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A b s t r a c t

STUDIES ON THE EFFECTS OF INHIBITORS OF TRH-DE.GRADING
ENZYMES

by

Theodore C. Friedman 

A d v ise r :  Sherwin Milk ,  Ph. D . ,  P r o f e s s o r  of Pharmacology

The e f f e c t s  of  s e v e r a l  s p e c i f i c  i n h i b i t o r s  of  enzymes c a p a ­

b l e  of  d e a ra d in q  t h y r o t r o p i n - r e l e a s i n q  hormone (TRH; p y r o g lu -  

t a m y l - h i s t i d v l - p r o l y l - a m i d e )  was s t u d i e d .  These s t u d i e s  were 

c a r r i e d  ou t  i n  r a t  b r a i n ,  p i t u i t a r y  and serum and i n  c e l l  c u l ­

t u r e  (GH3 c e l l s )  . TRH can be i n i t i a l l y  degraded by deamida­

t i o n  c a t a l y z e d  by p r o l y l  e n d o p e p t id a s e  (EC 3 .4 .2 1 .2 6 )  or by 

removal  of t h e  py roq lu tam yl  r e s i d u e  c a t a l y z e d  e i t h e r  by p y ro -  

q lu ta m y l  p e p t id e  h y d r o l a s e  (EC 3 . 4 .1 1 . 8 )  o r  a l e s s  well  c h a r ­

a c t e r i z e d  enzyme havinq  th e  p r o p e r t i e s  of a meta l loenzyme.  

Tne i n h i b i t o r s  s t u d i e d  were N - b e n z y l o x y c a r b o n y l - p r o l y l - p r o l i -  

n a l  ( Z - P r o - P r o l i n a l ) . a s p e c i f i c ,  p o t e n t  (Ki = 14 nM), t r a n ­

s i t i o n - s t a t e  a n a log  i n h i b i t o r  of  p r o l y l  e n d o p e p t id a s e ,  

5 - o x o o r o i i n a l » a newly s y n t h e s i z e d  t r a n s i t i o n - s t a t e  a na log  

i n h i b i t o r  of pyroq lu tam yl  p e p t i d e  h y d r o la s e  and p y rog lu tam yl  

d iazom e thy l  k e to n e ,  an i n h i b i t o r  c a p a b le  of i r r e v e r s i b l y  a l k y ­

l a t i n g  t h e  a c t i v e - s i t e  c y s t e i n e  r e s i d u e  of  pyrog lu tam yl  p ep ­

t i d e  h y d r o l a s e .

5 - O x o o r o l in a l  was s y n t h e s i z e d  by co n v e rs io n  of  p y r o g l u t a -  

mate t o  i t s  methyl e s t e r ,  r e d u c t i o n  o f  t h e  e s t e r  to  th e  a l c o -



i v

ho i  ( 5 - o x o o r o l i n o l i  by sodium b o ro h y d r id e  fo l low ed  by 

o x i d a t i o n  of  t h e  a l c o h o l  to  t h e  a ld e h y d e .  K i n e t i c  exper im en ts  

showed t h a t  5 - o x o p r o l i n a l  c o m p e t i t i v e l y  i n h i b i t e d  t h i o l - d e p e n ­

d e n t  p y ro q lu ta m y l  p e p t i d e  h y d r o l a s e  w i th  a Ki o f  26 nM. The 

compound was shown t o  oe a s p e c i f i c  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 i n c e  r e l a t e d  a ld e h y d e s  as well  as th e  c o r re sp o n d in g  

a c i d  and a lc o h o l  i n h i b i t e d  tn e  enzyme only  weakly o r  not  a t  

a l l .  5 - o x o p r o l i n a l  a l s o  b locked  t h e  d e g r a d a t i o n  of l u t e i n i z -  

inq-hormone r e l e a s i n q  hormone, by p u r i f i e d  py ro g lu ta m y l  pep ­

t i d e  h y d r o l a s e .

Exper im en ts  were conducted  i n  male Swiss A lb ino  mice with 

t h e  t h r e e  i n h i b i t o r s .  The a c t i v i t y  o f  p r o l y l  e n d o p e p t id a se  

was i n h i b i t e d  by more th an  855. i n  homogenates o f  a l l  t i s s u e s  

s t u d i e d  30 m inu tes  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  of  Z-Pro-  

P r o l i n a l .  The in  v ivo  d e g r a d a t i o n  o f  a p r o l y l  e n d o p e p t id a se  

s u b s t r a t e .  N -b e n z y lo x y c a rb o n y l -G ly -P ro -S u l f a m e th o x a z o le ,  was 

b locked  a f t e r  a d m i n i s t r a t i o n  of  Z - P r o - P r o l i n a l  in  a d o se -  and 

t im e -d e p e n d e n t  manner, i n d i c a t i n g  i n h i b i t i o n  of t h e  enzyme in  

v i v o .  5 - 0 x o p r o l i n a l , when i n j e c t e d  i n t o  m ice,  i n h i b i t e d  p y ro -  

q lu ta m v l  p e p t i d e  h y d ro la s e  a f t e r  10 and 30 min however a r e l a ­

t i v e l y  h iqh  dose  (50 mq/kq) was needed t o  a c h ie v e  t h i s  i n h i b ­

i t i o n .  Pyroq lu tam yl  d iaz o m e tny l  k e to n e  was i n j e c t e d  i n t o  mice 

and a t  a dose  of  0 .1  mq/kq t o t a l l y  i n a c t i v a t e d  th e  enzyme in  

a l l  t i s s u e s  s t u d i e d  i n c l u d i n g  b r a i n .

I t  was ex pec ted  t h a t  t h e  combined u se  of i n h i b i t o r s  to  p r o ­

l y l  e n d o p e p t id a s e  and p y ro q lu tam y l  p e p t i d e  h y d r o l a s e  would



t o t a l l y  D ro te c t  TRH from d e q r a d a t i o n  i n  v i t r o .  however,  when 

t i s s u e  homoqenates o r  serum was in cu b a te d  i n  th e  p resen c e  of 

i n h i b i o t r s  but  in  t h e  absence  o f  metal  c h e l a t o r s ,  s u b s t a n t i a l  

TRH d e q r a d a t i o n  was o b se rv e d .  This  i n d i c a t e d  th e  p resence  of 

a n o th e r  TRH-deqraainq enzyme (s) d i s t i n c t  from pyroglu tam yl  

p e p t i d e  h y d r o l a s e .  Recent r e p o r t s  in  the  l i t e r a t u r e  of a 

t h i r d  TRH-deqradinq enzyme which c l e a v e s  th e  pGlu-His bond of 

TRh l e d  us t o  develop a coup led  a ssay  to  measure t h i s  a c t i v ­

i t y .  The a s s a y  uses  pGlu-His-Pro-2-N aphthylam ide  as th e  s u b s ­

t r a t e  and i s  based on th e  r e l e a s e  o f  2 -naphthy lam ine  from th e  

p ro d u c t  H i s -P ro -2 -n ap h th y la m id e  by e x c e s s  d iam in o p ep t id a se  IV 

(EC 3 . 4 . 1 4 . 1 1 .  This  a c t i v i t y  was found to  be p r e s e n t  in  t h e  

p a r t i c u l a t e  f r a c t i o n  of  r a t  b r a i n  homogenates as wel l  as  in  

r a t  se rum. D i s t r i b u t i o n  s t u d i e s  r e v e a l e d  t h a t  th e  enzyme was 

p r i m a r i l y  l o c a l i z e d  in  t h e  b r a i n  membranes and serum. The 

d a t a  s u q q e s t  t h a t  d e q ra d a t io n  o f  TRH in  b r a in  membranes and 

serum i s  c a t a ly z e d  mainly by an enzyme which c l e a v e s  t h e  pGlu- 

His bond of  TRH and i s  d i s t i n c t  from pyrog lu tamyl  p e p t i d e  

h v d r o l a s e .

Z - P r o - P r o l i n a l  was i n j e c t e d  i n t o  r a t s  t o  see  i f  t h e  i n h i b -  

t i o n  o f  p r o l y l  en d o p ep t id a se  would r a i s e  endogenous TRH l e v ­

e l s .  TRH l e v e l s  were found t o  be s i g n i f i c a n t l y  e l e v a t e d  in  

th e  p i t u i t a r y  15 minutes a f t e r  i n j e c t i o n  of Z - P r o - P r o l i n a l  (5 

mq/Kq) • No s i q n i f i c a n t  chanqes  i n  TRH l e v e l s  were d e t e c t e d  in  

th e  p i t u i t a r y .  f r o n t a l  c o r t e x  o r  t h e  hypothalamus a t  l a t e r  

t i m e s .  P r o l a c t i n  and t h y r o i d  s t i m u l a t i n g  hormone l e v e l s  in  

r a t  serum were not  a f f e c t e d  by Z - P r o - P r o l i n a l  a d m i n i s t r a t i o n .



Experiments  were c a r r i e d  o u t  t o  s tu d y  the  e f f e c t s  of  i n h i b -  

i t o r s  in  GH3 c e l l s ,  a c e l l  l i n e  c loned  from a r a t  a n t e r i o r  

p i t u i t a r y  tum or ,  which s y n t h e s i z e  and s e c r e t e  p r o l a c t i n  in  

resDonse to  t h y r o t r o p i n - r e l e a s i n q  hormone. A v a r i e t y  of pep-  

t i a e - d e q r a d i n q  enzymes were found to  be p r e s e n t  in homogenates 

o f  GH3 c e l l s .  The e f f e c t  of lo n q - te rm  exposure  of GH3 c e l l s  

t o  5 - o x o p r o l i n a l  on pyroqlu tamyl  p e p t id e  h y d ro la s e  a c t i v i t y  

was s t u d i e d  by in c u b a t in q  c e l l s  with  i n h i b i t o r  f o r  3 day s ,  

h a r v e s t i n g ,  washinq to  remove i n h i b i t o r  and assay in g  f o r  py ro ­

q lu tam y l  p e p t i d e  h y d r o l a s e .  In  c o n t r a s t  t o  the  expec ted  l o s s  

of  pyroq lu tam yl  p e p t id e  h y d r o l a s e  a c t i v i t y  upon exposure  to  

i n h i b i t o r ,  we found a marked (300-400%) i n c r e a s e  i n  p y r o g l u t a -  

mvl p e p t id e  h y d ro la s e  a c t i v i t y  which was not  blocked by c y c l o -  

h ex im ide .  This  c o n c e n t r a t i o n - d e p e n d e n t  and t im e-dependen t  

e f f e c t  was s p e c i f i c  to  5 - o x o p r o l i n a l ,  s u g g e s t in g  t h a t  t h e  

a c t i v i t y  of  pyroqlu tamyl  p e p t i d e  h y d ro la s e  in  GH3 c e l l s  i s  

s u b i e c t  t o  complex r e g u l a t o r y  mechanisms.
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INTRODUCTION

The s y n t h e s i s  o f  n e u ro p e p t id e s  from i n a c t i v e  high m olecu la r  

weioht  p r e c u r s o r s  in v o lv e s  c le a v a q e  o f  s e l e c t i v e  p e p t i d e  bonds 

i n  a p ro c e ss  o f  l i m i t e d  p r o t e o l y s i s  c a t a l y z e d  by e n d o p e p t i -  

d a s e s .  E ndo p ep t idase s  a l s o  c a t a l y z e  t h e  d e g ra d a t io n  of n e u ro ­

p e p t i d e s  i n d i c a t i n g  a mechanism f o r  t e r m i n a t i o n  of t h e i r  

a c t i o n .  Althcuqh n e u ro p e p t id e s  a r e  invo lved  i n  many p h y s io -  

l o a i c a l  p r o c e s s e s ,  very l i t t l e  i s  known about  t h e i r  d eg ra d a ­

t i o n  i n  v iv o .  In our l a b o r a t o r y ,  we have i s o l a t e d  and s t u d i e d  

th e  s p e c i f i c i t y  of  s e v e r a l  e n d o p e p t id a s e s  l i k e l y  to  be 

in v o lv e d  in  n e u ro p e p t id e  m etabo l ism .  These s t u d i e s  have p r o ­

v ided  a b a s i s  fo r  th e  d e s ig n  of s p e c i f i c ,  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  f o r  t h e s e  enzymes. The i n h i b i t o r s  a r e  expec ted  t o  

be of  v a lu e  a s  p robes  in  i n v e s t i g a t i o n s  des igned  to  e x p lo r e  

th e  r o l e  of t h e s e  enzymes i n  n e u ro p e p t id e  m etabol ism .  The 

i n h i b i t o r s  a r e  a l s o  of  Dharmacologica l  i n t e r e s t  because of t h e  

p o t e n t i a l  t o  a f f e c t  t h o se  p ro c e s s e s  t h a t  a r e  dependent upon 

n e u ro p e p t id e  f u n c t i o n .  My t h e s i s  work has been d i r e c t e d  

toward th e  e x p l o r a t i o n  of t h e  e f f e c t s  of s e v e r a l  s p e c i f i c  

enzyme i n h i b i t o r s  on t h e  metabolism of  n e u r o p e p t id e s ,  e s p e ­

c i a l l y  t h v r o t r o p i n - r e l e a s i n q  hormone (TRH; p y r o g l u t a m y l - n i s t i -  

d v l - p r o ly l - a m i c e )  .

