  0 . 0 1 5 %  c r o s s r e a c t iv i t y  wi th  e q u i v a l e n t  a m o u n t s  

o f  L H R H .  A f t e r  18-24 h, the r eac t ion  was  t e rm ina te d  by addi t ion  o f  1.0 ml o f  a 

c h a r c o a l  [3% (w/v) ] :  d cx t ran  (0 .3% (w/ v) ]  : ho r se  s e r u m  [15%  (v /v ) ]  mi x t u r e ,  

and  s a m p l e s  w er e  ce n t r i f u g e d  at 5 0 0 0g  fo r  15 min.  S u p e r n a t a n t s  w ere  c o u n t e d  

in a g a m m a  c o u n t e r  ( L K B )  and  i m m u n o r c a c t i v i t y  was  e s t i m a te d  us i ng  a 

lo g / l o g i t  d a t a  r e d u c t i o n  f rom  s ta nd ar d  c u r v e s  p r e p a r e d  wi th  e a c h  as say.
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Sta t i s t i ca l  A n a ly s i s  o f  Data .

F o r  c o m p a r i s o n  o f  d i f f e r e n c e s  a m o n g  m u l t ip le  g r o u p s ,  o n e - w a y  an a ly s i s  

o f  v a r i a n c e  f o l l o w e d  by S c h c f f c ' s  m u l t ip le  c o m p a r i s o n  test  ( 1 9 5 3) ,  was  

p e r f o rm e d .  F o r  c o m p a r i s o n  o f  m e a n s  o f  on ly  2 g r o u p s ,  a 2 - ta i l ed ,  u n p a i re d  t - test  

w a s  p e r f o r m e d .

Phase 3: Influence of CNS and pe r iphera l  EP 24.15-mediated LHRH 

deg rada t ion  on the LH- and  FSH-re leasing  act ivity of 

exogenous  LH R H .

R a t i o n a l e  a n d  g e n e r a l  d e s c r i p t i o n  o f  e x p e r i m e n t a l  p r o c e d u r e s

A ft e r  d e t e r m in in g ,  in P h as e  2, tha t  o f  the  3 p e p t id a s e s  in q u e s t i o n ,  that  

E P  24.15 p la y s  a p r ee m in en t  role in the C N S  and pe r ip he ra l  de g r a d a t io n  o f  ICV 

and IV ad m in i s t e r ed  L H R H ,  re spec t iv e ly ,  ( see  R e s u l t s , s ect ion  2),  it was  dec ided  

to d e t e r m i n e  w h e t h e r  E P  2 4 .1 5  ac t iv i ty  ha s  r eg u la to r y  s i g n i f i c a n c e  wi th  r ega rd  

to the LH -  and  F SH -rc lca s in g  act ivi ty  o f  L H R H .  In o r d e r  to asce r t a in  that  C N S  EP 

2 4 . 1 5 - m e d i a t e d  L H R H  d e g r a d a t i o n  cu r t a i l s  the ( m a g n i t u d e  and  d u r a t i o n  o f  the)  

b io log ica l  ac t iv i ty  o f  L H R H ,  p la s m a  LH and  FSH were  m e a s u r e d  fo l lo w in g  ICV 

in fus ion  o f  L H R H  in the p r es e n ce  and ab s e n c e  o f  E P  24 .15 inhibi tor s .  L H R H ,  in 

the  p r es e nc e  and ab se nc e  o f  E P  24.15 (and  E P  24 . 11)  inhibi tor s ,  was  al so 

a d m i n i s t e r e d  IV to  d e t e r m i n e  the  p o s s i b l e  p h a r m a c o l o g i c a l  i m p o r t a n c e  o f  

p e r ip h e ra l  E P  24 .1 5  (and  E P  2 4 . 1 1 )  in r e g u la t i n g  the g o n a d o t r o p i n - r e l e a s i n g  

ac t iv i ty  o f  sy s t c m ic a l ly  a d m in i s t e r ed  L H R H .  M o r eo ve r ,  it was  o u r  wish  to  k n o w  

w h e t h e r  the  i n c re a s e d  p o t e n c y  o f  the s u p c r a g o n i s t s  r e l a t iv e  to  na t i ve  L H R H  

can  be  a t t r ibu ted to the ir  r e s i s t ance to the  L H R H - D A  o f  E P  24 .15  o r  EP  24.11 ( see  

I n t r o d u c t i o n ,  page  6 &  25; al so see Resu l t s ,  phas e  1, w he re  the s tudies  o f  L H R H  

a n a l o g  r e s i s t a nc e  to  th es e  2 e n d o p e p t i d a s e s  are d i s c u ss e d ) .  T h e r e f o r e ,  the  LH 

and  F S H - r e l e a s i n g  ac t iv i ty  o f  2 su p c r a g o n i s t s ,  a d m i n i s t e r e d  IV,  was  c o m p a r e d  to 

that  o f  na t ive  L H R H  in the p r ese nce  o f  E P  24 .15 and  E P  24.11 inhibi tors .
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I C Y  in je c t ion s  o f  L H R H  and i n h i b i t o r s .

M a l e  r a t s  w e i g h i n g  15 0- 17 5  g w e r e  a n e s t h e t i z e d  by in t r a p c r i t o n c a l  ( IP )  

a d m i n i s t r a t i o n  o f  u r e t h a n e  (1 .3 g /kg) .  and  f i t t ed  wi th  a r ight  a t r ia l  c a t h e t e r  for  

b lo o d  s a m pl in g .  I C V  in f us ion  w a s  ca r r i ed  out  ex ac t l y  as d es c r ib ed  in phas e  2 

wi th  the  e x c e p t io n  for  the  v o l u m e  and c o n c e n t r a t i o n  o f  in fu sed  d r ugs .  0.5 nmol  

o f  L H R H  (20  p i  o f  a 25 p M  so lu t ion) ,  d i s s o lv ed  in 0 . 9 %  sa l ine  was  infused  a lone o r  

in co n j u n c t i o n  wi th  1 p m o l  o f  inh ib i to r s  (20  p i  o f  a 50  n iM solu t ion  o f  e i the r  the 

E P  24.15 inhibi tor  o r  both E P  24.15 or  E P  24 .11)  at a rate o f  1 p l / m i n  us ing  a 

s y r in ge  p u m p.  T h e  ionic s t r e ng t h  o f  the so lu t i o n  was  m a in ta in e d  at 0.3 

m o s m o l / l  by  ad j u s t i n g  wi th  s o d iu m  c h lo r i de .

IV  a d m i n i s t r a t i o n  o f  L H R H  and i n h i b i t o r s .

M a le  rats  (200  - 2 5 0  g)  were  a n e s t he t i z ed  wi th  1.3-1.5 g /k g  u r e t ha n e  (IP)  

and  f i t ted wi th  a r ight  atrial  ca the ter .  0.2 ml  o f  a 1.6 p M  so lu t i on  (0 .3 2  n m o l )  o f  

L H R H  o r  L H R H  ana log  (e i t he r  [ D - T rp 6 ] -LH -RH  o r  D - L c u 6 - L H R H - E A ) ,  pe r  250  g 

rat ,  d i s s o l v e d  in 0 . 9 %  sa l ine ,  was  su b s e q u e n t l y  a d m i n i s t e r e d  IV t h r o u g h  the 

at rial  ca the te r .  5 m in u t e s  p r i o r  to L H R H  inject ion ,  0 .85  ml  o f  e i t h e r  0 . 9 %  sa l ine 

o r  a 50 m M  solut ion o f  e i the r  EP  24.15 o r  E P  24.11 o r  bo th  inh ib i to r s  (42.5 p m o l )  

p e r  2 5 0  g rat  w a s  ad m in i s t e r e d  IV. A n i m a l s  r ec e i v in g  L H R H  a n a lo g s  r ec e ived  

o n ly  sa l i n e  p r io r  to  a n a lo g  in ject ion .

B l o o d  S a m p l i n g  P r o c e d u r e .

In b o t h  g r o u p s  o f  a n i m a l s  r ec e iv ing  e i th e r  IV o r  ICV  in je c t ion s ,  b lood  

s a m p l e s  o f  0 .7  ml  w er e  d r a w n  at  ind ic a t ed  t im e  in te rv a l s  th r o u g h  the  at rial  

c a t h e t e r  a nd  p la ce d  in a tube  c o n t a in i n g  50 I .U.  hepa r i n .  P l a s m a  w a s  sep a r a t e d  

f ro m  red  b lo o d  ce l l s  ( R B C )  by  c e n t r i fu ga t i on  at 1600g  for  15 m in u t e s ,  and  f rozen



fo r  r a d i o i m m u n o a s s a y  o f  LH o r  F S H  c o n c e n t ra t i o n s  as  de s c r ib e d  be lo w.  Each  R B C  

pe l l e t  w as  r e s u s p e n d e d  in 0 .4  ml  h c p a r i n i / c d  sa l ine  ( 5 0  I .U . / ml )  and re tu r n ed  to 

th e  a n i m a l s  a f t e r  th e  s u b s e q u e n t  s a m p l i n g .

R a d i o i m m u n o a s s a y  o f  p l a s m a  LH  and  F S H  l e v e l s .

L H  and  F SH  c o n c e n t r a t i o n s  wer e  d e t e r m i n e d  by  a d o u b l e  an t i b o d y

r a d i o i m m u n o a s s a y  p r o c e d u r e  u s in g  the  r e a g e n t s  a n d  p r o t o c o l s  g e n e r o u s l y  

p r o v id e d  by the  Na t io na l  H o r m o n e  and  P i tu i t a ry  P ro g r a m .  Br ie f ly ,  100 p i  sc rum

a l i q u o t s  w er e  inc ub a te d  at 4 ° C  wi th  an L H  o r  FSH  spec i f i c  an t i sc rum and 5000-  

7000  c p m  o f  ( 1 2 5 j j l h  o r  [ ^ ^ I J F S H  in a total vo lume  o f  300 p i  o f  150 m M  sod iu m 

p h o s p h a t e  b u f f e r  (p H  7 .4)  c o n t a i n i n g  0 . 1 %  b o v in e  s c r u m  a l b u m i n  ( w / v)  and

0 . 1 %  T r i ton  X -1 0 0  (v/v) .  Af ter  18-24 h,  50  p i  o f  a 1:40 d i lu t ion  o f  rabbi t  s c rum 

and  50  p i  o f  1:10 d i lut ion  o f  goat  ant i  r abbi t  an t i sc rum  were  add e d  to sa m p le s  and 

m ix t u r e s  w er e  in c u b a te d  for  an o t h e r  18-24 h o u r s  at 4 ° C  and then  c e n t r i f u g e d  at

5 0 0 0 g  for  30  min .  S u p e r n a ta n t s  w er e  d e c a n t e d  and pe l l e t s  w ere  c o u n t e d  in a

g a m m a  c o u n t e r  ( L K B )  and  i m m u n o r c a c t i v i t y  w as  e s t i m a t e d  u s in g  a log / l o g i t  

d a t a  r e d u c t i o n  f rom  s ta n d a r d  c u r v e s  p r e p a r e d  wi th  e a c h  as say .

S ta t i s t i ca l  A n a l y s i s  o f  D a t a .

F o r  c o m p a r i s o n  o f  d i f f e r e n c e s  a m o n g  m u l t i p l e  g r o u p s ,  o n e - w a y  

an a ly s i s  o f  v a r i a n ce  fo l lo w ed  by D u n n c t t ’s te st  ( 1 9 5 5 )  ( fo r  c o m p a r i s o n  o f  the 

m e a n  va lu es  in the con t ro l  g r o u p  to the m e a n  v a l u es  o f  each  o f  the 

e x p e r i m e n t a l  g r o u p s ) ,  w a s  p e r f o r m e d .
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Phase 4: Influence of CNS EP 24.15 activity on endogenous LHRH-

s t im u la te d  LH secre t ion .

R a t i o n a l e  a n d  g e n e r a l  d e s c r i p t i o n  o f  e x p e r i m e n t a l  p r o c e d u r e s

A ft e r  d e t e r m in in g ,  in Ph as e  3, tha t  E P  24.15 p lays  a p r e e m in e n t  role in 

the C N S  d e g r a d a t i o n  o f  ICV a d m in i s t e r ed  L H R H ,  ( sec  R e s u l t s ,  ph as e  3),  it was  

d e c i d e d  to  d e t e r m i n e  w h e t h e r  E P  2 4 .1 5  ac t i v i ty  h as  r e g u la to r y  s ig n i f i c a n c e  

wi th  r eg a rd  to the  L H - r c l c a s i n g  ac t iv i ty  o f  e n d o g e n o u s  L H R H .  T h i s  p ha se  o f  

the  th e s i s  p r o je c t  is d e s i g n e d  to d i r ec t ly  p r o b e  w h e t h e r  in vi vo  E P  24 .15 

in h ib i t i o n  t h r o u g h  IC V  a d m i n i s t r a t i o n  o f  in h ib i to r ,  can  in c r e a s e  b a s e l i n e  LH 

se c re t ion .  T h i s  d es ign  is based  up o n  the p r e s u p p o s i t i o n  that  b ra in  EP  24 .15-  

m c d ia t c d  L H R H  e x t r a c e l l u la r  m e t a b o l i s m  d e c r e a s e s  the  a m o u n t  o f  L H R H ,  

fo l l o w in g  its s e c r e t io n  f rom the  M E ,  that  r e a ch es  the por t a l  c i r c u l a t io n  

intact .  T h e r e f o r e ,  inh ib i t ion  o f  E P  24.15  ac t iv i ty  w o u l d  be e x pe c t ed  to  a l low a

h i g h e r  p r o p o r t i o n  o f  the  s e c r e te d  L H R H  r e a c h i n g  the  po r t a l  c i r c u l a t i o n  and  

the g o n a d o t r o p c s  in the  in tact ,  b i o a c t i v c  s t a t e ,  t hus  p r e c i p i t a t i n g  a inc rea se

in p i t u i t a r y  L H  re lease .

LCV injections of cFP-AAF-pAB. blood sampling, and LH R1A.

M a l e  rats  w e i g h i n g  1 50 -1 7 5  g w er e  a n e s t h e t i z e d  by in t r a p c r i t o n c a l

( IP )  a d m i n i s t r a t i o n  o f  u r e t h a n e  (1 .3  g /k g) ,  and  f i t ted wi th  a r ight  at r i al  

c a th e te r  fo r  b lo o d  s a m pl in g .  IC V  in f us ion  w as  ca r r i ed  ou t  ex a c t ly  as de sc r i b ed  

in phase 2 o f  M a t e r i a l s  a n d  M e th o d s .  10 p i  o f  a 50 m M  c F P - A A F - p A B  was 

in fused  in to  the th i rd v en t r i c l e  at  a rate  o f  1 p l / m i n  us i n g  a s y r in g e  pu mp .

T h e  ion ic  s t r en g th  o f  the so l u t ion  was  m a in ta in e d  at 0.3 mosmol /1  by

ad j us t i n g  wi th  s o d iu m  ch lo r i de .  B l oo d  s a m p l e s  (0 .4  ml )  w e r e  w i t h d r a w n  

th ro u gh  an at rial  c a th e te r  p r i o r  to and  at 3 0  m in u t e  in t e rv a l s  a f t e r  ICV 

a d m i n i s t r a t i o n  o f  inh ib i to r .  P l a s m a  L H  c o n c e n t r a t i o n  w as  d e t e r m i n e d  by a



d o u b l e  a n t i b o d y  r a d i o i m m u n o a s s a y  p r o c e d u r e  u s i n g  th e  p r o t o c o l  d e s c r i b e d  in 

phase 3 o f  M a t e r i a l s  a n d  M e t h o d s .

Stat i s t i ca l  A n a l y s i s  o f  Data.

F o r  c o m p a r i s o n  o f  d i f f e r e n c e s  a m o n g  m u l t i p l e  g r o u p s ,  o n e - w a y  

a n a ly s i s  o f  v a r i a n c e  f o l l o w e d  by S c h c f f c ' s  m u l t ip le  c o m p a r i s o n  t e s t  (1 9 5 3 ) ,  

w a s  p e r f o r m e d .

Phase 5: Influence of CNS EP 24.15 activity on recovery of

endogenous  LHRH released  f rom h y p o th a l a m ic  slices.

R a t i o n a l e  a n d  g e n e r a l  d e s c r i p t i o n  o f  e x p e r i m e n t a l  p r o c e d u r e s :

In an o t h e r  s tu d y  d e s ig n ed  to de t e r m in e  w h e t h e r  E P  2 4 . 15  ma y  

c x t r a c c l l u l a r l y  m e t a b o l i z e  e n d o g e n o u s  L H R H ,  L H R H  r e le ase  f rom  h y p o t h a l a m i c  

ne r v e  t e rm in a l s  in vi tro,  was  s t i mula ted  by h igh  KC1. Th e  rec ov ery  o f  L H R H  in 

the  b a t h in g  m e d i u m ,  in the p rese nce  and ab s en c e  o f  the  E P  24 .15 inh ib i to r .  cFP-  

A A Y - p A B ,  w as  m e as u r ed .

In v i t ro  L H R H  r e l ea se  f rom h y p o t h a l a m i c  s l i c e s .

2 5 0 - 3 0 0  g m a l e  S p r a g u e  D aw lc y  rats  w er e  sa c r i f i ce d  by d e c ap i t a t io n .

Br a i ns  w er e  q u ic k ly  r e m o v e d  and  the  h y p o t h a l a m u s  w as  d i s s e c t e d  ou t  f rom 

ch i l l e d  b r a in .  T h e  b o u n d a r i e s  o f  the  h y p o t h a l a m i c  f r a g m e n t  w e r e  as fo l lows :  

a n t e r io r l y ,  1 m m  a n t e r i o r  to  the  op t i c  ch i as m ;  l a t e ra l ly ,  the la teral  

h y p o t h a l a m i c  su lc i ,  and  t r a n s v e r s e ly ,  the  a n t e r io r  c o m m i s u r c .  4 0 0  p m  th ick  

s l i c e s  f ro m  o n e  h y p o t h a l a m u s  ( a p p r o x i m a t e l y  8 s l i ce s  p e r  h y p o t h a l a m u s )  

w e r e  d ep o s i t e d  in to  a 3 cc sy r inge  (B c c to n - D ic k in s o n ) ,  cut  at the bo t to m ,  and 

m e l t e d  o n t o  a ny lo n  m e sh .  T h e  sy r in ge  w as  t r a ns f e r r ed  in to  a vial  c o n t a i n i n g  

1.0 ml  E B S S  (buf fered  to pH 7.35 wi th H E PE S ,  final H E P E S  concen t ra t ion :  25
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m M )  and  inc ub a t e d  at 3 7 ° C  for  15 m in u t e s  wi th  gen t le  ag i t a t i on  ( in a D u b n o f f  

m e t a b o l i c  s h a k i n g  i n c u b a t i o n  c h a m b e r )  u n d e r  a 100 % 0 2  a t m o s p h e r e .  A f t e r  

this  in c u b a t i o n  pe r iod ,  the  sy r in ge  w a s  t r an s f e r re d  to  a se c o n d  vial  fo r  15 

min and  this  was  r ep ea ted  up to a s ix th  t r ans fer .  L H R H  re l eased  d u r in g  the 

s ixth 15 m in  in c ub a t i on  pe r iod  w as  t e rm e d  "basal  r e l ease  o f  L H R H " .  A f t e r  this ,  

the sy r in ge  was  t r ans fe r red  into a vial co n t a i n i n g  E B S S  wi th  60  m M  KCI and 

i n c ub a t e d  for  15 min.  L H R H  re leased  in this  vial  w as  t e rm e d  " s t im u la te d  

re l ease  o f  L H R H " .  Im m e d ia te ly  a f t e r  ea ch  t r ans fe r ,  80 0  p i  o f  m e d ia  was  

r e m o v e d  f rom the vial  ( f rom w hi ch  s l i ces  w er e  r e m o v e d ) ,  f rozen  on d ry  ice 

and s tored  at - 8 0 ° C .

Fro m each  sa mple ,  200  p i  o f  m ed ia  were t aken for L H R H  RIA.

For  in  vi tro  t r ea tm en t  wi th  inh ib i to r ,  h a l f  o f  the 6 0  m M  K C l - c o n t a i n i n g  v ia ls  

al so had  a final concen t ra t ion  o f  50  p M  E P  24 . 15  inh ib i to r ,  c F P - A A Y - p A B .

E f fe c t  o f  L H R H  c o n c e n trat ion o f  L H R H  d e g r a d a t i o n  rate bv 

h y p o t h a l a m i c  s l i c e s

T o  s tudy  the  rate o f  L H R H  d e g r a d a t io n  by ( m e m b r a n e )  E P  24 .15 act ivi ty  

in h y p o t h a l a m i c  s l i ces ,  b r a in  s l i ces  w er e  i n c u b a te d  wi th  3 d i f f e r e n t  

c o n c en t ra t i o ns  o f  ex o g e n o u s l y  add e d  L H R H :  10 nM,  1 p M  and  100 p M ,  in the 

p rese nce  and  absence  o f  50  p M  E P  24 . 15  inh ib i to r ,  c F P - A A Y - p A B .  E x p e r i m e n t s  

w ere  c o n d u c t e d  as fo l lows :

F o l l o w in g  the d i s sec t ion  o f  hy po tha lam i ,  10 s l i ces  o f  4 0 0  p m  wer e  cut .  5 s l i ces  

were  add e d  to m e d ia  (wi th a vo lu me  o f  300  p i )  c o n t a in i n g  L H R H  a lone 

(cont rol s) .  T he  o t he r  5 s l i ces were  adde d  to m e d ia  co n t a i n i n g  L H R H  & cFP-

A A Y - p A B .  Al iquo t s  o f  30 p i  were  r emove d  at t ime 0,  and at 30,  60  and  120 min

and  f roz en  im m ed ia te ly  on  d ry  ice.  S a m p l e s  o f  a l iq u o tc d  m e d i a  w e r e  then

d i luted 10-fold in 0.1 N acet ic  ac id,  hea ted  at 9 0 ° C  for  10 m in u t e s  and



.37

c e n t r i fu g ed  at 12000 x g fo r  20 min.  100 til  o f  the ap p ro pr ia t e  d i lu t ion  o f  the 

su p e rn a ta n t  was  add e d  to RI A  tube s  and the ac id  was  e v a p o r a te d  by 

l y o p h y l i z a t i o n  o v e r n i g h t .  T h e  r e m a i n i n g  p e p t i d e - c o n t a i n i n g  d r i e d  p e l l e t  w as  

r e su sp e n d e d  in R I A  buf fe r  (0 .15  M N a- P h o s p h a t c ,  pH 7.4)  and L H R H  RIA  was  

c o n d u c t e d  as d e s c r ib e d  ab ove .  Brain  s l i ces w e r e  sa v ed  for  p r o te in  

d e t e r m i n a t i o n  ( L o w r y  c t  al . ,  1951).

T o  ca lcu la te  the  rate  o f  E P  2 4 . 15-mcdia tcd  L H R H  de gr a d a t io n ,  the a m o u n t  o f  

L H R H  r e m a in in g  at 3 0 - m in  w as  su b t r ac te d  f rom the a m o u n t  o f  L H R H  m e as ur ed  

in 0 - t i m c  s a m p l e s  for  ea ch  h y p o t h a l a m i c  in cu ba t io n .  T h i s  v a l u e  m u l t ip l i e d  by 2, 

p r o v id e d  " n u m b e r  p m o l  L H R H  d e g r a d e d /h r " .  T h e  " n u m b e r  p m o l  L H R H  

d e g r a d e d / h r "  in i n h i b i t o r - c o n t a i n i n g  i n c u b a t i o n  w as  s u b t r a c t e d  f ro m  tha t  in 

con t r o l  incub a t i on .  T h i s  p r o v id e d  the  " n u m b e r  pm ol  L H R H  d e g r a d e d  by EP  

24 .1 5 /h r" .  T h i s  v a l u e  was  d iv id e d  by the p r o te in  c o n t e n t  o f  the  h y p o t h a l a m i c  

s l i ces  to  p r ov id e  the " n u m b e r  pm ol  L H R H  d e g r a d e d  by E P  2 4 . 1 5 / m g  pro te in /hr" .  

T h i s  ca lc u la t i on  w as  r ep ea te d  for  ea ch  o f  the  3 s t a r t ing  L H R H  c o n c e n t r a t i o n s  

use d  in th is  e x p e r im e n t .



3 8

RESULTS

Phase 1 : LHRH de g ra da t ion  by m em b ran e  p r e p a r a t i o n s  of b ra in ,

p i tu i ta ry  and  AtT20 cells.

D eg ra d a t io n  o f  L H R H  ana logs  bv E P  24.15 and  E P  24.11

Pu r i f i e d  p r e p a r a t i o n s  o f  E P  24 .15 i so la t ed  f rom the  so l ub le  f rac t ion  o f  

b ra in  h o m o g c n a t c s  ( O r lo w sk i  ct  al . ,  1983)  c l ea ve d  L H R H  at the  T y r ^ - G l y 1̂ bond  

(Tab le  1), and  also to a le s se r  ex ten t  at the H i s ^ - T r p ^  bond.  L H R H  w as  a l so  

s h o w n  to  inhib i t  t he  d e g r a d a t i o n  o f  sy n th e t i c  s u b s t ra t e s  by  the e n z y m e  (C hu

and  O r l o w s k i ,  1985) ,  fu r th e r  c o n f i r m i n g  tha t  the  p e p t id e  is a s ub s t ra t e  for  EP

24 .1 5 .  T h e  ab i l i ty ,  h o w e v e r ,  o f  the  r ec en t l y  id e n t i f i e d  m e m b r a n e - b o u n d

c o m p o n e n t  o f  the e n z y m e  ( A c k e r  ct al.,  1987)  to d e g r a d e  L H R H  has  not  been 

e x a m i n e d .  T h i s  c o m p o n e n t ,  p r e s e n t  in s y n a p t o s o m a l  m e m b r a n e s ,  c o n s t i t u t e s  

2 0 - 2 5 %  o f  the  tota l  ac t iv i ty  in b ra in  h o m o g c n a t c s  and ,  l ike the  so lu b l e  form,  

w as  s h o w n  to be c a p a b l e  o f  c o n v e r t i n g  se v e r a l  p r o c n k c p h a l i n  and  

p r o d y n o r p h i n - d c r i v c d  o l i g o p e p t i d e s  in to  M e t -  o r  L c u - c n k c p h a l i n  ( A c k e r  ct  al . .  

1 987 ) .

B r a i n  a nd  p i t u i t a r y  c o n t a i n  a m e m b r a n e  b o u n d  z inc-  

m c t a l l o c n d o p c p t i d a s c  w i th  a t h c r m o l y s i n - l i k c  s p e c i f i c i t y  tha t  c l e a v e s  p e p t i d e  

b o n d s  o n  the  a m i n o  s ide  o f  h y d r o p h o b ic  a m i n o  ac id  r e s idues .  T h i s  e n z y m e ,  

d es ig n a t ed  as  E P  24.11 (E.C.  3 . 4 .24 .11)  was  fi rs t  i so la t ed  f rom rabbi t  k i dn ey  (Ke r r  

and  K en ny ,  1974)  and  was  s h o w n  to be ident ica l  wi th  a zinc-  

m c t a l l o c n d o p c p t i d a s c  i s o l a t e d  f ro m  m e m b r a n e  f r a c t i o n s  o f  the  p i t u i t a r y

( O r lo w s k i  and  W i lk ,  1981)  and  wi th  b ra in  " c n k e p h a l i n a s e "  ( A l m c n o f f  ct al.,  

1981) ,  w h i c h  c l e a v e s  the G l y - P h c  bond  in M et -  and  L eu -  e n k e p h a l in .  W h e n  

p u r i f i ed  p r e p a r a t i o n s  o f  E P  24.11  h a v i n g  an ac t iv i ty  o f  2 0 0  un i t s /m l  w ere
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i n c u b a te d  wi th  L H R H  u n d e r  c o n d i t io n s  s i m i l a r  to those  g ive n  in T a b l e  1. s low  

d e g r a d a t i o n  o f  the  p ep t i de  (2 to  5% a f t e r  1 ho ur )  w as  obse rve d .  T w o  de g r a d a t io n  

p r o d u c t s  w e r e  i so la t ed  and  iden t i f i ed  by H PL C .



T A B L E  1: Degrada t ion  o f  L H R H  and L H R H  A na l og s  by Puri f ied E n d o p c p t i d a s c - 2 4 . 15.

C o m p o u n d  T im e  o f  L H R H
I n c u b a t i o n  R e m a i n i n g

_________________________________( m i n ) ________________________m M  (%)

L H R H 0 0 .2 0 0  (100)
15 0 .152 (76)
30 0 .0 96  (48)
6 0 0 .0 54  (27)

A n a lo g  1 0 0 .2 0 0  (100)
30 0 .178 (89)
60 0 .185 (92)

A n a lo g  2 0 0 .2 0 0  (100)
30 0 .197  (99)
6 0 0 .1 70  (85)

L H R H  and the L H R H  ana logs  (0.2 m M )  were  incubated for  the indicated t im es  at 37 C wi th 10 p L  e n d o p c p t i d a s e -

24 .15 ,  as d es c r ib ed  in "M at e r i a l s  and  Me th o ds " .  T h e  ac t iv i ty  o f  pu r i f i ed  e n d o p e p t i d a s c - 2 4 . 15 us i n g  the subs t r a t e  

tB O C -P h e - A la - A la -P h e - p A B  (0.4 m M )  was  40.5  U/ml .  An a lo g  1 was  [ D - A l a ^ l - L H R H .  Ana lo g  2 was  d e s - G l y * ^ '  

[ i m i d a z o b e n z y l - D - H i s f y - L H R H .
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A ft e r  a shor t  in c uba t i on  t ime,  a th ird  p r o d u c t  w as  o b s e r v e d  w h ic h  had  a 

r e t e n t i o n  t im e  ide n t i ca l  to p G l u - H i s - T r p - S c r - T y r - G l y .  T h i s  p r o d u c t  w a s  not  

v i s i b le  a f t e r  l o n g e r  in c u b a t i o n s ,  a p p a r e n t l y  b e i n g  c o n v e r t e d  by c l e a v a g e  o f  

the  S c r ^ - T y r ^  b o n d  in to  p G l u - H i s - T r p - S c r  and  T y r - G ly ,  the  l a t t e r  b e i n g  e lu ted  

f ro m  the  H P L C  c o l u m n  wi th  the b r e a k t h r o u g h  bu f fe r  p ea k .  T h e s e  d a t a  ind ica te  

that  E P  24.11 c l eaves  L H R H  at the G ly - L c u  bo n d  and that  the p r od u c t  o f  this 

r e a c t i o n ,  p G l u - H i s - T r p - S c r - T y r - G l y  is fu r t h e r  h y d r o l y z e d  to  y ie ld  p G l u - H i s -  

T r p - S c r  a nd  T y r - G ly ,  bo th  c l e a v a g e s  b e i n g  co n s i s t e n t  wi th  the  sp e c i f i c i t y  o f  

the  e n z y m e  to w a r d  b o n d s  on the  a m in o  s ide  o f  h y d r o p h o b i c  r e s idue s .

N e i t h e r  o f  the two  supc rac t i vc  an a l ogs  o f  L H R H ,  one  c o n t a in i n g  a D-Al a  

and the  o th e r  an im i d a z o b c n z y l - D - H is  in p lace  o f  the G l y ^  re s id ue ,  were  

a t t ack ed  by e i the r  EP  24.15 o r  EP  24.11.  Th is  resul t  is con s i s t en t  wi th  ou r  

p r e v i o u s  f i nd ing  tha t  su b s t ra t e s  c o n t a in i n g  a D - a m i n o  ac id  on e i th e r  s ide  o f  

the sc i ss i l c  bond  arc r es is tant  to  degr ad a t io n  by E P  24.15 ( Or lo w sk i  ct al . ,  1983),  

and  tha t  D - a m i n o  ac ids  at the  sc is s i l c  bond  c o n f e r  r e s i s t anc e  ag a in s t  a t t ack  by 

E P  24.11 ( u n p u b l i s h e d  data) .

D e te r m in a t io n  o f  the M i c h a c l i s - M c n tc n  c o n s ta n t  o f  L H R H  for  E P  2 4 . 1 5 .

T he  K m for  L H R H  was  d e t e r m in e d  d i rec t ly  by H P L C  ana lys i s  o f  r eac t ion  

p r o d u c t s  f o rm ed  in the p r es e nc e  o f  pur i f i ed  E P  24.15.  T he  rate o f  fo rm a t io n  o f  

p G I u - H i s - T r p - S c r - T y r ,  ( L H R H ^ " ^ ) ,  de t e rmined  by H P L C  was p lot t ed  as a 

f un c t i on  o f  su b s t ra t e  c o n c e n t r a t i o n  in a d o u b l e  r ec ip r oc a l  p lo t  as  s h o w n  in 

f igure  1. T he  K m as de t e rm ine d  by this  me th od  was e s t ima ted  to be 95 p M  , 

w h ich  is s imi la r  to the K m v a l u es  o f  so m e  o f  the  op io i d  pept ides .
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F i g u r e  1: D o u b le  r ec ip rocal  plot  o f  L H R H  de gr a d a t io n  by pur if i ed

c n d o p c p t i d a s c - 2 4 . 15. T he  f o rm a t io n  o f  pC> lu-His -Trp-Scr -Tyr  f rom  L H R H  

w as  m o n i t o r e d  by H P L C  ana lys i s  o f  the r eac t ion  p roduct .  Peak  he i gh t  at 

A 2 1 4  n m  w as  m e a s u r e d  af te r  incuba t ion  o f  e n z y m e  wi th L H R H  for  15 min  at 

37 °C.



4 3

0 .4 1

0 .3 -

0 .2 -

Km = 95

0.1 -

2 0  - 1 0  0 10  20  30  40  50  60
1/[S] (mM)



4 4

L H R H  d e g r a d a t i o n  bv  h y p o t h a l a m i c  a n d  p i t u i t a r y  m e m b r a n e s .