P r o l v l  e n d o p e p t id a se  (EC 3 . 4 . 2 1 . 2 6 ) ,  a s e r i n e  p r o t e a s e  

th o u g h t  t o  be in v o lv ed  i n  th e  d e q ra d a t io n  of TRH, LHRH, b r a -  

d v k i n i n .  a n g i o t e n s i n  I I ,  n e u r o t e n s i n  and su b s ta n c e  P has been



a c t i v e l y  i n v e s t i g a t e d  in  our l a b o r a t o r y  (Orlowski e t  a l . ,  

1979: Wilk and Orlow sk i .  1983a; Wilk, 1983) .  P r o l y l  endopep­

t i d a s e  c l e a v e s  p e p t id e  bonds on the  c a rb o x y l  s i d e  of  p r o l i n e  

r e s i d u e s  w i th in  a p e p t id e  c h a i n .  Z - P r o - P r o l i n a l  (F igure  1 ) ,  a 

S D ec i f ic  and h ig h ly  p o t e n t  i n h i b i t o r  of p r o l y l  e n d o p ep t id a se  

has been s y n t h e s i z e d  in  our  l a b o r a t o r y  (Wilk and O rlowski ,  

1963a) . As an a ldehyde  ana io q  of  th e  a cy l  p o r t i o n  of  th e  

s u b s t r a t e ,  t h e  i n h i b i t o r  i n t e r a c t s  with t h e  a c t i v e  s i t e  of 

t h i s  s e r i n e  p r o t e a s e  and forms a t e t r a h e d r a l  t r a n s i t i o n  s t a t e  

i n t e r m e d i a t e  ana io q  of  th e  e n z y m e -s u b s t r a t e  complex. I t  was 

found to  n o n - c o m p e t i t iv e ly  i n h i b i t  p u r i f i e d  r a b b i t  p r o l y l  

e n d o p e p t id a se  with a Ki of 14 nM.

Pyroqlu tamyl  p e p t id e  h y d r o l a s e  (PPH)1 (EC 3 . 4 . 1 1 . 8 ) ,  an 

enzyme c l a s s i f i e d  a s  a c y s t e i n e  p r o t e a s e ,  c l e a v e s  th e  N - te rm i -  

n a l  py roq lu tam yl  r e s i d u e  from p y r o q lu ta m y l - c o n ta in in g  p e p t i d e s  

such a s  TRH. This  enzyme, i n i t i a l l y  found by D o o l i t t l e  and 

Armentrout  (1968) i n  a s t r a i n  of  Pseudomonas f l u o r e s c e n s  and 

l a t e r  p u r i f i e d  from o t h e r  b a c t e r i a  (Szewczuk and Mulczyk, 

1969) .  was found to  be d i s t r i o u t e d  in  animal  t i s s u e s  (Szewczuk 

and Kwiatkowska. 1970) .  I t  has  r e c e n t l y  been p u r i f i e d  from 

q u in e a - o iq  b r a i n  (Browne and O 'Cuinn ,  1983) .  Pyroqlu tam yl  

p e p t id e  h y d ro la s e  can c a t a l y z e  th e  removal of th e  N - te rm in a l  

ovroa lu tam vl  r e s i d u e  from p r o t e i n s  such as f i b r in o q e n  and 

human serummucoid and a l s o  from f i b r i n o p e p t i d e s  (Szewczuk and

1 Synonyms of  5 -o x o p ro l in e  a r e  p y r r o l id o n e  c a r b o x y l i c  a c i d ,  
p y r o q lu ta m a t ic  a c id  and p y r o q l u t a m a t e .
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F ig u re  1

N- Benzyloxycarbonyl-prolyl-prolinal

Structure of Z-Pro-Prolinal



Mulczvk. 1959; Arroentrout  and D o o l i t t l e ,  1S69; Crlowski  and 

M e i s t e r ,  1 9 7 1 ) .  Because o f  t h i s ,  i n i t i a l  i n t e r e s t  in  t h e  

enzvme c e n t e r e d  on i t s  use  a s  a t o o l  f o r  t h e  removal of t h e  

N - t e r m in a l  p y ro q lu ta m y l  r e s i d u e  from p r o t e i n s  and p e p t i d e s  in  

th e  p r o c e s s  o f  d e te r m i n a t i o n  of t h e i r  amino ac id  s e q u en c es .

The D h v s io lo q ic a l  r o l e  o f  py roq lu tam yl  p e p t id e  h y d ro la s e  i s  

n o t  known. with t h e  f i n d i n q ,  however,  t h a t  many b i o l o g i c a l l y  

a c t i v e  p e p t i d e s  i n c l u d i n q  TRH, LHRH, n e u r o t e n s i n  and bombesin 

c o n t a i n  N - te r m in a l  py roq lu tam yl  r e s i d u e s ,  the  p o t e n t i a l  r o l e  

o f  the  enzyme i n  t h e  d e q r a d a t i o n  and t e r m i n a t i o n  of a c t i o n  of 

t h e s e  p e p t i d e s  has a t t r a c t e d  i n t e r e s t .  A s p e c i f i c  and p o t e n t  

i n h i b i t o r  of py roq lu tam yl  p e p t i d e  h y d r o l a s e  would be a h e l p f u l  

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

enzvme.

P e p t id e  a ld eh yd e  a n a lo q s  o f  s u b s t r a t e s  have been used t o  

i n h i b i t  s e r i n e  and c y s t e i n e  p r o t e a s e s  by the  fo rm a t io n  of 

t r a n s i t i o n - s t a t e - l i k e  i n t e r m e d i a t e s  (W ester ik  and Wolfenden, 

1972; Thompson, 19 7 3 ) .  T r a n s i t i o n - s t a t e  th eo ry  p r e d i c t s  t h a t  

t h e  e n z v m e - s u b s t r a t e  b in d in q  i n  the  t r a n s i t i o n - s t a t e  complex 

w i l l  be s t r o n g e r  th an  in  t h e  i n i t i a l  Michael i s  complex between 

enzvme and s u p s t r a t e  {Wolfenden, 19 7 2 ) .  An a na log  which mim­

i c s  t h e  f e a t u r e s  o f  th e  t r a n s i t i o n - s t a t e  complex w i l l  a l s o  

form a very  s t a b l e  complex w i th  the  enzyme. Aldehydes r e a c t  

w i th  s e r i n e  and c y s t e i n e  p r o t e a s e s  to  form r e l a t i v e l y  s t a b l e  

t e t r a h e d r a l  h e m ia c e t a l s  and t h i o h e m i a c e t a l s  r e s p e c t i v e l y .  

These complexes resem ble  t h e  t e t r a h e d r a l  t r a n s i t i o n - s t a t e
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i n t e r m e d i a t e s  formed between s u b s t r a t e  and enzyme. Aldehyde 

a n a l o g s ,  t h e r e f o r e ,  have an ex t rem e ly  high  a f f i n i t y  f o r  t h e  

enzvme and can be used as p o t e n t  and s p e c i f i c  i n h i b i t o r s  of 

s e r i n e  and c y s t e i n e  p r o t e a s e s .

In our l a b o r a t o r y ,  we have p r e v io u s ly  s y n th e s iz e d  2 -P ro -  

P r o l i n a l  as  a s p e c i f i c  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  of  p ro ­

l y l  e n d o p e p t id a s e  (Wilk and O r low sk i ,  1983a) and th e  des ign  of 

t h i s  i n h i b i t o r  was used as a model f o r  d e s ig n in g  an i n h i b i t o r  

of  PPH. S in c e  c u r r e n t l y  a v a i l a b l e  ev idence  su g g e s t s  t h a t  

pyroq lu tam yl  p e p t i d e  h y d ro la s e  i s  a c y s t e i n e  p r o t e a s e ,  we con­

s i d e r e d  th e  p o s s i b i l i t y  t h a t  5 - o x o p r o l in a l  (F igure  2 ) ,  t h e  

a ldehyde  ana log  of 5 - o x o p r o l in e 2 , would be a t r a n s i t i o n - s t a t e  

i n h i b i t o r  o f  pyroqlu tamyl  p e p t i d e  h y d r o l a s e .  We t h e r e f o r e  

s y n t h e s i z e d  5 - o x o p r o l in a l  and showed t h a t  t h i s  compound i s  a 

p o t e n t  and s e l e c t i v e  i n h i b i t o r  o f  pyroglu tam yl  p e p t id e  hydro­

l a s e  i n  v i t r o .  However. 5 - o x o p r o l i n a l  was found to  be a r e l a ­

t i v e l y  weak and s h o r t  l i v e d  i n h i b i t o r  in  v ivo (see b e lo w ) .

Diazomethyl ke tone  s u b s t r a t e  d e r i v a t i v e s  have been used as  

i r r e v e r s i b l e  i n h i b i t o r s  of c y s t e i n e  p r o t e a s e s  (Leary e t  a i . ,  

1977; Green and Shaw. 19 81 ) .  These i n h i b i t o r s  a c t  by a l k y l a t -  

i n a  t h e  a c t i v e - s i t e  c y s t e i n e  r e s i d u e .  I r r e v e r s i b l e  i n h i b i t o r s  

of  b a c t e r i a l  PPH have been s y n th e s i z e d  (Fujiwara  e t  a l . ,  

1981a; 1981o: 1982) .  The L-pyroq lu tam yl  c h lo rom ethy l  ketone

i n h i b i t o r  (Fui iwara  e t  a l . .  1981a) was found t o  be an e f f e c -

2Svnonvms o f  pyroqlu tamyl  p e p t id e  h y d ro la s e  a r e  p y r r o l id o n y l  
p e p t i d a s e  and pyroqlu tam yl  a m ino p ep t idase .
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Figure 2

H

2,4-DNP^

5-OXOPROLINAL

S t r u c t u r e s  of 5 - o x o p r o l i n a l  and t h e

2 ,U--d in i t roDhenylhydrazone  d e r i v a t i v e  o f  5 - o x o p r o l i n a l .  

Hydrogens a r e  l a b e l l e d  f o r  NMR d a ta  (see  Methods s e c t i o n ) .



t i v e  i n h i b i t o r  o f  t h e  r a t  l i v e r  and Kidney PPH, however the  in  

v ivo  e f f e c t s  o f  t h e s e  i n h i b i t o r s  have n o t  been a s c e r t a i n e d .  

In  our l a b o r a t o r y ,  we have s y n t h e s i z e d  pyroglu tamyl  diazome- 

t h v l  Ketone (PDMK) (Fiqure  3) as a p o t e n t  i r r e v e r s i b l e  i n h i b ­

i t o r  o f  PPH f o r  s t u d i e s  i n  v iv o .  P r e i n c u b a t i o n  of p a r t i a l l y  

p u r i f i e d  PPH with nanomolar  c o n c e n t r a t i o n s  of  PDMK r a p i d l y  and 

t o t a l l y  i n a c t i v a t e s  t h i s  enzyme in  v i t r o  (Wilk and Friedman,  

1985) .

Although i t  has been reco q n ize d  s i n c e  t h e  1 9 5 0 's  t h a t  t h e  

hVDothalamus i n f l u e n c e s  t h e  r e l e a s e  of  p i t u i t a r y  horaones, i t  

was n o t  u n t i l  1969 t h a t  t h e  f i r s t  hypo tha lam ic  r e l e a s i n g  f a c ­

t o r .  TRH. was i s o l a t e d  from ovine  and p o rc in e  hypothalamic  

t i s s u e  (Boler e t  a l . ,  1969) .  TRH was found to  be a t r i p e p t i d e  

with  t h e  chem ica l  formula  pGlu-His-Pro-NH2. Although IRH was 

i n i t i a l l y  th o u q h t  to  only  r e q u l a t e  t h e  r e l e a s e  o f  TSH (Schal ly  

and Readinq .  1965; Wilber and U t i q e r ,  1967) ,  i t  was l a t e r  

found to  a l s o  induce  th e  r e l e a s e  of  p r o l a c t i n  (Jacobs e t  a l . ,  

1971: Bowers e t  a l . ,  1971) and qrowth hormone (Takahara e t

a l . .  1 9 7 4 ) .  I h e  a v a i l a b i l i t y  of  p u r i f i e d  TRH le d  to  d e v e lo p ­

ment of  s p e c i f i c  radioimmunoassays f o r  TRH ( E a s s i r i  and 

U t i a e r .  1972; J e f f c o a t e  e t  a l . .  1973) and to  t h e  d isco very  of 

TRH i n  e x t r a h v c o th a l a m ic  b r a i n  r e g i o n s  a s  w e l l  as o u t s i d e  th e  

CNS (Jack so n .  19 8 3 ) .  The l o c a l i z a t i o n  o f  TRH in  s p e c i f i c  

a r e a s  of  th e  f o r e b r a i n  and s p i n a l  cord  (Brownstein e t  a l . ,  

1974: H o k fe l t  e t  a l . .  1975) r e s u l t e d  in  t h e  c o n s i d e r a t i o n  of

TRH as  a n e u r o t r a n s m i t t e r .  Other  e v id e n ce  c o n s i s t e n t  with a 

neurom odula tor  o r  n e u r o t r a n s m i t t e r  r o l e  of  TRH in c lu d e  i t s



E iq u r e  3

Pyroglutamyl Diazomethyl Ketone

s t r u c t u r e  of pyroq lu tam yl  d iaz o m e th y l  k e to n e
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l o c a l i z a t i o n  i n  synaptosomes (Barnea e t  a l . ,  1578) ,  i t s  

Ca++-d ep e n ae n t  r e l e a s e  from s l i c e s  and synaptosomes (C h a r l i  e t  

a l .  . 1978; B e n n e t t .  1931) and th e  i d e n t i f i c a t i o n  o f  s p e c i f i c  

TRH b in d in q  s i t e s  in  v a r io u s  b r a i n  r e g i o n s  (Burt and T a y lo r ,  

198 0 ) .  TRH produces  c e r t a i n  s t i m u l a t o r y  e f f e c t s  and g e n e r a l  

a r o u s a l  i n  a n im a ls  (Metcalf  and D e t tm ar ,  1981) ,  a f f e c t s  th e rm -  

o r e q u l a t i o n  (M e tc a l f .  1974; H o r i t a  and C a r in o ,  1975) and r e s ­

p i r a t i o n  (Hedner e t  a l . .  1981) and r e v e r s e s  b a r b i t u r a t e  and 

e t h a n o l  induced h yp n o s i s  (Pranqe e t  a l . ,  1974) .  The c l i n i c a l  

u s e s  o f  TRH have in c lu d e d  t r e a t i n q  d e p r e s s io n  (Prange e t  a l . ,  

1972;  K a s t in  e t  a l . .  1972) .  e n d o to x ic  and hemorrhagic  shock 

(Holaday e t  a l . .  1981) and s p i n a l  in- jury  (Faden e t  a l . ,  19 8 3 ) .  