I n c u b a t i o n  o f  L H R H  wi th  p a r t i c u la t e  f r a c t io ns  o b t a i n e d  f rom  

h o m o g c n a t c s  o f  rat h y p o t h a l a m u s ,  and  an a ly s i s  o f  the  d e g r a d a t i o n  p r o d u c t s  by 

H P L C  and  a m i n o  ac id  an a ly s i s  f o l lo w in g  ac id  h y d r o ly s i s  s h o w e d  tha t  c l ea v ag e  

o c c u r r e d  p r i ma r i l y  at the T y r ^ - G l y ^ ,  G l y ^ - L c u ^  and T r p ^ - S c r ^  bonds .  The  

d e g r a d a t i o n  p r o d u c t s  w h i c h  w e r e  i d e n t i f i e d  w e r e  p G l u - H i s - T r p - S c r - T y r ,  pG lu -  

H i s - T r p - S c r - T y r - G l y  and  p G l u - H i s - T r p ,  ( T a b le  2).  A p p r o x i m a t e l y  5 0 - 8 0 %  o f  the 

L H R H  adde d  w as  d e g r a d e d  wi th in  2-3 h. T h e  a p p e a r a n c e  o f  p G lu - H i s - T r p - S c r -  

T y r  a n d  p G l u - H i s - T r p  was  p r e v e n te d  and L H R H  d e g r a d a t i o n  w a s  b lo c k e d  w he n  

m e m b r a n e s  w ere  inc uba te d  wi th L H R H  in the p r es e n ce  o f  the E P  24.15 

inh ib i t o r  c F P - A A F - p A B .  Only  abou t  3 0 %  o f  the p ep t ide  was  d e g r a d e d  to several  

m i n o r  p r o d u c t s  u n d e r  the se  c o n d i t i o n s .  T h e  a p p e a r a n c e  o f  p G l u - H i s - T r p - S c r -  

T y r - G l y  in the p r ese nce  o f  c F P - A A F - p A B  ind i ca t es  that  E P  24 .1 1 ,  p resen t  in 

h y p o t h a l a m i c  m e m b r a n e s  ( A c k e r  ct al . ,  1987)  c l e a v e s  the G l y ^ - L c u ^  bond  in 

L H R H  (see  be low) .
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I n c u b a t i o n  o f  L H R H  wi th  a p a r t i c u la t e  f r a c t i on  f rom a n t e r i o r  p i tu i t a r y  

r e su l t ed  p r i m a r i l y  in the a p p e a r a n c e  o f  p G l u - H i s - T r p  u n d e r  c o n d i t i o n s  in 

w h ich  7 5 %  o f  the L H R H  was  d eg r a d ed  (F igure  2, Panel  A).  W h e n  N-[ 1-ca rboxy-  

2 - p h c n y l c t h y l ) - P h c - p A B ,  an in h i b i t o r  o f  c n d o p c p t i d a s c  24.11 

( " c n k c p h a l in a s c " )  w as  used,  the rate o f  de g r a d a t i o n  o f  L H R H  w as  r edu ce d  

(F igu re  2, pane l  B; on ly  5 5 %  o f  the L H R H  was deg raded) .  H ow ev er ,  w h e n  cFP-  

A A F - p A B  w a s  inc uba ted  wi th  L H R H  un de r  the sa m e  con d i t ions ,  on ly  30%; o f  the 

L H R H  was  d e g r a d e d  to se ve ra l  m i n o r  p r o d u c t s  (pane l  C).  W h e n  in h ib i t o r s  o f  

these two  cn d o p c p t i d a s c s  wer e  used t o g e th e r  (pane l  D),  on ly  2 0 %  o f  the  pep t ide  

was  d e g r a d e d .  T hus ,  a m e m b r a n e - b o u n d  form o f  E P  24 .15 is q u an t i t a t i ve ly  the 

p r e d o m i n a n t  e n z y m e  r e sp o n s i b le  for  d e g r a d a t i o n  o f  L H R H  in bo th  

h y p o t h a l a m i c  and  p i t u i t a r y  m e m b r a n e s ,  w h i l e  E P  24.11 ap p e ar s  to c o n t r i b u te  

less to L H R H  degra da t ion .



T A B L E  2 : D egr ada t ion  o f  L H R H  by  Par t iculat e  F rac t ions  o f  the H y po th a l am u s .

I n h i b i t o r  I n c u b a
t ion t i m e

( m i n )

N o n e  180  22  2 .2  p G l u - H i s - T r p - S c r - T y r - G l y *
2 0  1.6 p G l u - H i s - T r p - S e r - T y r
18 1.2 pGlu-His -Trp

c F P - A A Y - p A B  180  22  1.5 p G lu - H i s - T r p - S c r - T y r - G l y  *

Par t i cula te  f rac t ions  f rom the h y p o t h a l a m u s  wer e  inc ub a te d  wi th  L H R H  (0 .25  m M )  in T r i s -HC I  buf fe r  (0.1 M; 

pH 7.0)  in the  p resence  o f  D T T  (0.4 m M )  in a final  vo lum e  o f  0.6 mL.  Al iqu o t s  o f  the incuba t ion mix tu re  were

w i t h d r a w n  at va r io us  t im es  and  the p ro d u c t s  wer e  se pa ra ted  by  HPLC.  T h e  reac t ion  was  t e rm in a te d  by add i t io n

o f  5 0%  t r i ch l o ro ac e t i c  acid (50  p L ) .  A f t e r  r e m ov a l  o f  the  p r ec ip i t a t e d  p ro te in  by  ce n t r i f u g a t i o n ,  the p r o d u c t s

p r esen t  in the  su pe rna tan t ,  w er e  sep a r a t e d  by H P L C ,  and ana ly z ed  for  a m i n o  ac id  c o m p o s i t i o n  af te r  ac id

h y d r o l y s i s .

♦Severa l  m i n o r  p r od u c t s  c o n t a in i n g  too  smal l  a m o u n t s  o f  am in o  ac ids  to be  iden t i f i ed  were  a l so p r esen t .  pG lu-  

H i s - T rp - S c r - T y r  w as  the m a j o r  p r od u c t  o f  d e g r a d a t i o n  in bo th  p r ep a ra t io ns .

Peak  re-  P e a k  I d e n t i f i c a t i o n
t c n t i o n  H e i g h t
( m i n )  ( c m )



F i g u r e  2 : H P L C  se para t ion  o f  the r eac t ion  p r o d u c t s  g en e r a te d  by

in c u b a t i o n  o f  a p a r t i cu la t e  f rac t ion  o f  rat  a n t e r io r  p i t u i t a ry  wi th  L H R H .  

T h e  id e n t i f i c a t io n  o f  the  r ea c t ion  p r o d u c t s  was  d e r iv e d  f rom a m i n o  acid 

an a ly s i s  o f  p e a k s  f o l lo w in g  ac id  h y dr o l ys i s .  T h e  b r o k e n  and sol id  l ines  

r ep r es e n t  the H P L C  t r ace s  b e fo re  and  a f te r  120 min  in c u b a t io n ,  

r e spec t iv e ly .  Panel  A rep resen t s  the H P L C  peak  p rof i l e  in the ab se nc e  o f  

inh ib i to r ;  p an e l s  B and  C w er e  o b ta in e d  f rom in c u b a t i o n  m ix t u re s  

c o n t a i n i n g  the  c n d o p c p t i d a s c - 2 4 . 11 in h i b i t o r  ( c F E - F - p A B )  and  the 

c n d o p c p t i d a s c - 2 4 . 15 in h ib i to r  ( c F P - A A F - p A B ) ,  r e s p e c t i v e ly ;  pane l  D  was 

o b t a i n e d  f rom in c u b a t i o n  m ix t u re s  c o n t a i n i n g  bo th  c F f f - F - p A B  and  cFP-  

A A F - p A B .  T h e  ini t ial  c o n c en t r a t io n  o f  L H R H  in the in c ub a t i on  m ix t u re s  

was  0.25  mM .  Final  L H R H  con ce n t ra t ions  were  0 .058 m M  (23 %),  0.11 mM  

(46 %)  and 0 .20  m M  (82 %)  in panel s  A,  B, C,  and  D, r espect ively.  Othe r  

e x p e r i m e n t a l  de ta i l s  arc g iv en  in M a te r i a l s  and  M e th o d s .
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T h e  a p p e a r a n c e  o f  p G l u - H i s - T r p  in i n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  L H R H  and  

e i t h e r  p i tu i t a r y  o r  h y p o t h a l a m i c  m e m b r a n e s  ( E l k a b c s  ct  al . ,  1981;  Y o k o s a w a  ct 

al . ,  1987)  p o s e d  the  q u e s t i o n  o f  w ha t  r ca c t io n ( s )  w e r e  in v o lv e d  in i ts fo rm at ion .  

A d d i t i o n  to  the in c u b a t i o n  m i x t u r e s  o f  the  a n g i o t e n s i n  c o n v e r t i n g  e n z y m e  

( A C E )  in h ib i to r  c a p to p r i l  b lo c k e d  the  a p p e a r a n c e  o f  the  p G l u - H i s - T r p  f r a g m e n t  

and  g r e a t l y  e n h a n c e d  the  a p p e a r a n c e  o f  p G l u - H i s - T r p - S c r - T y r  (d a ta  not  

s h o w n ) .  T h i s  in d ic a t e d  tha t  p G l u - H i s - T r p  is a s e c o n d a r y  d e g r a d a t i o n  p r o d u c t  

f o rm e d  by c l e a v a g e  o f  p G l u - H i s - T r p - S c r - T y r ,  a pe p t id e  w h o s e  f o r m a t i o n  is 

d e p e n d e n t  on  the  p r e s e n c e  o f  E P  24 .15  ac t iv i ty .  I n t e r es t i n g l y ,  the  t c t r a p c p t id c  

p G l u - H i s - T r p - S c r  a l so  ac c u m u la t e d ,  s u g g e s t i n g  that  A C E  a l so c l e a v e s  the 

t c t r apcp t idc .  T he  rate  o f  de g r a d a t i o n  o f  the L H R H  was  not  a f f ec ted  by add i t ion  

o f  c a p t op r i l ,  i nd ic a t in g  tha t  A C E  is not  a s i gn i f i c an t  e n z y m e  in the  d e g r a d a t i o n  

o f  in t ac t  L H R H  u n d e r  the co n d i t i o n s  used.

LH RH-  d eg r a d a t io n  by A tT 2 0  cells .

E P  24 .15  is p r ese n t  as  bo th  so l ub le  ( 7 5 - 8 0 % )  and  m e m b r a n e - b o u n d  (20- 

2 5 % )  f o r m s  in rat h y p o t h a l a m u s .  T h e  m e m b r a n e - b o u n d  fo rm  o f  the  e n z y m e  

e x i s t s  as  an in te g r a l  m e m b r a n e  p ro te in  in the s y n a p t o s o m c  f ra c t ion .  H o w e v e r ,  

t he  ex a c t  s u b c c l l u la r  loca l i za t ion  o f  the m e m b r a n e - b o u n d  fo rm o f  E P  24 .15  has  

no t  b e e n  es t ab l i sh ed .  W e  h a v e  used a m o u s e  p i tu i t a ry  t u m o r  cell  l ine k n o w n  as 

A t T 2 0  f o r  fu r t he r  s tu d i es  o f  L H R H  d e g r a d a t i o n .  F o r  the se  e x p e r i m e n t s ,  ce l l s  

w e r e  i n c u b a t e d  in m o n o l a y e r  cu l tu r e  in the  p r e s e n c e  o f  e n z y m e  in h i b i to r s ;  

t hus ,  d i f f i c u l t i e s  in d a m a g i n g  ce l l s  d u r i n g  the  p r o c e s s  o f  h a r v e s t i n g  w e r e  

a v o i d e d ,  e n s u r i n g  tha t  the ce l l s  wer e  c o m p l e t e l y  in tac t  w h e n  used.  W h e n  A t T 2 0  

ce l l s  w er e  in cu ba te d  wi th  L H R H  for  12 h, w e  fo und  aga in  that  the on ly  p r od uc t  

f o r m e d  w a s  the t r ip c p t id e  p G l u - H i s - T r p  ( F i gu r e  3).  I n c l u s i o n  o f  the spe c i f i c
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a n g i o t e n s i n  c o n v e r t i n g  e n z y m e  ( A C E )  in h i b i t o r  c a p t o p r i l  in the  i n c u b a t i o n  

m e d i u m  p r e v e n t e d  the f o r m a t io n  o f  p G l u - H i s - T r p ,  and  a pe a k  c o r r e s p o n d i n g  to

the  N - t c r m in a l  p c n t a p c p t i d c  p G l u - H i s - T r p - S c r - T y r  w as  fo und .  T h e r e  was  a 

s l ight  d e c r e a s e  in the d e g r a d a t i o n  o f  L H R H  u n d e r  these co n d i t io ns .  The  

inh ib i t o r  o f  E P  24 .15 ,  c F P - A A F - p A B ,  on the o t h e r  hand ,  c o m p le t e ly  b lo ck ed  

L H R H  de g ra d a t io n .  A smal l  peak  a l so  was  foun d  w h ich  had  the s e q u e n c e  pGlu-

H i s - T r p - S c r - T y r - G l y - L c u - A r g - P r o ,  w h i c h  m ig h t  a r i se  f rom the ac t i on  o f  p ro ly l

c n d o p c p t i d a s c  ( p o s t - p ro l i n c  c l e a v in g  e n z y m e )  up on  L H R H  at the P r o ^ - G l y ' * *  

bond.  T h i s  p roduct  was  not found in the absenc e  o f  E P  24 .15 inhibi tor .  EiP 24.15

ap pe ar s  to have  a s im i la r  im po r ta nc e  in intact  AtT2()  ce l l s  as in p i tui t ary  and

h y p o t h a l a m i c  m e m b r a n e  p r e p a r a t i o n s :  it s e e m s  to be the p r im a r y  e n z y m e  

which  ini t ia t es  L H R H  de g ra da t ion  in this  t issue.  In o r de r  for  EP  24 .15 to act  

d i r ec t ly  upon  L H R H  in the in c uba t i on  m e d iu m ,  the e n z y m e  mus t  be on the 

ex te rn a l  su r fa ce  o f  AtT2()  cel ls .

L H R H  was  d e g r a d e d  by a pa r t i cu la t e  f ract ion  p r ep a re d  f rom A tT 2 0  cel ls ,  

y i e l d i n g  p r im a r i l y  p G l u - H i s - T r p  and  p G l u - H i s - T r p - S c r - T y r  ( F i gu r e  4).  A small  

a m o u n t  o f  p G lu - H i s - T r p - S c r - T y r - G ly  was  a l so  fo rmed .  Wh e n  the E P  24 .15

in h ib i to r  c F P - A A F - p A B  w as  inc lu de d  in the in c u b a t io n ,  L H R H  d e g r a d a t i o n  was

c o m p l e t e l y  p r ev e n te d .  T h u s ,  l ike the o th e r  p r e p a r a t i o n s  d i s c u s s e d  a bo v e ,  L H R H

d e g r a d a t i o n  is in i t ia t ed  p r imar i ly  by E P  24 .15 ac t in g  to h y d r o l y ze  the T y r - ^ - G l y ^  

bond .  E P  24 .11 ,  which  is a l so  p resen t  in these  ce l l s ,  m a y  be r e s pons ib le  for  the 

f o r m a t i o n  o f  the  N - t c r m i n a l  h c x a p c p t i d c .
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F i g u r e  3 : H P L C  se para t ion  o f  the  r eac t ion  p r o d u c t s  g en e r a t e d  by

in cu b a t i o n  o f  a m o n o l a y e r  cu l t u r e  o f  u n b r o k e n  A t T 2 0  cel l s  wi th  L H R H .  

P la te s  had  a total  o f  5 m L  o f  m e d ia  at the  beg in n i ng  o f  the exp er imen t .  The 

c o m p o s i t i o n  o f  the  in c u b a t i o n  m e d i a ,  and  the  s e p a r a t i o n  and  id e n t i f i c a t i o n  

o f  p ro d u c t s  by  H P L C  is des c r i bed  in "Ma te r i a l s  and  Meth od s" .  Panel  A 

rep r ese n t s  an H P L C  t rac ing  ob ta ine d  at inc uba t i on  t ime 0; pane l s  B, C,  and D 

w e r e  o b t a i n e d  a f t e r  12 h o u r s  o f  in c ub a t io n  in the  p r e s e n c e  o f  no  inh ib i to r ,  

ca p t o pr i l ,  o r  c F P - A A F - p A B ,  r e s pec t ive ly .  T h e  e l u t ion  p o s i t i on s  o f  the 

r ea c t i on  p r o d u c t s  a rc  s h o w n  as in F igu re  2. T h e  ini t ial  co n c en t ra t i o n  o f

L H R H  in the  incuba t ion m e d iu m  was 0.1 m M .  Af ter  12 hours ,  L H R H  

c on c en t r a t io ns  were  0 .071 m M  (71%) ,  0 .0 8 9  m M  (89%;) and 0 .10  m M  ( 100 %)  

in pane l s  B,  C,  and  D, r e spect ive ly .  The  n u m b e r  o f  ce l l s  in the inc uba t ion  

d i sh  were  c o u n t e d  w i th  a h c m o c y t o m c t c r  at the end  o f  the e x p e r im en t .  

D i s h e s  c on t a i n e d  3.12,  2 .82 and 3.21 mi l l ion  ce l l s  in the e x p e r im e n t s  sh o w n  

in p ane l s  B,  C,  and D, respect ively.
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F i g u r e  4 : H P L C  separ a t i on  o f  the r eac t ion  p r o d u c t s  g en e r a t e d  by

in c uba t i on  o f  a pa r t i cu la t e  f ract ion  o f  A tT 20  ce l l s  wi th L H R H .  Pane l s  A 

and  B rep r ese n t  H P L C  t r ac i ngs  o b ta in ed  at incu ba t io n  t ime 0  in the 

a b s e n c e  a n d  p r e s e n c e  o f  c n d o p c p t i d a s c - 2 4 - 15 in h i b i t o r  r e s p e c t i v e l y ;  

p an e l s  C  and  D wer e  ob ta in ed  a f te r  4 hour s  o f  incuba t ion .  T h e  inh ib i to r  

o f  c n d o p c p t i d a s c - 2 4 . 15,  N - |  1 ( R . S ) - c a r b o x y - 3 - p h e n y l  p r o p y l  1 - AI a - A l a -

P h c - p A B  (p re sen t  as 2 d i a s t c rc om cr s )  was  p r esen t  in D. The  init ial  

a m ou n t  o f  L H R H  in the inc uba t ion  mi x tu res  w as  80 nmol .  A f t e r  4  hours ,  

the L H R H  rem a in in g  w as  31.6 nmo l  (40 %)  and 77 .2  nmol  ( 9 6 % )  in C  and D, 

r e s p e c t i v e l y .
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Phase 2: I n  v i vo  degrada t ion of exogenous LHRH in the CNS and in

the  g e n e ra l  c i r c u l a t i o n .

Effe c t  o f  IC V  ad m in i s t r a t i o n  o f  m c ta l lo p c p t id a s c  in h ib i t o r s  on  L H R H

r e c o v e r y  f r o m  b r a i n  t i s s u e .

On e  ho ur  af ter  ICV adm in i s t r a t ion  o f  100 nmol  o f  L H R H .  less than 2% o f  

the a m o u n t  in j ec ted  co u l d  be d e t ec te d  in b r a in  h o m o g c n a t c s  ( F ig u r e  5).  Th e  

rap id  d i s a p p e a r a n c e  o f  the  p e p t id e  co u l d  h a v e  re su l t ed  f rom  its r ed i s t r i b u t i o n  

in the  c e r eb r os p i na l  f luid,  its en z y m a t i c  de g r a d a t i o n  and  its ex i t  f rom the C N S  

in to  th e  p e r i p h e r a l  c i r c u la t io n .  In h i b i t i o n  o f  d c g r a d a t i v c  e n z y m e s  w o u ld  

th e re fo r e  be e x p e c t e d  to af fec t  on ly  the f rac t ion  o f  the p ep t i d e  that  u n d e r g o e s  

e n z y m a t i c  de g ra da t io n .  Whe n  c F P - A A F - p A B ,  an inh ib i t o r  o f  E P  24 .15 ,  was  

i n je c t e d  s i m u l t a n e o u s l y  wi th  L H R H ,  s ig n i f i c an t ly  h i g h e r  a m o u n t s  o f  L H R H ,  

n ea r ly  2 0 %  o f  the  a m o u n t  in j e c ted ,  wer e  r ec ov er ed  f rom the b ra in.  No  

s t a t i s t i ca l ly  s ig n i f i c an t  inc rea se  in L H R H  r e c o v e r y  w as  o b s e r v e d  a f t e r  ICV 

ad m in i s t r a t i o n  o f  L H R H  t o g e th e r  wi th  c i th e r  the  in h ib i t o r  o f  E P  24.11 ( cF P-F -  

p A B )  o r  the  inh ib i to r  o f  A C E  (cap to pr i l ) .  N e v e r t h e l e s s  a t e n d e n c y  to  s o m e w h a t  

h i g h e r  r e c o v e r i e s  w as  o b s e r v e d  a f t e r  e a c h  o f  the  last  tw o  inh ib i to r s ,  wi th 

c a p to p r i l  h a v i n g  the s m a l l e r  ef fec t .  It is th e r e f o r e  l ike ly  tha t  wi th  l a rge r  

g r o u p s  o f  a n i m a l s  the a m o u n t s  o f  L H R H  re c o v e r e d  a f t e r  a d m i n i s t r a t i o n  o f  the se  

i n h i b i t o r s  w o u l d  a c q u i r e  s t a t i s t i c a l  s i g n i f i c a n c e .

T h e  d a t a  o b ta in e d  a f t e r  s im u l t a n e o u s  a d m in i s t r a t i o n  o f  L H R H  and  

ca p to pr i l  i nd ica te  that  A C E  has  on ly  a m in o r  i f  any e f f ec t  on  the in v ivo  

d e g r a d a t i o n  o f  L H R H .  It w as ,  h o w e v e r ,  o f  in t e res t  to d e t e r m i n e  w h e t h e r  

c o n c u r r e n t  a d m in i s t r a t i o n  o f  inh ib i to r s  o f  E P  24 . 1 5  a n d  EP  24 .11 w o u l d  fu r the r  

in c re a se  L H R H  r e c o v e r y  b e y o n d  tha t  o b t a i n e d  a f t e r  a d m i n i s t r a t i o n  o f  the E P  

24 .15  inh ib i t o r  a lone.  T h e  re su l t s  su m m a r i z e d  in T ab l e  3 sh o w  that  w h e n  10



nmol  o f  L H R H  was  ad m in i s t e re d  ICV to g e th e r  wi th  c F P - A A F - p A B ,  the am ou nt  

the  pe p t id e  r ec ov er ed  f rom  bra in a f te r  one  h o u r  was  a l m os t  13 t imes  g r ea t e r
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F ig u re  5 : Effec t  o f  inh ib i to r s  on L H R H  rec overy  a f te r  ICV  Injec t ion .

10 ml  o f  an L H R H  so lu t ion  (100  n m o l )  w as  in jec ted  into the  thi rd ven t r i c le  

d u r i n g  10 min u t es .  L H R H  w as  co  a d m in i s t e r e d  wi th  c i the r  1) 0 . 9 %  sa l ine  

( con tro l) ,  2) 500  nm ol  c F P - A A F - p A B ,  3) 500 nmo l  c F P - F - p A B ,  3) 100 nmol 

cap top r i l .  T h e  ionic s t r eng th  o f  the so l u t ion  was  m a in ta in e d  at 0 .3 m os m ol / l

by  ad j us t i n g  wi th  s o d i u m  ch l o r ide .  At 1 h o u r  fo l lo w in g  e nd  o f  in f us ion ,  

a n i m a l s  wer e  sa c r i f i c e d  and  the en t i r e  b ra in  was  h o m o g e n i z e d  in 10

v o l u m e s  o f  hot  acet i c  acid.  P rec ip i t a t e d  p ro te i n  was  r e m o v e d  by 

c e n t r i f u g a t i o n  and  the  s a m p l e s  w e r e  f ro ze n  for  r a d i o i m m u n o a s s a y

a na lys i s .  Eac h  g r o u p  c o n t a i n e d  f ive an im al s .  E x p e r i m e n t a l  d e t a i l s  arc g ive

in M a te r i a l s  and  Me th od s .  ( ^ S t a t i s t i c a l l y  d i f f e r en t  f rom c o n t r o l  by 

S c h c f f c ’s test (p<  0.05)) .



c F P - A A F - p A B
*

i l f  c F P - F - p A B

C a p t o p r i l

1 2  3  4

I n h i b i t o r



T A B L E  3: Effect  o f  

a f t e r  IC V

inhibi tor s  o f  E P  24.15 

in jec t ion .

and E P  24.11 on  recovery o f  b rain L H R H

T  r e a t m e n t E n z y m e nmo l L H R H  R e m a i n i n g
i n h i b i t e d n (mean + S . E M . )

1. N o n e . . . 7 0.085 + 0.017

2. c F P - A A F - p A B E P  24.15 9 1.092 ±  0.106*

3. c F P - F - p A B EP 24.11 4 0.353 ±  0 .112

4.  c F P - A A F - p A B EP 24.15 9 1.211 ±  0.163*
+ +

c F P - F p A B E P . 2 4 . 1 1

A n im a ls  r ece ived  IC V  in ject ions  o f  10 nm ol  L H R H  (10  I o f  a 1 m M  solut ion in sa l ine)  at a rate o f  1 ml /m in  over  

10 m inu te s  (1.).  L H R H  was co - ad mi n i s t e red  wi th e i the r  750  nmol  c F P - A A F - p A B  (2.),  750 nmo l  c F P - F - p A B  (3.)  o r  a

solut ion  o f  bo th  750  nmol  c F P - A A F - p A B  and  750  nmol  c F P -F -p A B  (4.) .  At  1 h o u r  af t er  the infus ion,  an im a l s  were  

sac r i f i ced  and  the en t i r e  b ra in  was  h o m o g e n i z e d  in 10 v o lu m e s  o f  hot  ace t i c  ac id.  P ro te in  was  r e m o v e d  by 

ce n t r i f u g a t i o n  and  the  su p e r n a ta n t  w as  f roz en  for  r a d i o i m m u n o a s s a y  an a l ys i s .  N d e s i g n a t e s  the  n u m b e r  o f  

an im a l s .  * S ign i f i ca n t l y  d i f f e ren t  f rom con t ro l  by S chef fc ' s  test ,  (p<  0 .01) .
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t han  in co n t ro l s  (p < 0.01).  A ga i n ,  ad m in i s t r a t io n  o f  the inh ib i t o r  o f  E P  24.11 

a l o n e  d i d  not  s ig n i f i c an t ly  i n c re a s e  p e p t id e  r e c o v e r y ,  a l t h o u g h  w i t h  l a rg e r  

g r o u p s  o f  a n i m a l s  the  d i f f e r e n c e s  m ig h t  ac q u i r e  s t a t i s t i ca l  s i g n i f i c a n c e .  

C o n c u r r e n t  a d m i n i s t r a t i o n  o f  b o th  in h ib i to r s  d id  not  r e su l t ,  h o w e v e r ,  in any  

a d d i t i o n a l  s ig n i f i c a n t  e n h a n c e m e n t  o f  L H R H  r e c o v e r y  a b o v e  th a t  seen  a f te r  

c F P - A A F - p A B  a lone.

E f fe c t  o f  IV a d m in i s t r a t io n  o f  inh ib i to r s  on  p l a s m a  L H R H  

c o n c e n t r a t i o n s .

The  rela t ive con t r ibu t ions  o f  EP 24.15,  E^P 24.11 and  A C E  to the in vivo  

d e g r a d a t i o n  o f  L H R H  in pe r ip he ra l  t i s sues  was  s t u d i e d  by  d e t e r m i n i n g  p l a s m a  

c o n c e n t r a t i o n s  at  va r io u s  t ime in te rv a l s  a f te r  IV a d m i n i s t r a t i o n  o f  the 

p ep t i de  a l on e  and  in c o n j u n c t i o n  wi th  e n z y m e  inh ib i to r s .  P l a s m a  L H R H  

c o n c e n t r a t i o n s ,  m e a s u r e d  20,  35,  and 50  m in u t e s  a f t e r  i n t r a v e n o u s  L H R H  

a d m i n i s t r a t i o n ,  w e r e  s i g n i f i c a n t l y  h i g h e r  in a n i m a l s  r e c e i v i n g  i n h i b i t o r s  o f  

e i the r  E P  24 .15 o r  EP  24.11 than in con t ro l s  (F igure  6).  As ea r ly  as  20  min 

a f t e r  a d m i n i s t r a t i o n  o f  L H R H ,  the re  w as  a c l ea r ly  d i s c e r n i b l e  p r o te c t i o n  o f  

L H R H  degr ad a t i on  by inhibi tor s o f  both E P  24.11 and E P  24.15.  At  65 and 80 

m i n u t e s  f o l l o w i n g  L H R H  a d m i n i s t r a t i o n ,  s t a t i s t i c a l l y  s i g n i f i c a n t  e l e v a t i o n s  o f  

p l a s m a  L H R H  ( ab ov e  those  fo und  in c on t r o l s )  were  f o und  o n l y  in an im al s  

t r ea ted  wi th  c F P - A A F - p A B .  C o n c u r r e n t  a dm in i s t r a t io n  o f  bo th  E P  24 .1 5  and  EP

24.11 in h ib i t o r s  p r o d u c e d  a m u c h  g r e a te r  e l e v a t i o n  o f  p l a s m a  L H R H  level s  

than  th o s e  f o u nd  in an i m a l s  t r e a te d  w i th  e a c h  i n h i b i t o r  s e p a r a te ly .  A 

s t a t i s t i ca l ly  s ig n i f i c an t  inc re ase  in L H R H  leve l s ,  a b o v e  tho se  in con t r o l  

an i ma l s ,  was  fo und  in this  g r ou p  at all t ime p o in t s  a f t e r  5 min.  In dee d ,  65 and 

80  m i n u t e s  a f t e r  ad m in i s t r a t i o n  o f  the  t w o  inh ib i to r s ,  p l a s m a  L H R H  

c o n c e n t r a t i o n s  wer e  as m u c h  as 100 to 2 00  t i m es  h i g h e r  than  those  in



61

c on t r o l s .  In a n i m a l s  t r ea ted  wi th  c a p to p r i l ,  p l a s m a  L H R H  c o n c e n t r a t i o n s  

w e r e  no t  s ig n i f i c an t ly  d i f f e r en t  f rom those  f o u n d  in c o n t r o l s  (d a t a  not  

s h o w n ) .
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F i g u r e  6 : P l a s m a  c o n c e n t r a t i o n s  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f

L H R H  a lone  (con t r o l )  and in co n j un c t io n  wi th  inh ib i to r s  o f  E P  24 .15 and  E P

24.11 .  Data  are m e a n  values  ±_ S .E.M.  Th e  n u m b e r  o f  an i ma l s  were:  11 in the 

co n t ro l  g r ou p ,  9 in ea ch  g r o u p  rece iv in g  c F P - F - p A B  or  c F P - A A F - p A B ,  and 9

in the  g r o u p  r e c e i v i n g  bo th  inh ibi tor s .  Sc h cf f c ' s  test  ( 19 5 3 )  was  used  to

d e t e r m i n e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  g r o u p s .  Al l  v a l u e s  

for  the  g r o u p  r e c e iv in g  bo th  in h ib i t o r s  were  at all t im e  p e r io ds  

s i g n i f i c a n t ly  d i f f e r e n t  f rom c o n t r o l s  (p < 0 . 00 1) .  C o r r e s p o n d i n g  v a l u e s  for  

the g r o u p  r e c e i v i n g  c F P - A A F - p A B  w er e  s i g n i f i c a n t l y  d i f f e r e n t  f rom 

con t ro l s  (p < 0.01 to 0 .001).  For  the g r oup  rece iv ing  c F P - F - p A B  p values  

were < 0.001 af te r  20 and 35 min,  and < 0.05 af ter  50  min.  For  detai l s  o f  

e x p e r i m e n t a l  p r o c e d u r e  see  u n d e r  M a te r i a l s  and  M e th o d s .
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T h e  ha l f - l i f e  o f  i n t r a v e n o u s ly  in j ec te d  L H R H  w as  m o d e r a t e l y  in c re as e d  

f rom ap p r o x im at e ly  10 min in the cont rol  g r o u p  to 20  and  15 min  in an i ma l s  

r ece iv in g  the E P  24.15 o r  EP  24.11 inh ib i to r  r e s pe c t ive ly  ( g r ou p s  3 and 4,

T ab l e  4) .  C o n c u r r e n t  a d m in i s t r a t i o n ,  h o w e v e r ,  o f  i n h ib i to r s  o f  bo th  e n z y m e s  

resu l t ed  in a d r am a t i c  e i gh t  fold inc rease  in the ha l f  life o f  L H R H  f rom about  

10 min  to ap p r o x im a te ly  80 min (Tab le  4).  It b ec am e  ev id en t  f rom the 

m a g n i t u d e  o f  this  inc rease ,  that  this  co u l d  no t  be a t t r ibu ted  to a s im ple  

add i t ive  e f f ec t  o f  the tw o  inh ibi tor s .  S ince  inh ib i t ion  o f  E P  24 .15  in b r a in  had 

a m u c h  m o r e  p r o n o u n c e d  ef fec t  on L H R H  d e g r a d a t i o n  than  inh ib i t ion  o f  EP

24 .11,  the poss ib i l i ty  w as  c o n s id e r ed  tha t  the  e f f ec t iv e n es s  o f  the E P  24 . 15  

in h i b i t o r  in p e r ip h e ra l  t i s sue s  was  l im i te d  by its e n z y m a t i c  d e g r a d a t i o n  

ca ta ly ze d  by EP  24.11.  Accord in g ly ,  inhibi t ion  o f  E P  24.11 by ad m in i s t r a t i on  o f  

c F P - F - p A B  wo ul d  have  been ex p e c t ed  to b lock the d e g r a d a t i o n  o f  c F P - A A F -  

pA B,  and co ns e q u e n t l y  r esul t  in a mo re  c o m p le t e  inh ib i t ion  o f  E P  24.15 ,  

w h ich  in tu rn wo ul d  p r o d uc e  a g r e a te r  p r o t ec t io n  o f  L H R H  f rom  de g r a d a t i o n .  