R e c e n t l y ,  c l i n i c a l  i n t e r e s t  in  TRH has  c e n t e r e d  on i t s  use t o  

t r e a t  p a t i e n t s  w i th  am yo troph ic  l a t e r a l  s c l e r o s i s  (Engel e t  

a l . . 1983) .

The i n i t i a l  breakdown o f  TRH in  v a r i o u s  t i s s u e s  a p pea rs  t o  

be c a t a l y z e d  py enzymes which c l e a v e  e i t h e r  of two bonds.  

E a r l i e r  s t u d i e s  found t n a t  in  t i s s u e s ,  t h e  i n i t i a l  d e g r a d a t io n  

p roceeded  by e i t h e r  deam ida t io n  now known t o  be c a t a l y z e d  by 

p r o l y l  e n d o p e p t id a se  (EC 3 .4 .2 1 .2 6 )  o r  by removal o f  t h e  

N - te r r a in a l  py ro q lu tam y l  r e s i d u e  c a t a l y z e d  by pyroq lu tam yl  pep ­

t i d e  h y d r o la s e  (Prasad  and P e t e r k o f s k y ,  1976; Eauer e t  a l . ,  

1978; G r i f f i t h s  and McDermott,  1983; G r i f f i t h s  e t  a l . ,  1979a; 

Browne e t  a l . .  1981; Hayes e t  a l . .  1979;  Bauer and K le in k a u f ,  

1980: K re ide r  e t  a l . .  1981; G r i f f i t h s  e t  a l . ,  1980; Busby e t  

a l . . 1982: S a f ra n  e t  a l . .  1962; Browne and O’ Cuinn, 1983) .

E s t im a te s  of t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  t h e s e  two enzymes

s*



t o  TRH d e g r a d a t i o n  vary widely  in  th e  l i t e r a t u r e ,  depending on 

whether  a s o l u b l e  o r  p a r t i c u l a t e  f r a c t i o n  i s  used and whether  

a t h i o l - r e d u c i n q  a q e n t  or  m eta l  c h e l a t o r  a r e  p r e s e n t  d u r in g  

t h e  a s s a y .  P r o l y l  e n d o p e p t id a s e ,  an enzyme c l a s s i f i e d  as a 

s e r i n e  p r o t e a s e  (Yoshimoto e t  a l . ,  1977) ,  i s  a c t i v a t e d  by 

t h i o l - r e d u c i n q  a q e n t s .  such a s  d i t h i o t h r e i t o l  (DTI) and i s  

found in  the  c y t o s o l i c  f r a c t i o n  of t i s s u e s  (Dresaner e t  a l . ,  

1982) .  PPH, c l a s s i f i e d  as  a c y s t e i n e  p r o t e a s e  (Mudge and F e l ­

l o w s .  197 3 ) .  has  been r e p o r t e d  t o  occu r  i n  both th e  s o l u b l e  

and p a r t i c u l a t e  f r a c t i o n s  (Browne e t  a l . , 1981; K re id e r  e t

a l . .  1981;  P rasad  e t  a l . .  1933) o f  t i s s u e s .  PPH i s  a c t i v a t e d  

bv t h i o l - r e d u c i n q  a o e n t s  and inetal  c h e l a t o r s  and a p p e a rs  to  

have a broad s p e c i f i c i t y  f o r  p y r o g l u t a m y l - c o n ta in i n g  p e p t i d e s  

(P ra sad  and P e t e r k o f s k y . 1976; Busby e t  a l . ,  1982; Browne and 

O 'C u in n .  19 8 3 ) .  A d d i t i o n a l l y ,  a TRH-deqrading enzyme which 

a l s o  c l e a v e s  t h e  pGlu-His bond of  TRH, has been i d e n t i f i e d  in  

r a t  serum (Tavlcr  and Dixon. 1978) and was p a r t i a l l y  p u r i f i e d  

from p o r c in e  serum (Bauer and Nowak, 1979) .  T h is  enzyme has a 

m o le c u la r  weiqht  of  260 ,000 ,  a p p e a r s  to  be r e l a t i v e l y  s p e c i f i c  

f o r  TRH and i s  i n h i b i t e d  by m e ta l  c h e l a t o r s  (Taylor and Dixon, 

1978; Bauer and Nowak. 1979; Bauer e t  a l . ,  1981b) .  R e c e n t ly ,  

a s i m i l a r  i 'Rh-deqradinq enzyme has  been i d e n t i f i e d  i n  gu inea  

p i a  b r a i n  (Greaney e t  a l . .  1980;  O'Connor and O 'Cuinn .  1984; 

G a ra t  e t  a l . ,  1 9 8 5 ) .  T h is  enzyme a l s o  has a h igh  m o le c u la r  

w e iah t  (2 30 .0 0 0 ) .  i s  i n h i b i t e d  by m e ta l  c h e l a t o r s  such a s  EDTA 

and a p p e a r s  t o  have a narrow s p e c i f i t y  f o r  c l e a v in q  t h e  pGlu- 

His bond in  TRH-like p e p t i d e s  (O'Connor and O 'Cuinn,  1984) .
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We i n i t i a l l y  d em ons t ra ted  t h a t  Z - P r o - P r o l i n a l  i n h i b i t e d  

D ro ly l  e n d o p e p t id a se  in  v ivo  (d i s c u s se d  below) • Z - P r o - P r o l i -  

n a l  may t h e r e f o r e  i n c r e a s e  t h e  l e v e l s  c f  t h o s e  n e u ro p e p t id e s  

which a r e  decraded  by p r o l y l  e n d o p e p t id a s e .  S i m i l a r l y ,  

5 - o x o p r o l in a l  and PDMK i n h i b i t e d  PPH i n  v ivo  and may t h e r e f o r e  

i n c r e a s e  the  l e v e l  o f  th o se  n e u r o p e p t id e s  degraded by PPH. 

TRH (pGlu-His-Pro-i 'iH2) was s e l e c t e d  as  a model p e p t i d e  f o r  

s tu d y  on the  e f f e c t s  o f  i n h i b i t o r s  on n e u ro p e p t id e  d e g ra d a t io n  

b ecause  i t s  i n i t i a l  d e g r a d a t i o n  p roceeds  th rough  deam ida t ion  

c a t a l y z e d  by p r o l y l  e n d o p e p t id a s e  a s  w e l l  as removal of the  

N - t e r m i n a l  o v roq lu tam vl  r e s i d u e  c a t a l y z e d  by py roq lu tam yl  pep ­

t i d e  h y d r o l a s e .

Z - P r o - P r o l i n a l  and PDMK were used to  a s s e s s  th e  r o l e s  of 

p r o l y l  e n d o p ep t id a se  and PPH in  t h e  d e g ra d a t io n  of  IRH in  

v i t r o .  Since PDMK i s  s p e c i f i c  f o r  PPH, t h i s  i n h i b i t o r  could 

be used t o  d e te rm in e  i f  t h e  membrane-bound and serum TRH-de- 

q r a a i n q  enzymes a r e  i d e n t i c a l  t o  PPH. The a c t i v i t i e s  o f  TRH- 

d e a r a d in q  enzymes i n  serum and b r a i n  f r a c t i o n s  were s t u d i e d .  

The e f f e c t  o f  Z - P r o - P r o l i n a l ,  PDMK, DTI and m eta l  c h e l a t o r s  on 

t h e s e  a c t i v i t i e s  was d e te rm in e d .  In  th e  p a r t i c u l a t e  f r a c t i o n  

o f  r a t  b r a in  and i n  serum we found s i g n i f i c a n t  TRH-degrading 

a c t i v i t y  in  th e  p resen ce  of  t h e  two s p e c i f i c  i n h i b i t o r s  us ing  

c o n d i t i o n s  f a v o r i n q  metal loenzyme a c t i v i t y .  This  s u g g e s t s  

t h a t  t h e  serum and p a r t i c u l a t e  enzymes a r e  d i s t i n c t  from PPH 

and c o n t r i b u t e  to  TRH d e g r a d a t i o n .  To f a c i l i t a t e  t h e  d e t e r m i ­

n a t i o n  o f  th e  D a r t i c u l a t e  and serum enzymes which appea r  t o  

have a narrow s p e c i f i c i t y  f o r  c l e a v i n g  the  pGlu-His bond in
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TRH-lixe p e p t i d e s .  a coupled  assay  with pGlu-His-Pro-2NA as 

th e  s u D s t r a t e  in  th e  p resen c e  o f  e x ce ss  d ia ra in o pep t ida se  IV 

(EC 3 . 4 .1 4 .1 )  (DAP IV) was d e v e lo p ed .  This  a ssa y  a l lowed us 

t o  s tu d y  t h e  d i s t r i b u t i o n  o f  t h i s  a c t i v i t y  in  r a t  b r a i n  

r e q i o n s  and r a t  t i s s u e s  and compare i t  t o  th e  s o l u b l e  PPH 

a c t i v i t y .  A d d i t i o n a l l y ,  th e  e f f e c t  of  i n h i b i t o r s  and a c t i v a ­

t o r s  o f  t h i s  p a r t i c u l a t e  enzyme was s t u d i e d  and th e  Ki o f  TRH 

f o r  t h i s  enzyme was d e te rm in e d .

The s p e c i f i c  i n h i b i t o r s  o f  th e s e  enzymes, Z - P r o - P r o l i n a l  

and PDMK can be used to  d e te rm in e  which pathway p redom ina tes  

o h v s i o l o q i c a l l y . The use o f  these;  two i n h i b i t o r s ,  s e p a r a t e l y  

o r  t o q e t h e r .  shou ld  b lock  t h e  metabolism o f  TRH and e l e v a t e  

i t s  endoqenous l e v e l s .  This  was s t u d i e d  by i n j e c t i n g  t h e  

i n h i b i t o r  (s) i n t o  r a t s  and measurinq  t i s s u e  TRH l e v e l s  i n  t h e  

hypothalamus,  p i t u i t a r y  and f r o n t a l  c o r t e x  by RIA (see  b e lo w ) . 

A d d i t i o n a l l y ,  an e l e v a t i o n  o f  TRH shou ld  produce an i n c r e a s e  

i n  serum l e v e l s  of  TSH and p r o l a c t i n .  These hormones were 

measured in t h e  serum by RIA.

P re l im in a ry  r e s u l t s  i n  our  l a b o r a t o r y  i n d i c a t e  t h a t  p r o l y l  

en d o p e p t id a se  has a hiqh a f f i n i t y  f o r  LHRH (Bier  and Wilk, 

unpub l ished  r e s u l t s ) .  In  c rude  homoqenates ,  th e  pr imary  s i t e s  

o f  c le a v a q e  o f  LHRH (p G lu -H is -T rp -S e r -T y r -G ly -L eu -A rq -P ro -G ly -  

NH2) a r e  the  P y r o a l u 1- H i s 2 bond, t h e  T y rs -G ly6 bond and t h e  

P ro9-Glycinamide*o bond (McKelvy e t  a l . ,  1982, Bauer e t  a l . ,  

1 9 8 1 a ) .  Pyroq lu tam yl  p e p t id e  h y d r o l a s e  (Bauer e t  a l . ,  1981a) ,  

a s o l u b l e  m e ta l i o e n d o p e p t id a s e  s t u d i e d  i n  our  l a b o r a t o r y
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(Orlowski e t  a l . .  1983}, and p r o l y l  e n d o p ep t id a se  (Wilk e t

a l . . 1979a) cou ld  c le a v e  t h e s e  bonds r e s p e c t i v e l y .

LHRH a n a l o q s .  m odif ied  by rep la ce m e n t  of the  G lyc ineam ide*0 

r e s i d u e  witn E thylamide  and th e  Gly® r e s i d u e  with a D-amino 

a c id  r e s i d u e .  a c t  a s  l o n q - l a s t i n q  a q o n i s t s .  These a n a lo g s  

have wide c l i n i c a l  uses  {Ziporyn, 1985) i n c lu d in g  t r e a tm e n t  of 

D r o s t a t i c  can ce r  ( T o l i s ,  e t  a l . ,  1982) ,  p rem e n s t ru a l  syndrome 

<Muse e t  a l . .  1984) and a s  c o n t r a c e p t i v e  a g e n t s  ( N i l l i u s ,  e t  

a l . .  1978; B e r q q u i s t  e t  a l . ,  1979) .  I t  i s  p o s s i b l e  t h a t  t h e  

lonq  d u r a t i o n  o f  t h e s e  m od if ied  LHRH compounds i s  due to  t h e i r  

r e s i s t a n c e  t o  d e g ra d a t io n  between t h e  T y rs -G ly6 bond, t h e  

Glv6-L eu7 bond o r  t h e  Pro9 -G ly c in eam id e i°  bond. Z - P r o - P r o l i -  

n a l  cou ld  i n h i b i t  t h e  d e q r a d a t i o n  o f  LHRH a t  t h e  

P ro9-Glycineamice*o bond by p r o l y l  en d o p ep t id a se  and might 

a l s o  pro long t h e  a c t i o n  of LHRH. We, t h e r e f o r e ,  were i n t e r ­

e s t e d  in  examininq t h e  e f f e c t  of Z - P r o - P r o l i n a l  on the  h a l f -  

l i f e  o f  LHRH.