T o  e x a m i n e  this  poss i b i l i ty  we p r o c e e d e d  to m e a su r e  the  c o n c e n t r a t i o n s  o f  

p l a s m a  c F P - A A F - p A B  in an i m al s  a f t e r  a d m in i s t r a t i o n  o f  this  in h ib i to r  a lone 

and  in those  r e c e i v in g  c o n c u r re n t l y  c F P - F - p A B .  W e  a l so  e x a m i n e d  the 

d e gr a d a t io n  o f  c F P - A A F - p A B  by an i so la t ed  p r ep a ra t io n  o f  E P  24.11 and 

th c rm ol y s i n .  Both  these  e n z y m e s  were  e x p e c t e d  to c l ea v e  the A la - P h c  bo nd  in 

c F P - A A F - p A B  in v iew  o f  thei r  spec i f i c i ty  to w ard  bo nd s  on  the a m i n o  s ide o f  

h y d r o p h o b i c  a m i n o  ac id  r e s id ue s .



T A B L E  4 : Effect  o f  e n z ym e  inh ibi tor s  on  the hal f- l i f e o f  p l a s ma  L H R H  in rats.

G r o u p T  r e a t m e n t E n z y m e
i n h i b i t e d n

L H R H  t i / 2  (r 
( + SEM  )

1 C o n t r o l n o n e 12 10.6 + 0.72

2 C a p t o p r i l ACE 6 11.2 + 1.37

3 c F P - F - p A B E P  24.11 9 14.6 ±  0.49

4 c F P - A A F - p A B E P  24.15 9 19.6+ 2.10

5 c F P - A A F - p A B  
+ + 
c F P - F - p A B

E P  24.15 

EP24.11

6 79.6 + 15.8*

H al f - l i f c s  (t 1 / 2 ) w e r e  c a lc u la t ed  f rom the  L H R H  e l im in a t i o n  cu rv es  in F igu re  2. A l i n e a r  r eg res s i on  

was  used to de t e rm ine  the s lopes  o f  a bes t  fit l ine o f  all t ime point s  f rom 35 to  80 min.  T h e  e l imina t ion  

c o n s t a n t s  ( - k e ) and t ] / 2  ( t l /2  = 0 . 6 9 3 / k c ) w e r e  c a l c u l a t e d .

( * S ta t i s t i ca l ly  d i f f e re n t  f rom con t ro l  b y  S ch ef fc ' s  tes t ,  (p<  0.01)) .

p r o g r a m

rate
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P l a s m a  c o n c e n t r a t i o n s  o f  c F P - A A F - p A B  c o u l d  be c o n v e n i e n t l y  

m e a s u r e d  by t e s t ing  the ex ten t  o f  the inh ib i t o r y  e f fec t  o f  p l a s m a  o n  the 

d e g r a d a t i o n  o f  B o c - P h c - A l a - A l a - P h c - p A B  by pu r i f i ed  EP  24 .1 5  ( O r lo w sk i  ct  al..  

1983) .  T h e  c o n c e n t r a t i o n s  o f  c F P - A A F - p A B  in the 8 0 - m i n u t e  p l a s m a  sa m p le s  

t a k en  f ro m  a n i m a l s  r e c e iv in g  th is  in h ib i to r  a l o n e  o r  in c o n j u n c t i o n  wi th  

c F P - F - p A B  ( g r ou p s  4 and  5, T ab le  4)  wer e  ca lc u la t ed  f rom the fo l lowing  

e q u a t i o n :

i-K j( 1 + |  S | / K m )

m  = --------------------------

1 -i

w h er e  (I) = co n c e n t ra t i o n  o f  intact  inh ib i to r ,  i = pe r cen t  inh ib i t io n  as a 

f rac t ion o f  1, |S )  = conce n t ra t ion  o f  subs t ra t e ,  Kj = inh ibi t ion  co ns ta n t  o f  cFP-

A A F - p A B ,  and  K m = M ic h ac l i s  co n s ta n t  for  the sub s t ra t e  ( B o c - P h c - A l a - A la -  

P h c - p A B ) .  E P  24 .15  ac t iv i ty  was  m e a s u r e d  in the p res en ce  o f  p l a s m a  f rom 

c on t ro l  a n i m a l s  (no  inh ib i to r ) ,  and  in the p r e s e n c e  o f  p l a s m a  f rom a n i m a l s  

t r ea ted  e i th e r  wi th  c F P - A A F - p A B  a l one  o r  t r ea ted  wi th  both c F P - A A F - p A B  and 

c F P - F - p A B .  Pe r cen t  inh ibi t ion  (i)  was  ca l cu la ted  f rom the e q u a t i o n  : i = 1 - 

( a ' /a) ,  w h er e  a = ac t iv i ty  in the  p r ese nce  o f  sc ru m f rom c o n t r o l  an i m a l s  and  

a'  = ac t iv i ty  in the p r es e n ce  o f  p l a s m a  f rom the o t h e r  two g r ou p s .  T h e  resul t s  

o f  th i s  d e t e r m i n a t i o n  s h o w e d  tha t  the  p l a s m a  c F P - A A F - p A B  c o n c e n t r a t i o n  

m e a s u r e d  in the g r o u p  re c e iv in g  bo th  in h ib i to r s  was  m or e  tha n  10- fold 

h i g h e r  (5 98  ±11 n M )  than  the co n c e n t ra t i o n  in the ab s en c e  o f  c F P - F - p A B  (52 

± 0.01 nM ) .  T h e  inc reased  c F P - A A F - p A B  levels  (p< 0 . 0 5 ,  tw o- ta i l ed  unp a i red  t- 

t e s t )  c o u l d  h a v e  re s u l t ed  f rom a d e c r e a s e d  e n z y m a t i c  d e g r a d a t i o n  o f  the 

i n h i b i t o r  o r  i ts  d e c r e a s e d  e xc r e t io n .  T h e  l a t t e r  p os s i b i l i ty  w a s  d i s c o u n t e d  by
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t he  f in d in g  tha t  u r ina ry  c o n c e n t r a t i o n s  o f  f ree p A B ,  a m e a s u r e  o f  the 

d e g r a d a t i o n  o f  the  p a r e n t  c o m p o u n d ,  w er e  n ea r l y  100- fo ld  lo w e r  in a n i m a l s  

r e c e i v i n g  bo th  in h ib i t o r s  than in those  r e c e iv in g  o n ly  c F P - A A F - p A B .  The  

lo w  c o n c e n t r a t i o n s  o f  f r ee u r in a r y  p A B  t o g e t h e r  wi th  the  i n c re a s e d  p l a s m a  

c F P - A A F - p A B  in a n i m a l s  r e c e iv in g  bo th  in h i b i to r s  arc a c l e a r  in d ic a t io n  that  

c F P - F - p A B  pr o tec ted  c F P - A A F - p A B  f rom de g ra d a t io n  by E P  24.11,  

a u g m e n t i n g  t h e r e b y  E P  2 4 . 1 5 - i n h i b i t i o n  a n d  c o n s e q u e n t l y  b l o c k i n g  L H R H  

d e g r a d a t i o n  by th i s  e n z y m e .

H y d r o l y s i s  o f  c F P - A A F - p A B  bv b ra in ,  k i d n c v .  l u n g  and s p le en  

h o m o g c n a t c s  and bv i so l a t ed  E P  24.11 and t h c r m o l v s i n .

I nd i rec t  e v i d e n c e  c i t ed  ab o v e  ind ic a t ed  that  c F P - A A F - p A B  is su sc ep t i b le

to d e g r a d a t i o n  by EP  24 .11 in pe r ip he ra l  t i s sues .  C o n f i r m a t i o n  that  this  

d e g r a d a t i o n  is in de ed  m e d i a t ed  by E P  24.11 wo u ld  requ i re  ve r i f i ca t i on  that  the 

t i s sue  d i s t r ib u t io n  o f  the c F P - A A F - p A B - d c g r a d i n g  ac t iv i t y  c o r r e s p o n d s  to the 

t i s sue d i s t r ib u t i on  o f  this  en z y m e .  T h e  d e g r a d a t i o n  o f  the inh ib i t o r  as  wel l  as 

tha t  o f  G l t - A l a - A l a - P h c - p A B ,  an E P  24.11 subs t ra t e ,  was  th e re fo re  s t ud ie d  in 

c r u d e  h o m o g c n a t c s  p r e p a r e d  f rom k i d n e y ,  lung ,  s p le en  and  b ra in .  A m o n g  the 

f our  t i s sue s  k id ne y  was  k n o w n  to  co n t a in  the h i ghe s t  ai .J  b ra in  the low es t  E P

24.11 ac tivi ty .  T he  da ta  su m m a r i z e d  in T ab le  5 sh ow  that  the hy d r o ly s i s  o f  both 

the inh ib i t o r  and the subs t r a t e  p r o c e e d e d  at a rate a l m os t  2 00  l i m es  g r e a te r  in

the k id n e y  than in bra in.  F u r t h e r m o r e ,  the  r e l a t ive  r at es  o f  d e g r a d a t i o n  o f  both 

the  in h ib i to r  and  the  subs t r a t e  wer e  the sa m e  in all four  t i s sues .

E P  24.11 and  th c r m o ly s in ,  a bac te r i a l  z i n c - c o n t a i n i n g  c n d o p c p t i d a s c  ( E C  

3 . 4 .2 4 . 4 ) ,  h a v e  s i m i l a r  su b s t ra t e  s p e c i f i c i t i e s .  P u r i f i e d  p r e p a r a t i o n s  o f  bo th  

these  e n z y m e s  w er e  the re f o r e  used  to s tudy  the p r o d u c t s  o f  d e g r a d a t i o n  o f  cFP-  

A A F - p A B .  H P L C  se p ar a t io n  o f  the r eac t ion  m ix t u r e s  r ev ea le d  the  f o rm a t io n  o f
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the s a m e  2 p r o d u c t s  ( F ig ur e  7) wi th  each  o f  the e n z y m e s .  T h e  s l o w e r  e l u t i n g  

pe a k  w a s  f ou nd  to be iden t i c a l  wi th  au t he n t i c  sy n th e t i c  P h c - p A B .  A c c o r d i n g l y ,  

the  e a r l y  pe a k  w a s  a s s u m e d  to  r e p r e s e n t  N - |  1 ( R S ) - c a r b o x y - 3 - p h c n y l p r o p y I )- 

a l a n y l - a l a n in c  ( c F P - A A ) .  It was  o f  im p o r ta n c e  for  the  e v a lu a t i o n  o f  the 

inh ib i t o r y  e f fec t  o f  c F P - A A F - p A B  to de t e r m in e  w h e t h e r  c F P - A A  as a



T A B L E  5 : Degrada t ion  o f  c F P -A A F - p A B  and G l t - A A F - 2 N A  by

E P  24.11 in k id ne y ,  lung,  sp leen  and brain .

S..U B § T . PA T L
c F P - A A F - p A B  Gi t -A 1  a - A l a - P h c - 2 N  A

S p e c i f i c  a c t i v i t y  R e l a t i v e  S p e c i f i c  a c t i v i ty  R e l a t i v e
T I S S U E  ( U / m g __p r o t e i n l _______A c t i v i t y __________ ( U / m g  p r o te i n )  A c t i v i t y

K i d n e y 5 .68 189 2 9 . 9 199

L u n g 0 . 18 6.0 0 . 85 5 .67

S p l e e n 0 . 0 4 1.33 0 .2 8 1.87

B r a i n 0 .03 1.0 0 . 15 1.0

E n z y m e  ac t iv i t i e s  w er e  m e a s u r e d  in c rude  h o m o g c n a t e s  o f  k idne y ,  lung ,  s p le en  and bra in.  T h e  c o n c e n t r a t i o n  o f  

c F P - A A F - p A B  and G l t - A la - A la - P h e - 2 N A  in the incu ba t io n  m ix tu re s  w a s  0 2 and 0 .8  m M  res pec t ive ly .  O n e  un i t  is 

d e f in e d  as the a m o u n t  o f  e n z y m e  w h ich  re l e as e s  1 m m o l / p r o d u c t / h r .  R e la t i v e  ac t iv i t i e s  arc c a lc u la t e d  in 

r e la t ion  to the  ac t iv i ty  in b ra in  a rb i t ra r i ly  set  at 1.0. F o r  deta i l s  o f  e x p e r im e n t a l  p r o c e d u r e s  see u n d e r  Ma te r i a l s  

and  M e th o d s .
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F ig u re  7. A - B : H P L C  se pa ra t io n  o f  the  r eac t io n  p r o d u c t s  gen e ra te d  

by in c u b a t i o n  o f  c F P - A A F - p A B  wi th  pu r i f i ed  E P  24.11 .  Pane l  A. Re te n t io n  

t im e  o f  c F P - A A F - p A B .  Th e  2 d ia s t c rc o m cr s  o f  c F P - A A F - p A B  arc e lu ted  with 

d i f f e r e n t  r e t e n t io n  t imes .  Pane l  B. P ro d u c t s  o f  c o m p l e t e  d e g r a d a t i o n  o f  cFP-  

A A F - p A B .  T h e  s e co nd  p r o du c t  peak  was  ide n t i f i ed  as P h c - p A B  whi le  the 

first  peak  is p r e s u m e d  to  be  c F P -A A .  See Ma te r i a l s  and  M e th o d s  for 

e x p e r i m e n t a l  d e t a i l s .
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d e g r a d a t i o n  p r o d u c t  o f  the  in h i b i to r  w as  in h ib i t o r y  to w a r d  E P  24.15.  Sm al l  

a m o u n t s  o f  this  p r o d u c t  w er e  the re f o r e  i so la t ed  by  H P L C  f ro m  r ea c t io n  m ix t u re s  

in w h ic h  the  in h ib i to r  w a s  c o m p l e t e l y  d e g r a d e d  by i n c u b a t i o n  wi th

th c rm ol y s i n .  A f t e r  r e m o va l  o f  the so l ve n t  and d i s s o lv in g  the i so la t ed  c F P - A A  in 

25 m M  Tr i s -H CI  (pH  8.0) ,  its con c en t r a t io n  was  d e t e r m in e d  f rom the  H P L C  peak 

he i g h t s  in a s t a nd ar d  c u r v e  ba s e d  o n  p e a k  he i g h t s  o f  k n o w n  a m o u n t s  o f  the 

s a m e  c o m p o u n d  a p p e a r i n g  in r ea c t i on  m i x t u r e s  in w h i c h  the r ea c t io n  w en t  to 

c o m p le t io n .  T h e  in h i b i to r y  p o te n c y  o f  c q u i m o l a r  c o n c e n t r a t i o n s  (8 m M )  o f  cFP-  

A A  and  c F P - A A F - p A B  was  then m e as u r ed  wi th  pur i f i ed  E P  24.15 us ing  Boc -Phc-  

A l a - A l a - P h c - p A B  as the su bs t ra t e .  T h e  re su l t s  o f  th is  d e t e r m i n a t i o n  s h o w e d  that  

c F P - A A  w a s  a l m o s t  c o m p l e t e l y  inac t ive  as inh ib i t o r  (1 .7  %  i nh ib i t ion ) ,  whi le  

c F P - A A F - p A B  a l m o s t  c o m p l e t e l y  ( 9 7 .5 % )  inh ib i t ed  the e n z y m e  at the sa m e  

c o n c e n t r a t i o n s .

S ev er a l  f ac to r s  c o u l d  ha ve  been  r e s p o n s i b l e  for  the f in d i ng  that

in h ib i t ion  o f  E P  24 .15 p r o te c t s  L H R H  f rom in vi vo  d e g r a d a t i o n .  T h e s e  f a c to r s  

i n c lu de  bo th  the  a f f in i ty  and  ac ce ss ib i l i ty  o f  the p ep t i d e  to the  e n z y m e ,  and  a l so  

the m a g n i tu de  o f  the ac t ivi ty  o f  E P  24.15  as c o m p a r e d  wi th  tha t  o f  E P  24.11.  In 

o r d e r  to d e t e r m i n e  the  s ig n i f i c a n c e  o f  this  last  f ac to r  we  c o m p a r e d  the 

ac t ivi t ie s  o f  the tw o  e n z y m e s  in rat t issue.  E P  24.11 and  E P  24 .15  were  d e t e rm in ed  

wi th  G l t - A l a - A l a - P h c - 2 N A  ( k c a t = 139 see" 1; Po zsgay  ct a l ., 1986)  and Boc-Phc-  

A l a - A l a - P h c - p A B  ( k c a t = 86 s e e ' * ;  Or l ow sk i  et  al.,  1989)  r espec t ively .  T he  resul ts

s u m m a r i z e d  in T a b l e  6 s h o w  that  wi th  the e xc ep t io n  o f  the k id ne y  and  lung  EP

24 .15  was  m u c h  m o r e  ac t ive  than E P  24.11 in all o t he r  t i s sues  s tudied .  It is 

im p o r t a n t  to n o t e  tha t  w i th  the  e x c e p t i o n  o f  the  f i l t e red  f r a c t i on ,  the  u n us u a l ly  

h ig h  E P  24.11  ac t iv i ty  in the k id ne y  wo u ld  not  be e x p e c t e d  to co n t r i b u te  g rea t ly  

to  L H R H  d e g r a d a t i o n  s i n ce  th is  e n z y m e  is p r im a r i l y  lo c a l i z e d  in m ic r o v i l l a r  

m e m b r a n e s  o f  the  b r ush  b o r d e r  o f  the  p r o x im a l  tu b u le s  o f  the  k id n e y  ( K e r r  and
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K e n n y ,  1974) .  A c c o r d i n g ly  on ly  the f rac t ion  o f  L H R H  w h ic h  en te r s  the 

g l o m e r u l a r  f i l t r at e w ou ld  be e x p o s e d  to de g r a d a t i o n  by E P  24.11 .  T h e  h igh er  

ac t iv i ty  o f  E P  24 .15  is even  m o re  no tab le  if  t he  tu r no ver  r ate  c o n s ta n t s  o f  the 

t w o  a b o v e  su b s t ra t e s  (kc a t values ;  139 ve r s us  86 s e e '  ^ , r e s p e c t i v e l y )  w o u l d  be 

c o n s id e r e d ,  s ince  these va lu es  wo u ld  r a th e r  t end to u n d e r e s t i m a te  the E P  24.  15 

a c t i v i t y .



T A B L E  6 : Ac t iv i t ie s  o f  en d o p c p t i d a se  24.15  and  end op c p t id a sc  24.11 in rat t i ssues .

A C T I V I T Y
TISSUE EP 24.15 

( U / m g )
EP 24.11 
( U / m g )

T e s t i s 7 .25 0 . 9 2

S p l e e n 1.18 0 . 2 5 8

L i v e r 0 .3 0 3 0 . 0 05

K i d n e y 0 .621 27 .2

L u n g 0 .661 0 . 82

H e a r t 0 .331 0 . 0 1 4

S k e l e ta l m u s c l e 0 .721 0 . 1 6 5

B r a i n 0 . 8 6 9 0 . 1 4 8

P l a s m a ( m m o l / m l / h r ) 0 . 2 9 5 0 . 0 1 4

Act iv i ty  was  d e t e r m i n e d  in c r u d e  t i s sue h o m o g c n a t c s  o b ta in e d  f rom S p r a g u e  D a w lc y  rats  w e i g h i n g  
a p p r o x im at e ly  350  g, as d es c r ib ed  in Ma te r i a l s  and  Me tho ds .  B o c - P h c - A l a - A l a - P h c - p A B  (0 .4  m M )  and Gi t -  Ala-  
A la - P he - 2 N A  (0.8 m M )  wer e  used  for  de te rm ina t io n  o f  EP  24.15  and  EP 24.11 act ivi ty.  Da ta  arc me an  values  
ob t a i ned  f rom two de t e rm ina t io ns .  On e  uni t  is de f ined  as the a m o u nt  o f  e n z y m e  that  d e g r a d e s  1 p n i o l  o f  
s u b s t r a t e / h r .
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Phase 3: Influence of  CNS and pe r iphera l  EP 24.15-mediated LHRH 

d eg rada t ion  on LH R H 's  LH- and  FSH-re leas ing  act ivi ty

I n t r a v e n o u s  a d m in i s t r a t i o n  o f  L H R H .  L H R H  a g o n i s t s  a nd  c n z v m c  

i n h i b i t o r s .

F o l l o w i n g  the  in t r a v e n o u s  a d m in i s t r a t i o n  o f  L H R H  a l on e ,  p l a s m a  LH 

leve ls  qu ic k ly  rose to a peak  value  o f  2 .4 ng /m l  a f te r  20  mi nu te s ,  and  dec l ined  

t h e re a f t e r ,  r e a c h in g  basal  v a l u e s  by  4 ho u r s  (F ig u r e  8). A d m i n i s t r a t i o n  o f  bo th  

su p c ra c t i v c  L H R H  ana log s ,  [ D - T r p ^ l - L H - R H  and  [ D - L c u ^ | - L H R H - E A ,  r esu l t ed  in a 

m u c h  g r e a te r  inc re as e  o f  p l a s m a  LH le ve l s  than a f t e r  e q u i v a le n t  a m o u n t s  o f  

L H R H .  Indeed ,  all p l a sm a  sa m p le s  co l l ec t ed  (at  t ime b e g i n n in g  at 20 m in u t es )  

f ro m a n i m a l s  r e c e i v i n g  the  a n a lo g s ,  LH  c o n c e n t r a t i o n s  w e r e  c o n s i d e r a b l y  

h i g h e r  than in p l a s m a  s a m p l e s  c o l l ec te d  f rom  c on t r o l  a n i m a l s .  Pe ak  va lu es  

w e r e  r e a c h e d  a p p r o x i m a t e l y  2 h o ur s  a f t e r  a d m i n i s t r a t i o n  o f  the ag o n i s t s ,  and  

w er e  s o m e w h a t  h ig h e r  for  ( D - L c u ^ ) - L H R H - E A  than  for  [ D - T r p ^ j - L H - R H .

In c r e a se d  LH le ve l s  a f t e r  the ag o n i s t s  p e r s i s t ed  d u r i n g  d u r a t i o n  o f  the 

e x p e r i m e n t  and  s h o w e d  on ly  a  sma l l  d ec l in e  a f t e r  4  hours .  In d ee d ,  a f t e r  four  

h ou r s  the co n c e n t ra t i o n  o f  L H R H  in p l a s m a  o f  an i m al s  t r ea ted  wi th  thes e  

a n a lo g s  was  ab o u t  one  o r d e r  o f  m a g n i t u d e  h i g h e r  tha n  in the  con t ro l s .

As  de s c r ib e d  ab ov e  (R e s u l t s , ph ase  2) the e f f ec t iv e n es s  o f  inh ib i to r s  o f  EP

2 4 . 15  in p r o lo n g in g  the h a l f  l i fe o f  in t r a v en o u s l y  a d m i n i s t e r e d  L H R H  is l imi ted  

by the  sus ce p t ib i l i ty  o f  these  inh ib i to r s  to d e gr a d a t io n  by E P  24 .11 .  F o r  ex a m p le  

c F P - A A F - p A B  is d egr ad ed  by E P  24.11 by c l ea vag e  o f  the  A la -P he  bo nd ,  and  this 

r ea c t i on  can  be inh i b i t ed  by c F P - F - p A B  an inh ib i t o r  o f  E P  24 .11 .  C o n s e q u e n t ly  

a d m i n i s t r a t i o n  o f  i n h ib i to r s  o f  bo th  th e se  e n z y m e s  d r a m a t i c a l l y  p r o l o n g e d  the  

in v i vo  ha l f  l i fe o f  L H R H .  Co n s i s t e n t  wi th  th i s  f ind ing  ad m in i s t r a t i o n  o f  cFP-  

A A F - p A B  t o g e th e r  wi th  c F P - F - p A B ,  in h ib i t o r s  o f  the  tw o  e n z y m e s ,  in
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c o n j u n c t i o n  wi th  L H R H  i n d u c e d  an i n c re as e  in p l a s m a  LH  c o n c e n t r a t i o n s  that  

w as  n ea r ly  iden t i c a l  in bo th  m a g n i t u d e  and  d u r a t i o n  to  that  a f t e r  

a d m in i s t r a t i o n  o f  [ D - L c u ^ l - L H R H - E A .  T hus ,  p l a sm a  LH levels  a f t e r  the two  

in h ib i to r s  r e a c h e d  pe a k  v a l u es  a f t e r  2 h our s ,  and  the  in c re a se d  LH

c o n c e n t r a t i o n s  p e r s i s t e d  wi th  l i t t le  c h a n g e  for  the  d u r a t i o n  o f  the e x p e r i m e n t s .  

A l s o  th e  pe a k  v a l u e s  r e a c h e d  in r e s p o n se  to  L H R H  a n d  in h ib i to r  t r e a tm e n t  wer e  

s i m i l a r  to those  a f t e r  the su p c ra c t i v c  a n a lo g  (3 0 .9  n g /m l  v e r s u s  32 .8  n g /m l )  and  

e x c e e d e d  by 13- t imes  va lu es  in the  co n t ro l s  r ec e i v in g  on ly  L H R H .  T o  co nf i r m  

tha t  the  r e s p o n se  a f t e r  the jo i n t  ad m in i s t r a t i on  o f  in h ib i t o r s  o f  the tw o  

e n z y m e s  can be m a i n ly  a t t r ibu ted  to the p r o tec t ion  o f  L H R H  f rom E P  24.15-  

m c d i a t c d  d e g r a d a t i o n ,  a n o t h e r  e x p e r i m e n t a l  g r o u p  w as  in c l u d e d  in w h i c h  the

E P  24.11 inh ib i to r  was  o m i t t e d  and L H R H  was g iven  on ly  in c o n j u n c t i o n  with 

c F P - A A Y - p A B ,  an inhibi tor  o f  E P  24.15,  that  is mor e  res i s t ant  to  E P  24 .11-  

c a ta ly z c d  d e g r a d a t i o n  than c F P - A A F - p A B .  T h i s  r e s u l t ed  a f t e r  100 m i n u t e s  in an 

av e ra ge  peak  p l a s m a  LH co n c en t ra t i o n  o f  22 .7  n g / m l ,  7.5 t i m es  co n t ro l  peak 

v a l u es ,  tha t  p e r s i s t e d  v i r tu a l l y  u n c h a n g e d  d u r i n g  d u r a t i o n  o f  the  e x p e r i m e n t s .

Ind ee d ,  a l th o ug h ,  the  av e r age  peak  LH v a l u e s  were  s o m e w h a t  l o w e r  the  pa t t e rn  

o f  the  r e sp ons e  to  L H R H  and  c F P - A A Y - p A B  was  s i m i la r  in bo th  du ra t i o n  and 

m a g n i t u d e  to  the r e s p o n se  f o l l o w in g  the  t r e a tm e n t  wi th  i n h ib i to r s  o f  the  two  

e n z y m e s .  T h e s e  r e su l t s  su p p or t  the  c o n c lu s i o n  tha t  the bu lk  o f  the  L H  r esp on se

a f t e r  ad m in i s t r a t i on  o f  L H R H  and  c q u i m o l a r  a m o u n t s  o f  inh ib i to r s  o f  E P  24 .15 

and  E P  24.11 can  be  a t t r ibu ted to inh ib i t ion  o f  L H R H  de gr a d a t io n  by E P  24 .15 and 

tha t  c F P - F - p A B ,  w h e n  g ive n  to g e t h e r  wi th  c F P - A A F - p A B ,  se rv e d  m a in ly  to 

p r o tec t  the  E P  24 .15  inh ib i to r  f rom deg ra da t io n  by E P  24 .11.  T h i s  c o n c lu s i o n  is 

a l so  s u p po r te d  by the  f ind ing  tha t  in rats  t r ea ted  on ly  wi th  L H R H  and  

c F P - F - p A B  an inh ib i to r  o f  E P  24 .11 ,  peak LH  va lu es  rose  a f te r  80  m in u t e s  to  on ly  

6 .65 ng /m l  p la sm a ,  2 .8  t imes  those  in co n t r o l s  and then d ec l i n e d  s t e ad i ly  so  that
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a f t e r  4  h o u r s  p l a s m a  L H  c o n c e n t r a t i o n s  w er e  s i g n i f i c a n t ly  l o w e r  tha n  those  in 

a n i m a l s  r e c e i v i n g  in h ib i t o r s  o f  bo th  e n z y m e s ,  and  th o se  r e c e i v i n g  on ly  cF P -  

A A Y - p A B .  T h e s e  da ta  co n f i r m  o u r  p r e v io u s  r esul t s  ( p h a s e  2)  w h ic h  s h o w e d  that  

EP  24 .15  is the ma in  e n z y m e  respo ns i b le  for the  in v i vo  L H R H  d e g r a d a t i o n .
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F ig u re  8 : P l a s m a  LH  c o n c e n t r a t i o n s  in r e sp o n se  to  IV ad m in i s t r a t i o n

o f  L H R H ,  L H R H  an a lo gs  and  L H R H  tog e th e r  wi th  e n z y m e  inh ib i tor s .

Male  rats (2 00 -2 5 0  g)  were  t rea ted  wi th  IV in ject ions  o f  e i the r  1) L H R H  

(0.32  nmole ) ;  2) L H R H  and  c F P - A A Y - p A B  (425 nmole ) ;  3) L H R H  and cFP-  

A A Y - p A B  (425 nmole ) ;  4 )  L H R H  and c F P - A A F - p A B  (425 nm ole )  and cFP-F-  

p A B  (425 nmole ) ;  5) [D - T rp 6 | - L H R H  (0.32 nm ole )  and  6) D -L c u 6 - L H R H - E A  

(0 .3 2  nm ol e ) .  P l a s m a  L H  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  by 

r a d i o i m m u n o a s s y  at in d ic a t e d  t im e  in te r v a l s  as  d e s c r i b e d  in M a te r i a l s  

and  Me tho ds .  At 40  and  60  min  all e x p e r im en t a l  g r o u p s  had s ig n i f i can t ly  

(p < 0.05 to 0.01)  h igher  levels  o f  LH.  At 20,  80,  100, 120, 150 minu tes  all 

g r o u p s  excep t  that t r ea ted  wi th  c F P - F - p A B  had  s ig n i f i can t ly  (p < 0 .05  to 

0 .0 1)  h i ghe r  LH levels .  At  180 and 240  min  g rou ps  t r ea ted  wi th  [ D - L c u 6 |- 

L H R H  EA and L H R H  + c F P - A A F - p A B  + cF P -F -p A B  had s igni f ican t ly (p <

0 .05  to 0 . 01)  h i gh e r  LH levels .  T h e  n u m b e r  o f  e x p e r i m e n t s  in each  g r oup  

were  : cont rol  ( L H R H  alone)  = 7; L H R H  + c F P - A A F - p A B  + cF P -F -p A B  = 7;

L H R H  + cF P -A A Y - p A B  = 4; L H R H  + cFP -F-pAB = 4; [D-Trp6 ) -LHRH = 6; D- 

L c u 6-L H R H - E A  = 5.
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P l a s m a  s a m p l e s  o b ta in e d  f rom  the sa m e  e x p e r i m e n t a l  g r o u p s  o f  a n i m a l s  

an a ly z ed  for  LH w ere  a l so  an a l yz ed  for  co n c e n t ra t i o n s  o f  FSH .  Peak  

c o n c e n t r a t i o n s  o f  F SH  ( 1 3 . 24  ng /m l )  af te r  L H R H .  ap p e ar ed  in this  g r o u p  a f t e r  40  

m in u t e s  ( F i g u re  9) ,  h o w e v e r ,  the m a g n i t u d e  o f  the F SH  r e s p o n s e  ab o v e  ba se l i n e  

va l ues  w as  on ly  abou t  ha l f  o f  tha t  for  LH,  a l tho ug h  the in c reased  level s  o f  FS H 

per s i s t ed  m u c h  longer .  T h u s ,  w h er ea s  LH level s  had  de c l i n e d  to basal  va lu es  in

the con t ro l  g r o u p  by the last  s a m p l i n g  t im e  (at 24 0  m in u t e s  fo l lo w in g  L H R H

ad m in i s t r a t i on ) ,  F SH  level s  were  st i l l  m o r e  than twic e  those  at base l ine .  The  

ad m in i s t r a t i o n  o f  the su pc rac t i vc  ana l og s ,  | D - T r p ^ |-LHRH and  [D-Lcu^l-LHRH- 

E A,  p r o d u c e d  an e l ev a t ion  o f  p l a sm a  FSH that  was  far  g r e a te r  in bo th  du ra t ion  

and ma gn i tu de  than that  af ter  LH RH .  As wi th LH,  [ D- L cu^  1 - L H R H - E A  p r o d u c e d  a 

g r ea te r  e l e v a t io n  o f  p la s m a  FSH than did ( D - T r p ^ ] - L H R H .  A d m i n i s t r a t i o n  o f  

L H R H  in c on j u n c t i o n  wi th  e i the r  c F P - A A F - p A B  and c F P - F - p A B  o r  wi th  cFP-  

A A Y - p A B  a lone c a us e d  a r ise in p la s m a  F SH  c o n c e n t ra t i o n s  that  wer e  s im i la r  in

d u r a t i o n  to tho se  in d u c e d  by t r ea tm e n t  wi th  the " s u p c r a g o n i s t s " .  T h e  pa t t e rn  o f

the  F S H  res po n se  a f te r  jo i n t  ad m in i s t r a t io n  o f  L H R H  and  the  tw o  inh ib i to r s  

r e se m b le d  mos t  c lose ly  the r e spon se  a f te r  [ D - T rp ^  j -L HR H .  P l a s m a  F SH  level s  2.5 

h ou r s  a f t e r  ad m in i s t r a t io n  o f  the  t w o  inh ib i to r s  rose  to a pe a k  o f  73 .4  ng /m l  (5.5 

t im es  h i g h e r  than in con t ro l s ) ,  a va l ue  very s i m i la r  to tha t  a f t e r  | D - T r p 6 ) - L H R H  

( 70  n g / m l ) .  In bo th  th es e  g r o u ps ,  the e l ev a te d  F SH  level s  p e r s i s t e d  t h r o u g h o u t  

the  d u r a t i o n  o f  the  e x p e r im e n t .  A s i m i l a r  r e s p o ns e  a l th o u g h  o f  s o m e w h a t  l e s se r  

m a g n i t u d e  was  seen  a f t e r  ad m in i s t r a t i o n  o f  L H R H  to g e t h e r  wi th  c F P - A A Y - p A B  

(a pea k  va lu e  o f  37.37 ng /ml  was  r eached  at 120 minu tes ) .  On  the o the r  hand ,  

the  r e sp o n se  to the co - a d m in i s t r a t i o n  o f  E P  24.11 inhib i to r ,  c F P - F - p A B  and 

L H R H  d id  no t  d i f f e r  f rom  that  a f t e r  L H R H  ad m in i s t r a t i o n  a l r> v  T h e  m a g n i t u d e  

o f  the  F S H  respon se  to t r ea tmen t  wi th  inh ib i to r s  and L H R H  as wel l  as to 

t r e a t m e n t  wi th  bo th  s u p e r a g o n i s t s  w as  g en e r a l ly  l o w e r  than  tha t  seen  wi th  LH.
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T h e  an a ly s i s  o f  the r esul t s  ob ta in ed  for  p la s m a  F SH  lead  to the sa m e  c o n c lu s i o n  

as  th os e  d e r iv e d  f rom m e a s u r e m e n t s  o f  LH  levels .  In b o th  in s t a n c e s  the r esul t s  

ind ic a te  tha t  pe r i phe ra l  E P  24 .15,  but  not  E P  24.11 ac t iv i ty ,  p l a y s  a p r o m in e n t
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F ig u re  9 : P la sm a  F SH  c on c en t ra t i o n s  in r e sp on se  to IV

ad m in i s t r a t i o n  o f  L H R H ,  L H R H  an a lo gs  and  L H R H  t o g e th e r  wi th  e n z y m e  

inh ib i to r s .  C o n d i t i o n s  o f  the  e x p e r i m e n t s  wer e  the  sa m e  as th o se  in F igure

1. At  80  mi nu tes  g roups  t reated with L H R H  + c F P - A A F - p A B  + c F P - F - p A B ,  (D- 

L c u 6 ] -LH RH EA  and L H R H  + c F P - A A Y - p A B  had s igni f icant ly  (p < 0.05  to 

0 .0 1)  h i g h e r  FSH  levels  than cont rol s .  At 100, 120,  180 and  240  m in u t es  all 

g r o u p s  ex ce p t  that  t r ea ted  wi th c F P - F - p A B  had s ig n i f i can t ly  (p < 0 .05  to 

0 . 01)  h ig h e r  F SH  levels .  At  150 mi nu te s  g r oup s  t r ea ted  wi th L H R H  + [D- 

L c u 6 ) -LHRH EA,  L H RH  + [D-T rp6 | - LH R H ,  and L H R H  + c F P - A A F - p A B  + cFP-F-  

p A B  h ad  s ig n i f i c an t ly  h i g h e r  F S H  level s  than con t ro l s .  T h e  n u m b e r  o f  

e x p e r im e n t s  in each  g ro u p  were : cont rol  ( L H R H  alone)  = 6; L H R H  + cFP-  

A A F - p A B  + cFP -F-pA B = 7; L H RH  + cF P -A A Y - p A B  = 4; L H RH  + cFP -F- pA B = 4; 

[D-T rp6 ] -LHRH = 6; D -L c u6-L H R H - E A  = 5.
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ro le  in the  m e ta b o l i s m  o f  L H R H  and also that  af te r  inhibi t ion  o f  E P  24 .15 

ac t iv i t y ,  na t u ra l  L H R H  b e c o m e s  as e f f ec t iv e  in ind u c in g  in c re a se s  o f  p l a s m a  

F S H  level s  as  su p c r a c t i v c  L H R H  a go n i s t s  h av in g  D - a m i n o  ac id  su b s t i t u t i o n s  in 

th e  6 -th p o s i t i on .

E f f e c t  o f  i n t r a c c r c b r o v c n t r i c u l a r  a d m i n i s t r a t i o n  o f  L H R H  a n d  cn / .vmc  

in h ib i t o r s  o j  p Ja sm a  L H  and FSH  levels .

I n t r a c c r c b r o v c n t r i c u l a r  a d m i n i s t r a t i o n  o f  L H R H  c a u s e d  an i n c r e a s e  in 

p l a s m a  LH c o n c e n t r a t i o n s  that  r e a ch ed  peak va lu es  a f t e r  9 0  m i n u t e s  (4 .02  

n g / m l ) ,  and  s u b s e q u e n t l y ,  s t e ad i ly  d e c l i n e d  ( F ig u r e  10). A d m i n i s t r a t i o n  o f  

L H R H  to g e th e r  wi th  both c F P - A A F - p A B  and  c F P -F -p A B  or  c F P - A A F - p A B  alone 

resu l t ed  in in LH inc rea se s  that  at peak values  were  7 to 13 t im es  h ig h e r  than 

in c o n t ro l s  (27.3 ng and 50 .4  ng /m l  r e spec t iv e ly ) .

In in h i b i t o r  t r e a te d  a n i m a l s  the in c r e a s e d  p l a s m a  L H  c o n c e n t r a t i o n s  

p e r s i s t e d  t h r o u g h o u t  the  e x p e r i m e n t a l  p e r i o d ,  w i t h o u t  a n y  a p p r e c i a b l e  

de c l in e .  A d m i n i s t r a t i o n  o f  the E P  24.11 inhib i to r ,  c F P - F - p A B  to g e t h e r  wi th  

the  E P  24 . 1 5  inh ib i t o r  d id  not  lead to  any e n h a n c e m e n t  o f  p l a s m a  LH 

c o n c e n t r a t i o n s  o v e r  th o se  o b t a i n e d  a f t e r  a d m i n i s t r a t i o n  o f  c F P - A A F - p A B  

a lone ,  aga in  in d ic a t in g  tha t  EP  24 .15  is the p r e d o m i n a n t  f ac to r  in the  C N S  

d e t e r m i n i n g  L H R H  m e ta b o l i s m ,  and that  E P  24.11 co n t r i bu tes  li t t le i f  at all to 

the  m e t a b o l i s m  o f  th i s  h o r m o n e  in b ra in .

A n a ly s i s  o f  p l a s m a  F S H  c o n c e n t r a t i o n s  in the sa m e  g r o u p  o f  an im a l s  

( F ig u r e  I I )  s h o w e d  that  the  inc re ase  and  s u b s e q u e n t  d ec l in e  o f  p l a s m a  FSH  

c o n c e n t r a t i o n s  a f t e r  ICV  L H R H  a d m i n i s t r a t i o n  w as  in c o n t r o l  a n i m a l s  n ea r l y  

iden t i ca l  to tha t  o f  LH.  As wi th the LH  respo nse ,  the m a g n i t u d e  and  dur a t ion  

o f  the  F S H  r es p o n se  was  g rea t ly  inc rea se d  by ad m in i s t r a t io n  o f  the E P  24 .15 

i n h i b i t o r  t o g e t h e r  w i th  L H R H ,  h o w e v e r  w as  no t  f u r t h e r  a u g m e n t e d  by
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i nc lu s io n  o f  the  EP  24.11 inh ib i to r .  T h e s e  r esu l t s  fu r th e r  c o n f i r m  the 

p r imary  im po r ta n ce  o f  EP  24.15 in the m e ta bo l i sm  o f  L H R H  in the C N S ,  and 

poin t  to a role o f  this  e n z y m e  in the m od u la t i o n  o f  the p i tui t ary  r e spon se  o f  

the p i tu i t a ry  to  L H R H .
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F i g u r e  10 : P la sm a  LH c on c en t r a t io ns  in r e s p on se  to ICV

a d m in i s t r a t i o n  o f  L H R H ,  and  L H R H  t o g e th e r  wi th  e n z y m e  inh ib i to r s .

Ma le  rats  (150  - 175 g)  wer e  t r ea ted  with ICV in jec t ions  o f  e i the r  1) L H R H  

(0.5 nmole) ;  2) L H R H  and c F P -A A F - p A B  (1 p ino le ) ;  3) L H R H  + cF P - A A F - p A B  

+ c F P - F - p A B  (1 p m o l c  o f  each) .  P la sm a  LH  c o n c e n t ra t i o n s  w e r e  de t e r m in e d  

by r a d i o i m m u n o a s s y  at in d ic a t ed  t im e  in te r v a l s  as d e s c r i b e d  in M a te r i a l s  

a nd  M e th o d s .  At  all t i m e  p o in t s  bo th  e x p e r i m e n t a l  g r o u p s  h ad  s ig n i f i c an t l y  

(p < 0 .05 to 0 .01)  h ig h e r  p l a s m a  LH  levels  then the con t ro l s .  T he  n u m b e r  o f  

e x p e r im e n t s  in each  g r oup  w ere  : cont rol  ( L H R H  alone)  = 6 ; L H R H  + cFP-  

A A F - p A B  + cFP-F-pAB = 6 ; L H R H  & cFP -A A F- pA B:  n = 5.
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F ig u re  11 : P la s m a  FSH  c o nc en t ra t i on s  in r e sponse  to ICV

a dm in i s t r a t i o n  o f  L H R H ,  and  L H R H  t o g e th e r  wi th  e n z y m e  inh ib i to r s .  T h e  

e x p e r im e n t a l  c o n d i t i o n s  w e r e  the sa m e  as tho se  g ive n  in F ig u re  3. At  30 

m in  the g ro u p  rec e i v i ng  L H R H  and  c F P - A A F - p A B  had  s ig n i f i c an t l y  (p < 

0 .0 1)  h i gh er  p la s m a  F SH  level s  then the con t ro l s .  At 60,  90,  120 and 180 

m i n u t e s  b o t h  g r o u p s  r e c e iv in g  L H R H  and in h i b i to r s  had  s i g n i f i c a n t ly  (p < 

0 .05  to 0 .01)  h ig h e r  p la s m a  FSH leve ls  then the con t ro l s .  T he  n u m b e r  o f  

ex p e r im e n t s  in each  g r ou p  were : cont rol  ( L H R H  a lone)  = 6 ; L H R H  + cFP-  

A A F - p A B  + cFP -F-pA B = 6 ; L H R H  & c F P -A A F- pA B:  n = 5.
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Phase 4: Influence of CNS EP 24.15 activity on endogenous LHRH-

s t im u la te d  LH secre t ion .

Effe c t  o f  ICV cF P - A A F - p AB  infus ion  on  p la sm a  L H .

O u r  r esu l t s  sh o w  that  p l a s m a  LH  levels  arc inc rea se d  fo l lo w in g  a 10- 

m i n u t c  IC V  in f u s i o n  o f  E P - 2 4 . 1 5 - i n h i b i t o r  in u r c t h a n c - a n c s t h c t i z c d  rats .  At 

o ne  h o u r  f o l lo w in g  in f us ion ,  LH  level s  rose  to s l ight ly  m o r e  than  tw ic e  basal  

v a l ue s  ( table  7). A t  bo th  60  and  90  m in u t e s  f o l l o w in g  inh ib i t o r  infus ion ,

p l a s m a  LH leve l s  w er e  s ign i f i c an t ly  h i g h e r  (p < 0 .0 5 )  than p r c in f u s i o n  LH 

leve ls .  By 12 0 -1 50  m in u t e s  a f t e r  inh ib i t o r  in f us ion ,  p l a s m a  LH  le ve l s  

r e tu r n e d  to  p r c i n f u s i o n  leve ls .  In co n t ra s t ,  in sa l i n e - t r e a t e d  co n t r o l s ,  p l a s m a  

LH level s  d id  not  r ise d u r in g  the en t i r e  sa m p l i n g  pe r iod  (d a t a  not  show n) .

T o  ob ta in s ta t is t ical  s igni f i cance  for  LH level s  at 60 and  9 0  m in u te s  (as 

c o m p a r e d  to p r c in f u s i o n  v a l u es ) ,  it w as  ne c e s sa r y  to in fu se  in h ib i to r  into 

l a rge  n u m b e r  o f  an im a l s ,  ( i .e.  10 a n i m a l s  r ec e iv ed  inh ib i t o r  in o r d e r  to 

inc re a se  the "n" va l ue ) ,  s ince in a f ew  o f  the i n h ib i to r - t r e a te d  a n i m a l s ,  

bas e l in e  p l a s m a  LH inc re as e d  ve ry  s l ight ly .  In add i t ion ,  w h e n  the ICV  

in je c t ion  c a n n u l a  was  low ere d  1 m m  an te r i o r  o r  p o s te r i o r  to the  si te used in

the  e x p e r i m e n t s  r epo r t ed  he re ,  n o  in c re ase  in p l a s m a  LH w as  seen.  T h es e

da ta ,  t he re fo r e ,  c a n n o t  de f i n i t iv e l y  a s c r ibe  an im p o r ta n c e  o f  E P  24 .1 5  in the

r e g u la t i o n  o f  L H R H  and  L H -s c c r c t io n .



T A B L E  7 : E f fe c t  o f  i n t r a c c r c b r o v c n t r i c u l a r  a d m i n i s t r a t i o n  o f  N-[  l ( R , S ) - c a r b o x y - 3 - p h c n y l p r o p y l | -

A la - A la -P h e - p A B  ( c F P - A A F - p A B )  on  the  l evel s  o f  i r - L l l  in rat  p l a sm a .

T i m e  a f t e r  in j e c t io n  P l a s m a  l u t e i n i z i n g  h o r m o n e

c o n c e n t r a t i o n s

_________ ( m i n)____________________________________________________ ( n g/ml )_________________

0 0.339 ± 0 .079 (10)

30 0.603 + 0.077 (9)

6 0 0 .824 + 0 .136 (10)

9 0 0.587 + 0.072 (10)

120 0.461 ± 0.055 (8)

150 0.081 ± 0.081 (7)

10 ul o f  inh ib i to r  (50  m M )  w a s  in f used  in to  the thi rd ven t r i c le  th ro ugh  a me tal  ca nnu la  (0 .01"  O .D . )  o v e r  10 

m in u t e s  ( see  M a t e r i a l s  a n d  M e t h o d s ) .  B l ood  sa m p le s  (0 .4  ml)  wer e  w i t h d r a w n  th ro ugh  an at rial  c a th e te r  p r io r  

to  and  at 30  m in u t e  in t e rv a l s  a f t e r  i n t r a v e n t r i c u la r  a d m in i s t r a t i o n  o f  inh ib i to r .  P la m a  LH c o n c e n t r a t i o n  was

d e t e r m i n e d  by a d o u b l e  a n t ib o d y  r a d i o i m m u n o a s s a y  p r o c e d u r e  u s in g  the  r e a g e n t s  p r o v i d e d  by th e  N a t io n a l  

H o r m o n e  a nd  P i t u i t a r y  P r o g r a m .

Dat a  are m e a n  v a l ues  +_ S .E .M .  T h e  n u m b e r  o f  rats is g iven in parenthesi s .

*S tat i s t ica! ly s ign i f icant ,  c o m p a r e d  to  p r c i n f us io n  p l a sm a  LH  leve ls ,  (p <  0 .0 5 )  by one  way  an a ly s i s  o f  va r i an ce  

f o l lo w ed  by  S che f f e ' s  m u l t ip le  g r o u p  c o m p a r i s o n  test .
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Phase 5: Influence of CNS EP 24.15 activity on recovery of

endogenous  LH RH released  from h y p o th a l a m ic  slices.

Effec t  o f  E P  24 .1 5- in h i b i t io n  on  the r ecovery  o f  r e l ea se d  L H R H .

T he  e f fec t  o f  E P  24.15 inh ib i to r s  on the r ecov ery  o f  e n d o g e n o u s  L H R H  

re leased  by d ep o l a r i z a t i o n  o f  brain s l i ces  was  ev a lu a te d  in this  s tudy .  Th i s  mode l

has  the  a d v a n t a g e  o f  m a i n t a i n i n g  fu n c t i o n a l  t i s sue  o r g a n i z a t i o n .  M o s t  

i m p o r t a n t l y ,  t he  t o p o g r a p h i c  r e l a t i o n s h i p  b e t w e e n  n e u r o n a l  s to r e s  o f  L H R H

and  the i r  po te n t i a l  sy n a p t i c  ina c t iv a t io n  sy s t em s ,  w h ic h  ex i s t s  in vi vo,  is 

m im ic k e d  in this in vi tro  mode l  (Sc hw ar t z  ct a l .. 1985).  B eca use  o f  the 

d i f f i cu l t i e s  e x p e r i e n c e d  in d e m o n s t r a t i n g  an role o f  EP  24 .15  in d e g r a d in g

e n d o g e n o u s  L H R H  in vi vo  (phase  4) ,  we the re fo re u t i l ized this  in v i t ro  mode l  to 

d e t e r m i n e  w h e t h e r  m e m b r a n e - b o u n d  E P  24 . 1 5  a s s o c i a t e d  wi th  h y p o t h a l a m i c  

s l i ces  m a y  ina c t i va t e  e n d o g e n o u s  L H R H  f o l lo w in g  K C I - c v o k c d  re lease .  Th e

rec o ve ry  o f  e n d o g e n o u s  L H R H  was  th e re fo re  m e a s u r e d  bo th  in the  p r es e n ce  

and  ab s en c e  o f  E P  24 . 15  inh ib i to r s .

Th e  resu l t s  sh o w  that  L H R H  re lease  f rom h y p o t h a l a m i c  s l i ces  was  

in c re ase d  in r e s p on se  to 60 m M  KCI s t imula t ion .  H o w e v e r ,  in bo th  cont rol  

s a m p l e s  and  s a m p l e s  wi th inh ib i to r ,  the r a t io  o f  s t i m u la te d  r e l e ase  o v e r  basal  

r e l e as e  w a s  n ea r l y  ide n t i ca l .  T h e  c o n c e n t r a t i o n  o f  L H R H  in b o th  inh ib i to r -  

c o n t a in i n g  (h igh  KCI)  m e d i u m  and in co n t ro l  (high KCI)  m e d i u m  was

a p p r o x i m a t e l y  5 t i m es  the co n c e n t ra t i o n  in the ’' b asa l "  m e d i a  ( T a b le  8).

T h e r e f o r e ,  it is a p p a r e n t  that  in the e x p e r i m e n t a l  used  he re  tha t  m e m b r a n e -

b o u n d  E P  24 .15  d o c s  no t  d e g r a d e  the L H R H  re l ea se d  f rom the h y p o t h a l a m u s

d u r i n g  the  15 m in  in c u b a t i o n  per iod .



T A B L E  8 : Effec t  o f  E P  24.15  inhibi t ion on  recovery  o f  L H R H  af te r  KC l - s t i mu la ted  

re l e a s e  f ro m  h y p o t h a l a m i c  s l i ces .

EX PE RI ME N T AL  BA S AL  STIMU LATED RATIO OF

CONDITION RELEASE RELEASE STIMULATED:

_____________________________ (pM L H R H ) _____________ (pM L H R H ) ______________ B A S A L

CONTROL 31.89 +  3.17 (9)* 171.59 + 23.90 5.37 + 0.51

& INH IB IT OR  31.66 + 3.28 (8)* 170.14 + 1 9 . 0 2  5.54 + 0.55

L H R H  c o n c e n t r a t i o n  w a s  m e a s u r e d  in m e d i a  w h ic h  b a t he d  h y p o t h a l a m i c  s l i ces  d u r in g  "basal  r e l ea se "  and KC1-

s t i m u la tc d  re l ease" per iods .  In all s a m p le s ,  d u r in g  "basal  r e l ease"  p e r io d ,  no inh ib i to r s  w ere  p r e se n t  in the

m ed ia .  K C l - s t i m u la te d  re l ease  o f  L H R H  w as  m e a s u r e d  in e i the r  inh ib i t o r - f r e e  m e d i a  ( con t r o l s ) ,  o r  E P  24 .15 

in h ib i to r - c o n ta i n in g  m e d i a  (50  ^iM o f  c F P - A A Y - p A B ) .  L H R H  re l eas ed  d u r in g  the s ixth  15 min  in c u b a t io n  pe r iod

w a s  t e r m e d  "basal  r e l ease  o f  L H R H ” . A f t e r  this ,  the  t i s s u e - c o n t a in in g  sy r in g e  was  t r an s f e r re d  in to  a vial

co n t a i n i n g  EBS S wi th  60  m M  KCI and inc uba ted  for  15 min.  L H R H  re l eased  in this vial  was  t e rm ed  " s t imula ted  

re l ease  o f  L H RH ".  (Da ta  arc me an  +. scm) .  Concen t r a t ion  o f  L H R H  in m e d ia  was  me as ur ed  by RIA.

* n u m b e r  in p a r e n t h e s i s  r e p r e s e n t s  th e  n u m b e r  o f  h y p o t h a l a m i  p e r  e x p e r i m e n t a l  g r ou p .



9 4

E ff e c t  o f  s u b s t r a t e  c o n c e n t r a t i o n  u p on  E P  2 4 . 1 5 - m c d i a t c d  L H R H  

d e g r a d a t i o n

O u r  inabi l i ty  to  d e m o n s t r a t e  a role o f  E P  24 .15  in d e g r a d i n g  e n d o g e n o u s  

L H R H  f o l lo w in g  re l ease  f rom brain s l i ces  may be ex p l a in e d  in l ight  o f  the low 

e o n c c n t r a t i o n  o f  L H R H  in the m e d i a  ba t h in g  the b r a in  s l i ces  (i .e.  av e r ag e  

c o n c e n t ra t i o n :  < 0 .5 n M ,  ( t able  8 )). T h e  o b v i o u s  d i s c re p a n c y ,  the re fo r e ,  

b e t w e e n  d a t a  o b t a i n e d  f rom  thes e  e x p e r i m e n t s  a n d  p h a s e  1 e x p e r i m e n t s  w h er e  

E P  24 . 15  m e d i a t e d  L H R H  d e g r a d a t i o n  by h y p o t h a l a m i c  m e m b r a n e s  was  

d e m o n s t r a t e d ,  m a y  be due  to the  c o n s i d e r a b l y  h i g h e r  L H R H  c o n c e n t r a t i o n  

p r esen t  in the in c u b a t i o n  m ix t u re s  in p h as e  1 e x p e r i m e n t s  (0.1 m M ) .  W e ,  

th e re fo r e ,  w i s h e d  to  d e t e r m i n e  i f  t he re  ex i s t s  a r e l a t i o n s h i p  b e t w e e n  the 

co n c en t ra t i o n  o f  L H R H  in the m e d ia  and  the rate o f  E P  2 4 . 1 5- m c di a t cd  L H R H  

d e g r a d a t i o n .  3 c o n c e n t r a t i o n s  o f  e x o g e n o u s l y  ad d e d  L H R H  w er e  in c u b a te d  wi th  

b ra in  s l i ces.  D a t a  r epo r t ed  in t ab le  9 s h o w s  that  the r ate o f  E P  2 4 . 1 5 - m c d ia t c d  

L H R H  d e g r a d a t i o n  in b r a in  s l i ce  p r e p a r a t i o n s  is a c o n c e n t r a t i o n - d e p e n d e n t  

p h e n o m e n o n .  W h e n  the  s t a r t ing  L H R H  c o n c e n t r a t i o n  is 100 p M .  d e g r a d a t i o n  

o c c u r s  a p p r o x i m a t e l y  60 t i m es  f a s t e r  than  w h e n  the s t a r t ing  L H R H  

c o n c e n t r a t i o n  w as  1.0 p M  and a p p r o x im a te ly  3 6 , 0 0 0  t i m es  f a s t e r  than in 

s a m p l e s  wi th  s t a r t ing  L H R H  c o n c e n t r a t i o n  o f  10 nM.



T A B L E  9 : S u b s t r a l e - c o n c c n t r a t i o n  d e p e n d e n c e  up o n  EP  2 4 . 1 5 -m c d ia t c d

L H R H  d e g r a d a t i o n  by h y po th a la m ic  s l i ces  in vi tro.

STA R TIN G  L HRH  RATE OF EP 24 .15-MEDIATED

CONCENTRATION LHRH DEGRADATION

_____________________________________________________________ (in pm ol  L H R H / m g  p r o te i n /h r ) __________

100 p M  1620

1.0 p M  2 7 . 12

10 nM 0 . 0 4 4

3 concen t ra t ions  o f  L H R H ,  10 nM,  1 f tM  and 100 p M ,  were  inc uba ted  wi th  h y p o t h a l a m i c  s l i ces  in the p r es e n ce  and 

absence o f  50  p M  EP 24.15  inhibi tor ,  c F P - A A Y - p A B ,  as des c r ibed  in M a te r i a l s  a n d  M e t h o d s ,  phase 5. The 

co nc en t ra t ion  o f  L H R H  r e m a in in g  in m e d ia  w as  m e a s u r e d  by RIA.

T h e  rat e o f  tota l  L H R H  de gr a d a t i o n ,  e x p r e ss e d  as "pm ol  L H R H / m g  pro te in /h r"  w as  c a lc u la te d  by m e a s u r i n g  the no. 

p m ol e s  L H R H  d i s s a p p e a r i n g  o v e r  the  1st 3 0 - m i n  in c u b a t i o n  pe r iod .

T he  rate  o f  E P  2 4 . 1 5 - m c d ia t c d  L H R H  d e g r a da t io n ,  e x p r e ss e d  as "pm ol  L H R H / m g  p r o te in /h r " ,  w as  ca lc u l a t ed  by  

s ub t r ac t in g  the  r ate o f  L H R H  in i n h i b i t o r - c o n t a i n i n g  i n c u b a t i o n  f rom tha t  in c o n t r o l  i n c ub a t i o n .
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DISCUSSION

L H R H ,  by v i r tue  o f  the p r e s e n c e  o f  an N - t c r m in a l  p y r o g l u t a m a t c  r e s idue 

and  a C - tc rm in a l  am id e  bo nd ,  is r es i s t an t  to d e g r a d a t i o n  by m o s t  c x o p c p t i d a s c s  

such  as am in o -  and  c a r b o x y p e p t i d a s c s .  The  e n z y m a t i c  d e g r a d a t i o n  o f  L H R H  mus t  

th e re fo r e  be g o v e r n e d  by  c n d o p c p t i d a s c s ,  a c l a s s  o f  e n z y m e s  c a p ab l e  o f  

h y d r o l y z i n g  b o n d s  ins i de  a pe p t id e  ch a i n .  T h e  p o ss i b le  i n v o l v e m e n t  o f  e n z y m e s  in

the  r e g u la t i o n  and  t e rm in a t i o n  o f  ac t io n  o f  L H R H  has  a t t r ac te d  c o n s i d e r a b l e  

a t t e n t io n  in v i e w  o f  the p h y s io l o g ic a l  and  p h a r m a c o l o g i c a l  in t e res t  in this  

pep t i d e .  T h e  d e g r a d a t i o n  o f  L H R H  by so lu b l e  and  pa r t i cu la t e  f r ac t io ns  p r ep a re d

f rom  rat  h y p o t h a l a m u s  and  p i tu i t a r y  and  p e r ip h e r a l  o r g a n s  has  be e n  e x a m i n e d  

by se ve ra l  g roups .  On  the bas is  o f  these s tud ies ,  c l ea v ag e  o f  bo n d s  at severa l  si tes 

in the  L H R H  m o l e c u l e  by a n u m b e r  o f  p e p t id a s e s  p r es e n t  in the se  c r u d e  e n z y m e  

p r e p a r a t i o n s  was  c o n s i d e r e d  to be o f  po te n t i a l  i m p o r t a n c e  in the d e g r a d a t i o n  o f  

th is  pe p t id e ,  a l th o u g h  m os t  o f  the r e s p on s i b le  e n z y m e s  w er e  fo und  in cy to so l i c  

f r ac t ions .  In ea r ly  s t ud ie s  w h e r e  L H R H  w as  i nc u b a t e d  wi th  a lOO.OOOg su pe rn a ta n t  

o f  h y p o t h a l a m u s  ( K o c h  ct al . ,  1974)  o r  an te r i o r  p i tu i t ary  ( H a z u m  ct  al . ,  1981) ,  the

m a j o r  p r o d u c t  id e n t i f i e d  w a s  the  h c x a p c p t i d c  p G l u - H i s - T r p - S c r - T y r - G l y ,

ind ic a t in g  that  L H R H  i tsel f  o r  an N- t c rm ina l  f r a g m en t  o f  L H R H  w as  c l ea v ed  at the 

G l y ^ - L e u ^  bond.  A f t e r  in c ub a t io n  o f  L H R H  wi th  p a r t i cu la t e  f r a c t ions  o f  p i tu i t ary ,  

E lk a b c s  ( 19 81)  found 2 m a jo r  p ro du c t  pea ks ,  L H R H * a n d  L H R H * " ^  and a minor  

pea k  o f  L H R H * ' 4 .  M c D e r m o t t  (1 982) ,  o n  the o th e r  hand ,  f ou nd  that  af t er  

i n c u b a t i n g  L H R H  wi th  e i t h e r  so lu b l e  and  p a r t i c u l a t e  f r a c t i o n s  o f  h y p o t h a l a m u s  

and  p i tu i t a r y ,  the  m a in  pe a k  a p p e a r i n g  d u r in g  ea r ly  s t a g e s  o f  d e g r a d a t i o n  was  

L H R H * " 5 ,  whi l e  at la ter  s t ages ,  the L H R H * " ^  peak  in c re as e d  c o n c o m i t a n t l y  wi th  a 

d e c l i n e  o f  L H R H * ' ^ .  Th i s  led to  the c o n c lu s i o n  that  the im po r ta n t  p r im ary  

c l ea v ag e  si te o f  L H R H  is the T y r ^ - G l y ^  bond  and that  the p r oduc t  o f  this  react ion.
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L H R H ^ * ^ ,  is fu r the r  d e g r a de d  in a su b se q u en t  r eac t ion ,  to L H R H * ' ^ .  T h e  ident ical  

p a t t e r n  ( o f  p r o d u c t  f o r m a t i o n  v e r su s  i n c u b a t i o n  t i m e)  w as  r ep e a t e d  w h e n  L H R H  

w a s  in c u b a t e d  wi th  m e m b r a n e s  p r e p a re d  f rom m o u s e  n e u r o b l a s t o m a  ce l l s  and  in 

c rud e  h o m o g c n a tc s  o f  rat b rain ( Y o k o s a w a  ct al . ,  1987;  C a ro n c  ct al . .  1987).  Thus,

th ese  l a te r  s tud i es  ind ic a te  that  the T y r ^ - G l y ^  bo n d  is the  p r i m a ry  c l ea v ag e  site o f

L H R H ,  c a ta ly z e d  by a p o or ly  ide n t i f i ed  e n z y m e  in b ra in  and  p i t u i t a r y  m e m b r a n e s ,  

wh i l e  c l e a v a g e  at the  T r p ^ - S c r ^  bond  in a se c o n d a r y  reac t io n  is d e p e n d e n t  on the

ini t ial  fo rm a t i o n  o f  L H R H * ' 5  by this  p r im a ry  L H R H - c l c a v i n g  pe p t ida se .  It was  the 

goal  o f  our  s tud ies  ( in phase 1) to ident i fy  the  ac t iv i ty ( i c s )  in bo th  the 

h y p o t h a l a m u s  and  a n t e r i o r  p i t u i t a r y  m e m b r a n e  p r e p a r a t i o n s ,  r e s p o n s i b l e  for  

p r im a r y  c l e a v a g e  o f  L H R H  th r o u g h  the  use o f  ac t ive  s i t e - d i r e c t e d  inh ib i to r s .

It was  r ec en t ly  s h o w n  in this  l a bo ra to r y  th a t  a s y n a p t o s o m a l  f r a c t ion  o f  rat

b r a in  c o n t a in s  a m e m b r a n e - b o u n d  form o f  E P  2 4 . 15  that  c l e a v e s  the  op io id

p e p t i d e s  d y n o r p h i n  A* a - n e o - e n d o r p h i n ,  P - n c o - c n d o r p h i n  a n d  M c t -  

c n k e p h a l i n - A r g ^ - G l y ^ - L c u ^  at the 5 -6  pos i t ion  to y ie ld  the c o r r e s p o n d i n g  

p c n t a p c p t i d c  e n k e p h a l i n s  ( A c k e r ,  ct  al . ,  1987) .  I n c u b a t i o n  o f  rat b ra in

s y n a p t o s o m a l  m e m b r a n e s  wi th  th es e  p e p t i d e s  in th e  p r e s e n c e  o f  an in h ib i to r  o f

E P  24 .1 5  b l o c k e d  the a p p e a r a n c e  o f  the  e n k e p h a l in s .  W o r k  p r e s e n te d  here

s t r o n g l y  i n d ic a t e s  tha t  in a p a r t i c u la t e  f r a c t io n  p r e p a r e d  f ro m  h y p o t h a l a m i c ,

p i tu i t ary  and AtT 2 0  ce l l s  as well  as in intact  A tT 2 0  cel ls ,  E P  24 .15 a l so  funct ions  in

the d e g r a d a t i o n  o f  L H R H  by ca t a l y z i n g  the  ini t ial  h y d r o ly s i s  o f  the T y r ^ - G l y ^  

bond .  E P  24 .11 ,  w h ic h  is a l so  p r esen t  in these ce l l s ,  r e s po n s i b le  for  the fo rma t ion  

o f  the  N - t e r m in a l  h c x a p c p t id c  by c l eav ing  L H R H  at the G l y ^ - L c u ^  bond ,  appe a r s  to 

co n t r i b u te  less  to L H R H  degra da t ion .  A p o t e n t ,  ac t ive  s i te d i r e c te d  inh ib i t o r  o f  EP

24 .15  recen t ly  d e ve lo pe d  in this  l abora to ry  ( O r lo w sk i  et al.,  1988)  wi th  a Kj o f  27
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n M ,  par t i a l ly  o r  co m pl e t e ly  b lo c ke d  the d eg r a d a t io n  o f  L H R H  by all o f  the  above  

p r e p a ra t i o n s .  W h i l e  the  r ate o f  L H R H  d e g r a d a t i o n  w a s  no t  s ig n i f i c an t ly  a f f ec ted  

by the  add i t ion  o f  A C E  inh ib i to r ,  ca p topr i l ,  the a p p e a r a n c e  o f  the  p G lu - H is -  Trp  

f r a g m e n t  w as  b l o c k e d  and the  a p p e a r a n c e  o f  p G l u - H i s - T r p - S c r - T y r  was  g r ea t ly  

e n h a n c e d .  T h e s e  da ta  fu r t he r  co n f i r m  tha t  the p r im a ry  d e g r a d a t i o n  o f  L H R H  is 

ca ta ly ze d  m ai n ly  by E P  24.15  th r ough  c l eav age  at the  T y r ^ - G l y ^  bond.  Only af t er  

l ib e r a t i o n  o f  the  C - tc r m in a l  p c n t a p c p t i d c ,  d o c s  the  r e m a i n i n g  ( b l o c k e d )  N- 

t c rm in a l  p ep t id e ,  p G l u - H i s - T r p - S c r - T y r  b e c o m e  a s u b s t r a t e  for  A C E ,  w h i c h  f o rm s  

the t r ipc p t i dc ,  p G l u - H i s - T r p  by l ibe ra t ing  the C - tc rm in a l  d ip c p t i d c .  The  IIP 24.15  

inh ib i t o r  b l oc ked  the fo rm at ion  o f  not  only LHRH*'-*5, but  a l so  LH RH*  as well ,  

fu r t h e r  d e m o n s t r a t i n g  the  d e p e n d e n c e  o f  the A C E - m e d i a t e d  r e a c t i o n s  on the p r io r  

E P  2 4 . 1 5 - m c d i a t c d  T y r ^ - G l y ^  c l eav ag e ,  wh ich  is the  r a t e - d e te r m i n in g  react ion.