C e l l  c u l t u r e s  o f f e r  an i n t e r e s t i n g  and simple  system f o r  

t e s t i n g  the  e f f e c t  o f  i n h i b i t o r s  on p e p t id e  m e ta b o l i z in g  

enzvraes. GH3 c e l l s  a r e  a l i n e  o f  c e l l s  c loned from a r a t  

a n t e r i o r  p i t u i t a r y  tumor and p ro p aqa ted  s in c e  1965 (T ash j ian  

e t  a l . .  1968) .  which s y n t h e s i z e  and s e c r e t e  growth hormone 

and p r o l a c t i n  (T ash i ian  and B a n c r o f t ,  1970) .  S ince  t h e s e  

c e l l s  a r e  d e r iv e d  from a s i n q l e  c e l l  and can be p ropaqa ted  in 

c u l t u r e ,  they o f f e r  many a d van tag es  t o  th e  i n v e s t i g a t o r  s t u d y ­

ing  t h e  e f f e c t s  o f  v a r i o u s  compounds on p i t u i t a r y  f u n c t i o n .
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Since  1S71. when i n c r e a s e d  p r o l a c t i n  s y n t h e s i s  and s e c r e t i o n  

bv GH3 c e l l s  in  r e s p o n s e  t o  nanoqram amounts of TRH was no tea  

( T a s h i i a n  e t  a l . .  1971) .  GH3 c e l l s  have been used e x t e n s i v e l y  

t o  s tu d y  th e  mechanism of  a c t i o n  o f  TRH. TRH ind u ces  t h e  

s y n t h e s i s  of p r o l a c t i n  e i t h e r  by b in d in g  t o  a r e c e p t o r  on th e  

plasma membrane (Martin  and T a s h i i a n ,  197 7) o r  by e n t e r i n g  t h e  

c e l l  and b in d ing  to  a n u c l e a r  r e c e p t o r  ( L a v e r r i e r e  e t  a l . ,  

1 961) .  Hinkle  and T a s h i i a n  (1975) showed t h a t  i n t e r n a l i z e d  

TRH i s  s low ly  deqraded  w i th in  GH3 c e l l s  b u t  made no a t t e m p t  t o  

i n v e s t i g a t e  which enzymes were r e s p o n s i b l e  f o r  t h i s  d e g ra d a ­

t i o n .  The r o l e  o f  i n t r a c e l l u l a r  p r o t e o l y t i c  enzymes i n  t h e  

r e g u l a t i o n  o f  TRH-inauced p r o l a c t i n  s y n t h e s i s  rem ains  unexp­

l o r e d .  GH3 c e l l s  should  c o n s t i t u t e  an i d e a l  system f o r  s t u d ­

i e s  on t h e  r o l e  o f  th o s e  enzymes r e s p o n s i b l e  f o r  TRH d e g ra d a ­

t i o n .

Gver the  p a s t  few y e a rs  our  l a b o r a t o r y  group has a c t i v e l y  

i n v e s t i g a t e d  a number of b r a i n  and p i t u i t a r y  n e u r o p e p t i d e - a e -  

g ra d in q  enzymes i n c l u d i n g  p r o l y l  e n d o p e p t id a se  (Orlowski e t  

a l . .  1979) arid py roq lu tam y l  p e p t i d e  h y d r o l a s e .  O ther  n e u ro -  

o e p t i d e - d e q r a d i n q  enzymes s t u d i e d  by o u r  l a b o r a t o r y  group 

i n c l u d e  a membrane-bound n e u t r a l  m e t a i l o e n d o p e p t id a s e  (Orlow­

s k i  and Wilk. 1981) . a s o l u b l e  m e ta i l o e n d o p e p t id a s e  (Orlowski  

e t  a l . .  1983) and a m u l t i - c a t a l y t i c  p r o t e a s e  complex (Wilk e t  

a l .  . 1979b: Wilk and O r lo w s k i .  198 3 b ) .  We were i n i t i a l l y

i n t e r e s t e d  in  d e te rm in in g  th e  p re s e n c e  o f  t h e s e  enzymes a s  

w e l l  a s  a m in o p ep t id ase  and lysosom al  c a t h e p s i n  3 and D in  GH3 

c e l l s .  We. t h e r e f o r e .  compared t h e  a c t i v i t i e s  o f  t h e s e
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enzymes in  GH3 c e l l  homoqenates and in  hcmoqenates of  r a t  

a n t e r i o r  D i t u i t a r i e s .  T h is  i n f o r m a t i o n  should  be o f  va lue  in  

s t u d i e s  on t h e  r o l e  o f  p r o t e o l y t i c  enzymes in  th e  metabolism 

o f  TRH. o t h e r  n e u ro p e p t id e s  and p e p t i d e  hormones,  both  i n  th e  

a n t e r i o r  p i t u i t a r y  and in  c e l l  c u l t u r e s .

With t h e  f i n d i n q  t n a t  n e u r o p e p t id e - d e q r a d in g  enzymes a r e  

p r e s e n t  i n  GH3 c e l l s ,  i t  was o f  i n t e r e s t  t o  examine t h e  

e f f e c t s  o f  i n h i b i t o r s  on t h e  enzymes p r e s e n t  i n  t h e s e  c e l l s .  

Some o f  t h e  b e s t  documented examples o f  a compensatory  

r e s p o n s e  bv c e l l s  exposed to  an i n h i b i t o r  i n c l u d e  an i n c r e a s e  

in  d i h v d r o f o l a t e  r e d u c t a s e  produced by m e th o t r e x a te  ( J o l i v e t  

e t  a l . .  1983\ and an i n c r e a s e  in  o r n i t h i n e  d e c a rb o x y la se  by 

d l - m e th v lo r n i th in e  and o t -d i f  l u o r o m e t h y l o r n i t h i n e  (Choi and 

S c h e f f l e r .  19 81 ) .  I n i t i a l l y .  Z - P r o - P r o l i n a l  and 5 - o x o p r o l i n a l  

were t e s t e d  f o r  t h e i r  a b i l i t y  to  i n h i b i t  p r o l y l  e n d o p e p t id a s e  

and PPH in  GH3 c e l l s .  Z - P r o - P r o l i n a l  e f f e c t i v e l y  i n h i b i t e d  

o r o l v l  e n d o p e p t id a s e  (see be low );  5 - o x o p r o l i n a l ,  however, 

u n e x p e c te d ly  in c r e a s e d  PPH a c t i v i t y  upon e x po su re  t o  t h e  

i n h i b i t o r  fo r  3 d ay s .  The c o n c e n t r a t i o n - d e p e n d e n t  and t im e -  

dependen t  i n c r e a s e  was c h a r a c t e r i z e d  and found to  be s p e c i f i c  

f o r  5 - o x o p r o l i n a l  s u a q e s t i n q  t h a t  t h e  a c t i v i t y  of PPH in  GH3 

c e l l s  i s  s u o i e c t  t o  complex r e q u l a t o r y  mechanisms.

The e f f e c t s  o f  t h e  i n h i b i t o r s  on p r o l a c t i n  r e s p o n se  was 

a l s o  s t u d i e d .  TRH was added to  t h e  c e l l s  i n  t h e  p resen c e  of  

e i t h e r  Z - P r o - P r o l i n a l . 5 - o x o p r o l i n a l , o r  bo th  i n h i b i t o r s  and 

a f t e r  1 hour and 3 d a y s ,  t h e  medium was removed and a s sa y ed



f o r  p r o l a c t i n  bv rad io imm unoassay .  The 1 hour i n c u b a t i o n  

measured newly s e c r e t e d  p r o l a c t i n  and t h e  3 day i n c u b a t i o n  

measured newly s y n t h e s i z e d  p r o l a c t i n .  I t  was expec ted  t h a t  

s i n c e  th e  i n h i b i t o r s  would p r e v e n t  p r o l y l  e n d o p e p t id a se  and 

PPH from deq rac in q  IRH. t h e  e f f e c t s  o f  TRH would be more p r o ­

nounced and th e  p r o l a c t i n  r e s p o n s e  would be q r e a t e r  in  t h e  

p re s e n c e  of t h e  i n h i b i t o r ( s ) .
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MATERIALS

The fo l lo w in q  s u b s t r a t e s  were s y n t h e s i z e d  in  our l a b o r a t o r y  

a s  d e s c r i b e d :  Bz-Gly-Ala-Ala-Phe-pAB (Orlowski e t  a l . ,  1983) ;

Z-Glv-Pro-SM (Orlowski e t  a l . .  1979) ;  Z-Leu-Leu-Arg-2NA 

(Orlowski e t  a l . .  1981) ;  G lu ta ry l -A la -A la -Ph e -2 N A  (Orlowski 

and W ilk .  1981) ;  Z-Gly-Gly-Leu-pNA (Wilk e t  a l . ,  1979b) ;  

Z-Leu-Leu-Glu-2NA (Wilk and O r low sk i ,  1 980) ;

TFA«D-Phe-(Q-Benzyl)Ser-Phe-Phe-Ala-Ala-pAB (Orlowski  e t  a l . ,  

196 4 ) .  dG1u-2NA was o b t a i n e d  from United  S t a t e s  B iochem ica l  

C o r p o r a t io n  (C lev e la n d .  OH). pGlu-His-Pro-2NA was o b t a i n e d  

from Bachem. I n c  (Bubendorf . S w i t z e r l a n d ) . The f o l lo w in g  

i n h i b i t o r s  were s y n t h e s i z e d  in  our  l a b o r a t o r y  as  d e s c r i b e d :  

N - f1 (R»S)- c a r b c x v - 2 - p h e n v le t h y l  1-Ala-Ala-Phe-pAB (Chu and 

OrlowsKi.  1984) :  Z - P r o - P r o l i n a l  (Wilk and O r low sk i ,  1 9 8 3a ) ;

N-r 1 (R .S ) - c a r b o x y - 2 - p h e n y l e t h y l  1-Phe-pAB (Almenoff and Orlow­

s k i .  1983):  pyroq lu tam yl  d ia z o m e th y l  ke tone  (Wilk e t  a l . ,

19 8 5 ) .  TRH. LHRH. L -p v ro q lu ta m a te ,  Leu-pNA, l e u p e p t i n ,  dime­

t h y l  s u l f o x i d e .  DNA ( c a l f  thymus, typ e  I ) ,  c y c l o ( K i s - P r o )  , 

c h lo ra m in e  T» c y c lo h e x im id e . Pro-2NA, t - B o c - H i s ,  o - p h e n a n t h r o -  

l i n e .  d i t h i o t h r e i t o l  and t h i m e r o s a l  were o b ta in e d  from Sigma 

Chemical  Co. ( S t .  L o u is ,  MO). Th iony l  c h l o r i d e ,  t r i f l u o r o a c e -  

t a t e  and p y r i d i n e  were o b t a i n e d  from F i s h e r  S c i e n t i f i c  Corp. 

( F a i r l a w n .  N J) .  TRH-OH was o b t a i n e d  from P e n in su la  L a b o r a t o r ­

i e s  (San C a r l o s .  CA). Sodium b o r o h y d r id e ,  N,N' - D i c y c i o h e x y l -  

c a r b o d i im i d e .  3 .5  d iam inobenzo ic  a c i d  d i h y d r o c h l o r i d e ,  d i n i -  

t r o o h e v l h y d r a z i n e .  N - m e t h y l p y r r o l e - 2- c a rb o x a ld e h y d e  and



2- th ioD henecarboxaldehyde  were o b ta in e d  from A ld r ich  Chemical 

Coro. (Milwaukee. WI). Gly-Pro-2NA was o b ta in e d  from Bachem 

Chemicals  (T o r ran ce .  CA). N o r i t  a c t i v i a t e d  c h a r c o a l  was 

o b t a in e d  from Amend Druq and Chemical Co. ( I r v i n g t o n ,  N J ) . 

S i l i c a  q e l  (40 um averaqe  D a r t i c l e  d iam e te r )  was o b ta in e d  from 

J . T .  Baker Chemical Co. ( P h i l l i p s b u r q ,  NJ) . Dimethyl  s u l f o x ­

id e  was r e d i s t i l l e d  over NaGH ana s t o r e d  under n i t r o g e n  in  a 

f l a s k  c o n ta in i n g  d r i e d  4A m o le cu la r  s i e v e s .  P y r i d i n e  was 

r e d i s t i l l e d  o v e r  KOH and s t o r e d  under n i t r o g e n  i n  a f l a s k  con­

t a i n i n g  dry KOh. LHRH a n t i s e r u m  was o b ta in e d  from A ccura te  

Chemical  Co. (U es tbury .  NY). I-125-LHRH, I - 1 2 5 - p r o l a c t i n  and

I-125-TRH were o b ta in e d  from New England Nuclear  (Boston,  MA) . 

N a-I-125  was o b ta in e d  from Amershara Corp. (A r l in g to n  H e ig h ts ,  

I L ) . I r a s v l o l  was o b ta in ed  from Mobay Chemical Corp.  (New 

York. NY). Pentex  bovine  serum albumin was o b ta in e d  from 

Miles  L a b o r a to r i e s  (Kanakee, I L ) . Goat a n t i - r a b b i t  second 

a n t ib o d y  was o b t a in e d  from Cappel Co. (C o c h ra n v i l l e ,  PA). 