Th i s  se q u e n c e  o f  L H R H - D A  based  on the da ta  p r es e n te d  he re  is sch em a t ic a l ly  

p r ese n te d  in F igure  12. L H R H  is first de g ra d ed  m ai n ly  at the  T y r ^ - G l y ^  bond by a 

m e m b r a n e - b o u n d  form o f  E P  2 4 .1 5 ,  g e n e r a t i n g  a b l o c k e d  N - t c r m in a l  p c n l a p c p l i d e  

w h ich  is s u bs e qu en t l y  c l ea v ed  by A C E  to y ie ld  the t r ip cp t id c  p G lu - H i s - T r p .  Th us ,  

a l t h o u g h  the t r ip c p t i d c ,  p G l u - H i s - T r p ,  r a th e r  tha n  p G l u - H i s - T r p - S c r - T y r ,  has  been  

rep or ted  as the m a jo r  e n d - p r o d u c t  by severa l  g r o u p s  w h o  s t ud ie d  L H R H  

d e g r a d a t i o n  by c r u d e  e n z y m e  p r e p a r a t i o n s  f rom b r a in  and  p i t u i t a r y  ( E l k a b c s  ct 

al.,  1981;  Y o k o sa w a  ct  al.,  1987),  we bel ieve that  the sc h e m e  pos tu la t ed  here  readi ly

r e c o n c i l e s  this  a p p a r e n t  d i s c r e p a n c y .  In bo th  the p i tu i t a r y  a n d  A t T 2 0  

p r e p a r a t i o n s ,  we  a l so  h av e  f ou nd  tha t  p G l u - H i s - T r p  is e i t h e r  the on ly  o r  p r i ma ry  

d e t e c ta b l e  p r o d u c t  in the  ab s en c e  o f  inh ibi tor s .  On ly  upon  the add i t ion  o f  

cap to pr i l ,  d o cs  the  L H R H * ' ^  m e ta b o l i t e  tend to a c cu m u la t e .  T hu s ,  the L H R H * ' ^  

m e t a b o l i t e  a p p e a r s  to  be  r ap id l y  a nd  nea r ly  c o m p l e t e l y  f u r th e r  m e t a b o l i z e d  to 

L H R H  1*3;  this  ex p l a i n s  the  f ai lure o f  ea r l i e r  g r ou ps  to de t ec t  the
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L H R H  m e t a b o l i t e  ( in s ig n i f i c an t  c o n c e n t r a t i o n s )  w he n  L H R H  w a s  i n c u b a te d  in 

the ab s e n c e  o f  in h ib i t o r s  o f  A CE .  W h e n  L H R H  is in c u b a te d  wi th  m e m b r a n e s  

p r e p a re d  f rom m o u s e  n e u r o b l a s t o m a  ce l l s ,  the fo rm a t io n  o f  L H R H * " ^  and  L H R H 4 '-1’ 

w as  o b s e rv e d  ( Y o k o s a w a  ct  al . ,  1987) .  Inc lus ion  o f  the  A C E  inhib i to r ,  cap topr i l ,  

c a u s e s  an inc re ase  in the  a p p e a r a n c e  o f  L H R H ^  and  a dec re as e  in L H R H * and 

L H R H 4 ' ^ ,  sug g es t in g  that  L H R H  is first c l ea ved  at the T y r ^ - G l y ^  bond ,  and 

s u b s e q u e n t l y  h y d r o l y z e d  at T r p ^ - S c r 4 by A C E  to y ie ld  the di-  and  t r ipcpt idcs .  The 

e n z y m e  w h ich  c l e a v e d  at the T y r ^ - G l y ^  bo nd  w as  no t  ide n t i f i ed ,  but  the se  au t hors  

c o n s i d e r e d  the l ike l ih oo d  that  it w as  a thiol  p r o t ca sc  be c a u s e  f o rm a t io n  o f  the 

L H R H * ' ^  was  inh ib i ted by a h igh  con c en t r a t io n  (1 .0 m M )  o f  

p - c h l o r o m c r c u r i b c n z o a t c .  E P  2 4 . 1 5 ,  w h ic h  is p r e se n t  in h i g h  c o n c e n t r a t i o n  in 

n e u r o b l a s t o m a  ce l l s  ( A c k e r  and  O r l o w s k i ,  u n p u b l i s h e d  o b s e r v a t i o n s )  and is 

inh ib i ted  3 3 %  by 0 .2 m M  p C M B  (Or low sk i  ct al . ,  1983),  was  qui t e  poss ib ly  the 

e n z y m e  r e sp o n s i b le  for  the ac t iv i ty  seen  by the se  au t hor s .  In the p re se n t  s tudy  we 

h a v e  s h o w n  tha t  cap to pr i l  b lo c ks  the  f o rm a t io n  o f  L H R H ^ ' ^  by m e m b r a n e  

p r e p a r a t i o n s  f rom h y p o t h a l a m u s ,  p i tu i t a r y  and  A t T 2 0  ce l l s  as wel l  as  in in t act  

A t T 2 0  ce l ls ,  i n d ic a t in g  tha t  L H R H  d e g r a d a t i o n  in these  p r e p a r a t i o n s  p r o c e e d s  in a 

s i m i l a r  m a n n e r  as in n e u r o b l a s t o m a  cel ls .  W h i le  we h a v e  not  d e t ec te d  L H R H ^ ' I ^  

f r a g m en t ,  t he  e x p e c t e d  m e ta b o l i t e  o f  E P  2 4 . 1 5 - m c d i a t c d  L H R H  h y d r o ly s i s ,  the 

a m i d a t c d  C - tc r m in a l  p ep t id es  g e n e r a te d  by any  c l e a v a g e  o f  L H R H  are  no  lo ng e r  

b l o c k e d  at the N - t c r m in u s ,  and arc th e re fo r e  d e g r a d e d  ve ry  r ap id l y  to  f ree a m in o  

a c i d s  by a m i n o p e p t i d a s c s ,  w h i c h  a b o u n d  in th e se  t i s sues .
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F igu re  1 2 : P ropo sed  sc h em e  for  the b re a k d o w n  o f  L H R H  by

h y p o t h a l a m i c  and  p i tu i t a ry  m e m b r a n e s .  Bold  a r r o w s  arc used  to  ind ica te  

the  im p o r ta n t  p a t h w a y s  in L H R H  d e g r a d a t io n ,  and  l a rge  type  is used  to 

s h o w  the  p r e d o m i n a n t  b r e a k d o w n  p r o d u c t s  seen  in the  a b s e n c e  o f  

inh ib i to r s .  E P  = cn do p cp t id as c ,  A P  = am in o p cp t i d as c ,  A C E  = an g i o te ns in  

c o n v e r t i n g  e n z y m e .



I

p G l u - H i s - T r p - S e r - T y r j G l y - L e u - n r g - P r o - G l y - N H

tP-24.1 1

E P - 2 4 . 1 5

p G l u - H i s - T r p - S e r - T y r G l y - L e u - n r g - P r o - G l y - N I I .

p G l u - l l is -T rp -S e r - Ty r -G l i j  ♦ L e u - n r g - P r o - G l y - N H
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Leu  ♦ d r g  e t c .P't

S e r  ♦ Tyr
pG lu- l l i s  ♦ T r p - S e r Tyr  ♦ Gly
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Trp ♦ S e r
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W h e n  L H R H  is inc u b a t e d  wi th  pur i f i ed  E P  24.11 p r ep a ra t io ns ,  the p e p t id e  is 

c l ea ve d  at the  G l y ^ - L c u ^  bond .  H o w e v e r ,  t h is  r ea c t i on  p r o c e e d s  r a t h e r  s lowly .  

Wi th  lo n ge r  inc u b a t io n s ,  E P  24.11 c a t a l y z e s  c l e a v a g e  o f  the  S c r ^ - T y r ^  bo nd  (in 

the  L H R H *  m e ta bo l i t e )  in to  p G l u - H i s - T r p - S c r  and T y r - G ly .  T h e  s low

d e g r a d a t i o n  o f  L H RH * '* **  (2 to 5% af t er  1 hour)  by pur if i ed E P  24.11 would  

ex p l a i n  the r a the r  p o o r  p ro tec t io n  o f  L H R H  pr o v id ed  by E P  24.11 inh ib i to r ,  cFE-  

F - p A B ,  w h e n  i n c u b a te d  w i th  p i t u i t a r y  m e m b r a n e s .  p G l u - H i s - T r p - S c r  w as  a l so

seen  w h e n  p i t u i t a r y  m e m b r a n e s  w er e  i n c u b a te d  wi th  L H R H  in the  p r e s e n c e  o f  

ca p t op r i l ,  s u g g e s t i n g  that  A C E  is not  i n v o lv e d  in f o rm a t i o n  o f  the  t c t r apcp t idc .  

T he  fo rm at ion  o f  p G l u - H i s - T r p - S c r  can  be a t t r ibu ted  to c l e a v a g e  o f  the S c r -T y r  

bond  by E P  24.11 ac t ing  on  the N- t c rm ina l  hc x a p cp t id c  o f  the h o r m o n e ,  as seen 

wi th  long  i n c ub a t i on s  o f  pur i f i ed  EP  24.11 p re p a ra t i o n s  wi th  L H R H .  C a ro n e  

(1 98 7 )  a l so r epor ted  a low recovery  o f  L H R H * * ^  as c o m p a r e d  to the r ec overy  o f  

L H R H  * ' 5  fo l lo w in g  incu ba t io n  o f  L H R H  wi th  c ru de  h o m o g c n a t c s  o f  bra in and 

p i t u i t a r y ,  th e i r  d a t a  arc a p p a r e n t l y  in a g r e e m e n t  wi th  o u r  w o rk  s h o w i n g  that  

E P  2 4 . 1 5 - m c d i a t c d  hy d r o ly s i s  o f  the T y r ^ - G l y ^  b o n d  se rves  as the p r imary  

rea c t ion  in L H R H  d e g r a d a t i o n .  T h e s e  da t a ,  s h o w i n g  that  in c lu s i o n  o f  inh ib i to r s  

o f  E P  24.15  and not  E P  24 .11 ,  e i the r  co m p le t e ly  o r  at least  in l arge par t ,  inhibi t  

L H R H  d e g r a d a t i o n ,  arc in a g r e e m e n t  wi th  da ta  r ep or t ed  by E d w a r d s o n  and  

M c D e r m o t t  ( 1 9 8 5 )  s h o w i n g  tha t  in h ib i t o r s  o f  E P  24 .11 ,  a m i n o p c p t i d a s c  o r  p rolyl  

c n d o p c p t i d a s c  wer e  un ab l e  to r et a rd  h y d r o ly s i s  o f  L H R H  by s y n a p t o s o m c s ,  thus  

im pl i c a t i n g  st i l l  an o t h e r  e n z y m e  in th is  p ro ce ss .  P e r h a p s  E P  2 4 . 1 5  is tha t  

h e r e t o f o r e  u n i d e n t i f i e d  p r i m a r y  L H R H - d c g r a d i n g  e n z y m e .

S k id gc l  and ErdOs ( 1 98 5 )  ha v e  repor ted  tha t  A C E  f rom  h u m a n  k i dne y  

p u r i f i e d  a f t e r  s o lu b i l i z a t i o n  wi th  t r yp s i n ,  c a t a l y z e d  an u n u s u a l  h y d r o l y s i s  o f

the  T r p ^ - S c r ^  and  Lcu^ -Arg**  bo n ds  in L H R H  wi th  p G l u - H i s - T r p  b e i ng  the m a jo r

d e g r a d a t i o n  p r oduc t .  T h a t  thes e  bo nd s  w er e  in de ed  h y d r o l y z e d  by A C E  was
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c o n f i r m e d  by d e m o n s t r a t i n g  tha t  ca p to p r i l  i n h ib i t e d  t h e s e  r e a c t i o n s .  It is 

th e r e f o r e  o f  in t e re s t  tha t  in o u r  e x p e r i m e n t s  no  su c h  rea c t io n s  w er e  o b s e r v e d  

wi th  b r a in ,  p i t u i t a r y  o r  A t T 2 0  ce l l  m e m b r a n e  p r e p a r a t i o n s ,  s i nc e  in h ib i t ion  o f  

E P  24 .15 was  su f f i c i e n t  to b loc k  the fo rm at ion  o f  p G lu - H i s - T r p .  T h e  s i gn i f i c anc e  

o f  th es e  n e w  A C E - c a t a l y z e d  r e a c t i o n s  in m e m b r a n e  p r e p a r a t i o n s  r e m a i n s  to be 

d e m o n s t r a t e d .

M a r k s  and S te rn  ( 1 9 7 4 )  s tu d y i ng  L H R H  d e g r a d a t i o n  by c r u d e  b ra in  

ex t ra c t s ,  r e p o r t e d  the p r e s e n c e  o f  2 ac t iv i t i e s  r e s p o n s i b l e  for  p r i m a r y  c l ea v ag e  

o f  L H R H :  1) in te rna l  c l ea v ag e  (at  e i the r  the T y r ^ - G l y ^  o r  G l y ^ - L c u ^  bond ) ;  and 

2)  a s lo w e r  C - tc rm in a l  c l e a v in g  e n z y m e  r e m o v i n g  the  g ly c i n c a m i d c  f rom the C- 

t c rm in u s .  E v i d e n c e  for  2 se pa r a te  p r im a ry  c l e a v in g  ac t iv i t i e s  w as  p r o v i d e d  by 

s t ud ie s  us ing  s t ruc t u ra l ly  m o d i f i e d  L H R H  ana logs .  A D - X a a ^  sub s t i tu t ion  had a 

s t r o n g  in h ib i to r y  e f f ec t  o n  the  in te r na l  c l e a v a g e  ac t iv i ty  as d e m o n s t r a t e d  by 

fact  that  in t ernal  a m in o  ac ids  w ere  l ibe rated f rom nat ive  L H R H  but  not  f rom D- 

X a a ^ - a n a l o g s .  O n  the  o th e r  han d ,  su b s t i tu t io n  o f  the  C - tc rm in a l  g ly c i n c a m i d c  

( such as in ( D - A l a ^ . d c s G l y ^ ( - L H R H  c t h y la m id c )  had  a lesser ,  but  d is t inc t  

i n h i b i to r y  e f f ec t  w h i c h  w as  d e m o n s t r a t e d  by the  f act  tha t  the  C - tc rm in a l  

c t h y l a m i d c  and  ad j ac en t  p ro l in c  was  no t  r e l eas ed  f rom these ana log s .  

S u b s t i t u t io n s  at bo th  s i t es  p r ov id ed  the m os t  c o m p l e t e  inh ib i t ion  o f  L H R H  

h y d r o l y s i s  In a s im i l a r  ve in ,  H o r s t h e m k e  ( 1 9 8 1 )  d e m o n s t r a t e d  d e g r a d a t i o n  o f  

L H R H  by p ur i f i ed  p r e p a r a t i o n s  o f  both:

1) a s o l u b l e ,  n o n c h y m o t r y p s i n  n e u t ra l  " L H R H - d c g r a d i n g  c n d o p c p t i d a s c "  w h ich  

h y d r o l y z e s  the  in t e rna l  T y r ^ - G l y ^  bo nd .  T h i s  e n z y m e  is ina c t i ve  to w a r d s  

a na lo gs  wi th  a D -a m in o  ac id  subs t i tu t io n  in pos i t ion  6 ; and

2 ) a  so lub le ,  p o s t - p r o l i n e  c l e a v in g  e n z y m e  w h ic h  h y d r o l y s e s  the  P r o ^ - G l y * ^  

bond .  T h i s  e n z y m e  is le ss  ac t ive  to w a r d s  an a lo g s  w i th  c t h y la m id c
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s u b s t i t u t i o n s  in p o s i t io n  10. Th i s  e n z y m e  is iden t i ca l  to p r o ly l  c n d o p c p t i d a s c

d e s c r i b e d  by W i lk  (1979) .

W e ,  on the  o th e r  hand ,  whi l e  a l so f ind ing  m a j o r  T y r ^ - G l y ^ - c l c a v i n g  

ac t iv i t y  (by  E P  2 4 .1 5) ,  have  found l i t t le e v i d e n c e  o f  any im p o r ta n t  d e g r a d in g  

ac t iv i ty  at the P r o ^ - G l y ^  bond in any  o f  the in vi t ro  p r e p a r a t i o n s  u s e d  here.  

O n ly  up on  inh ib i t ion  o f  the p r i m a ry  L H R H  d e g r a d in g  e n z y m e ,  E P  2 4 . 1 5 ,  can  the 

a p p e a r a n c e  o f  L H R H * ' ^  be de tec ted  (w h en  L H R H  w as  inc uba ted  wi th  A tT 2 0  

ce l l s ) .  S in ce  p rolyl  c n d o p c p t i d a s c  is a c y t o p la s m ic  e n z y m e ,  its lack  o f  ac t iv i ty  

t o w a r d s  L H R H  in o u r  m e m b r a n e  p r e p a ra t i o n s  is r ea d i ly  u n d e r s to o d .  In fact .  

A c k e r  ct al .  ( 19 8 7)  found that  on ly  t r aces  o f  p rolyl  c n d o p c p t i d a s c  ac t iv i ty  arc

a s s o c ia te d  wi th  p u r i f i e d  s y n a p t o s o m a l  m e m b r a n e s .  In a s i m i l a r  ve in ,  E d w a r d s o n  

and  M c D e r m o t t  ( 1 9 8 5 )  r epor t ed  that  an an t i ca t a l y t i c  an t i b o d y  to p r o ly l  

c n d o p c p t i d a s c  d id  no t  inhibi t  the d e g r a d a t i o n  o f  e x o g e n o u s  L H R H  by sy na p t i c  

m e m b r a n e s .  W h i le  an c t h y la m id c  su b s t i tu t io n  in po s i t io n  10 is r e p o r t e d  to 

in c re a se  the  p o t e nc y  o f  the  L H R H  m o le c u l e ,  i n c re as e d  po te n c y  is no t  l ike ly  

p r o v i d e d  by any  res i s t an ce  to p ro lyl  c n d o p c p t i d a s c  s i nc e  a so lu b l e  p e p t id a s e  is 

u n l ik e ly  to be in s t ru m e n ta l  in the  in a c t i v a t i o n  and  c l e a r a n c e  o f  a sy s t c m i c a l l y

a d m i n i s t e r e d  p e p t id e .  S o m e  re po r t s  h a v e  a t t r ib u te d  the  c t h y l a m i d c  m o l e c u l e ’s 

p o t e n c y  to  an in c re as e d  b in d in g  a f f ini ty  for  the  L H R H  r e c e p t o r  (Pe r r i n  ct  al . ,  

19 80 ) .

O n  the o th e r  hand ,  the inc reased  po te n c y  a f fo rd e d  by D - X a a ^  

s u b s t i t u t i o n s  m a y  we l l  be a t t r ib u t ed  to th e i r  r e s i s t a n c e  to m e m b r a n e  

c n d o p c p t i d a s c s  c l e a v i n g  in te rna l  p e p t id e  b o n d( s ) .  In the  p r e s e n t  s tu d y  w e  hav e  

s h o w n  tha t  D - X a a ^ - a n a l o g s  r e m a i n e d  v i r tua l ly  i m m u n e  to  h y d r o l y s i s  by EP

24 .15 as wel l  as by E P  24.11 ( tab le  2).  S ince  bo th  o f  these e n z y m e s  possess  

m e m b r a n e - a s s o c i a t e d  L H R H - D A ,  and  a re  p r e s e n t  in h ig h  c o n c e n t r a t i o n s  in 

p e r ip h e r y  ( t ab le  6 ), o n e  o r  bo th  e n z y m e s  m a y  wel l  be  in s t ru m e n ta l  in
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t e r m i n a t i n g  the  b i o l o g i c a l  ac t iv i t y  o f  c i r c u l a t i n g  L H R H .  A c c o r d i n g l y ,

r e s i s t an ce  to d e g r a d a t i o n  by  one  (o r  bo th )  o f  th es e  2 e n z y m e s  m ig h t  be the

m a in  fac tor  in the inc re as e d  b io log ica l  ac t ivi ty o f  D - X a a ^ - a n a l o g s .  T h e s e  L H R H

a n a l o g s  e v o k e  an in c re a se d  p i tu i t a ry  r e s po n se ,  i .e.  bo th  the m a g n i t u d e  and

d u r a t i o n  o f  g o n a d o t r o p i n  se c re t i o n  is d r a m a t i c a l l y  g r e a te r  than  the  r e s p o n s e  to

nat ive  L H R H  ( W a ss  ct al. 1979,  Sor ia  ct al.,  1975).  Th e  inc reased  ac t ivi ty o f  these 

an a lo g s  is be l i ev e d  to be due  e i the r  to d i m i n i s h e d  rate o f  d e g r a d a t i o n  and lo nge r  

h a l f  l i f e in the  c i r c u la t io n  o r  to g r ea te r  a f f in i ty  to  L H R H  r ec ep to r s  ( B ar ro n  ct 

al.,  1982; Wa ss  ct al.,  1979, Per rin  ct al.,  1980; C lay ton  and Catt ,  1980).  N um ero us  

s tu d i es  h av e  c o m p a r e d  the s t abi l i ty  o f  natu ra l  L H R H  in v i t ro  and in vivo  wi th

that  o f  the su p cra c t i vc  an a lo g s  (Bar ron  ct al.,  1984,  Swi f t  and  Cr ig h t o n ,  1979).

E x te n s iv e  L H R H  d e g r a d a t i o n  has  been  s h o w n  to  o c c u r  in pe r ip h e ra l  t i s sue 

p r e p a r a t i o n s  ( in a d d i t i o n  to brain and p i tu i t a r y  p r e p a r a t i o n s )  in v i t ro  and a l so

in the  c i r cu la t ion  o f  l ive an i mal s  (B icncr t  ct  al.,  1983; Ca ro nc  ct al ,  1987;

B e rg e r  c t  al . ,  1987) .  In con t ras t ,  L H R H  an a lo g s  d i s p l ay  re s i s t anc e  to t i s sue  

p e p t i d a s e s  and  a l so  have  inc rea se d  s t abi l i ty  in the c i r c u la t io n  in v i vo  as

d e m o n s t r a t e d  by  t h e i r  d e c r e a s e d  c l e a r a n c e  r a t e s  and  i n c r e a s e d  p l a s m a  h a l f - l i f e  

( Ma rk s  and S te m ,  1974; Koch  and Baram,  1977; Barron ct  a)., 1982; C h u  cl al., 

1985).  T h e s e  s tu d i es  as well  as o the r s  that  s h o w  a d i rec t  co r r e l a t io n  b e t w e e n  the

o r d e r  o f  p o t e nc y  a m o n g  L H R H  an a lo g s  and  ex te n t  o f  r e s i s t a n c e  to p ro te o l y s i s  

( S a n d o w  et al . ,  1979; Swi f t  A D  and Cr igh to n  DB,  1979),  have  s t rong ly  impl i ca ted  

the r e s i s t an ce  to  d e g r a d a t i o n  as the m a jo r ,  i f  n o t  on ly  f ac to r  in th e i r  

" s u p c r a c t i v c  p r op er t i e s" .  S ince  it is the  D - X a a ^ - s u b s t i t u t i o n  w h i c h  c o n f e r s  the  

in c r e a s e d  in vi tro  and  in vi vo  s t abi l i ty  to the L H R H  m o l e c u l e ,  the  b io lo g ic a l ly

i m p o r t a n t  h y d r o l y z i n g  ac t i v i ty  r e s p o n s i b l e  f o r  d e g r a d a t i o n  o f  n a t iv e  L H R H

m u s t  o c c u r  e i t he r  at  the  T y r ^ - G l y ^  o r  G l y 6 - L e u ^  bonds ,  the si t es  o f  E P  24 .15 and 

E P  24.11 ac t ivi ty,  r e s pec t ive ly  (Con n  et al.,  1984).  H o w e v e r ,  it can  not  be
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d e c ip h e re d  f rom those  s tud i es  which  o f  these 2 bo n d s  is the p r im a ry  si te o f  

hy dr o ly s i s .  A c c o rd i n g ly ,  the  r e l a t ive  i m p o r ta n c e  o f  E P  24.11 ve r s us  E P  24 .15 

ac t iv i ty  in the d e g r a da t i on  o f  L H R H ,  co u l d  no t  be d e t e r m i n e d  by m ere ly  

c o m p a r i n g  the s t abi l i ty  o f  L H R H  v er su s  L H R H  ana logs .  Ra the r ,  the use  o f  

in h ib i t o r s  o f  bo th  e n z y m e s  in m o d e l s  for  s tu d y i ng  L H R H  d e g r a d a t i o n  in vivo  

p r o v i d e s  the one  d e f in i t i v e  m e a n s  o f  d e c i p h e r i n g  the r e l a t ive  i m p o r t a n c e  o f  

these  2 e n z y m e s  in this  p r ocess .  By e m p l o y i n g  the se  inh ib i to r s  in o u r  s tud ies ,  

we d e m o n s t r a t e d  the imp o r t a n ce  o f  EP  24.15 in the  inac t iva t ion  o f  L H R H  by 

h y p o t h a l a m i c  a nd  p i tu i t a r y  m e m b r a n e s ,  and  th e r e f o r e ,  we w er e  g iv e n  r ea so n  

to b e l i ev e  that  it is p r i ma r i l y  the r e s i s t ance  to  this  e n z y m e  which  a f fo rds  to 

these  an a lo g s  the i r  inc rea se d  po te nc y .  As  a co ro l l a ry ,  the ac t iv i ty  o f  this  

e n z y m e  w o u l d  then  be a s s u m e d  to cu rt a i l  the b io lo g ic a l  ac t ivi ty o f  na t iv e  L H R H ,  

i.e. E P  24 .15 ma y  have  a m a jo r  role in r egu l a t ing  the L H -  and  F S H -r c lc a s in g  

ac t iv i ty  o f  L H R H .  Fu r the r  s tud ies  us ing inhibi tor s  o f  bo th  EP  24.11 and  E P  24.15 

in a b io lo g i c a l  m o d e l  fo r  d e m o n s t r a t i n g  L H R H ' s  g o n a d o t r o p i n - r e l e a s i n g  

ac t i v i ty ,  wer e  n e c e s s a r y  to  ide n t i fy  the c n d o p c p t i d a s c  r e s p o n s i b l e  for  

m o d u l a t i n g  L H R H ' s  b io lo g i c a l  ac t iv i ty .

P r e v i o u s  s t u d i e s  in o u r  l a b o ra to r y  h a v e  s h o w n  tha t  the  p r i m a r y

sp ec i f i c i ty  o f  the e n z y m e  was  s h o w n  to be d i re c te d  to w ar d  p e p t id e s  h av in g  a 

h y d r o p h o b i c  a m in o  acid r e s id u e  in the P]  and P2 p o s i t io n s .  S e c o n d a r y  c n z y m c -  

s u b s t r a t c  in t e r ac t i o n s ,  h o w e v e r ,  at  s i t es  r e m o v e d  f rom the  i m m e d i a t e  v ic in i ty  o f

the  sc i s s i l e  bo n d  w ere  a l so  s h o w n  to g r ea t ly  in f lu e nc e  the  ca ta ly t i c  p r o ce ss  

( O r l o w s k i  et  al . ,  1983) .  P r o m i n e n t  a m o n g  th o se  i n te r a c t io n s  was  the  e n h a n c i n g  

in f lu e n c e  o f  a h y d r o p h o b ic  o r  bu lk y  re s idu e  in the P 3 ' po s i t io n  on  the  t u r n o v e r

ra te  co ns tan t .  T h i s  pa t t e rn  o f  spec i f i c i ty  w as  s h o w n  to  be val id  for  bo th  

s y n t h e t i c  and  n a t u r a l  p ep t i de s .  C o n s e q u e n t l y ,  it w as  n o t  su r p r i s i n g  tha t  bo th

the  so lu b l e  a nd  m e m b r a n e - b o u n d  f o r ms  o f  the  e n z y m e  wer e  s h o w n  to
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h y d r o l y 7.c the T y r ^ - G l y ^  bond  in L H R H  (O r lowsk i ,  ct  al.,  1983; Mo l incaux  ct al.,

1988) .  T h e  sy n th e s i s  o f  p o te n t  ac t ive  s i t e - d i re c t ed  inh ib i to r s  o f  the  e n z y m e  (C hu  

and O r l ow s k i ,  1984; Or l ows k i ,  ct al.,  1988)  p rov ided  the nec es sa r y  too ls  for  the 

eva lu a t io n  o f  the role o f  this  e n z ym e  in the  in vi vo  d e g r a d a t i o n  o f  L H R H .  A 

s c h e m e  o f  in t e rac t i on  o f  L H R H  and the inh ib i to r ,  u sed  in the  p r es e n t  s tudy ,  

wi th the ac t ive  si te o f  E P  24.15 is sh o w n  in F igure  13. T he  sc h e m e  und ers co res  

the i m p o r t a n c e  o f  the  P]  and P3 ' po s i t io n  for  in h ib i to r  and  su bs t ra t e  b in d ing .

The  d e gr a d a t io n  o f  L H R H  at the T y r ^ - G l y ^  bond  by EP  24 .15 ind ica tes  that  Sc r^  

and  Tyr-** mus t  bind to the S 2 and S j  su bs i t e s  o f  the  e n z y m e ,  r e s p e c t iv e l y ,  wi th

the A rg ^  re s idu e  be i ng  a c c o m m o d a t e d  at the S 3 ' subsi tc.  The  K m o f  95 m M  

d i f fe r s  su bs t an t i a l ly  f rom  the  Kj va lue for  L H R H  pr ev io u s l y  o b ta in e d  (811 p . M ) ,  

when  the pep t ide  was  used  as a c o m p e t i n g  sub s t ra t e  (C hu  and  O r l ow s k i ,  1985).  

T h i s  Kj shou ld  be equal  to the Km w he n  the inh ib i t ion  is pu re ly  co m p e t i t i v e ,  

and  the  in h ib i to r  is be i n g  used  as a c o m p e t i n g  subs t ra t e .  T he  d i s c r e p a n c y  found 

b e t w e e n  e x p e r i m e n t s  in w h ich  L H R H  was  used  d i rec t ly  as subs t r a t e  o r  as a 

c o m p e t i t i v e  inh ib i t o r  su g g e s t s  that  in t e rac t i on  o f  L H R H  wi th  E P  24 . 15  is m o r e  

c o m p l e x  than that  o f  a s im pl e  subs t r a t e  o r  c o m p e t i t i v e  in h ib i t o r  (Se ga l ,  1975).  