S i l i c a - c o a t e d  p l a t e s  (Polyqram S i l  G/UV 254, 40 mm X 80 mm)

f o r  t h i n - l a v e r  chroraatoqraphy were o b ta in e d  from Brinkmann 

I n s t r u m e n t s  (Westbury. NY). R a b b i t  s e r a  and d i i s o p r o p y l f l u o -  

roDhosphate  (DE P) were o b t a in e d  from Calbiochem-Boehring (La 

J o l l a .  CA). All  media components were o b ta in ed  from Gibco 

L a b o r a t o r i e s  (Grand I s l a n d .  NY). R a b b i t  b r a i n s  were o b ta in e d  

from P e l  Freez (Roqers. AK) and bovine  b r a i n s  from a l o c a l  

a b b a t o i r .  TRh a n t i se ru m  was a qenerous  q i f t  from Dr. P i e r s  

Emson of  the  MRC Neuropharmacology u n i t ,  Cambridge, UK.
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His-Pro-2NA was p rep a red  in  our  l a b o r a t o r y  by c o u p l in g  

t - B o c - H i s  t o  Pro-2NA i n  t h e  p re s e n c e  of  

N .N ' - d i c v c l o h e x y l c a r b o d i i m i d e .  The t -Boc  group was removed by 

t r e a t m e n t  with t r i f l u o r o a c e t i c  a c i d  and th e  t r i f l u o r o a c e t a t e  

s a l t  o f  His-Pro-2NA was o b t a i n e d  by removal of t h e  t r i f l u o r o a -  

c e t i c  a c i d  by e v a p o r a t i o n  fo l low ed  by p r e c i p i t a t i o n  with  

e t h e r .

DAP IV was p u r i f i e d  t o  a p p a r e n t  homogeneity from r a b b i t  

k idney  c o r t e x  e s s e n t i a l l y  a s  d e s c r i b e d  by Yoshimoto and H a l t e r  

(1977) .  The p u r i f i e d  enzyme l i b e r a t e d  500 umol 2NA per  mg 

p r o t e i n  p e r  h from t h e  s u b s t r a t e  Gly-Pro-2NA. C a l f  l i v e r  PPH 

was o b t a in e d  from B oehr inqe r  Mannheim B iochem ica ls  ( In d ian a p o ­

l i s .  I N ) .  P r o l y l  e n d o p e p t id a s e  was p u r i f i e d  from r a b b i t  b r a i n  

t o  a p p a r e n t  homogeneity a s  d e s c r i b e d  by Wilk and Orlowski  

(1 9 8 3 ) .  PPH was p a r t i a l l y  p u r i f i e d  from bovine  b r a i n .  I t  

c o - D u r i f i e s  w i th  p r o l y l  e n d o p e p t id a s e  up to  th e  Sephaaex G-100 

chrom atoaraohv  s t e p  (Wilk and O r lo w sk i ,  198 3 a ) .  PPH (MW 

2 4 .0 0 0 -3 0 .0 0 0 )  i s  then  r e s o l v e d  from p r o l y l  e n d o p e p t id a s e  (MW 

6 6 .000)  by t h e  Sephadex G-100 column. At t h i s  s t a g e  bovine  

b r a i n  PPH which was p u r i f i e d  220 f o l d  from t h e  o r i g i n a l  s u p e r ­

n a t a n t  has  a s p e c i f i c  a c t i v i t y  o f  66 u n i t s /  mg p r o t e i n  (one 

u n i t  i s  d e f in e d  as  t h e  amount of  enzyme r e l e a s i n g  1 nmol 2NA 

p e r  h from pGlu-2NA). A m inopep t idase  M (EC 3 . 4 . 1 1 . 2 )  was 

p u r i f i e d  from hoq k idneys  a c c o rd in g  t o  th e  p ro c e d u re  of  

P f l e i d e r e r  (1970) .  To remove c o n ta m in a t in g  membrane-bound 

n e u t r a l  m e t a i l o e n d o p e p t id a s e  (Almenoff and O r lo w sk i ,  1983) ,  

t h e  enzyme was chromatographed on pheny l  s e p h a ro se  CL4B.
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NMR s p e c t r a  were performed i n  CDC13 on a Varian  FT 80-A 

i n s t r u m e n t  and a re  r e p o r t e d  in  ppm d o w n f ie ld  from TMS=0. IR 

s o e c t r a  were perform ed on a Beckman IR8 i n s t r u m e n t ;  only  d i a g ­

n o s t i c  peaks a r e  r e p o r t e d .
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METHODS

S M 5MESIS ‘QE IK b iailQRS 

‘SMc-thesis ‘ofi S^QaibaxQiinal

5 - o x o o r o l i n c l  (F iqure  , I I I )  (5-hydroxymethyl  p y r r o l i d i -  

none) was s y n t h e s i z e d  from 5 - o x o p r o l in e  (I)  (pyroq lu tam ate)  

a c c o rd in q  t o  t h e  method of S a i i o  e t  a l .  (1980) as  d e s c r i b e d  

i n  F iq u re  4 .  T h iony l  c h l o r i d e  (8.9 q,  75 mmol) was added 

droDwise t o  a s o l u t i o n  of L -p y ro q lu ta m a te  (I)  (12.9 g ,  100

mmol) d i s s o l v e d  in  120  ml m e th an o l ,  p lac ed  o ve r  a m agnetic  

s t i r r e r  and m a in ta in e d  a t  - 2 0 ° .  A f t e r  30 min , t h e  s o l u t i o n  

was b ro u q h t  to  room t e m p e r a tu r e  and s t i r r e d  f o r  3 h o u r s .  

A f t e r  removal o f  t h e  s o l v e n t ,  t h e  r e s u l t i n g  o i l  was vacuum 

d i s t i l l e d  f l 4 5 ° - 1 5 0 ° .  4 mm Hq) y i e l d i n g  10 .34  q (72.3 mmol) of 

t h e  m ethyl  e s t e r  of p y ro q lu ta m a te  ( I I ) .

The methyl e s t e r  o f  p y ro q lu ta m a te  ( I I )  (7 .4  q , 51.7 mmol) 

was d i s s o l v e d  i n  72 ml o f  e t h a n o l .  The s t i r r e d  s o l u t i o n  was 

p lac ed  in  an i c e  ba th  and sodium b o ro h y d r id e  (1.96 g ,  51.7  

mmol) was added over a p e r i o d  of  30 min. The r e a c t i o n  was 

c o n t in u e d  f o r  2 more hours  a t  room t e m p e r a t u r e .  The m ix tu re  

was th en  a c i d i f i e d  with c o n c e n t r a t e d  HC1, f i l t e r e d ,  and t h e  

f i l t r a t e  was e v a p o ra te d  under  reduced  p r e s s u r e  to  q ive  an o i l  

which was chromatoqraphed on a s i l i c a  q e l  column (2 X 25 cm ). 

The column was e l u t e d  w i th  e t h y l  a c e t a t e  fo l low ed  by e l u t i o n  

w ith  a m ix tu re  of  e t h y l  a c e t a t e - m e t h a n o l  ( 9 0 :1 0 ) .  An o i l
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( I I I )  was o b ta in e d  which was c r y s t a l l i z e d  from an e t h y l  

a c e t a t e - c h l o r o f o r r a  m ix tu r e .  A w h i te  s o l i d  with a m el t inq  

p o i n t  of 72°-7u°  was o o t a i n e d ,  i n  agreement with the  va lue  

reD or ted  in  t h e  l i t e r a t u r e  ( S a i io  e t  a l . ,  1980) .  T h in - l a y e r  

chromatoqraohv in  an e t h e r - 2- p ro p a n o l  s o l v e n t  system (85 :1 5 ) ,

r e v e a l e d  a s i n g l e  spo t  (Rf o f  0 .06)  when v i s u a l i z e d  by th e

c h l o r i n e - t o l i d i r . e  method f o r  n i t r o q e n - c o n t a i n i n g  compounds 

(Krebs e t  a l . ,  1969) .

The a lc o h o l  ( I I I )  was o x i d i z e d  t o  the  a ldehyde d e r i v a t i v e ,  

5 - o x o p r o l i n a l  ( IV ) , u s inq  a m o d i f i c a t i o n  of t h e  methods of

P f i t z n e r  and Moffat  (1965) and Jones  and Wigfield  (1966). A 

weak a c i d .  pvr id in ium  t r i f l u o r o a c e t a t e  (PTFA), p repared  

a c c o rd in g  to  Bourne e t  a l .  (1954) ,  was th e  c a t a l y s t .  

N .N '-D ic v c lo h e x v lc a rb o d i im id e  (2 .7  q ,  13 mmol) was added to

r e d i s t i l l e d  DMSO (12.5 ml, 175 mmol). A f te r  s t i r r i n g  b r i e f l y ,

5 - o x o o r o l in o l  ( I I I )  (230 mq. 2 mmol) fo l low ed  by PTFA (240 mg, 

1 .25  mmol) were added.  The pH remained c lo s e  to  n e u t r a l ,  a 

c o n d i t i o n  which i s  n e c e s sa ry  because  the  p y r r o l id o n e  r i n g  i s  

l a b i l e  t o  a c i d i c  and b a s ic  c o n d i t i o n s .  The a ldehyde was quan­

t i t a t e d  bv t h e  fo rm at ion  of  th e  2 ,4 - d in i t r o p h e n y l h y a r a z o n e  

d e r i v a t i v e .  us ing  b u ty ra ld eh y d e  as  s t a n d a rd  (Reingold and

O r lo w sk i .  1 9 7 9 ) .  A f te r  6 h o u r s ,  no f u r t h e r  i n c r e a s e  in  a l d e h ­

yde cou ld  be d e t e c t e d .  The h i q h e s t  y i e l d  o b ta in ed  from t h i s  

r e a c t i o n  was about  35%.

Chloroform was added and t h e  r e a c t i o n  m ix ture  was f i l t e r e d .  

The f i l t r a t e  was e v ap o ra te d  under reduced p r e s s u r e  a t  room
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t e m p e ra tu re  t o  remove the  ch lo ro fo rm  ana a t  55° under vacuum 

f o r  a s h o r t  p e r io d  of  t ime t o  remove some of  th e  DMSO. The 

o i l  was chromatoqraphed on a s i l i c a  q e l  column (2.5 X 35 cm) 

and e l u t e d  s t e p w is e  with e t h e r : i so p ro p a n o l  (0% to  15?( i s o p r o -  

p a n o l ) . The e l u a t e  was m onitored  fo r  a ldehyde by a 

2 .4 - d in i t r o D h e n v lh y d r a z in e  (DNP) spray  (0.4X in  2N HCi) . The 

a ldehvde  emerced with  e t h e r - i s o p r o p a n o l  (8 5 :1 5 ) .  Removal of  

th e  s o l v e n t  o f  th e  pooled a ld e h y d e - c o n ta i n in g  f r a c t i o n s  

y i e ld e d  an o i l  ( IV ) . ILC a n a l y s i s  i n  an e t h e r - 2 - p r o p a n o l  s y s ­

tem (85:15) r e v e a l e d  one DN P-posi t ive  s p o t  with  an Rf v a lu e  of 

0 .2 0 .  When v i s u a l i z e d  with  th e  t o l i d i n e  s p r a y ,  however, a 

f a s t  movinq s p o t  was a l s o  p r e s e n t .  To remove t h i s  con tam i­

n a n t .  th e  o i l  was p u r i f i e d  u s inq  a f l a s h  chromatography ( S t i l l  

e t  a l . .  1978) s i l i c a  q e l  column (1 .5  X 60 cm) e q u i l i b r a t e d  

with a m ix tu re  of  c h lo r o f o r m - e th a n o l  (9 5 : 5 ) .  e lu t e d  under 

n i t r o a e n  p r e s s u r e  with t h i s  s o l v e n t .  The r e s u l t i n g  o i l ,  when 

chromatoaraDhed on a TLC p l a t e ,  a f f o r d e d  only  one s p o t  when 

v i s u a l i z e d  with  t h e  t o l i d i n e  s p r a y ,  which c o in c id e d  with  t h e  

s dot  f o r  a ldehyde  v i s u a l i z e d  bv t h e  DNP s p r a y .  This  i n d i c a t e d  

t h a t  no o t h e r  n i t r o q e n - c o n t a i n i n q  compound was p r e s e n t .  The 

amount of  a ld e h v d e .  however. as  q u a n t i t a t e d  by 2 , 4 - a i n i t r o -  

ohenvlhvdrazone  fo rm at io n  with b u ty ra ld eh yd e  as a s t a n d a r d  was 

l e s s  th an  th e  weiqht  of th e  o i l ,  p o s s ib l y  due to  incom ple te  

removal o f  s o l v e n t  (s) . 1H NMR (CDC13) ^2 .38  m, H*<ci/H g ,£ ;

cHi.22 m. Hy: J 9 .6 1  br s .  CHO. IR vmax ( o i l ,  NaCl s a l t

p l a t e s ) :  3400. w, NH: 1630 era- *, m. CONH o v e r l a p  CHO.
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'S^n±ties4s a£ the 2 .4-iiaitlQhhgniih^d£azoQe cetivaiive of 
5jgatooj8flAi.aa3)

P a r t i a l l y  p u r i f i e d  5 - o x o p r o l i n a l  (IV) (75 mg, 0.66 nmol) ,  

o b t a i n e d  from th e  f i r s t  s i l i c a  g e l  chroraatoqraphy s t e p ,  was 

d i s s o l v e d  i n  4 ail o f  95.» e t n a n o l .  A DNP s o l u t i o n  was p re p a re d  

bv d i s s o l v i n g  DNP (0.4 g ,  2 imnol) i n  2 ml o f  c o n c e n t r a t e d  

H 2SG4 . add inq  3 ml of  water  and 10 ml o f  955. e t h a n o l .  3 ml of  

t h i s  s o l u t i o n  was added t o  t h e  a ldehyde  s o l u t i o n .  A s o l i d  

p r e c i p i t a t e d  imm edia te ly  which was f i l t e r e d ,  d i s s o l v e d  i n  

c h lo r o f o r m ,  and chromatoqraphed on a s i l i c a  q e l  column. The 

column was washed with c h lo ro fo rm  and t h e  D N P-de r iva t ive  was 

th e n  e l u t e d  w i th  a m ix tu re  of c h lo r o f o r m - e t h a n o l  ( 9 5 : 5 ) .  The 

p u re  D N P -d e r iv a t iv e  as d e te rm ined  by TLC (Rf va lue  o f  0 .11  

u s i n g  a c h lo r o f o r m - e t h a n o l  m ix tu re  ; 9 5 : 5 ) ,  e l u t e d  a s  the  s e c ­

ond component from th e  column. Removal o f  t h e  s o l v e n t  y i e l d e d  

a ye l lo w  s o l i d  with  a m e l t in q  p o i n t  o f  17 5 ° -1 7 7 ° .  The NMR of  

t h e  s o l i d  confi rm ed  t h a t  t h e  2 . 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v ­

a t i v e  o f  5 - o x o p r o l i n a l  was formed (F iq u re  1 ) .  JH.NHR i n  

CDCL3: c(2.50 br  t ,  J=5.6  Hz. H<x,o^/Hg,£ ; A . 55, m, Ĥ -; J 5 .8 3 ,  

b r  s .  exchanqe with D^O. lac tam  NH; <f7.40, d ,  J=4.9  Hz, CH=N;

A . 90.  d .  3=9.5 Hz. H6 ; J 8 .4 0 ,  dd.  3 =9.5 Hz. J  =3.0 Hz, H :
D o m 5

/ 9 . 10 .  d .  3=3.0 Hz. H3; i l l . 10 .  br  s .  exchanqe w i th  D20,  N-NH; 

IR vmax (CHC13 s o l u t i o n .  NaCl c e l l  w i th  a 0 .2  mm p a t h l e n g t h ) : 

3460. 3460. w. NH: 3350. w. NH: 1690,  m, CONH; 1650, 1630, s ,  

C=N: 1550 cm- 1 . s .  N02. Anal ,  c a l c d .  f o r  c n N5° 5h n : H 3 .7 8 ,  

C 4 5 .0 5 .  N 23 .8 8 ;  Found: H 3 .8 2 ,  C 45 .18  N 23 .81 .



26

A s t a n d a r d  cu rve  p rep a red  by r e a c t i n q  Known amounts of t h e  

s o l i d  2 . 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e  of 5 - o x o p r o l i n a l  

w i th  t h e  c e l l o s o l v e  r e a q e n t  (Reinqold  and O r low sk i ,  1S79) was 

found to  be s i m i l a r  to  t h e  c u rv e  with  b u ty ra ld e h y d e  as  s t a n ­

d a r d .

EMiZ&M&l l C  ‘MS&LS

•Dat'ejsai d a i lQ c  of, enzyma t i c ac£ I .v i- ti£s

The a c t i v i t i e s  o f  a l l  enzymes were measured by d e te rm in in g  

t h e  r e l e a s e  of a ro m a t ic  amines from th e  a p p r o p r i a t e  chromo- 

q e n ic  s u b s t r a t e  u s in q  t h e  d i a z o t i z a t i o n  p rocedure  o f  B r a t t o n  

and M a rsh a l l  {19391 as m o d i f ie d  by Goldbarg and Rutenberg 

(1 95 8 ) .  For samples  with low amounts of a ro m a t ic  am ines ,  t h e  

f o l l o w in g  m o d i f i c a t i o n  was i n t r o d u c e d  to  i n c r e a s e  t h e  s e n s i ­

t i v i t y  o f  th e  d i a z o t i z a t i o n  p r o c e d u r e :  540 ul  o f  mouse t i s s u e

homoqenate was added to  60 u l  o f  25% (w/v) t r i c h l o r o a c e t i c

a c i d  o r  250 u l  of i n c u b a t i o n  m ix tu re  was added t o  250 u l  o f  

10% (w/v) t r i c h l o r o a c e t i c  a c i d .  P r e c ip a te d  p r o t e i n  was

removed bv c e n t r i f u q a t i o n  a t  4° f o r  10 min a t  3000g. SM con­

c e n t r a t i o n s  were de te rm ined  in  375 u l  o f  th e  s u p e r n a t a n t  by 

a dd inq  187 u l  0.2% sodium n i t r i t e  fo l lo w ed  a f t e r  3 rain by 187 

u l  10% ammonium s u l f a m a te .  A f t e r  an a d d i t i o n a l  2 min,  250 u l  

o f  a 0.16% s o l u t i o n  o f  N - ( 1 - n a p h th y l ) e t h y l e n e d i a m in e  d i n y d r o -  

c h l o r i d e  was added.  The t u b e s  were c e n t r i f u g e d  f o r  10 min and 

t h e  a bso rb an ce  of  th e  s u p e r n a t a n t  was de te rm ined  a t  540 nm. 

The amount o f  chromoqenic  s u b s t a n c e  r e l e a s e d  was c a l c u l a t e d  by 

a s t a n d a r d  cu rv e  c o n s t r u c t e d  w ith  Known amounts of th e  chromo-
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a e n . Under c o n d i t i o n s  of th e  a s s a y s ,  enzym at ic  a c t i v i t y  was 

p r o p o r t i o n a l  to  i n c u b a t i o n  t ime and amount of enzyme p r o t e i n .  

S p e c i f i c  a c t i v i t y  was e x p re s s e d  a s  n m o les /  mg p r o t e i n / h .  P r o ­

t e i n  was measured bv th e  method of Lowry e t  a l .  (1951) .  The

s i c in i f i c a n c e  of c h an aes  in  th e  s p e c i f i c  a c t i v i t i e s  between t h e  

two homoqenate p r e p a r a t i o n s  was de te rm in ed  u s in g  t h e  S t u d e n t ' s  

X - t e s t .

•S o lu b le ' d e ta l l c e n d Q b e pt i d a s e : A c t i v i t y  was de te rm ined  us in g

th e  s u b s t r a t e  Bz-Glv-Ala-Ala-Ehe-pAB a s  d e s c r i b e d  by Orlowski 

e t  a l .  (1983) .  The enzyme c l e a v e s  the  Gly-Ala bond and t h e  

chromoqen i s  r e l e a s e d  i n  a coupled  a s s a y  by i n c u b a t i o n  with 

e x c e s s  a m in o p e p t id a s e  M. I n c u b a t i o n  m ix tu re s  ( f i n a l  volume 

250 u l )  c o n ta in e d  10 u l  Bz-Gly-Ala-Ala-Phe-pAB (10 mM in  13 mM 

NaOH) . 25 u l  o f  2 .5  mM DTT. T r is -H C l  b u f f e r  (0.2 M. pH 7 .0 )

and 10 u l  of  homoqenate p r e p a r a t i o n .  I n c u b a t io n  proceeded f o r  

1 hour a t  37° and was s topped  by p l a c in g  t h e  t u b e s  in  b o i l i n g  

w a te r  f o r  two min. Tubes were then  p la c e d  on i c e  and 40 u l  of  

d i s t i l l e d  water  and 10 u l  of  p u r i f i e d  a m in o p ep t id ase  M was 

added .  The tu b e s  were then  in c u b a te d  f o r  two hours  a t  37° .  

The r e a c t i o n  was s topped  by a d d i t i o n  of  250 u l  of  a 10% ICA 

s o l u t i o n .  For i n h i b i t i o n  s t u d i e s ,  5 u l  o f  5 mM N - [1 (R ,S ) -  

c a r  b o x v -2 -o h e n v le th v n -A la -A la -P h e -p A B  (Chu and Orlow sk i ,

1984) ( f i n a l  c o n c e n t r a t i o n  10-4 M) o r  5 u l  of 10 mM o -p h e-  

n a n t h r o l i n e  ( f i n a l  c o n c e n t r a t i o n  2 X 10-4  M) was added to  t h e  

i n c u b a t i o n  m ix tu re  or  DTT was n o t  added t o  t h e  i n c u b a t io n  mix­

t u r e .
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PxplMl end g a e p t i d a s a : A c t i v i t y  was de te rmined  us ing  t h e

s u b s t r a t e  Z-Glv-Pro-SM as  d e s c r i b e d  by Orlowski e t  a l .  (1979) .  

The i n c u b a t i o n  m ix tu re  c o n ta in e d  50 u l  o f  Z-Gly-Pro-SM (5 mM 

in  0 .1  M T r is -H C i  b u f f e r .  pH 8 . 3 ) ,  180 u l  of  0 .1  M I r i s - H C l

b u f f e r  (dH 8 . 3 ) .  10 u l  o f  10 mM DTT, and 10 ul  o f  GH3 c e l l

homoaenate o r  r a t  a n t e r i o r  p i t u i t a r y  homoqenate or 20 u l  mouse 

t i s s u e  homoqenate . I n c u b a t io n s  were f o r  30 min f o r  GH3 c e l l  

hom ooenates .  1 hour f o r  a n t e r i o r  p i t u i t a r y  homogenates and 10 

min f o r  mouse t i s s u e  horooqenates . a t  37°.  The r e a c t i o n  was 

s to p p e d  by a d d i t i o n  of  250 u l  o f  10S TCA. For i n h i b i t i o n  

s t u d i e s .  10 u l  of  2 .5  X 10-5 M Z - P r o - P r o l i n a l  (Uilk and Orlow­

s k i .  1983a) was added t o  t h e  i n c u b a t i o n  m ix tu re  t o  g ive  a 

f i n a l  i n h i b i t o r  c o n c e n t r a t i o n  o f  10-6 M.

Ca£heasa.a B; A c t i v i t y  was d e te rm in e d  u s inq  t h e  s u b s t r a t e  

Z-Leu-Leu-Arq-2NA as  d e s c r i b e d  by Orlowski  e t  a l .  (1961) .  

The i n c u b a t i o n  m ix tu re  ( f i n a l  volume 250 u l )  c o n ta in e d  10 u l  

o f  Z-Leu-Leu-Arq-2NA (10 mM i n  DMSO), 5 u l  o f  100 mM EDTA, 25 

u l  of 10 mM DTT, 0 .2  M a c e t a t e  b u f f e r  (ph U.8 ) and e i t h e r  10 

u l  of GH3 c e l l  homoqenate o r  20 u l  of a n t e r i o r  p i t u i t a r y  homo­

a e n a t e .  I n c u b a t io n s  were c a r r i e d  o u t  a t  37° f o r  1 hour and 

s to p p e d  by t h e  a d d i t i o n  of  250 u l  o f  10« TCA. For i n h i b i t i o n  

s t u d i e s .  10 u l  of  2 .5  X 10-5 M l e u p e p t i n  ( f i n a l  c o n c e n t r a t i o n  

10-6  M) was added to  th e  i n c u b a t i o n  m ix tu r e .

CatLheas&a  D: A c t i v i t y  was de te rm in ed  us in g  th e  s u b s t r a t e

TFA*D-Phe-(0-Benzyl)Ser-Phe-Phe-Ala-Ala-pAB (Orlowski e t  a l . ,

19 8 6 ) .  C a th ep s in  0 c l e a v e s  t h e  Phe-Phe bond of  t h e  s u b s t r a t e
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and th e  cnromoqen i s  r e l e a s e d  by in c u b a t i o n  with excess  

a m in o p e p t id a s e  M in  a coupled assay  (Orlowski e t  a l . ,  1984) .  

The i n c u b a t i o n  m ix tu re  c o n ta in e d  20 u l  o f  th e  s u b s t r a t e ,  420 

u l  c i t r a t e  p hospha te  b u f f e r  (0 .05 M, pH 3 . 4 ) ,  and 10 u l  of 

homoqenate p r e p a r a t i o n  and was in cu b a te d  f o r  I hour a t  37° .  

To s t o p  th e  r e a c t i o n ,  th e  tu b e s  were p laced  in  b o i l i n g  water  

f o r  5 rain. The tu b e s  were then  p laced  on i c e  and 100 u l  of 1 

to Trizma base  and 20 ul  o f  p u r i f i e d  am inopep t idase  M was 

added .  The tu b e s  were f u r t h e r  in cu b a te d  f o r  2 h o u rs  a t  3 7° 

and t h e  r e a c t i o n  was s topped  by t h e  a d d i t i o n  of  230 u l  of 3 0% 

TCA. The d i a z o t i z a t i o n  r e a c t i o n  was modif ied  a s  f o l lo w s :  t o

400 u l  o f  s u p e r n a t a n t ,  150 ul o f  0.34% NaN02 was added .  A f te r  

3 rain.  200 u l  o f  1.25% ammonium su l f a m a te  was added.  A f te r  2 

min. 500 u l  o f  0.1% N - l -N a p h th y l - e th y le n e d ia m in e  diHCl in  95% 

e t h a n o l  was added.  The abso rbance  was de te rm ined  a t  540nm to  

a u a n t i t a t e  th e  pAB r e l e a s e d .

'Affi iaQaeaiiaase: A c t i v i t y  was de te rmined  u s in g  t h e  s u b s t r a t e

Leu-oNA. The in c u b a t io n  m ix tu re  ( f i n a l  volume 250 u l)  con­

t a i n e d  10 u l  of 10 mM Leu-pNA (in  m e th a n o l ) ,  0 .05  M Tris -HCl 

b u f f e r  (p H 7 .5)  and e i t h e r  25 u l  o f  GH3 c e l l  homoqenate or  10 

u l  o f  a n t e r i o r  p i t u i t a r y  c e l l  homoqenate . I n c u b a t io n s  were 

c a r r i e d  ou t  a t  37° f o r  1 hour and s to pp ed  by a d d i t i o n  o f  250 

u l  of 10% TCA.