A c t i v a t i o n  o f  e n z y m e  ac t iv i ty  t o w a r d  sy n th e t i c  su b s t r a t e s  by ce r t a in  smal l  

p e p t i d e s  su c h  as the  c a r b o x y l  p r o tc a sc  in h ib i to r  p c p s ta t in  h a v e  rec en t ly  b e e n  

s h o w n  to o c c u r  in vi tro  ( O r l o w s k i  a nd  M i c h a u d ,  u n p u b l i s h e d  o b s e r v a t i o n s ) ,  

s u g g e s t i n g  tha t  the re  m a y  be a r eg u la to ry  si te on the e n z y m e  s e p ar a t e  f rom the 

ac t ive  si te.  I f  L H R H  a l so in te rac t s  wi th  such  a si te,  t hen ac t iv a t ion  m ig h t  have  

m a s k e d  the  i n h ib i t i o n  o f  sy n th e t i c  s u b s t r a t e  c l e a v a g e  by l o w e r  c o n c e n t r a t i o n s  

o f  the  p ep t i d e .  T h e s e  q u e s t i o n s  ne e d  fu r t h e r  i n ve s t ig a t i on .  T h e  m e a s u r e m e n t  o f  

the a f f ini ty  o f  L H R H  for  the m e m b r a n e - b o u n d  form o f  E P  24 .15  m u s t  awa i t  

s t ud ie s  wi th  the  pur i f i ed  fo rm o f  the e n z y m e .  T h e  av a i l a b i l i t y  o f  s i m i l a r  ac t ive  

si te d i r ec ted  inh ibi tor s  o f  E P  24.11 ( A l m e n o f f  and  Or l ow sk i  1983)  and  o f  A C E
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(C u s h m a n  ct al.,  1980)  p ro v id ed  the  n ec es sa r y  too l s  for  the  ex p l o ra t i o n  o f  the 

r e l a t iv e  s i g n i f i c a n c e  o f  L H R H  d e g r a d a t i o n  bo th  in vi tro  and in vi vo.
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Fi g ur e  13 : S ch em e  o f  int eract ion o f  c F P - A A F - p A B  and  o f  L H R H

wi th  the ac t ive  si te o f  cn d o p c p t i d a sc  24.15 .  T h e  Phc and  Arg  re s idues  o f  the 

inh ib i t o r  and  L H R H  r es pe c t i ve l y  arc s h o w n  to in te rac t  wi th  the  S 3 ' subs i t c  

o f  the s u b s t r a t e  r e c o g n i t io n  s i t e o f  the  e n z y m e .  T h e  p h c n y l p r o p y l  g r o u p  o f  

the  inhibi tor  and  the T v r  r e s idue o f  L H R H  b ind  to the S ]  subsi t c ,  wh i l e  the 

ca r b o x y l  g r o u p  o f  the  in h i b i to r  and  the  c a r b o n y l  m o i e t y  o f  the  su b s t ra t e  

c o o r d in a te  wi th  the  ac t ive  s i t e zinc a tom.  T h e  a r r ow  in d i ca te s  the sc i ss i l c  

bond  in L H R H .
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T h e  e x p e r i m e n t s  p e r f o r m e d  in p h as e  1 wi th  h y p o t h a l a m i c  and  p i t u i t a ry  

m e m b r a n e  p r e p a r a t i o n s  d e m o n s t r a t e d  th e  use  o f  a c t i v e  s i t e - d i r e c t e d  i n h i b i t o r s  

o f  E P  24 . 15 ,  E P  24.11 and  A C E  in d e t e r m in in g  whi ch  p ep t i d as es  arc ins t ru me nta l  

in L H R H  d e g r a d a t i o n  i n  vi tro.  S ince  b ra in  m e m b r a n e s  p o ss e ss  these 3 ac t iv i t i e s ,  

the poss ib i l i ty  ex is ts  tha t  o n e  o r  mor e  o f  these  e n z y m e s  m a y  be ac t ive  in C N S  

e x t r a c e l l u l a r  m e t a b o l i s m  o f  L H R H  in vivo.  T o  test  the r el a t ive  im p or ta n ce  o f  

these  e n z y m e s  in this  p ro ce ss ,  we ch o s e  as an ex p e r im e n t a l  m o d e l  in p h as e  2 , 

the  I C V  ad m in i s t r a t i o n  o f  L H R H  in the  p r es e n ce  and a b s e n c e  o f  inh ib i to r s  o f  

these e n z y m e s .  M e ta b o l i s m  o f  L H R H  w as  m on i t o re d  by m e a s u r i n g  (by R1A) the 

c o n c e n t r a t i o n s  o f  L H R H  r e m a i n i n g  in b ra in  h o m o g c n a t c s  at 1 h o u r  fo l l o w in g  

L H R H  in f u s io n .

In e x p e r i m e n t s  wi th  ICV  a dm in i s t r a t io n  o f  L H R H ,  the re  w as  a d i s t inc t  

o r d e r  o f  e f f e c t i v e n e s s  a m o n g  the th ree  i n h ib i to r s  wi th  r eg a rd  to e n h a n c e m e n t  

o f  L H R H  rec ov er y  ( f igure  5).  On ly  the  F.P 24 .15  inh ib i to r  gav e  a s ta t i s t i ca l ly  

s ig n i f i c a n t  i n c re a s e  in L H R H  rec ov er y .  c F P - F - p A B  and  ca p to p r i l ,  on the  o t h e r  

han d ,  d id  n o t  s ig n i f i c an t l y  p r ev e n t  L H R H  d e g r a d a t i o n  in b ra in .  Th u s ,  in the 

CN S ,  the o r d e r  o f  impor ta nce  o f  the 3 e n z y m e s  in in vi vo  L H R H  m e t a b o l i s m  

f o l lows  the  o r d e r  seen in vi tro,  wi th  E P  24 .15 re sp on s i b l e  for  the g rea tes t  

p r op or t io n  o f  L H R H  d eg ra da t ion .  E P  24.11 ap pe ar s  to play  a role,  albei t  a le sser  

on e ,  s i n ce  the  a d m in i s t r a t i o n  o f  E P  24.11 in h i b i to r  r e su l t s  in a h ig h e r  r e c o v er y  

o f  L H R H  th a n  that  seen  in con t ro l  an i ma l s ,  but  still  a far  lo w er  r ecovery  than 

tha t  a f f o rd e d  by the  use o f  the E P  24 .1 5  inh ib i to r .  F u r th e r m o r e ,  the f in d in g  that  

L H R H  r e c o v e r y  f rom b r a i n  in c re a se d  o n l y  ve ry  s l i gh t ly  a f t e r  a d m i n i s t r a t i o n  o f  

bo th  E P  24.  15 and  E P  24.11 inh ib i to r s  ( m o re  than  the  inc re ase  a f fo rded  by EP

24 .15  a l on e)  ( t able  3) ,  f u r th e r  su p p o r te d  the  co n c lu s i o n  tha t  E P  24.11 p la y s  only 

a  m i n o r  role in the in v i vo  L H R H  d e g r a d a t i o n .  S in c e  c a p to p r i l  a f f o rd s  the  least  

p r o tec t ion  o f  L H R H ,  it is co n c lu d e d  that  A C E  is the  least  imp or ta n t  o f  the 3
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e n z y m e s  in the C N S  m e ta b o l i s m  o f  L H R H  in vivo.  T h e s e  da ta  arc a l so cons i s t en t  

wi th  those  o b ta in e d  in the in vi tro  e x p e r i m e n t s  w i t h  h y p o t h a l a m i c  m e m b r a n e  

f rac t ions .  W h i le  the m a x i m a l  r ec o ve ry  o f  L H R H  f rom bra in in the  p r es e n ce  o f  

the E P  24.  15 inh ib i to r  1 ho ur  af te r  ICV admin i s t r a t ion  was  on ly  2 0%  o f  the 

ad m i n i s t e r e d  d o se ,  the a m o u n t  r e c o v e r e d  m u s t  h av e  be e n  a f f ec te d  no t  on ly  by 

e n z y m a t i c  d e g r a d a t i o n  but  a l so  by r e d i s t r ib u t io n  o f  the  p ep t i d e  in the 

c e r e b r o s p i n a l  f luid and  its ex i t  in to  the g e n e r a l  c i r c u la t io n .  C o n s e q u e n t l y ,  even  

u p o n  tota l  inh ib i t ion  o f  L H R H - D A ,  o ne  w ou ld  not  be  e x pe c t ed  to  r ec o v er  mor e  

than  a sma l l  f rac t ion  o f  the a m o u n t  in fused .

In v i e w  o f  the p h a r m a c o lo g i c a l  im p o r ta n ce  o f  L H R H  and its an a lo g s  in 

the  t r ea tm e n t  o f  a va r i e ty  o f  c o n d i t i o n s  it was  im p o r ta n t  to iden t i fy  the e n z y m e s  

tha t  c o n t ro l  L H R H  d e g r a d a t i o n  in p e r ip h e ra l  t i s sues .  S ev er a l  g r o u p s  ha v e  

o b s e r v e d  the  d e g r a d a t i o n  o f  L H R H  u p o n  in c u b a t i o n  wi th  h o m o g c n a t c s  o f  

se ve r a l  o r g a n s  in c lu d in g  l ive r ,  l ung,  k i dn e y ,  g o n a d s  and  e v e n  b l o o d  ( B ic n c r t  ct 

al . ,  1983; Ca ro nc  ct al.,  1987; M c D e rm o t t  ct al . .  1981).  S ys t cm ica l ly  admin i s t e red  

L H R H  h as  be e n  s h o w n  to ha v e  shor t  h a l f - l iv es  and rap id  c l e a r a n c e  ra te s  in vi vo  

(C hu  ct  al.,  1985; Berge r  ct al.,  1987; Barron  ct al.,  1982).  Mo reo ve r ,  the durat ion  

o f  ac t ion  o f  na t iv e  L H R H  as m e a s u r e d  by the l ength o f  the LH res ponse ,  is qui te  

shor t  (C oy  ct  al . ,  1974; Wa ss  ct al, 1979).  Fu r th e rm o re ,  several  L H R H  me tabo l i t e s  

ha ve  be e n  d e t ec te d  in the b lo od  and ur ine  o f  l ive r ats  in j ec ted  wi th  r ad io la b e l ed  

L H R H  (S tc t t l c r -S tc vc n so n ,  ct  al . ,  1983; C a ro n c  ct al . .  1987) ,  l e nd in g  fur the r  

c r e d e n c e  to  the c o n c l u s i o n  that  r apid  and  e x t e n s i v e  p e r ip h e ra l  L H R H  

m e t a b o l i s m  c u r t a i l s  the  p h a r m a c o l o g i c a l  a c t i o n s  o f  p a r c n t c r a l l y  a d m i n i s t e r e d  

na t iv e  L H R H .  T h e  suscep t i b i l i t y  o f  L H R H  to pe p t id a s e  ac t iv i t i e s  in pe r i phe ra l  

o r g a n s  m a y  wel l  be a m a j o r  f ac to r  in both the shor t  h a l f  l ife and  d ur a t io n  o f  

ac t ion  o f  L H R H  (K ar l en  a nd  Riv ic r ,  1986).  T h i s  n o t io n  is fu r t h e r  su p p o r te d  by 

the  in c re a se d  ha l f - l i f e  as wel l  as d u r a t i o n  and  m a g n i t u d e  o f  ac t ion  o f  the
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s u p e r a c t i v c  L H R H  agon i s t s .  As  ind i ca t ed  a b o ve ,  we had  s t rong  reaso n  to be l i ev e  

tha t  the  m a j o r  f ac to r  in c re as e d  in v i vo  su r v iva l  o f  th es e  an a lo g s  is the i r

r e s i s t a n c e  to  EP  24 . 15  ac t iv i ty .  A c c o rd i n g ly ,  in h ib i t in g  the  ac t i v i ty  o f  th i s  

c n d o p c p t i d a s c  by in vi vo  a d m in i s t r a t i o n  o f  in h ib i t o r s  s h ou ld  a l lo w  na t iv e  L H R H

to m i m i c  the  s u p c r a g o n i s t s  wi th  r ega rd  to  th e i r  s u r v iv a l  t im e  (h a l f - l i f e )  and

poss ib ly  al so,  b io log ica l  po tency .  As  in the C N S ,  the  p r es e nc e  o f  A C E ,  EP  24.11 

and  E P  24 .15  in pe r ip h e ra l  o r ga n s  has  be e n  es t a b l i sh ed .  C o n c e i v a b l y  any  o f  

t h es e  a c t iv i t i e s  m a y  h y d r o l y z e  and th us  be  r e sp o n s i b le  for  the shor t  ha l f - l i f e  o f

L H R H  in the  p e r ip h e ry .  W e  have  th e re fo r e  s t u d ie d  the  in f lu e n c e  o f  in h i b i to r s  

o f  the se  e n z y m e s  on  the p l a s m a  h a l f  l ife o f  in t r a v e n o u s ly  a d m in i s t e r e d  L H R H .  

A m o n g  the  th r ee  in h ib i t o r s  used in this  s tudy ,  c F P - A A F - p A B  c a u s e d  the l argest  

in c r e m e n t  in L H R H  ha l f - l i f e ,  w h e r e a s  c F P - F - p A B  w a s  less  e f f e c t i v e  and 

ca p to pr i l  had  a l mo s t  no  e f fec t  ( table  4) .  T h u s ,  the o r d e r  o f  e f f e c t i v e n e s s  o f  the 

th r ee  in h ib i t o r s  w as  s i m i la r  to  that  found in b ra in ,  a nd  th e re fo r e  the o r d e r  o f  

i m p o r ta n c e  o f  the 3 e n z y m e s  in pe r ip he ra l  L H R H  d e g r a d a t i o n  is iden t i ca l  to  that 

found  in the CNS .

U n e x p e c t e d l y ,  h o w e v e r ,  wh i l e  ICV c o - a d m i n i s t r a t i o n  o f  c F P - A A F - p A B  and 

c F P - F - p A B  d id  no t  s ig n i f i c an t l y  in c re as e  the L H R H  r e c o v e r y  f rom  bra in  o v e r  

tha t  se en  wi th  the E P - 2 4 . 1 5  in h ib i t o r  a l one ,  c o n c u r r e n t  IV a d m i n i s t r a t i o n  o f  the 

tw o  i n h ib i to r s  d r a m a t i c a l l y  in c re as e d  the h a l f  l i fe a nd  c o n c e n t r a t i o n s  o f  L H R H  

in p l a s m a  o v e r  tho se  seen  wi th  e i th e r  inh ib i t o r  g iv e n  a l one .  T h e  m a g n i t u d e  o f  

the  in c r e a s e  a f t e r  c o - a d m i n i s t r a t i o n  o f  the  two  i n h i b i t o r s  e l i m i n a t e d  the 

p os s i b i l i t y  tha t  the  in c re ase  r esu l t ed  f rom a s im ple  ad d i t iv e  e f fec t  o f  the  tw o  

in h ib i t o r s .  E x a m i n a t i o n  o f  the  s t r u c t u re  o f  c F P - A A F - p A B  in d ic a t ed  that  th is  

in h ib i to r  m a y  be  s us c ep t i b le  to  d e g r a d a t i o n  by E P  24 .11 and  th e re fo r e ,  a f t e r  

i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  the  E P  24 .15  inh ib i to r ,  it m a y  be  in a c t i v a t e d  by 

the  l a rg e  p r e s e n c e  o f  E P  24.11 in pe r ip he ra l  o r ga ns .  A c c o r d i n g l y ,  c o n c o m i t a n t
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adm in i s t r a t io n  o f  c F P - F - p A B ,  an inh ib i to r  o f  E P  24 . 11 ,  w o u ld  be  exp e c t ed  to

p r o t ec t  c F P - A A F - p A B  f rom d e g r a d a t i o n  in vivo.  c F P - A A Y - p A B ,  a d m i n i s t e r e d

u n d e r  the se  co n d i t i o n s ,  co u l d  be ex p e c t ed  to  p r ov ide  a far  lo n g e r  and  more  

c o m p l e t e  in v i vo  i nh ib i t ion  o f  E P  24.15  and  thus,  a m o r e  c o m p le t e  p ro tec t io n  o f  

L H R H  f rom E P  2 4 . 15 -m cd ia tc d  d e gr a d a t io n  than  w h e n  a d m in i s t e r e d  in the

a bs e n c e  o f  E P  24.11 inh ib i tor .  Bo th  E P  24.11 and  bac te r i a l  t h c rm o ly s in ,  ha v i ng  

s i m i l a r  sp ec i f i c i t i e s ,  c l e a v e  p ep t id e  b o nd s  on  the a m i n o  s ide  o f  h y d r o p h o b i c  

a m in o  ac id  r e s idues ,  (Or low sk i  and Wi lk,  1981; A l m c n o f f  and O r l ow sk i ,  1983 and 

1984; P ozs ga y  ct  al. 1985 and  1986).  It cou l d  the re fo re  be an t i c ipa ted  that  both 

e n z y m e s  w o u ld  c l e a ve  the A la - P hc  bond  in c F P - A A F - p A B .  In deed ,  e x p e r im e n t s  

r e p o r t e d  he re  s h o w e d  that  pu r i f i ed  E P  24.11 and  t h c r m o ly s in  d e g r a d e  c F P - A A F -  

p A B  to F -p A B  and  c F P - A A  acc or d in g  to the fo l low ing  reac t ion :

E P - 2 4 . 1 1  o r  t h c r m o l y s i n  

c F P - A l a - A l a - P h c - p A B -----------------------------------------------------> cF P-A la -Ala  + Phc -p AB

T h is  f i nd ing  to g e t h e r  wi th  the  d e m o n s t r a t i o n  tha t  p l a s m a  c F P - A A F - p A B  

le ve l s  a f t e r  80  min  wer e  m o r e  than t e n - fo ld  h i g h e r  in a n i m a l s  t r ea ted  IV wi th

bo th  in h ib i t o r s  than in an i m a l s  t r ea ted  wi th  c F P - A A F - p A B  a l one ,  p r o v id e d

s t r o n g  e v i d e n c e  for  the c o n c lu s i o n  tha t  the in c r e a s e d  e f f e c t  s e e n  a f t e r  bo th

inh ib i t o r s  c o u l d  be a t t r ibu ted  to inh ib i t ion  o f  d e g r a d a t i o n  o f  the E P  24 .15 

in h ib i to r  a nd  th e re b y ,  the in c re a se d  p r o te c t i o n  o f  L H R H .  F u r t h e r  su p p o r t  for  

th i s  co n c lu s i o n  w as  p r o v id e d  by the  f ind ing  tha t  f ree u r ina ry  p A B  (a m e a s u r e

o f  in  vivo  m e t a b o l i c  d e g r a d a t i o n  o f  c F P - A A F - p A B )  w a s  g r ea t ly  lo w er e d  in 

an i m al s  g i v e n  b o t h  inh ib i to r s ,  and  tha t  c F P - A A ,  a p r o d u c t  o f  c F P - A A F - p A B  

d e g r a d a t i o n  w as  in e f f ec t iv e  as an  E P - 2 4 . 1 5  inh ib i to r .  T h a t  c F P - A A F - p A B  is
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d e g r a d e d  by E P  24.11 in p e r ip h e ra l  t i s sues  is inde ed  ve r i f i ed  b y  the f in d i n g  that 

the  t i s su e  d i s t r i b u t i o n  o f  the c F P - A A F - p A B - d c g r a d i n g  ac t iv i t y  c o r r e s p o n d s  to

the  t i s sue  d i s t r i b u t io n  o f  this  e n z y m e  ( t able  5).

O u r  m e a s u r e m e n t s  o f  E P  24.11 act ivi ty  ( t ab les  5 & 6) s h o w e d  that  the 

e n z y m e  is ab o u t  2 0 0  t imes  m or e  ac t ive  in the k idne y  than  in b ra in  and  that  mos t  

o t h e r  p e r ip h e ra l  t i s s u e s  a l so  e x h i b i t  h i g h e r  EP  24.11 a c t iv i t i e s  than  the b ra in .

As w ou ld  be ex pe c t ed ,  the rate o f  c F P - A A F - p A B  deg ra d a t i on  by E P  24.11 in 

d i f f e r e n t  t i s sue s  c l o se l y  fo l lo w ed  the  r ate o f  d e g r a d a t i o n  o f  G i t - A l a - A l a - P h c -  

2 N A ,  an EP  24.11 subst rat e.  T h e  d i f f e ren ce  in E P  24.11 ac t ivi ty be tw ee n  

p e r ip h e ra l  o r g a n s  and  b ra in  r ea d i ly  e x p l a in s  the f ai lure o f  the  E P  24 .11-  

in h i b i t o r  to s u b s t a n t i a l l y  in c re a se  L H R H  r e c o v e r y  a f t e r  c o n c u r r e n t  ICV 

i n je c t io n s  o f  c F P - A A F - p A B  and c F P - F - p A B .  A p p a r e n t ly ,  un l ike  in p e r ip h e ra l  

t i s sues ,  the low bra in  EP  24.11 ac t iv i ty  is not  a s ign i f i c an t  f ac to r  co n t r i b u t i n g  to 

the d e g r a d a t i o n  o f  c F P - A A F - p A B .

Co l le c t i v e ly ,  o u r  da ta  s t r ong ly  ind ica te  tha t  l ike in b ra in ,  E P - 24 .1 5  is the 

p r i m a r y  e n z y m e  r e s p o n s i b l e  fo r  L H R H  d e g r a d a t i o n  in p e r i p h e r a l  t i s su es ,  

a l th o u gh  EP  24.11 can con t r ibu te  to this  p r o ce ss  (F lourct  ct  al . ,  1987; S tc t t lcr -  

S te v e n s o n  ct al . ,  1983).  M e a s u r e m e n t  o f  E P  24 .15 ac t iv i ty  in n u m e r o u s  

p e r i p h e r a l  o r g a n s  u s in g  a s y n t h e t i c  s u b s t r a t e ,  B o c - P h c - A l a - A l a - P h c - p A B ,

s u g g e s t s  se ve ra l  a n a to m i c a l  loci  for  the p e r ip h e ra l  d e g r a d a t i o n  o f  L H R H  by  EP 

24 .15.  W e  h av e  fo und  h igh  ac t iv i ty  o f  this  e n z y m e  in o r g a n s  such  as sp le en ,  

te ste s ,  l iver ,  l ung  and ske le t al  m us c le  ( table  6).  In v iew o f  the total  ma ss  o f  these 

t i s sues ,  the o b s e r v e d  l a rge co n t r i b u t i o n  o f  E P  24 . 1 5  ac t iv i t y  in the  p e r ip h e ry  

t o w a r d s  L H R H  d e g r a d a t i o n  can be  m or e  r ead i ly  un d er s t oo d .  It is o f  in t e res t  that  

go na d a l  t i s sue,  k n o w n  to have  h igh  E P  24 . 15  ac t ivi ty ( C h u  and  O r l o w s k i .  1985)

w as  a l so  foun d  to h av e  cons ide rab le  L H R H - D A  (C ar o n c  et  al . ,  1987) ,  and that  the 

p r i m a r y  d e g r a d a t i o n  p r o d u c t  w as  f o u nd  to  be  p G I u - H i s - T r p - S e r - T y r  ( L H R H 1' 5 ),
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a f ind ing  c o n s i s t e n t  wi th  EP  24 .1 5  in v o lv e m e n t .  T h u s  the  p r o te c t i o n  o f  

sy s t cm ic a l ly  ad m in i s t e r ed  L H R H  by E P  24 .15  inh ib i t ion  is eas i ly  ex p l a i ne d .  On 

the o t h e r  han d ,  adm in i s t r a t ion  o f  E P  24.11 inh ib i t o r  ( in the a b s e n c e  o f  E P  24.15  

inh ib i to r ) ,  w h i l e  it a f f o rd ed  s o m e  p ro t ec t io n  o f  p l a s m a  L H R H ,  d id  not  

s i g n i f i c a n t l y  p r o l o n g  the  p e p t i d e ' s  p l a s m a  ha l f - l i f e .  Q u a n t i t a t i v e l y ,  th e r e f o r e ,  

th is  e n z y m e  w ou ld  a p p e a r  to p lay  a l e s se r  role  than E P  24 .15 in the  inac t iva t ion  

and  c l e a r a n c e  o f  s y s t cm ic a l ly  a d m i n i s t e r e d  L H R H .  T he  re l a t ive  i m p o r t a n c e  o f  EP

24 .15 v e r su s  E P  24.11 in L H R H  d eg r a da t io n  in pe r iphe ra l  t i s sues  is n o ta b le  in 

v i e w  o f  the high EP  24.11 act iv i t ie s  in such t i s sues  as k idne y  and  lung.  A

p o s s i b le  e x p l a n a t i o n  is p r o v id e d  by the  f ind ing  that  a m o n g  20  d i f f e r e n t  natu ra l

pep t i des  o n e  o f  the s lowes t  r ates  o f  deg ra da t io n  by E P  24.11 was  o b s e rv e d  for

L H R H  (Mats as  ct al.,  1984).  Also,  the Km o f  L H R H  for EP  24.11 (755 p M )  was  found

to be so m e  eight  t imes h igher  than for E P  24.15 (95 p M ;  M o l i n ca u x  cl al . ,  1988).  

O t h e r  f ac to r s ,  h o w e v e r ,  such as e n z y m e  loc a l i z a t io n  and  a c ce ss ib i l i ty  o f  the 

subs t r a t e  to  the e n z y m e  mus t  a l so  be  co ns id e r ed .  T h e  un us ua l ly  h igh  E P  24.11 in

the  k i d n e y  is p r i m a r i l y  c o n c e n t r a t e d  in the  m i c r o v i l l a r  b r u s h  b o r d e r  

m e m b r a n e s  o f  the  p r o x i m a l  tu b u le s  ( K e r r  and  K e n n y ,  1974) .  T h i s  lo ca l i za t ion  

w o u ld  t end  to l imit  the act ion o f  the e n z y m e  on ly  on  tha t  f rac t ion  o f  L H R H  that  

en te r s  the  g l o m e r u l a r  f i l t rate.  T h u s  k id ne y  E P  24.11  ac t iv i ty  w o u l d  not  l ike ly  be

o f  m a j o r  i m p o r t a n c e  in the in a c t i v a t i o n  o f  c i r c u l a t i n g  L H R H  s i n ce  the f rac t ion  

e n t e r i n g  the  r ena l  in t c r s t i t i um  w o u l d  not  be e x p e c t e d  to r e - e n t e r  the 

c i r c u la t io n  e v e n  in the  ab s en c e  o f  p ro te o l y t i c  d e g r a d a t i o n .  T h e  h i g h e r  E P  24 .15  

ac t iv i t y  f o u n d  in m o s t  o th e r  t i s sue s  (wi th  the e x c e p t i o n  o f  the  lu n g )  m a y  

t h e r e f o r e  be  a n o t h e r  c o n t r i b u t i n g  f ac to r  for  the  d o m i n a n t  ro le  o f  th is  e n z y m e  

in L H R H  d e g r a d a t i o n .  It is o f  in t e res t  that  a f t e r  in t r a v e n o u s ly  i n je c t in g  t r i t i a t cd  

L H R H  in to  rats ,  R e d d i n g  and  S ch a l ly  ( 1 9 73 )  o b s e r v e d  that  the r ad io a c t iv i ty  was  

c o n c e n t r a t e d  in the  l i v e r  and  k i d n e y ,  a f i nd i ng  in te r p r e te d  to i n d ic a t e  tha t
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t hese 2 o r g a n s  arc m a j o r  s i t es  for  the inac t i va t io n  and  e x c r e t io n  o f  L H R H .  A 

c o m p a r i s o n  o f  the  act iv i t ie s  o f  E P  24 .15 and  E P  24.11 in c r u d e  h o m o g c n a t c s  o f  

the l i v e r  c l ea r l y  ind ic a t es  the  p r e d o m i n a n c e  o f  E P  2 4 . 15  ac t iv i t y ,  a l th o u g h  the 

r e l a t ive  E P  2 4 .1 5  ac t iv i ty  in this  o r g an  c o m p a r e d  to o t h e r  o r g a n s  such  as the 

t e s t es ,  b ra in  and  sp le en  is sti l l  s o m e w h a t  lo w  ( t able  6).  H o w e v e r ,  w h e n  one  t akes

the m a s s  o f  the  l iver  into c o ns id e r a t io n ,  the c o n t r ib u t io n  o f  E P  24 .1 5  ac t iv i ty  in

this  o r g a n  to the  d e g r a d a t i o n  o f  c i r c u la t in g  L H R H  m a y  c o n c e i v a b l y  be 

c o n s id e r a b l e .  Inh ib i t i on  o f  A C E ,  o n  the  o th e r  ha n d ,  p r o v i d e s  a l m o s t  no

p r o lo n g a t io n  o f  L H R H 's  hal f - l i f e  and the re f o r e  th is  e n z y m e  is a s s u m e d  to play  

the l eas t  im p o r ta n t  role a m o n g  the 3 p e p t id a s e s  in p e r ip h e ra l  L H R H  m e ta b o l i s m .

T h e  f i nd i ng  tha t  E P  24 . 15  is the p r i m a ry  fac to r  tha t  d e t e r m i n e s  the i n  

vivo  m e t a b o l i s m  o f  L H R H  h as  bo th  th e or e t i c a l  and  p r ac t i c a l  im p l i c a t i o n s .

E n z y m a t i c  d e g r a d a t i o n  o f  L H R H  has  be e n  p r o p o s e d  to be a f ac to r  in r egu l a t ing  

the  a m o u n t  o f  L H R H  r e a c h i n g  the  p i t u i t a r y  g o n a d o t r o p c s  a n d  d e t e r m i n i n g  

th e r e b y  the  m a g n i t u d e  and d u r a t i o n  o f  the  se c r e to r y  r e s p o n s e  o f  the  p i tu i t a r y  

to th i s  pep t i de .  Adv i s  ct  al (1 9 8 2 b )  e x a m i n e d  L H R H - D A  in h y p o t h a l a m i c  so l ub le  

f r a c t io n s  p r e p a r e d  f rom f e m a le  rats  d u r i n g  the  fi rs t  c s t r o u s  c y c le  at pu be r t y .  

T h e y  f o u nd  tha t  the rate  o f  L H R H  de g r a d a t io n  d e c r e a s e d  on the a f t e rn oo n  o f  the 

fi rs t  p r o c s t r u s ,  w h e n  the  level  o f  L H R H  wi t h i n  the  h y p o t h a l a m u s  is in c re ase d ,  

at  a t i m e  im m e d ia te ly  p r io r  to the r ise in p la s m a  LH.  F u r th e r m o r e ,  in 

o v a r i c c l o m i z c d  rats  t r ea ted  wi th  e s t r o g e n  and p r o g e s t e r o n e  to  i n d u c e  a 

p r o e s t r o u s - l i k c  L H  surge ,  the  sa m e  r es e a r ch e r s  o b s e r v e d  a d e c l i n e  in L H R H - D A  

im m ed ia te ly  p r io r  to the LH  su rg e  (Adv i s  ct al.,  1983).  T h e se  s tu d i es  po in t  to a 

f u n c t i o n a l  i m p o r t a n c e  o f  L H R H  d e g r a d a t i o n  wi th  r eg a rd  to the  r e g u la t i o n  o f  

p i t u i t a r y  g o n a d o t r o p i n  se c r e t i o n  and ,  e s p e c i a l l y ,  t he  p r e o v u l a t o r y  L H  su r g e  

seen  o n  the  e v e n i n g  o f  p r oc s t r us ,  a l th o u gh  the  e n z y m e s  l ike ly  to  be  in v o lv e d  in 

th is  p r o c e s s  h a v e  no t  been  iden t i f i ed .  S u c h  r e g u la to r y  m e c h a n i s m  w o u ld
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r equ i re  the p r es e n ce  o f  L H R H - D A  at the a) si te o f  re lease :  w h er e  L H R H - D A  may  

se rve  to r ed uc e  the  a m o u n t  o f  in tac t  L H R H  r e a c h in g  the  por t al  c i r c u l a t io n ;  o r  at 

the b )  t a rge t  o rgan :  wher e  L H R H - D A  m a y  se rve  to  t e rm in a t e  L H R H ' s  ac t ion  in a 

m o d e  a n a l o g o u s  to a c e t y l c h o l i n e s t e r a s e  at  the  n e u r o m u s c u l a r  j u n c t i o n .  S in c e  

bo th  the  h y p o t h a l a m u s  and  an t e r i o r  p i tu i t a ry  arc r i ch  in E P  24 . 1 5 ,  it is qu i t e  

p o ss i b le  tha t  o n e  o r  bo th  o f  thes e  m o d e s  o f  r eg u l a t o ry  e n z y m a t i c  ac t iv i ty  may  

be p h y s io l o g ic a l  f u nc t i o ns  o f  th i s  e n z y m e .  A first  s t e p  in in v e s t i g a t i n g  th i s  

poss i b i l i ty  is to ev a lu a te  the role o f  E P  24 .15  in r e g u la t i n g  the  g o n a d o t ro p i n -  

r e l e as i ng  ac t iv i ty  o f  e x o g e n o u s  L H R H .  In l ight  o f  the ea r l i e r  s tu d i es ,  bo th  in 

v i v o  and in vi tro,  s h o w in g  the  p r e e m in e n c e  o f  E P  24 . 15  in the  C N S  m e ta b o l i s m  

o f  L H R H  cxt racc l lu la r ly ,  we had reason to be l i eve  that  the CN S  E P  24.15 

m e ta b o l i s m  o f  L H R H  ma y  be ins t rumenta l  in this  p r ocess .  T o  test  th is  po ss ib i l i ty ,  

in o n e  o f  the  e x p e r im e n t s  in p h as e  3 o f  th i s  p r o j ec t ,  we  m o n i t o r e d  the  p i tui t ary  

r e sp o n se ,  i.e. the m a g n i t u d e  and dur a t i on  o f  LH and  F S H  se c r e t io n ,  fo l lo w in g

ICV in f us ion  o f  L H R H  in the p res en ce  and  ab se nc e  o f  E P  24 . 15  inhibi tor s .