Menjbraheabouad  Neut r a l  Metal lQead o p e p t i d a s e : A c t i v i t y  was

de te rm in ed  u s in q  t h e  s u b s t r a t e  G lu tary l -A la-A la -Phe-2N A  as  

d e s c r i b e d  bv Orlowski and Wilk (1981) .  The enzyme c l e a v e s  t h e
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Ala-Phe bond and th e  chromoqen i s  r e l e a s e d  by in c u b a t io n  with  

e x ce ss  a m in o o e t t i d a s e  M i n  a coupled  a s s a y .  The in c u b a t io n  

m ix tu re  ( f i n a l  volume 250 u l )  c o n ta in e d  10 u l  o f  10 mM G lu ta -  

rv l-Ala-Ala-Phe-2NA (in DMSO) . 0 .05  M Tris-HCl Duffer  (pH

7 . 5 ) .  20 u l  of p u r i f i e d  am in o p ep t id a se  M and 40 u l  of  homogen- 

a t e .  I n c u b a t io n s  were e a r n e d  o u t  fo r  one hour and stopped 

w i th  250 ul  10% TCA. For i n h i b i t i o n  s t u d i e s .  10 u l  of  1 mM 

N -f l  (R ,S ) -c a rb o x y -  2 - p h e n y l e th y l  1-Phe-pAB (Almenoff and Orlow­

s k i .  1983) ( f i n a l  c o n c e n t r a t i o n  4 X 10-5 M) was added to  t h e  

i n c u b a t i o n  m ix tu r e .

•p.M*oaJiu£a.m.vLb ‘neo-ti d e  hydr o l a s e :  A c t i v i t y  was de te rmined us ing

t h e  s u b s t r a t e  pGlu-2NA. The i n c u b a t i o n  m ix ture  ( f i n a l  volume 

250 u l )  c o n ta in e d  10 u l  of  10 mM pGlu-2NA ( in  DMSO), 20 u l  of

20 mM DTT. 20 u l  of 20 laM EDTA (pH 7 .5)  . 50 mM Tr is -H Cl  b u f f e r  

(ph 7 .5 )  and 50 u l  of homoqenate . For s t u d i e s  comparing py ro -  

q lu tam v l  p e p t id e  h y d ro la s e  a c t i v i t y  i n  GH3 c e l l  homogenates 

with  a c t i v i t y  i n  r a t  a n t e r i o r  p i t u i t a r y  homogenates ,  50 u l  10 

mM DTT and 5 u l  0 .1  M EDTA (pH 7.5) were used i n s t e a d .  I n c u ­

b a t i o n s  were c a r r i e d  o u t  f o r  1 hour a t  37° and were s topped 

with  250 ul  o f  10% TCA.

Mult i=ca$alufcic  E ro te a s e  Complex: The a c t i v i t y  of the  chymo-

t r v o s i n - l i k e  component was a ssayed  u s in q  th e  s u b s t r a t e  Z-Gly- 

Glv-Leu-pNA a s  d e sc r ib e d  by Wilk and Orlowski (1960).  The 

i n c u b a t io n  mixtue ( f i n a l  volume 250 u l )  c o n ta in ed  10 u l  of 10 

mM Z-Glv-Glv-Leu-pNA (in DMSO) . 0 .0 1  M Tris-EDTA b u f f e r  (pH

8 .3 )  and e i t h e r  20 u l  o f  a n t e r i o r  p i t u i t a r y  homogenate or  25



u l  of  GH3 c e l l  homoqenate. I n c u b a t io n s  were c a r r i e d  out  a t  

37° f o r  1 hour and s topped with 250 u l  of 10% ICA.

The S D S-ac t iva ted  component of th e  m u l t i - c a t a l y t i c  p r o t e a s e  

complex was a ssayed  usinq t h e  s u b s t r a t e  Z-Leu-Leu-Glu-2NA as 

d e s c r i b e d  by Wiltt and Orlowski  (1980) .  I n c u b a t io n  m ix tu res  

( f i n a l  volume 250 u l)  c o n ta in e d  10 u l  of 10 mM Z-Leu-Leu- 

G1U-2NA. 0 .01 h I r is-EDIA b u f f e r  (pH 8 . 3 ) ,  10 ul  of 1% SDS and 

e i t h e r  20 u l  of  a n t e r i o r  p i t u i t a r y  homogenate o r  25 u l  of GH3 

c e l l  homoqenate .  In c u b a t io n s  were c a r r i e d  out  f o r  1 hour a t  

37° and s topped  with 250 u l  o f  10% ICA.

'Dj.a.ffllnQoaatidas e  l l i :  The a c t i v i t y  was de termined u s in g  t h e

s u b s t r a t e  Glv-Pro-2NA. The i n c u b a t i o n  m ix tu re  ( f i n a l  v o l  250 

u l )  c o n ta in e d  0 .05  M I r i s - H C l  b u f f e r  (pH 7 . 5 ) ,  10 u l  p u r i f i e d

d ia m in o p e p t id a s e  IV (0.08d u n i t s )  and 10 u l  10 mM Gly-Pro-2NA 

(in DMSO). In c u b a t io n s  were f o r  30 min a t  37° .  The r e a c t i o n  

was s topped  by th e  a d d i t i o n  of  250 u l  10% TCA and t h e  r e l e a s e  

o f  f r e e  2NA was a u a n t i t a t e d  by d i a z o t i z a t i o n .

Magibca ne j bound p^ro.Qlutamy.1 r a e o t l d s  h y d ro ly z in g  a c t i v i t y  I h e  

a c t i v i t y  was determined with  pGlu-His-Pro-2NA i n  a coupled  

a s sa y  with  e x ce ss  DAP IV in  t h e  p re s e n c e  of Z - P r o - P r o l i n a l ,  a 

s p e c i f i c  i n h i b i t o r  of  p r o l y l  e n d o p e p t id a s e  (Wilk and Orlowski ,  

1983a) . The assay  i s  based on the  f o l lo w in q  r e a c t i o n  

s e q u e n c e :



membrane-bound enzyme

<1} D G lu -H is -P lo -2 N A ------------------------------------ > pGlu + His-Pro-2NA

DAP IV

(2) His-Pro-2NA ------------------------------------ > His-Pro  + 2NA

Z - P r o - P r o l i r . a l  b locks  th e  c l e a v a q e  of th e  Pro-2NA bond by 

D ro ly l  e n d o o e p t id a s e .  The i n c u b a t i o n  m ix tu re  (250 u i  f i n a l  

volume) c o n ta in e d  10 u l  Z - P r o - P r o l i n a l  ( f i n a l  c o n c e n t r a t i o n  

10-5  M). 10 u l  DAP IV, 50 u l  serum o r  b r a i n  f r a c t i o n  and 50

mM T ris -H C l  b u f f e r  (pH 7 . 5 ) .  Tubes were p r e in c u b a te d  f o r  10 

min a t  37° and 10 u l  pGlu-His-Pro-2NA (10 mM in  DMSO) was th e n  

added .  Ihe  r e a c t i o n  proceeded f o r  2 h and was s topped  by 250 

u l  10% TCA. F re e  2NA was q u a n t i t a t e d  a s  d e s c r i b e d .

• I d f e f t i i f i c a t i o n  o£ c l e a v a g e  prQdUGts g£

Rat serum and r a t  washed b r a i n  p e l l e t s  were p repa red  as  

d e s c r i b e d  above .  DFB was added t o  i n h i b i t  endoqenous DAP IV 

and p r o l y l  e n c o p e p t i d a s e .  The i n c u b a t i o n  m ix tu re  (250 u l  

f i n a l  volume) c o n ta in e d  10 u l  DFP ( f i n a l  c o n c e n t r a t i o n  0 .66

mM) . 10 u l  PDhK ( f i n a l  c o n c e n t r a t i o n  10-5 M) , 50 u l  serum or

washed b r a i n  p e l l e t  and 50 mM T r is -H C l  b u f f e r  (pH 7 . 5 ) .  The 

t u b e s  were p r e i n c u b a t e d  f o r  30 rain a t  37° and 10 u l  p G iu -H is -  

Pro-2NA (50 mM in  DMSO) was th e n  added.  The r e a c t i o n  p r o ­

ceeded f o r  17 h a t  whicn t im e  t h e  i n c u b a t i o n  m ix tu re s  a s  w e l l

a s  e q u i v a l e n t  r e a c t i o n  m ix tu r e s  which were n o t  in c u b a te d  were

s o o t t e d  on s i l i c a  G t h i n - l a y e r  chromatography p l a t e s .  Authen­

t i c  His-Pro-2NA as  wel l  as  His-Pro-2NA g e n e ra te d  by i n c u b a t i o n
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of  oGlu-His-Pro-2NA with p a r t i a l l y  p u r i f i e d  bovine  b r a i n  PPH 

were a l s o  s p o t t e d .  The p l a t e s  were developed  with both  s o l ­

v e n t  sys tem I  (ch lo ro fo rm :  m e th ano l :  25S ammonia; 5 :3 :1 )  and

s o l v e n t  system I I  (1 -p ro o a n o l :  w a te r :  ammonia; 7 :3 :1 )  and

were v i s u a l i z e d  under a u l t r a v i o l e t  lamp and by s p ra y in g  with 

th e  Pauly r e a q e n t  (Krebs e t  a l . ,  1969) .

'K in e tif l  ‘s t u d i e s  o£ •inh i b i t qxs

P a r t i a l l y  p u r i f i e d  PPH (see  Methods) and p u r i f i e d  p r o l y l  

e n d o o e p t id a s e .  a m in o p ep t id ase  M and d ia m in o p e p t id a se  IV were 

p r e in c u b a te d  with  i n h i b i t o r  a t  37° f o r  10 min.  The r e a c t i o n s  

were i n i t i a t e d  by a d d i t i o n  o f  s u b s t r a t e .  The Ki of  

5 - o x o o r o l i n a l  f o r  py roq lu tam yl  p e p t i d e  h y d r o l a s e  was c a l c u ­

l a t e d  by t h e  methods of Dixon (1953) and Henderson (1972) .  

The Ki o f  o t h e r  i n h i b i t o r s  was c a l c u l a t e d  by th e  method of 

Dixon (1953) .

'Datccffli iaa t j.oa o f  Ki f o r  IKB

The a f f i n i t y  of enzymes toward TRH was s t u d i e d  by d e te r m in -  

in q  t h e  i n h i b i t i o n  o f  c le a v a q e  o f  s y n t h e t i c  s u b s t r a t e s  a f t e r  

a d d i t i o n  of  s e v e r a l  c o n c e n t r a t i o n s  of TRH. Homogeneous r a b b i t  

b r a i n  p r o l y l  e n d o p e p t id a s e  was a ssay ed  as  d e s c r i b e d  above .  

P a r t i a l l y  p u r i f i e d  bovine b r a i n  PPH was assayed  as  d e s c r ib e d  

above in  th e  p re s e n c e  of Z - P r o - P r o l i n a l  (10-5 M f i n a l  concen­

t r a t i o n )  to  i n h i b i t  c o n ta m in a t in g  p r o l y l  e n d o p e p t id a s e .  The 

membrane-bound p y r o q lu t a m y l - p e p t i d e  h y d ro ly z in g  enzyme was 

a ssayed  a s  d e s c r i b e d  above u s in g  a washed p a r t i c u l a t e  f r a c t i o n
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of  a r a t  b r a i n  homogenate i n  tne  p re sen c e  of  Z - P r o - P r o l in a l  

and PDMK (10-5 M f i n a l  c o n c e n t r a t i o n  o f  both) to  i n h i b i t  any 

c o n ta m in a t in g  p r o l v l  e n d o p e p t id a se  and PPH r e s p e c t i v e l y .  

A f t e r  10 min D re incubat ion  with v a r i o u s  c o n c e n t r a t i o n s  of  TRH, 

s u n s t r a t e  was added.  The Ki was d e te rm ined  a cc o rd ing  to  t h e  

method of  Dixon (1953) u s in q  two c o n c e n t r a t i o n s  of s u b s t r a t e .

D e l e r a i n a i i o n  o f  ISH d e g ra d a t ion

The i n c u b a t i o n  m ix ture  ( f i n a l  volume 250 ul)  c o n ta ined  10 

u l  PDMK o r  Z - P r o - P r o l i n a l  (10-5 M) o r  b u f f e r ,  50 u l  of r a t  

t i s s u e  p r e p a r a t i o n  (serum, 1 0% b r a i n  homoqenate o r  10% r e s u s -  

pended washed b r a i n  p e l l e t )  and 50 mM Tris-HCl b u f f e r  (pH

7 . 5 ) .  In  tu b e s  r e c e i v i n q  DIT and EDTA, 20 u l  20 mM DTT and 20 

u l  20 mM EDTA (dH 7.2)  were added .  A f t e r  a 10 min p re in c u b a ­

t i o n .  20 u l  TRH (100 nq) was added .  I n c u b a t io n s  were c a r r i e d  

o u t  f o r  2 h a t  37° and were s topped  w ith  250 u l  m ethano l .  

C o n t r o l  tu b es  r e c e iv e d  TRH a f t e r  t h e  i n c u b a t i o n .  The tu b e s  

were c e n t r i f u g e d  a t  1000 q f o r  10 min,  50 ul  s u p e r n a t a n t  was 

removed and e v ap o ra te d  to  d ry n es s  under  a s t ream  of n i t r o g e n .  

The samples  were r e c o n s t i t u t e d  in  500 u l  of RIA b u f f e r  (0.1 mM 

t h i m e r o s a l .  5% s o l u t i o n  o f  t r a s y l o l  c o n ta in in g  50,000 K a l l i -  

k r e i n  I n a c t i v a t o r  Uni ts /100  ml b u f f e r  and 0.2% bovine  serum in  

PBS) and t h e  samples were f r o z e n  a t  -20°  u n t i l  th e  RIA was 

p e r fo rm ed .