A n o t h e r  a s pec t  a s so c ia t e d  wi th  o u r  f i nd i ng s  is tha t  in v i e w  o f  the 

th e ra p eu t i c  po ten t i a l  o f  L H R H ,  k n o w l e d g e  o f  the m e c h a n i s m s  o f  L H R H  

d e g r a d a t i o n  a c q u i r e s  in ad d i t i o n  to its p h y s i o l o g i c a l  s i g n i f i c a n c e ,  a l so  

p h a r m a c o l o g i c a l  im p o r ta n c e .  T h e  th e ra p e u t i c  use  o f  L H R H  is s e v e r e l y  l im i te d  

by i t s  r ap id  ( ex t r ac e l lu la r )  d e g r a d a t i o n  in p e r ip h e r a l  t i s su es  a nd  the  ve ry  shor t

h a l f  l i f e o f  th i s  h o r m o n e  in pe r iphe ra l  c i r cu la t ion  (8 to 10 m i n )  ( B a r r o n  ct  al . ,

1982;  Chu  c t  al . ,  1985).  T h e  no t ion  that  r ap id  and  ex te ns iv e  p e r i ph e ra l  L H R H

m e t a b o l i s m  is r e s p o n s i b le  for  its r ap id  c l e a r a n c e  a nd  shor t  ha l f - l i f e  is ful ly

su p p o r t e d  by o u r  w or k  in w h ic h  the  in h ib i t io n  o f  p e r ip h e ra l  p e p t i d a s e s ,  a n d  in 

pa r t i cu la r ,  E P  24.15 ,  p ro lo n gs  the ha l f- l i f e  o f  na tu ra l  L H R H  to tha t  o f  the D-

X a a ^ - a n a l o g s  (30  to 150 min;  Kar tcn  and  Riv ie r ,  1986) .  As  m e n t i o n e d  above ,  this

s u b s t i t u t i o n  co n f e r s  r e s i s t a n c e  to  t i s sue  p e p t i d a s e  ac t iv i t y  an d ,  in p a r t i c u la r ,  to
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EP 24.15 and E P  24.11 ac t ivi ty.  Fu r th e rm o re ,  wh i l e  n o  p r oo f  has  been 

fo r th c o m in g ,  it is t his  r e s i s t anc e ,  in add i t ion  to the  in c re a se d  b i n d i n g  po te n c y  

o f  th es e  ana l og s ,  w h ic h  has  bee n  th o u g h t  to  be the c a u s e  o f  the i r  in c re as e d  

b io log ical  po te ncy  (B ar ron  ct al.,  1982; C la y to n  and Cat t ,  1980).  T h e  rea son  for 

the inab i l i ty  o f  r e s e a r c h e r s  to de f i n i t iv e l y  d e t e r m i n e  the  c a u se  o f  the se  

a n a lo g s '  su p c r a c t i v i t y  is b e c a u s e  the f o l l o w i n g  q u e s t i o n  h ad  n e v e r  be e n  

an s w e re d :  "D o c s  L H R H - D A ,  in vivo,  s ig n i f i can t ly  cu r t a i l  L H R H ' s  b io lo g i ca l  

( g o n a d o t r o p i n - r e l e a s i n g )  a c t i v i t y ? ” O u r  p r e v i o u s  w o rk  s h o w i n g  the  ro le  o f  EP

24 .1 5  in L H R H  d e g r a d a t i o n  in c r u d e  ( m e m b r a n e )  e n z y m e  p r e p a r a t i o n s  in v i t ro  

and in the c l ea ran ce  o f  L H R H  from the C N S  and  pe r ip he ry  in vi vo,  gave  us 

c o n s id e r a b l e  r eason  to be l i eve  that  E P  24 . 1 5  ac t iv i ty  w ou ld  cur t a i l  the 

p h a r m a c o l o g i c a l  a c t io ns  o f  L H R H ,  fo l lo w in g  e i th e r  IC V  o r  IV a d m in i s t r a t io n .

The  ava i l a b i l i t y  o f  e n z y m e  inh ibi tor s  gave  us the m e a n s  to p r o b e  these  issues .  

P la sm a  LH and FSH  leve ls  wer e  m e as ur ed  fo l low ing  ICV  and IV a d m in i s t r a t io n  o f  

L H R H  in the p resence  and absence  o f  E P  24 .15 (and  a l so E P  24 .11)  inhibi tor s.  

B e ca use  we had  a di r ec t  m e an s  to s tudy the in vo lve me nt  o f  L H R H - D A  in 

m o d u la t i n g  L H R H 's  b io logical  ac t ions ,  we were  in an ideal  s i tua t ion  to a l so  

eva lu a te  the cause  o f  the su pcrac t iv c  p r op er t i e s  o f  the  L H R H  ana log s .  I f  the 

in c re a se d  b io lo g ic a l  p o t e n c y  o f  these  an a lo g s  resul t  f rom th e i r  r e s i s t a n c e  to 

L H R H - D A ,  then  r e sp o n se s  s i m i la r  to those  seen  a f t e r  a d m in i s t r a t i o n  o f  these  

an a lo g s  w o u ld  be e x p e c t e d  a f t e r  natu ra l  L H R H  ad m in i s t r a t i o n ,  i f  the 

b i o lo g i c a l l y  im p o r ta n t  L H R H - D A  was  c o m p l e t e l y  in h ib i t e d ,  i.e.  by c o n c u r r e n t  

ad m i n i s t r a t i o n  o f  in h i b i to r s  o f  the b i o lo g i c a l l y  im p o r t a n t  e n z y m e s .  By first  

d e t e r m i n i n g  the  b i o l o g i c a l l y  i m p o r ta n t  L H R H - d c g r a d i n g  e n z y m e ,  i.e.  the 

e n z y m e  r e sp o n s i b le  for  cu r t a i l in g  L H R H ’s b io lo g i ca l  ac t io n ,  we  c o u l d  then 

c o m p a r e  the  LH  and  F S H - r c lc a s in g  ac t iv i ty  o f  na t u ra l  L H R H  af t e r  inh ib i t io n  o f
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t his  e n z y m e  wi th  that  o f  the  D - X a a ^ - a n a l o g s .  In th is  way ,  the  co n t r i b u t i o n  o f  

r e s i s t a nc e  to  L H R H - D A  to  the  ana log ' s  b io lo g i ca l  p r o p er t i e s  co u l d  be  e va lu a te d .

Th u s ,  this  b e c a m e  the bas is  for  the de s i gn  o f  o n e  o f  the e x p e r im e n t s  in 

the  nex t  p h as e  o f  the thes is  p r o jec t  in w hi ch  the  L H -  and F S H - r e l e a s i n g  ac t ivi ty 

o f  I V - a d m i n i s t c r c d  na t iv e  L H R H  in the p r e s e n c e  a n d  ab s e n c e  o f  se ve r a l  

p e p t id a s e  inh ib i to r s  w as  c o m p a r e d  wi th  that  o f  2 L H R H  su p e ra g o n i s t s ,  | D - T r p ^ ] -  

L H R H  and  | D - L c u ^ , d c s  G l y - N H 2 ^ ® | - L H R H  EA.  T o  fully eva lua te  the b iolog ica l

ac t iv i ty  o f  the se  pe p t i de s ,  we m o n i t o re d  bo th  the  m a g n i t u d e  as wel l  as du ra t io n

o f  both the LH  and F SH  response .

T h e  resul t s  p r es e n t ed  here ,  in ph as e  3, ( f igu res  10-13)  sh o w  tha t  the LH- 

and F S H - r e le a s in g  ac t iv i ty  o f  e i the r  IV- o r  I C V - a d m in i s t c r c d  L H R H  is 

d r a m a t i c a l l y  a u g m e n t e d  by inh ib i t io n  o f  E P - 2 4 . 15 ac t iv i ty .  T h u s ,  bo th  the 

dur a t i on  and  am pl i tu d e  o f  the  LH and F SH  sec re tory  r e spon se  to  e i the r  IV o r  ICV 

a d m in i s t e r e d  L H R H  was  inc re as e d  by E P  24 . 15  inh ib i to r s  m a n y  t im es  abov e  

v a l ue s  seen  in con t ro l  an i ma l s .  Th i s  sub s t an t i a t e s  the b e l i e f  that  bo th  C N S  and 

pe r ip h e ra l  E P  2 4 . 15- mcd ia tc d  hy dr o l y s i s  o f  L H R H  p la y s  a m a j o r  role  in 

m o d u l a t i n g  its g o n a d o t r o p i n - r e l e a s i n g  ac t iv i ty .  T h i s  ac t iv i ty  in the  C N S  is m o r e  

l ike ly  to h a v e  ph y s i o l o g ic a l  i m p o r ta n c e  in that  it m a y  c a t a l y z e  the  e x t r a c e l l u la r  

m e t a b o l i s m  o f  se c r e t e d  e n d o g e n o u s  L H R H .  O n  the o t h e r  hand ,  p e r ip h e ra l  E P

24 .1 5  ac t iv i ty  is m o r e  l ike ly  to be im p or ta n t  p h a r m a c o lo g i c a l l y  in tha t  it

d r a m a t i c a l l y  i n f l u e n c e s  bo th  the  p h a r m a c o k i n e t i c s  a n d  p h a r m a c o d y n a m i c s  o f  

s y s t c m i c a l l y  a d m i n i s t e r e d  L H R H .

F u r th e r m o r e ,  o u r  d a t a  ( f igu res  10 & 11) s h o w  tha t  the m a g n i t u d e  and 

dur a t ion  o f  b o th  the LH and F S H  respon se  to natural  L H R H  g iv en  IV in 

con ju nc t i o n  wi th  inh ib i to r s  o f  E P  24 .15 & E P  24 .11,  w as  c o m p a r a b le  to  those  seen 

a f t e r  IV ad m in i s t r a t i on  o f  e q u i va le n t  a m o u n t s  o f  2 L H R H  D - X a a ^ - a n a l o g s .  

H o w e v e r ,  s i n c e  the  d r am a t i c a l l y  inc re as e d  r e s p o n s e  to  n a t iv e  L H R H  w as  seen
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a f t e r  jo in t  adm in i s t r a t ion  o f  bo th  EP  24 .15 & E P  24.11 inh ib i to r s ,  a d ir ec t  

q u a n t i t a t i v e  e v a l u a t i o n  o f  E P  2 4 .1 5 ' s  role  in r e g u la t i n g  the  g o n a d o t r o p i n -  

r e l e as i ng  ac t ivi ty o f  L H R H ,  cou l d  not  be  mad e .

In r e sp ons e  to this  p r ob le m ,  in ph as e  2 o f  this  s tudy ,  we p r ov ed  that  the 

i n c r e a s e d  p l a s m a  ha l f - l i f e  o f  L H R H  f o l l o w in g  j o i n t  a d m i n i s t r a t i o n  o f  in h ib i to r s  

o f  the t w o  e n z y m e s  can  be  m a i n ly  a t t r ibu ted  to  the p r o t ec t io n  o f  L H R H  f rom EP

2 4 . 15- mcd ia tc d  d e g r a da t io n ,  wh i l e  c F P - F - p A B ,  an in h ib i t o r  o f  E P  2 4 .1 1 ,  when  

g i ve n  t o g e th e r  wi th  c F P - A A F - p A B .  se rv e d  m a in ly  to p r o te c t  the  E P  24.15  

inh i b i to r  f rom d e g r a d a t i o n  by E P  24.11 .  As a log ica l  ex t en s i o n ,  the inc re as e d

g o n a d o t r o p i n - r e l e a s i n g  ac t i v i ty  e x h i b i t e d  by L H R H  j o i n t l y  a d m i n i s t e r e d  wi th

bo th  in h ib i t o r s  can  be a lm o s t  en t i r e ly  d i r ec t ly  be a t t r ib u te d  to the p r o te c t i o n  o f  

L H R H  f rom E P  2 4 . 1 5- m cd i a t c d  hy d ro ly s i s .  T h i s  c o n c l u s i o n  is fu r t he r  su p p o r te d  

by the f i nd ing  tha t  c F P - A A Y - p A B ,  an o t h e r  E P  24 . 1 5  inh ib i t o r  w h ic h  is m o re  

r e s i s t an t  to  E P - 2 4 . 11- d e g r a d a t i o n  than c F P - A A F - p A B ,  is n ea r ly  as e f f ec t iv e  in 

a u g m e n t i n g  the r e sp ons e  to L H R H  as the jo i n t  ad m in i s t r a t i on  o f  bo th  E P  24.15  

and  E P  24.11 inh ibi tor s .  F u r t h e rm o re ,  wh en  c F P - F - p A B  a l on e  was  c o ­

ad m in i s t e r ed  wi th  L H R H ,  the L H  and  F SH  r es p o n se  r e s e m b le d  m o r e  c l ose ly  the 

r e s p o n s e  se en  in c o n t ro l s  ( t r e a t ed  w i th  no in h ib i to r s )  tha n  the  r e s p o n s e  to

e i th e r  natu ra l  L H R H  & E P  24 . 15  inh ib i t o r  o r  L H R H  ana logs .  T h e s e  da ta  suppor t

o u r  h yp o th e s i s  tha t  E P  24 . 15  ac t iv i ty  ^ i s  the ma in  ac t iv i ty  r e sp on s i b l e  for  the

in v i vo  p e r ip h e ra l  L H R H  d e g r a d a t i o n ,  and  2)c u r t a i l s  the  g o n a d o t r o p i n -

r e l e as in g  ac t i v i ty  o f  L H R H .  T h e r e f o r e ,  s ince  the  r e s p o n se  to  na t u ra l  L H R H  

g iven  in co n ju nc t i o n  wi th  inh ib i to r s  o f  E P  24.15 & EP  24 .11 ,  o r  E P  24 .15 

inh ib i t o r s  a lone,  w as  c o m p a r a b l e  to  the  r e s po n se  to the  L H R H  an a lo gs ,  we can 

s t r on g ly  a rgue  tha t  the b io lo g i ca l  p o te n c y  o f  the  D - X a a ^ - m o d i f i e d  s u p e r a c t i v c

an a lo g s  c a n  be  a t t r ibu ted ,  in l a rge  par t ,  to  th e i r  r e s i s t an ce  to E P  2 4 . 1 5 - m e d i a t e d

h yd r o ly s i s  o f  the  T y r ^ - G l y ^  bond.
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E x p e r i m e n t a l  d a t a  p r e s e n t e d  in the l i t e ra t u re  w h i c h  s u p p o r t  the  n o t i on  

that  the  d e c r e a s e d  s u s c e p t i b i l i t y  to e n z y m a t i c  d e g r a d a t i o n  c o n t r i b u t e s  to  the 

b i o lo g i ca l  p o te n c y  o f  L H R H  s u p c r a g o n i s t s  has  b e e n  r e v i e w e d  ab ov e .  The  

in c re as e d  se c r e to r y  r e s p o n se  to s up c ra c t i vc  an a lo g s  o f  L H R H  m i g h t  be  al so 

d e r iv e d  f rom t h e i r  h i g h e r  a f f in i ty  to p i tu i t a r y  L H R H  r ec ep to r s .  T h e  d eg re e ,

h o w e v e r ,  o f  the c o n t r i b u t i o n  to the in c re as e d  p o t e nc y  o f  th es e  a n a l o g s  by the ir  

h i g h e r  a f f in i ty  to  L H R H  r e c e p t o r  r e m a i n s  n e v e r t h e l e s s  to  be fu l ly  e v a lu a te d  

(C lay ton  and Ca t t ,  1980; C lay to n  ct  al.,  1979,  Perr in ct al.,  1980).  Tha t  the rat io o f  

the b io log ica l  po te n c y  o f  the su p c ra g o n i s t s  to that o f  L H R H  is m a n y  t imes  

h i g h e r  than  the r a t io  o f  th e i r  b in d in g  a f f i n i t i e s  a r g u e s  for  the  i n v o l v e m e n t  o f  

f ac to r s  b e y o n d  the  b in d in g  a f f i n i t i e s  in the  u l t i m a t e  b i o lo g i c a l  e f f e c t i v e n e s s  o f

these an a l ogs  (C lay ton  and  Cat t ,  1980; W a g n e r  ct  al.,  1979).  O u r  f ind ings

s h o w i n g  that  a d m in i s t r a t i o n  o f  L H R H  t og e th e r  wi th  in h ib i to r s  o f  E P  24 . 1 5  e l i c i t s

a b io lo g ic a l  r e s p o n se  s i m i l a r  in m a g n i t u d e  and d u r a t i o n  to  that  o b t a i n e d  a f t e r  

su p c ra c t i v c  L H R H  an a lo gs ,  s t ro ng ly  a r gu es  for  the v iew  that  the  in v i vo  

r e s i s t a n c e  to e n z y m a t i c  d e g r a d a t i o n ,  and  in p a r t i c u la r ,  E P  2 4 . 1 5 - m c d i a t c d  

d e g r a d a t i o n ,  is the  p r im a ry  i f  no t  the on ly  f ac to r  r e s p o n s i b le  for  the  in c re as e d  

b io lo g i ca l  ac t iv i ty  o f  these a n a lo g s .  In dee d ,  d a t a  h a v e  b e e n  p r e s e n t e d  w h ich  

su g g e s t  that  the  in c re as e d  a f f in i ty  o f  the an a lo g s  m ig h t  r e su l t ,  in l a rge  par t ,  

f rom t h e i r  r e s i s t a n c e  to d e g r a d a t i o n  by m e m b r a n e  p e p t i d a s e s  p r e s e n t  in the 

in c ub a t io n  m ix t u r e s  used in b in d in g  as say s  (C la y to n  and  Ca t t ,  1980) .

In b o th  i n t r a v e n o u s  a n d  i n t r a c c r c b r o v c n t r i c u l a r  e x p e r i m e n t s ,  t he  

a m p l i t u d e  o f  the L H  res p on se  w a s  h igh er  than that  o f  the F S H  res p o ns e ,  in all 

e x p e r i m e n t a l  g r o u p s  ( c o n t r o l ,  i n h i b i t o r - t r e a t e d  a n d  " s u p c r a g o n i s t ’ - t r c a t c d ) .  

T h i s  o b s e r v a t i o n  is c o n s i s t e n t  wi th  e a r l i e r  w o rk  d e m o n s t r a t i n g  tha t  a h i g h e r  

th r es h o l d  o f  s t i m u la t i on  (by e x o g e n o u s  L H R H )  is r eq u i r ed  fo r  F S H  re l ease  

than for  L H  release  (On d o  ct al.,  1973; A r i mu ra  ct  al.,  1972).  Al so ,  a s ingle
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( s u b m a x i m a l )  do se  o f  L H R H  el i c i t s  a se c r e t io n  o f  L H  h i gh e r  in m a g n i t u d e  

than  the  secre t ion  o f  F SH  (O n d o  ct  al.,  1973; Rc nne l s  ct  al.,  1971).  T h e  f ind ing 

tha t  the d ur a t i o n  o f  the  F S H  respon se  was  longe r  than that  o f  LH  in the 

c on t r o l  g r o u p  m a y  be an e x p r e s s io n  o f  a s lo w e r  m e ta b o l i c  c l e a ra n c e  rate o f  

F SH  than  o f  LH,  a cond i t ion  l ikely to be  r ela ted to the  un iq u en ess  o f  the beta  

c ha ins  o f  the tw o  ho rm on es .  ( E m m a n o u c l  ct  al . .  1984; Kamb cr i  ct  al . ,  1971).

F o l l o w i n g  the  c h a r a c t e r i z a t i o n  and  i so la t ion  o f  L H R H  in the  ea r l y  1970' s,

it was  an t i c i pa t ed  that  syn t he t i c  L H R H  and  its an a lo gs  wo u ld  p r o ve  to be 

v a l u a b l e  in the t r e a t m e n t  o f  ce r t a in  f o rm s  o f  f em a le  infe r t i l i t y .  S u p c r a c t i v c  

a g o n i s t s  a c u t e l y  in c r e a s e  g o n a d o t r o p i n  s e c r e t i o n ;  h o w e v e r ,  a f t e r  the  ini t i al

s t i m u la to ry  ph as e ,  l a s t ing  1 to 2 wee ks ,  a c h r o n ic  s t a t e  o f  d e c r e a s e d  p i tu i t a ry

r e s p o n s i v e n e s s  e n s u e s ,  p r o b a b ly  as a r esul t  o f  d o w n - r c g u l a t i o n  o f  L H R H  

re c ep to r s  and d cs cn s i l i z a t i o n  o f  g o n a d o t r o p c s  (Co n n  ct  al . ,  1984;  F ra se r ,  1984;  

F i l i co r i  and  F l a m i n g o ,  1988) .  A c c o rd i n g ly ,  long  t e rm a d m in i s t r a t i o n  o f  L H R H  

a g o n i s t s  r e d u c e  LH  and  F S H  s e c r e t io n  and  g o n a d o t r o p i n - d e p e n d e n t  g on a d a l  

fu nc t i o n .  As a r e su l t ,  p r o f o u n d  s u p p r e s s i o n  o f  p l a s m a  t e s to s te r o n e  and  es t r a d i o l  

s e c r e t i o n  o c c u r s .  T h e s e  p h a r m a c o l o g i c a l  p r o p e r t i e s ,  h o w e v e r ,  can  be  u t i l i z e d

th e ra p e u t i c a l l y  to m a n a g e  d i s o r d e r s  that  arc c l o se ly  l inke d  to  g o n a d a l  s t e ro i d

s e c r e t i o n ,  w h e r e  s u p p r e s s i o n  o f  g o n a d a l  f un c t i o n  w o u l d  b e  a d v a n t a g e o u s .  T h e s e

i n c l u d e  f e m a l e  c o n t r a c e p t i o n ,  p r e c o c i o u s  p u b e r t y ,  e n d o m e t r i o s i s ,  h o r m o n a l l y -  

d e p e n d e n t  m a l i g n a n c i e s  su c h  as  p r o s ta t i c  and  b r ea s t  c a n c e r ,  u t e r i n e  

l e i o m y o m a s ,  and  the  p o ly c y s t i c  ov a r i a n  s y n d r o m e  (F i l i co r i  and F l a m i n g o ,  1988;

M a rsh a l l  c t  al . ,  1988;  Vic ke ry ,  1986).  In pa t i en t s  wi th  p ros ta t i c  o r  b reas t  cance r ,

s u p p r e s s i o n  o f  g o n a d o t r o p i n  and  g on a d a l  s t e ro id  se c r e t i o n  by L H R H  ag o n i s t  

t r e a tm e n t  has  led to p ros ta t i c  and  b r eas t  t u m o r  r e g r es s i o n  ( S a n tc n  e t  al . ,  1984;  

H a r v e y  et  al . ,  1984;  F ab r i e  ct al.,  1986).  E nd om et r i a l  a t rophy  has  a l so  occ ur red  

in p a t i e n t s  w i th  e n d o m e t r i o s i s  (Fi l i co r i  and  F la m i n g o ,  1988) .  In c h i l d r e n  wi th



1 2 4

p r e c o c i o u s  p u b e r t y ,  a n a l o g  a d m i n i s t r a t i o n  d e c r e a s e d  g r o w t h  v e l o c i t y  and

p a r t i c u l a r l y ,  sk e le t a l  m a t u r a t i o n ,  to  n o r m a l  p r e p u b e r t a l  r a t e s .  In a d d i t i o n ,  this

t h e r a p y  p r e c i p i t a t e d  a r e g r e s s i o n  o f  s e c o n d a r y  se xua l  d e v e l o p m e n t  ( B o c p p l c  ct  

al . ,  1986; C o m i t c  ct al.,  1984).  S ince  the the rapeut i c  va lue  o f  L H R H  agon i s t s  is 

b a s e d ,  in pa r t ,  to the i r  r e s i s t a n c e  to d e g r a d a t i o n ,  the th e r a p e u t i c  po te n t i a l  o f  

in h ib i to r s  o f  L H R H  d e g r a d i n g  e n z y m e s  d e s e r v e s  c o n s i d e r a t i o n .  In vi vo  

i nh ib i t io n  o f  E P  24.15  bo th  p r o l o n g s  the  ha l f - l i f e  o f  L H R H  and inc rea se s  the 

b io log ica l  r e s p on se  to  L H R H  to that  seen  wi th  ce r t a in  L H R H  agon i s t s .  The 

p os s i b i l i t y  the re fo re  ex i s t s ,  t hat  the a d m in i s t r a t i o n  o f  na t iv e  L H R H ,  in 

co n j u n c t i o n  wi th  E P  2 4 .1 5  inh ib i to r s ,  cou ld  po te n t i a l ly  su bs t i tu t e  for  the the

p h a r m a c o l o g i c a l  e f f i c a c y  o f  the s u p c r a c t i v c  a n a lo g s .

As m e n t i o n e d  in the  I n t r o d u c t i o n ,  a wide sp e c t r u m  o f  r e p r o d u c t i v e  

d i s o r d e r s  ex i s t  in bo th  m e n  and w o m e n  w hi ch  ha ve  as the i r  c o m m o n

d e n o m i n a t o r ,  a h y p o t h a l a m i c  de f i c i t ,  w h i c h  re su l t s  in ap u l sa t i l c  L H R H  

se c r e t i o n .  C o n s e q u e n t l y ,  the  c u r r e n t l y  a c c e p t e d  m o d e  for  t r ea t i n g  bo th  w o m e n  

w i t h  " h y p o t h a l a m i c  a m e n o r r h e a "  and  m e n  w i t h  id io p a t h i c  h y p o g o n a d o l r o p i c

h y p o g o n a d i s m  is pu l sa t i l e  L H R H  the rapy  (M ars ha l l  ct  al . ,  1988; F raser ,  1984).  

S in c e  the  b io lo g ic a l  ac t i v i ty  o f  c e n t r a l ly  a d m i n i s t e r e d  L H R H  is h ig h ly  a m p l i f i e d  

by inh ib i t ion  o f  C N S  E P  24 .15 act ivi ty ,  a the rapeu t i c  role o f  C N S -a c c c ss i b lc  E P

2 4 . 1 5  i n h ib i to r s  m a y  p e r h a p s  be c o n s i d e r e d  in s i t u a t i o n s  w h er e  e n d o g e n o u s  

L H R H  s e c r e t io n  is su p p r e s s e d  but  not  c o m p le t e ly  absen t .  T h e  sy n t he s i s  o f  a 

b r o a d e r  sp e c t r u m  o f  EP  24 .15 inh ib i to r s  and  de t a i l ed  s tud ies  on the e f fec t  o f  E P

2 4 . 1 5  i n h ib i t i o n  on  the  se c r e t i o n  and  g o n a d o t r o p i n - r e l e a s i n g  ac t i v i ty  o f

e n d o g e n o u s  L H R H  wil l  be  n e e d e d  to ev a lu a te  these  poss ib i l i t i e s .
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As an e x te n s i o n  o f  the work  in ph ases  2 and  3 wher e  the m e t ab o l i s m  and 

L H - r c l c a s i n g  ac t iv i ty  o f  I C V - a d m in i s t c r c d  L H R H  was  s h o w n  to be d e t e r m i n e d  by 

C N S  E P  24 .15 ,  it was  o u r  goal  to d e t e r m in e  w h e th e r  this  e n z y m e  ma y  d egr ad e  

e n d o g e n o u s  L H R H  fo l l o w in g  its s e c r e t io n  f rom  the  h y p o t h a l a m u s .  T h i s  L H R H -  

D A  w o u ld  th e re b y  dec re as e  the c o n c e n t r a t i o n  o f  in t act  L H R H  r e a c h in g  the 

por t a l  c i r c u la t io n  and  e v e n tu a l l y ,  at the g o n a d o t r o p c s .  T h u s ,  in d i re c t ly ,  EP

2 4 . 15 - m e d i a tc d  L H R H - D A  m a y  be in s t r um e n ta l  in d e t e r m i n i n g  the l evel  o f  

p i tu i t a ry  LH secret ion .  If t his  were  the  ease ,  then inhibi t ion  o f  C N S  E P  24.15 

ac t iv i ty  w o u ld  p r ec ip i t a t e  a r ise in basal  LH se c re t ion .  We ,  the re fo re  m e as u r ed  

p l a s m a  LH c o n c e n t ra t i o n s  p r io r  to and f o l lo w in g  the ICV  ad m in i s t r a t i o n  o f  EP

24 .15  inh ib i to r ,  c F P - A A F - p A B .  O u r  r esul t s  sh o w  that  ba se l i ne  p l a s m a  LH  values  

w e r e  on ly  mi ld ly  r ai sed in the se  e x p e r i m e n t s  ( t able  7).  F u r t h e r m o r e ,  this  r ise 

was  ve ry  t r ansient .  In add i t ion ,  it was  d i s c o n c e r t in g  that ,  in o r d e r  to ob ta in  

s t a t i s t i ca l  s ig n i f i c an c e ,  it w as  n e c e s sa r y  to u t i l i ze  m a n y  an i m a l s  s ince in a few 

o f  the  a n i m a l s  r e c e iv in g  in h i b i to r ,  b a s e l i n e  p l a s m a  LH  in c r e a s e d  ve ry  s l ight ly .  

F u r t h e r m o r e ,  the verac i ty  o f  o u r  r e su l t s  can  be q u e s t i o n e d  in l ight  o f  the fact 

that  no  in c re ase  in p la s m a  LH  w as  seen  when  the  inh ib i to r  w as  in fu sed  in to  an 

a n a t o m i c a l  s i t e o n ly  s l i gh t ly  r e m o v e d  f rom the c r a n i a l  c o o r d i n a t e s  w h ic h  wer e  

used  in s t u d i e s  r ep or t ed  here .  T h e r e f o r e ,  s ince the se  d a t a  arc far  f rom 

co n v i n c in g ,  we  c a n no t  as o f  yet ,  a sc r ibe  a m a jo r  co n t r i b u t io n  by EP  24 .15  to  the 

r e g u la t i o n  o f  e n d o g e n o u s  L H R H - s t i m u l a t c d  L H - s e c r c t i o n .  H o w e v e r ,  we  h c l i cv c  

tha t  we can  a t t r ibu te  the s o m e w h a t  d i s a p p o in t i n g  resu l t s  to the fact tha t  the 

a n i m a l s  w er e  u n d e r  the e f f ec t s  o f  ge n e r a l  a n e s t h e s i a  a n d  su rg ic a l  s t r e s s ,  bo th  

o f  w h ic h  are k n o w n  to d ra m a t i c a l l y  s u p p r e s s  L H R H  and  LH sec r e t i on  (C h in g ,  

1982a,  1982b;  E u k e r  et al . ,  1975; S toebe l  and M ob crg ,  1982).  Pe rhaps ,  so m e  o f  

th e s e  p r o b l e m s  c a n  be  b y p a s s e d  by  c h a n g i n g  the  e x p e r i m e n t a l  p r o to c o l  and 

a d m i n i s t e r i n g  the  i n h i b i t o r  to  f r ee ly  m o v i n g  ra t s  w i th  c h r o n i c  c a n n u l a e
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im p l a n t e d  se ve r a l  d a y s  p r io r  to  e x p e r i m e n t a l  p r o c e d u r e .  T h e  a b s e n c e  o f  the

in h ib i to r y  i n f lu e n c e s  o f  a n e s th e s ia  and su rg ic a l  s t r e s s  on  L H R H  r e l e as e  sh ou l d

p r o v id e  for  a h ig h e r  bas e l i ne  o f  L H R H  and  LH sec r e t i on  w h ic h  m a y  e na b l e  one 

to s h o w  mo re  c o n v i n c in g l y ,  that  inh ib i t ion  o f  E P - 2 4 . 15 g i v e s  r ise to  inc rea se d  

L H  se c re t ion .  In add i t io n ,  m e a s u r e m e n t  o f  L H R H  in por ta!  p l a s m a  f o l lo w in g  

in h ib i to r  a d m in i s t r a t i o n  w o u ld  stil l  p r o v id e  a m o r e  d i r ec t  a s s e s s m e n t  o f  the

e f f e c t  o f  p e p t i d a s e  ac t iv i t y  u po n  the c o n c e n t r a t i o n  o f  b i o a c t i v c  h y p o t h a l a m i c  

p e p t i d e s  r e a c h i n g  por t a l  p l a sm a .  T h es e  a p p r o a c h e s  wi l l  a l lo w  o n e  to  d e t e r m i n e  

w h e t h e r  L H R H  m e t a b o l i s m  is a p r im a ry  reg u la to r y  m e c h a n i s m  in the  

r egu la t io n  o f  in vi vo  L H R H  and LH sec re t ion .

In vi tro  b r a in  s l i c c - r c l c a s c  s t ud ie s  h a v e  be e n  e m p l o y e d  in s tu d y i n g  

c a t a b o l i s m  o f  se ve r a l  p e p t id e s  in b r a in  e x t r a c e l l u l a r  f luid .  E x t r a c e l l u l a r  

m e ta b o l i s m  o f  s u b s t an ce  P by rat subs ta n t i a  n ig ra  s l i ces  is be l i ev ed  to be 

ca ta ly z e d  by E P  24.11 and ca lp a in  s ince r ec o ve ry  o f  e n d o g e n o u s  su b s t a n c e  P

fo l l o w i n g  K C I - c v o k c d  r e l ea se  f rom s u b s t a n t i a  n i g r a  s l i ces ,  w a s  in c r e a s e d  by

inh ib i to r s  o f  these  2 e n z y m e s  (L i t t l cwood ,  ct  al . ,  1988; M a u b o r g n c  ct al . ,  1987).  

S i m i l a r  p a r a d i g m s  h a v e  bee n  used  to d e m o n s t r a t e  the  i n v o l v e m e n t  o f  the 

m e m b r a n e - b o u n d  p y r o g l u t a m y l  p e p t i d a s e  II in the  d e g r a d a t i o n  o f  t h y r o t r o p i n  

r e l e as i ng  h o r m o n e  (Char l i  ct  al . ,  1989)  and  E P  24.11 in the d e g r a d a t i o n  o f  

[ M c t ^  ( en ke ph a l i n  (P a t cy  et al . ,  1981)  f o l l o w in g  e v o k e d  r e l e ase  f rom  brain 

s l i ces .  In all o f  these e x p e r im e n t s ,  m e d i a  a s sa y e d  for  m e a s u r e m e n t  o f

" s t imula ted  re l ease"  w er e  a l l ow ed  to in cu ba t e  wi th  t i s sue s l i ces  for  4 - 1 0  minu tes .

T h u s ,  in th is  r e l a t ive ly  shor t  pe r iod  o f  t ime ,  s ig n i f i c an t  d e g r a d a t i o n  o f  the

re le ase d  p ep t i de  took  p lace  as ev i d e n c e d  by the  f act  tha t ,  in the  p r e s e n c e  o f  

se l e c t i v e  p e p t i d a s e  i n h ib i to r s ,  s i g n i f i c a n t l y  h i g h e r  q u a n t i t i e s  o f  th e  p e p t i d e  

w e r e  r e c o v e r e d .  In o u r  e x p e r i m e n t a l  d e s i g n ,  s a m p l e s  c o n t a i n i n g  " s t i m u l a t e d  

rel ease  o f  L H R H "  were  inc uba ted  wi th t i s sue for  15 mi nu te s .  B a se d  on  o u r  data .
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d u r in g  this  pe r io d  o f  t i m e ,  no  E P  2 4 . 15 -m cdia tcd  d e g r a d a t i o n  o f  r e l e ase d  L H R H  

o c c u r r e d  as ind i ca te d  by the  f act  that  the  p r es e n ce  o f  E P  24 . 1 5  inh ib i to r ,  cFP-  

A A Y - p A B ,  d id  not  inc re ase  r ecovery  o f  L H R H  ( table  8). O u r  f ai lure to 

d e m o n s t r a t e  degr ad a t i on  o f  L H R H  by  E P  24 .15 ,  in l ight o f  the  su bs t anc e  P 

d e g r a d a t io n  by E P  24.11 in b rain s l i ces,  is d i f f i cul t  to  ex p la in .  O n e  poss ible  

d i f f e r e n c e  is tha t  the  spe c i f i c i ty  co n s ta n t  ( k c a t / K m ) o f  E P  24.11 for  subs tan ce  P, 

2 .64 x 10^ (L i t t l cwood,  c t  al.,  1988)  is so m e  20 t i m es  h ig he r  than the

speci f ic i ty  cons tan t  o f  EP  24.15 for  L H R H  (1 .26  x l O ^ S ' ^ - M ' * )  (Or lowsk i  ct al.,

1989) .  W h i le  the  d e g r a da t i on  o f  e n d o g e n o u s  L H R H  re l eased  f rom m e d ia l  basal  

h y p o t h a l a m i  b l o c k s  was  d e m o n s t r a t e d  by P o w e r s  and  J o h n s o n  ( 1 9 8 1 )  as 

e v i d e n c e d  by the fact  tha t  1 m M  bac i t r ac in  in c re as e d  r e c o v e r y  f rom  the 

b a t h in g  m e d i u m ,  an in c u b a t i o n  p e r i o d  o f  4  h o u r s  w as  n e c e s sa r y  to sh ow  a

s i g n i f i c a n t  d i f f e r e n c e  in L H R H  r e c o v e r y  b e t w e e n  b a c i t r a c i n - c o n t a i n i n g  and  

c o n t ro l  s a m p l e s .  In a d d i t io n ,  th es e  sa m e  w o r k e r s  o b s e r v e d  s ig n i f i c a n t  l e a k a g e  

o f  i n t r a c e l l u l a r  e n z y m e s  in to  the  b a t h in g  m e d i u m  d u r in g  th e  4  h o u r  in c u b a t i o n  

pe r iod .  M o s t  o f  the L H R H  d e g r a d in g  e n z y m e s  in the  b rain arc su b c c l l u la r ly

loc a l i z e d  in so lu b le  f r ac t io ns  ( P a r k e r  ct al . ,  1979) .  T h e r e f o r e ,  the L H R H  

d e g r a d a t i o n  se en  by th i s  g r o u p  is p r o b a b ly  p r e d o m i n a n t l y  c a t a l y z e d  by so l ub le

e n z y m e s  w h ic h  e s c a p e d  in to  the m e d i u m  r a t h e r  th a n  by m e m b r a n e  p e p t id a s e s ,  

and  th us ,  c a n n o t  be t a k en  as a d e m o n s t r a t i o n  o f  t rue  e x t r a c e l l u l a r  pe p t ide

m e t a b o l i s m .

O u r  d a t a  m e a s u r i n g  e x o g e n o u s  L H R H  m e t a b o l i s m  by  b ra i n  s l i ces ,  

d e m o n s t r a t e  a su bs t ra t e  c o n c e n t r a t i o n  d e p e n d e n t  e f f ec t  u p o n  E P  2 4 . 1 5 - m cd i a t c d  

L H R H  d e g r a d a t i o n ,  wi th  the  rate d r as t i c a l ly  f al l ing  o f f  b e l o w  the  s t a r t ing  L H R H  

c o n c en t r a t io n  o f  1.0 p M  ( table 9). T h e  K m o f  E P  24 .15 for  L H R H  has  been sho w n 

above  to be 95 p M  ( f igure  1). Ther e fo re ,  at 10 nM,  so m e  9 5 0 0  t im es  lo w er  than 

the  Km , the  rate  o f  d e gr a da t i on  w o u l d  be e x pe c t ed  to  be n eg l ig i b le ,  and,  indeed ,
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d a t a  o b t a i n e d  in th i s  e x p e r i m e n t ,  s u b s t a n t i a t e d  th i s  p r e d ic t i o n .  S i nc e  (he 

a v e r a g e  c o n c e n t r a t i o n  o f  e n d o g e n o u s  L H R H  in the " K C l - c v o k c d  r e l e a s e ”

sa m p le s  is b e l o w  0 .5 nM ( table 8),  it b e c o m e s  o b v io u s  w h y ,  d u r in g  the shor t  15

m in  in c u b a t i o n  p e r io d ,  no  E P  2 4 . 1 5- m cd ia tc d  d e g r a d a t i o n  o f  e n d o g e n o u s  L H R H  

w as  se en  in the b r a in  s l i ce  ex p e r im en t s .  T h u s ,  an e x p l a n a t i o n  is r ead i ly  

p r o v id e d  for  the  d i s c r e p a n c y  b e t w e e n  o u r  f a i lure  to o b s e r v e  E P  24 .15 m e d ia t e d  

L H R H  d e g r a d a t i o n  f o l l o w i n g  K C l - c v o k c d  re l e a se  and  o u r  o b s e r v a t i o n  ( in ph as e

1) th a t  E P  2 4 .1 5  ac t i v i ty  in h y p o t h a l a m i c  m e m b r a n e  p r e p a r a t i o n s  d e g r a d e s  

L H R H  s ign i f i can t ly .  Th e  0.1 m M  L H R H  con c en t r a t io n  used in phas e  1 is some  

2 0 0 , 0 0 0  t i m es  g r ea te r  than the 0.5 nM co n c e n t ra t i o n  found in ph ase  5; thus  the 

r at e o f  L H R H  d e g r a d a t i o n  is neg l i g ib le  in the la t t er  ease ,  wh i l e  in the f o rm e r  

ease ,  the  r ate is qu i t e  rapid.

On  the  o t h e r  han d ,  whi le  the c o n c e n t r a t i o n  o f  e n d o g e n o u s  L H R H  in the 

b a t h i n g  m e d i u m  is qu i t e  low,  the local  L H R H  c o n c e n t r a t i o n  in the in te rs t i t i a l

sp a c e s  o f  the h y p o t h a l a m i c  s l i ces  ( f o l l o w i n g  L H R H  re leas e  f rom the  ne rve  

t e r m i n a l s )  m a y  be  m a n y  t i m e s  h ig h e r ,  a p h e n o m e n o n  th a t  m a y  a l so  o c c u r  in 

v i v o  fo l lowing  L H R H  release .  If  t his  were  so,  one  wou ld  expe c t  to o b se rv e  a 

m e a s u r a b l e  d e g r a d a t i o n  o f  L H R H  by  E P  24 .1 5  as the h i g h e r  local  ( sub s t r a t e )  

c o n c e n t r a t i o n  w ou ld  in c re ase  the r ate  o f  the r eac t ion .  T h e  fa i lure  o f  E P  24 . 15  

in h ib i to r  to  in c re a se  the r e c o v e r y  o f  e n d o g e n o u s  L H R H ,  m us t  then be e x p l a in e d  

in an a l t e rna te  m a n n e r .  P e r h a p s  s o m e  l ime (i .e.  a f ew m in u t e s )  w as  n e e d e d  for  

the  i n h i b i t o r  m o l e c u l e s  ( p re se n t  in the b a t h i n g  m e d i u m )  to e q u i l i b r a t e  wi th  

the  e n z y m e  m o l e c u l e s  on  the  su r fa ce  o f  the  b r a in  s l i ces ,  and  un t i l  such 

e q u i l i b r a t i o n  w a s  a t t a i n e d ,  the  e n z y m e  w a s  l a rg e ly  u n i n h i b i t e d .  T h e r e f o r e ,  

d u r i n g  th is  t im e  p e r io d ,  a s i gn i f i c an t  po r t ion  o f  the  L H R H  m o l e c u l e s  r e l ea se d  

(by the  h igh  KC1 in the  m e d i u m )  was  d e g r a d e d  by the u n in h ib i t e d  e n z y m e

d e s p i t e  the  p r e s e n c e  o f  in h ib i to r  in the  b a t h in g  m e d i u m .  T h i s  w o u l d  ex p l a in
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o u r  f a i lu re  to  o b s e r v e  any  d i f f e r e n c e  in r e c o v e r y  o f  e n d o g e n o u s  L H R H  be t w e e n  

s a m p l e s  i n c u b a t e d  in the p r e s e n c e  o r  a b s e n c e  o f  in h ib i t o r .

T h e  e n d e a v o r  o f  e s t a b l i s h i n g  a fu n c t i on a l  role  o f  an  in d i v i du a l  e n z y m e  

e n t a i l s  b i o c h e m i c a l ,  p h a r m a c o l o g i c a l  a n d  p h y s i o l o g i c a l  i n v e s t i g a t i o n s .  

B i o c h e m i c a l  i n v e s t i g a t i o n s  o f  the  f u n c t i o n a l i t y  o f  an e n z y m e  s h o u l d  in c lu de  

in h ib i to r  a s  wel l  i m m u n o h i s t o c h c m i c a l  s t ud ie s  ( T u r n e r  c t  al . ,  1986) .  For  

e x a m p le ,  2 l ines  o f  b i oc hem ic a l  e v i de n c e  have  sug ge s te d  a role for  E P  24.11 in 

the  d e g r a d a t i o n  o f  s u b s t a n c e  P. I m m u n o h i s t o c h c m i c a l  w o r k  has  d e m o n s t r a t e d  a 

co lo c a l i z a t i o n  o f  the pe p t id as e ,  E P  24.11 and p ep t ide  sub s t ra t e ,  su b s t a n c e  P.

A r e a s  o f  the b ra in  r ich in s u b s t a n c e  P,  e s p ec ia l l y  in the  s t r i a to -n ig ra l  p a t h w a y ,  

sh o w  al so  an a b u n d a n c e  o f  E P  24.11 ac t iv i ty ,  t hus  im pl i c a t in g  a role for  this 

e n z y m e  in the C N S  m e ta b o l i s m  o f  sub s t ance  P (M at s as  ct al.,  1986).  S u pp o r t  for  

this  pu ta t i v e  fu nc t iona l  im p o r ta n ce  o f  E P  24.11 was  p r o v id e d  by in  v i tro  

i n h i b i t o r  s t u d ie s  w h er e  m e t a b o l i s m  o f  s u b s t a n c e  P  by s t r i a t a l  sy n a p t i c  

m e m b r a n e s  was  ab o l i s h e d  by p h o s p h o r a m i d o n  ( F u lc h e r  ct al . ,  1982;  M a ts as  ct 

al.,  1983,  1985).  In s im i la r  s tudies ,  the fo rma t ion  o f  [ ^ H J T y r - G l y - G l y  by c l e a v a g e  

o f  the  G l y ^ - P h c ^  bo n d  in t r i t i atcd [Mcl^  [ e n k e p h a l i n  by  s l i ce  a n d  p a r t i c u la t e  

p r e p a r a t i o n s  f ro m  rat  s t r i a t u m  w a s  i n h i b i t e d  by t h i o r p h a n ,  t h u s  d e m o n s t r a t i n g  

the ro le  o f  E P  24.11  in the  ex t ra ce l l u la r  m e ta b o l i s m  o f  M c t - c n k c p h a l i n  in v i tro  

(Dc  La  B a u m c  ct  al.,  1983).  A s im i la r  cours e  o f  s tudy was  e m p l o y e d  in eva lua t in g  

the  ro le  o f  EP  24.11  in the  m e ta b o l i s m  o f  at rial  na t r iu re t i c  f ac tor  (A N F) .

F o l l o w i n g  the d e m o n s t r a t i o n  that  A N F  is c l e a v e d  by E P  24.11 (S te p h e n so n  and 

K enn y ,  1987) ,  i nh ib i to r s  o f  E P  24.11 were  sh o w n  by Ol ins  ct al. ( 19 89 )  and 

S y b er t z  et  al. ( 19 8 9)  to p r o v id e  a lm os t  c o m p le t e  p ro tec t io n  o f  A N F  f rom 

i n a c t i v a t i o n  by  r e n a l  b r u s h  b o r d e r  m e m b r a n e  p r e p a r a t i o n s  in  v i t r o ,  i n d i c a t i n g  

tha t  E P  24.11 r e p r e s e n t s  a m a j o r  ac t iv i ty  r e s p on s i b l e  for  A N F  d e g r a d a t i o n  in
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t h e s e  p r e p a r a t i o n s .  In in vivo  b i o c h e m i c a l  s tu d i es ,  t he  d i s a p p e a r a n c e  o f  a 

p e p t id e  is m o n i t o r e d  f o l l o w i n g  its c o - a d m i n i s t r a t i o n  wi th  an  i n h i b i t o r  o f  the 

e n z y m e  in q u e s t i o n .  F o r  e x a m p l e ,  the  h a l f - l i f e  o f  i n t r a c c r c b r o v c n t r i c u l a r l y  

i n j e c t e d  [ M c t ^  j c n k e p h a l i n  is s i g n i f i c a n t l y  i n c r e a s e d  f o l l o w i n g  t h i o r p h a n  c o ­

a d m in i s t r a t io n ,  thus  im p l i c a t i n g  a role for  E P  24.11 in the in  v ivo  i nac t i va t io n  

o f  [M et^  j e n kcp ha l in  ( Sc h w a r t z ,  1983).  In work  by S ybcr t z  ct  al. ( 1 9 8 9 )  and  Ol ins  

et  al. (1 989 ) ,  t he  IV in jec t ion  o f  E P  24.11 inh ib i to r s  s ig n i f i can t ly  de l a y e d  the 

d i s a p p e a r a n c e  o f  A N F  f rom p la s m a  af te r  an IV infus ion  o f  the  p ep t ide ;  thus ,  a 

role for  pe r iphe ra l  E P  24.11 in the c l ea ran ce  o f  A N F  was imp l i ca ted .  In 

p h a r m a c o l o g i c a l  in v e s t i g a t i o n s  o f  e n z y m e  f u n c t i o n a l i t y ,  o n e  a t t e m p t s  to 

d e m o n s t r a t e  tha t  the b io lo g i ca l  ac t iv i ty  o f  an e x o g e n o u s  p ep t i de  can  be 

a u g m e n t e d  f o l l o w i n g  the  a d m i n i s t r a t i o n  o f  in h ib i to r s ;  t h e r e b y ,  the  c n z y m c ( s )  

in s t r u m e n t a l  in i ts  i n a c t i v a t i o n  arc e s t a b l i s h e d .  F o r  e x a m p l e ,  in h ib i to r  

t r ea tmen t  in l ive rats has  se rved  to  ind icate  a role for  E P  24.11 and ACE ,  not  only 

in the  d e g r a d a t i o n  o f  e n k e p ha l in ,  sub s t an ce  P  and A N F  in  v i v o , but  mor e  

im p o r ta n t l y ,  in the  m o d u l a t i o n  o f  the b io lo g i ca l  ac t iv i ty  o f  th es e  p ep t i d es .  In 

se ve ra l  s t u d i es ,  t h i o r p h a n  a n d  k c l a t o r p h a n  w e r e  s h o w n  to a u g m e n t  the 

a n t i n o c i c e p t i v e  ac t iv i t y  o f  IC V  a d m i n i s t e r e d  | M c t ^ J e n k c p h a l i n ,  by  i n h i b i t i n g  

E P  24.1 1 - m c d i a t c d  e n k e p h a l i n  d e g r a d a t i o n ,  t h u s  a c c u m u l a t i n g  M c t - c n k c p h a l i n  

at the  C N S  op io id  r ecep to r s ,  l e ad i ng  to inc rea se d  an t i no c i cc p t io n  ( R o q u e s  ct  al.,  

1980; Y ak sh  and Harty,  1982; Zalusk i  ct  al.,  1984).  An inh ib i tor  o f  E P  24.11,  S C H  

3 93 7 0 ,  was  sh o w n  to au g m en t  the hy p o te n s i v e  r e sp o n se  to in j ec t ion  o f  A N F  in 

s p o n t a n e o u s l y  h y p e r t e n s i v e  rats ,  t hus  s u g g e s t i n g  a role  for  th i s  e n z y m e  in 

r e gu la t in g  A N F ' s  b io lo g i ca l  ac t io ns  ( Sy b e r t z  e t  al . ,  1989) .  In a s i m i la r  type o f  

s tu dy ,  the  s u b s t a n c e  P - i n d u c e d  sa l iv a t io n  in r ats  w as  e n h a n c e d  u p o n  the 

a d m in i s t r a t i o n  o f  ca p to p r i l  d u e  to  inh ib i t io n  o f  A C E - m e d i a t e d  m e t a b o l i s m  o f  

su b s t a n c e  P,  thus  ind ic a t in g  a ro le  for  A C E  in cu r t a i l i ng  the  b io lo g i ca l  ac t iv i t i e s
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o f  this  pep t ide  (Cascic r i  c t  al . ,  1984).  E P  24.11 m a y  al so m o d u la te  sub s t anc e  P's 

b i o l o g i c a l  a c t i o n  s i nc e  b o th  p h o s p h o r a m i d o n  a n d  t h i o r p h a n  e n h a n c e d  the 

b r o n c h o c o n s t r i c t o r  e f f ec t  o f  th i s  p ep t i de  in v i tro  ( S t i m l e r - G c r a r o ,  1987) .  S t u d i e s  

wi th  a d i r ec t  p h y s io l o g ic a l  f ocu s ,  i n v e s t i g a t i n g  the  i n v o l v e m e n t  o f  an

in d iv i d u a l  cn / . ym c  in the  in a c t iv a t io n  o f  an e n d o g e n o u s  pe p t id e ,  ha v e  

g e n e r a l l y  u t i l i zed  the in  vitro  b r a in  s l i c c - r c l c a s c  p a r a d i g m s .  S u c h  s t u d i e s  h av e  

e m p l o y e d  e n z y m e  in h ib i t o r s  in an a t t e m p t  to  i n c re as e  the  r e c o v e r y  o f

n e u r o p e p t i d e s  f o l l o w i n g  s t i m u l a t e d  r e l e a s e ,  th u s  i m p l i c a t i n g  the  in h ib i t e d  

e n z y m e  in the ex t ra c e l l u la r  m e t a b o l i s m  o f  the  pe p t id e  in q u es t io n .  E x a m p l e s  o f  

such  s t u d i e s  were  d e l in ea te d  ab ov e  and  have  d e m o n s t r a t e d  the i m p o r t a n c e  o f  E P  

24.11 in the  m e ta b o l i s m  o f  e n d o g e n o u s  s u b s t a n c e  P  and  e n k e p h a l i n s  (Pa tcy  ct 

al.,  1981;  L i t t l cwood  ct al . ,  1988).  In vivo  p h y s i o l og ic a l  s t u d i es  d i r ec te d  at 

id e n t i f y in g  the  f u nc t i o na l i t y  o f  a p ep t i da s e ,  in c lu d e  the  use  o f  in h ib i to r s  to

i n c re as e  the  r ec o v er y  o f  e n d o g e n o u s  p ep t i de s .  F o r  e x a m p l e ,  the  i m p o r t a n c e  o f  

E P  24.11 in e n d o g e n o u s  e n k e p h a l i n  m e t a b o l i s m  w a s  s u g g e s t e d  w h e n  ICV 

a d m i n i s t r a t i o n  o f  t h i o r p h a n  e n h a n c e d  the  r e c o v e r y  o f  e n d o g e n o u s  s t r i a t a l  Mc t -

c n c k p h a l in  ( Z h a n g  ct  al . ,  1982).  T he  in  vivo  p h y s i o l o g i c a l  i m p o r t a n c e  o f  

p e p t i d a s e  ac t iv i ty  is e v e n  m o r e  d i r ec t l y  d e m o n s t r a t e d  w h e n  the  b io lo g ic a l  

ac t iv i t y  o f  an e n d o g e n o u s  pe p t id e  su b s t ra t e  is i n c r e a s e d  f o l l o w i n g  in h ib i to r  

t r ea tmen t .  De  La B a u m c  et  al. ( 19 8 3 )  and  M ur th y  ct  al. ( 1 98 4 )  h a v e  d e m o n s t r a t e d  

tha t  the  a d m in i s t r a t i o n  o f  p o te n t  E P  24.11 in h ib i to r s  p r o l o n g e d  the  l a t e n c y  t im e  

o f  r e s p o n s e s  d u r in g  the h o t  p la t e  and tai l  f l ick te st s  ( t e s t s  used  to  d e m o n s t r a t e  

the  n o c i c e p t i v e  r e f l ex es  to  n o x i o u s  s t imu l i ) .  T h u s  the  p h y s i o l o g i c a l  m o d u la t i o n  

o f  e n d o g e n o u s  e n k e p h a l i n ' s  a n t in o c i c e p t i v e  ac t iv i t y  by E P  24 .11 is s h o w n  by 

i n h i b i t o r  s t u d i e s .
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T h e s e  th r ee  m o d e s  o f  r e s ea rch ,  i.e.  b i o c h e m i c a l ,  p h a r m a c o l o g i c a l  and 

p h y s io l o g ic a l  s tu d i es ,  d i r e c te d  at id e n t i f y i ng  fu nc t io na l i t y  o f  E P  2 4 . 1 5 ,  h av e  

been  e m p l o y e d  d u r i n g  the c o u r s e  o f  this  thes is  p rojec t .  T h e  b i o c h e m i c a l  s tud ies  

o f  this  thes is  p ro jec t  were  ca r r i ed  out  d ur ing  ph ases  1 and  2. In p h as e  1,

in h ib i to r s  o f  3 d i f f e r e n t  m e m b r a n e  m c t a l l o p c p t i d a s c s  i n h i b i t o r s  e n a b l e d  us

es t ab l i sh  the p r e d o m i n a n c e  o f  E P  24.15  in the d e gr a d a t io n  o f  L H R H  by b rain and 

p i t u i t a r y  m e m b r a n e  p r e p a r a t i o n s  in vitro.  In add i t io n ,  the ex a c t  c l e a v a g e  si tes 

wi th in  L H R H ,  the r e l a t ive  i m p o r ta n c e  o f  thes e  c l e a v a g e  ac t iv i t i e s  and the 

iden t i ty  o f  the e n z y m e s  re sp on s i b le  for  th es e  ac t iv i t i e s ,  w er e  e s t a b l i s h e d  by the 

use o f  these  inh ibi tor s .  In ph as e  2, s imi la r  s tud ies  used E P  24 . 15  inh ib i to r s  to 

d e m o n s t r a t e  th is  e n z y m e ' s  i n v o lv e m e n t  in the m e t a b o l i s m  o f  e x o g e n o u s  L H R H  

in the b ra in  and gene ra l  c i r c u l a t io n ,  in  vivo .  Ph as e  3 c o m p r i s e d  the 

p h a r m a c o l o g i c a l  s t u d i es  o f  th is  p r o je c t  w h er e  E P  24 .1 5  in h ib i t o r s  a u g m e n t e d  

th e  g o n a d o t r o p i n - r e l e a s i n g  ac t i v i ty  o f  e x o g e n o u s  L H R H ,  d e m o n s t r a t i n g  the  

im p o r ta n ce  o f  E P  24 .15 in the C N S  and p e r ip he ry  in m o d u la t i n g  L H R H 's  

b io log ica l  ac t ion .  In p hases  4 and  5,  we a t t e m p te d  to e s t ab l i sh  a p hy s io lo g ic a l  

role o f  E P  24 .15 in inac t iva t ing  en d o g e n o u s  L H R H .  P la sm a  LH was  m on i t o re d  

f o l l o w in g  in f us ion  o f  EP  24 .15  inhibi tor ,  in o r d e r  to va l ida te  o u r  h y p o t h e s i s  that  

E P  24 . 15  ac t iv i ty  m a in ta in s  the co n c en t ra t i o n  o f  L H R H  in por t a l  c i r c u la t io n  in 

ch ec k .  I f  t h is  w er e  t rue,  inh ib i t ion  o f  this  e n z y m e  wo ul d  a l lo w  an inc rea se  in 

the  c o n c e n t r a t i o n  o f  L H R H  r e a c h i n g  the  g o n a d o t r o p c s ,  th us  p r e c i p i t a t i n g  a r ise

in LH release .  Las t ly ,  in ph as e  5,  in an o t he r  a t t empt  to  a s ce r t a in  a funct ional  

role for  E P  24 .15 in m e t ab o l i sm  o f  e n d o g e n o u s  L H R H ,  the r ecov ery  o f  

e n d o g e n o u s  L H R H  re l ea se d  f rom bra in s l i ces  in vi tro ,  was  m e a s u r e d  in the 

p r e s e n c e  o f  in h ib i t o r s  o f  this  e n z y m e .  R e su l t s  o b t a i n e d  d u r i n g  p h as e  5 work  

w e r e  n e g a t i v e  and  ph as e  4  r e su l t s ,  a lbei t  s o m e w h a t  p o s i t iv e ,  w e r e
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u n c o n v i n c i n g .  In s u m m a r y ,  w h i l e  the  use  o f  ac t iv e  s i t e - d i r e c t e d  i n h ib i to r s  in 

p h a s e s  1 th r o u g h  3 a l lo w e d  us to  de f i n i t iv e l y  e s t ab l i sh  the  v i tro  and  in v ivo

p r e e m i n e n c e  o f  E P  2 4 . 15  in the  ex t ra ce l l u la r  m e t a b o l i s m  o f  e x o g e n o u s  L H R H  in 

the C N S  and  pe r i phe ry ,  and ^ h h c  i m p o r t a n c e  o f  su ch  e n z y m a t i c  ac t iv i ty  in 

m o d u l a t i n g  the  g o n a d o t r o p i n  r e l e a s i n g  ac t i v i ty  o f  e x o g e n o u s  L H R H ,  a s i m i l a r  

fun c t i ona l  role  for  this  e n z y m e  in e n d o g e n o u s  L H R H  m e t a b o l i s m  co u l d  not  be 

e s t a b l i s h e d  by the  in h ib i to r  s t ud i es  p e r f o r m e d  in p h a s e s  4  a n d  5.

T h e  no t ion  that  L H R H  m e ta b o l i sm  may  be in i t ia t ed  by c l ea v ag e  L H R H  o f  

the  T y r ^ - G l y ^  bond ,  h as  been  su p p o r te d  by o b s e rv a t i o n s  o f  m a n y  o t h e r  g r oups .  

T he  work  o f  M c D e r m o t t  ct  al. (1982,  1983)  ind ica t ing  that  this  ac t ivi ty 

co n s t i t u t e s  the  p r im a r y  L H R H - D A  in p a r t i cu la t e  and  s o lu b l e  p r e p a r a t i o n s  o f  rat 

h y p o t h a l a m u s  and  p i tu i t a r y ,  h a s  be e n  r e v i e w e d  a b o ve .  S i m i l a r  f i n d i n g s  w er e  

r e p or te d  wi th  r eg a rd  to L H R H - D A  in so l ub le  f r a c t io ns  o f  s h e e p  h y p o t h a l a m u s  

(A d v i s  ct  al. 1985).  A solub le  L H R H - D A  f rom rat h y p o t h a l a m u s  has  been sho w n 

by A dv i s  ( 1 98 2 )  ct al. to  dec l ine  p r ior  to the p r o cs t r o u s - as s o c i a tc d  L H  surge 

( d i s c u s s e d  abo ve ) .  In s u b s e q u e n t  w ork ,  K ra u se  ct al .(  1982)  has  s h o w n  tha t  this  

h y d r o l y s i s  o f  L H R H ,  w h ic h  is su b je c t  to f l u c t u a t i o n s  d u r in g  the  r e p r o d u c t i v e  

cyc le ,  is due  to c l ea vag e  o f  the T y r ^ - G l y ^  bond.  Th i s  rate l imit ing  s t ep is 

r e s pons ib le  for  at least  8 0%  o f  the  total L H R H - D A ,  and  is inh ib i ted  by o- 

p h c n a n t h r o l i n c ,  i n d i c a t i n g  tha t  it is c a t a l y z e d  by a m c t a l l o e n d o p c p t i d a s e  ( A d v i s  

ct  al, 1982a) .  Qui te  poss ib ly ,  the act ivi ty  s tud ied  by th is  g ro u p  was ,  in r eal i ty ,  EP

24 .15,  s ince  this  ac t ivi ty is r e spo ns ib le  for  the T y r ^ - G l y ^  c l e a v a g e  and  s ince  EP

2 4 . 1 5 ,  a m c t a l l o e n d o p c p t i d a s e ,  is inh ib i t ed  by o - p h c n a n t h r o l i n e  ( O r l o w s k i  et  al.,  

1983) .  In w o r k  f rom  th i s  l a b o ra to r y  ( m a n u s c r i p t  in p r e p a r a t i o n ) ,  

a d m i n i s t r a t i o n  o f  e s t r o g e n  p lus  p r o g e s t e r o n e ,  a t r e a t m e n t  th a t  i n d u c e s  an  LH 

su rg e ,  to o v a r i e c to m iz c d  rats  ca u s e d  a p r ec ip i to u s  d e c l in e  in so lu b le  E P  24 .15 

ac t iv i t y  in the  p re o p t i c  a re a  o f  the  h y p o t h a l a m u s .  M o r e o v e r ,  t he  ac t i v i ty  o f  this



1 3 4

e n z y m e  w a s  s h o w n  to d ec l in e  in the  an t e r io r  p i tu i t a r y  as the  f em al e  rat m a tu re s  

t o w a r d s  t h e  fi rs t  p r e o v u l a t o r y  p r o c s t r o u s .  T h u s  a  p o s s i b l e  fu n c t i o n a l  

im p o r t a n c e  o f  this  e n z y m e  ap p e a r s  to exi s t  w i th  r eg a rd  to the  in d u c t io n  o f  the 

L H  su rg e .  T h e  p o ss i b le  o p e r a t i v e  m e c h a n i s m  for  th i s  p h e n o m e n o n  w o u l d  be

tha t  the ac t i v i ty  o f  this  e n z y m e  no rm al ly  ina c t iva tes  L H R H  cn route  to, o r  at the

p i tu i t a ry  g o n a d o t r o p c s ,  and  tha t  at t im es  o f  inc re as e d  LH  se c r e t io n ,  i.e. the

e v e n i n g  o f  p r o c s t r o u s ,  th i s  L H R H - D A  d e c l i n e s ,  a l l o w i n g  a h i g h e r  c o n c e n t r a t i o n  

o f  L H R H  to  ar r ive  intact  at the p i tui t ary  and to be ac t ive  at tha t  si te for  a longer

pe r io d  o f  t ime.  Th i s  p h e n o m e n o n  w oul d  be in c o n c e r t  wi th  the  d a t a  r ep or t ed

h er e  w h e r e  the ac t ivi ty 01 t h is  e n z y m e  is s h o w n  to d r a m a t i c a l l y  cur t a i l  the  LH 

and  F SH  re l e as in g  ac t ivi ty  o f  e x o g e n o u s  L H R H .  W h i le  we  d e m o n s t r a t e d  a 

p h a r m a c o l o g i c a l  i m p o r ta n c e  fo r  E P  24 .15 wi th  r ega rd  to e x o g e n o u s  L H R H ,  we

co u l d  no t  r ig o r ou s l y  sh o w ,  in p ha s es  4  and 5,  a s i m i l a r  p h y s i o l o g ic a l  funct ion ,  

i.c r e g u la t io n  o f  the L H -r c l c a s in g  ac t iv i ty  o f  e n d o g e n o u s  L H R H ,  for  this  

e n z y m e .  H o w e v e r ,  t he  lack o f  m o r e  pos i t ive  r esul t s  in the p h a s e  4  ICV 

e x p e r i m e n t s  can  po ss i b ly  be a t t r ibu ted  to  the d e p r e ss e d  s ta te  o f  L H R H -  and  LH- 

sc c r c to r y  s y s t e m  d u e  to a n e s th e s ia  a n d  su rg ic a l  s t r es s .  F u r t h e r m o r e ,  w h i l e  no 

e n d o g e n o u s  L H R H  m e ta b o l i s m  by  E P  24 .15  was  o b s e r v e d  in s l i ce  p r ep a ra t i o n s  

( ph as e  5 ) ,  t he  l ike l ih oo d  o f  th i s  e n z y m e  be i ng  o p e r a t i v e  in e n d o g e n o u s  L H R H  

d e g r a d a t i o n  in  v ivo  is f ar  g r e a t e r  s inc e  the local  c o n c e n t r a t i o n  o f  e n d o g e n o u s

L H R H  at  the  en z y m e ' s  ac t ive  s i t e e i the r  in M E  inte rs t i t i al  sp a ce s  o r  at the 

g o n a d o t r o p c s ,  m a y  be  o r d e r s  o f  m a g n i t u d e  h i g h e r  th a n  the  c o n c e n t r a t i o n  

p r e s e n t  in the  m e d i a  b a t h in g  the  h y p o t h a l a m i c  s l i ces .  C o n s e q u e n t l y ,  the  f act  

that :  1 ) E P  24 .15  ac t iv i ty ,  bo th  in the bra in and  in the  p e r ip h e r y  m o d u l a t e s  the 

m a g n i t u d e  a n d  d u r a t i o n  o f  the  g o n a d o t r o p i n - r e l e a s i n g  a c t i v i ty  o f  e x o g e n o u s

L H R H ;  and  2)  tha t  the  in c re as e d  b io lo g i ca l  a c t i o n s  o f  L H R H  s u p e r a g o n i s t s  co u l d
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be  s h o w n  to be a lm os t  ent i r e ly ,  d u e  to thei r  r e s i s t ance  to this  e n z y m e ,  a l l o w s  us 

to  su gg e s t  that :

1) E P  24.15  in the CN S  ma y  still have  an impo r t an t  phys io log ica l  role  in 

m o d u l a t i n g  the  g o n a d o t r o p i n - r e l e a s i n g  a c t i v i t y  o f  s e c r e t e d  e n d o g e n o u s  

L H R H ;  and

2) E P  24 .15  m a y  have  im p or ta n t  p h a r m a c o l o g i c a l  r a m i f i c a t io n s  in that  it 

d e c id e d ly  d e t e r m i n e s  the d i s p o s i t i on  (i .e.  p l a s m a  ha l f - l i f e )  as wel l  as the 

b io lo g ic a l  ac t ion  o f  sy s t c m ic a l ly  a d m in i s t e r e d  L H R H  in  vivo.
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