' LHEH’degr a d a t i on

LHRH d e g ra d a t io n  was s t u d i e d  u s in q  p u r i f i e d  c a l f  l i v e r
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Dvroqlutamvl p e p t i d e  h y d r o l a s e .  Z - P r o - P r o l i n a l  was added to  

p r e v e n t  d e g r a d a t io n  by any c o n ta m in a t in q  p r o l y l  e n d o p e p t id a se .  

In c u b a t io n  m ix tu re s  c o n ta in e d  31 u l  LHRH (62.5 ug) , 10 u l

Z - P r o - P r o l i n a l  ( f i n a l  c o n c e n t r a t i o n  10-5 M) , 20 u l  20 mM DIT,

20 u l  20 mM EDTA <uH 7 . 2 ) .  T r is -H C l  b u f f e r  (pH 7.5)  and 50 u l  

ovroq lu tam yl  p e p t i d e  h y d r o la s e  (3.6  mg l y o p h i l i z e d  powder/ml 

p u f f e r ) .  I n c u b a t io n  tu b e s  c o n ta in e d  e i t h e r  25 u l

5 - o x o o r o l i n a l  ( f i n a l  c o n c e n t r a t i o n  10-6 M) o r  th e  e q u iv a l e n t  

amount o f  b u f f e r .  I n c u b a t io n s ,  were c a r r i e d  o u t  a t  37° and th e  

r e a c t i o n  was m onitored  u s in q  a P e rk in -E lm er  s e r i e s  2 HPLC 

eauipped  with a v a r i a b l e - w a v e l e n g t h  s p e c t r o p h o to m e t r i c  d e t e c ­

t o r  (LC-55).  20 u l  of i n c u b a t i o n  m ix tu re  was chromatographed

on a 250 X 4 mm B i o - S i l  0D-5S r e v e r s e  phase  column (Bio-Rad 

Labs .  Richmond, CA) as  d e s c r i b e d  by Wilk and Orlowski (1982). 

A f t e r  3 h o f  i n c u b a t i o n ,  most of t h e  LHRH was conver ted  to  

p ro d u c t  in  t h e  tube  w i thou t  i n h i b i t o r .  The i n c u b a t io n  m ix tu re  

i n  th e  sample l a c k in q  i n h i b i t o r  was then  a p p l i e d  t o  th e  column 

and t h e  p roduc t  peak ( r e t e n t i o n  t im e  o f  9 min) was c o l l e c t e d ,  

h vd ro lvzed  and analyzed  on a Technion TSM amino a c id  a u to a n a -  

l v z e r  as  d e s c r ib e d  by w’i l k  and Orlowski  (1982) .

• RADIQIidMJJijQ&SSA IS

'Tflfci: The RIA procedure  fo r  TRH was oased on th e  method o t

J e f f c o a t e  e t .  a l .  (1973) . Each a s sa y  tu b e  ( f i n a l  volume 300 

u l )  c o n ta in e d  30 u l  sample (20 u l  of  hypotha lam ic  sample) o r  

25 u l  s t a n d a r d  TRH. 100 u l  a n t i s e ru m  (1 /45 ,000 f i n a l  d i l u t i o n ,  

69.6 uq of  l y o p h i l i z e d  powder c o r r e sp o n d s  to  1 u l  of  s e ru m ) .
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40 u l  f iz sx iT R h  (2 .5  p q /a s sa y  o r  a bou t  10,000 cpm/assay) and 

th e  above RIA b u f f e r .  I n c u b a t io n s  were c a r r i e d  ou t  f o r  18 h 

a t  4 ° .  Then 50 u l  of 1 /10  d i l u t e d  r a b b i t  serum and 3 ml of 

co ld  1 -p ro p an o l  was added.  The tub es  were in cub a ted  a t  4° f o r  

an a d d i t i o n a l  30 minutes  and then  c e n t r i f u q e d  a t  1000 q fo r  45 

m in u te s .  The s u p e r n a t a n t  was removed and th e  p e l l e t  and 

s u p e r n a t a n t  were counted in  a LKB 1275 Minigamma c o u n te r .  

Blank tu bes  w i th o u t  an t i se ru m  were c a r r i e d  through th e  e x p e r i ­

m ents .  The i% bound minus b lank)  was c a l c u l a t e d  f o r  a l l  sam­

p l e s  u s in q  t h e  PROPHET computer sys tem which i s  a n a t i o n a l  

computer  r e s o u r c e  suppor ted  by the  Biomedical  Research Tech- 

noloav Proqram. D iv i s io n  o f  Research  R esources ,  N a t io n a l  

I n s t i t u t e s  o f  H e a l th .  A s t a n d a r d  cu rv e  was c o n s t r u c t e d  as  lo g  

fTRHl vs (% bound minus blank)  and t h e  amount of TRH in  t h e  

unknown was de te rm ined  from t h e  c u rv e .  The d e g ra d a t io n  o f  TRH 

i n  v i t r o  was a ssayed  in  d u p l i c a t e  and th e  RIA f o r  each  o f  t h e  

two tu b e s  was run i n  t r i p l i c a t e .  The amount of TRH remaining  

a f t e r  in c u b a t io n  was compared to  c o n t r o l  tubes  with no in c u b a ­

t i o n  t o  de te rm ine  o e rc e n ta q e  d e q r a d a t i o n .  The a n t i s e ru m  does 

not  c r o s s - r e a c t  with  TRH-OH. Z - P r o - P r o l i n a l  and PDMK do n o t  

a f f e c t  t h e  RIA fo r  TRH.

LHRH: The a s sa y  f o r  LHRH was s i m i l a r  to  t h a t  of TRH. To each

t u b e .  30 u l  of  LHRH a n t i s e ru m  ( f i n a l  d i l u t i o n  of  1 /1 2 0 0 ) ,  50

u l  of  s t a n d a rd  LHRH and 170 u l  o f  RIA b u f f e r  were added.  For 

h a l f - l i f e  e x p e r im e n t s ,  t h e  b u f f e r  co n ta in e d  0.1  mM PCMB and 1 

mM o - p h e n a n t h r o l i n e  t o  p r e v e n t  d e q r a d a t io n  of LHRH by serum 

enzymes. The samples were in c u b a te d  f o r  3 days a t  4° and th en
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40 u l  of  1-125 LHRH (ap p ro x im a te ly  10,000 cpm/tube) was added .  

I n c u b a t i o n  c o n t in u e d  f o r  a n o t n e r  3 days  a t  4 ° .  P r e c i p i t a t i o n  

and c a l c u l a t i o n s  were perfo rm ed  as  d e s c r i b e d  f o r  IRH. The 

s t a n d a r d  cu rv e  was l i n e a r  from abou t  6 .25  pq t o  100 pg of 

LHRH.

The 1-9  LHRH fraom ent  was q e n e r a t e a  f o r  c r o s s - r e a c t i v i t y  

s t u d i e s  bv i n c u b a t i n q  100 uq o f  LHRH with 50 u l  homoqeneous 

D ro lv l  e n d o p e p t id a s e ,  50 u l  10 mm DTT and 90 u l  0 .1  M T r is -H C l  

b u f f e r  (dH 8 . 3 )  f o r  19 h .  An a l i q u o t  o f  th e  i n c u b a t i o n  mix­

t u r e  was m oni to red  by HPLC as d e s c r i b e d  above .  A u th e n t i c  LHRH 

had a r e t e n t i o n  t im e  o f  10 rain and 1 -9  LHRH had a r e t e n t i o n  

t im e  o f  12 m in .  This  f r a q m e n t  was th en  assayed  by RIA f o r  

c r o s s - r e a c t i v i t y  with LHRH and was found no t  to  d i s p l a c e  

a u t h e n t i c  LHRH even a t  2000 pq (20 t im es  g r e a t e r  th an  t h e  

l a r a e s t  amount of  LHRH on t h e  s t a n d a r d  c u r v e ) .

P r o l a c t i n : The a s s a y  f o r  p r o l a c t i n  i s  based on a p ro ce d u re

e s t a b l i s h e d  bv th e  NIADDK. The b u f f e r  used was th e  same as  

f o r  TRH. The a n t i s e ru m  and s t a n d a r d  p r o l a c t i n  were s u p p l i e d  

bv th e  NIADDK. I o d i n a t i o n  o f  s u p p l i e d  p r o l a c t i n  was u n su c ­

c e s s f u l . a n d  t h e r e f o r e  commercia l  i o d i n a t e a  p r o l a c t i n  was u se d .  

The media from GH3 c e l l s  (see  below) was d i l u t e d  1 /6  f o r  the  1 

h e x p e r im e n t s  and d i l u t e d  1 /300 fo r  t h e  3 day e x p e r im e n t s .  To 

each  t u b e .  100  u l  o f  a n t i s e r u m  ( f i n a l  d i l u t i o n  o f  1 / 2 6 0 0 ) ,  100 

u l  of  s t a n d a r d  p r o l a c t i n  (PRL-RP-3) o r  40 u l  of sample and 

enouqh b u f f e r  t o  b r i n q  th e  f i n a l  volume to  340 u l  were added .  

The t u b e s  were in cu o a te d  a t  4°  f o r  24 h o u r s .  60 u l  of 1-125
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D r o l a c t i n  ( approx im ate ly  15 .000 cpm) was then  added t o  t h e  

i n c u b a t i o n  m ix tu re  and t h e  i n c u b a t i o n  con t inued  f o r  2d hours  

a t  4° a t  which t ime 50 u l  o f  r a b b i t  serum (1/10 d i l u t i o n )  and 

50 u l  of  qoa t  a n t i - r a b b i t  second a n t ib o d y  was added .  A f t e r  

a n o th e r  24 h o u r s  of  i n c u b a t i o n  a t  4 ° .  400 u l  o f  a d d i t i o n a l  RIA 

b u f f e r  was acded and th e  f r e e  and bound p r o l a c t i n  were s e p a ­

r a t e d  as  f o r  t h e  TRH RIA. The s t a n d a r d  curve  was l i n e a r  

between 125 Dd and 2000 pq of p r o l a c t i n .

’TStis The a s sa y  f o r  TSH i s  based  on a p ro cedu re  e s t a b l i s h e d  by 

t h e  NIADDK. A nt ise rum .  s t a n d a r d  TSH and TSH f o r  i o d i n a t i o n  

were s u p p l i e d  by th e  NIADDK. The , i o d i n a t i o n  o f  TSH used t h e  

m i n i i o d i n a t i o n  method of Ewen and Warren (1983) .  To a sm al l  

v i a l .  2 uq o f  TSH in  45 u l  of 0 .05  M Na Phosphate  b u f f e r  (pH

7.5)  was added fo l lo w ed  by 100 u l  o f  Na-I-125 (0.1 mC) and 10 

u l  of  c h lo ra m in e  T (2.5 mq/ml in  PBS) . A f t e r  60 seconds a t  

room t e m p e r a t u r e .  100 u l  of  Na m e t a b i s u l f i t e  (2.5 rag/ml i n  

PBS) was added .  A f t e r  a n o th e r  30 s e c o n d s ,  200 u l  of 1/i KI was 

added .  The r e a c t i o n  m ix tu re  was a p p l i e d  to  a E iog e l  P 60 c o l ­

umn washed w i th  1% 6 SA and an i n i t i a l  peak o f  i o d i n a t e d  TSH 

was o b t a i n e d  which was s e p a r a t e d  from t h e  f r e e  io d in e  peak .  

The i o d i n a t e d  TSH was a l i q u o t e d  and f r o z e n  a t  -20° u n t i l  u se .

The RIA f o r  TSH used 50 u l  of  a n t i s e r u m  (1/4500 f i n a l  d i l u ­

t i o n )  . 50 u l  o f  s t a n d a r d  TSH (r-TSH-RP-2) or  100 u l  of r a t

serum and RIA b u f f e r  so  t h a t  a f i n a l  volume of 230 u l  was 

o b t a i n e d .  A f t e r  i n c u b a t i o n  a t  4° f o r  2 d a y s ,  70 u l  of 1-125 

TSH (abou t  10.000 cpm / t u b e )  was added .  A f t e r  3 more days of
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in c l in a t io n  a t  i)°. second a n t ib o d y  p r e c i p i t a t i o n  was used as  

d e s c r i b e d  f o r  p r o l a c t i n  w ith  t h e  m o d i f i c a t i o n  t h a t  500 u l  of 

b u f f e r  was added Defore c e n t r i f u g a t i o n .  The TSH s t a n d a r d  

c u rv e  was l i n e a r  from 50 pq t o  1600 pq of  TSH. 100 u l  o f  n o r ­

mal r a t  serum c o n t a i n s  a b o u t  50 pq of TSH which i s  a t  t h e  low­

e s t  l i m i t  of s e n s i t i v i t y  o f  th e  a s s a y .

‘AAKM& -EXfiER;JULWC&

Male Swiss Albino mice weiqhinq  a p p ro x im a te ly  35 g and male 

Spraque-Dawlev r a t s  weiqhinq abou t  250 g were used f o r  a l l  

e x p e r im e n t s .  They were fed  a commercial  Pur ina  l a b o r a t o r y  

chow d i e t .

Ei£ec± 'o£ ' Z=2rQ=Eigl ina l  on B S a ly l  gn^cceut id^§ ,e  a c t i v i t y  i n  

’douse ’t isSm a

P r o l y l  e n d o p e p t id a s e  a c t i v i t y  was measured in  mouse t i s s u e s  

30 min a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of  e i t h e r  Z-Pro-  

P r o l i n a l  {1.25 mq/kq in  10* methanol)  o r  v e h i c l e .  The mice 

were k i l l e d  bv c e r v i c a l  d i s l o c a t i o n  and b r a i n ,  h e a r t ,  s k e l e t a l  

m u sc le ,  lu n q .  s p l e e n ,  duodenum and p a n c r e a s ,  l i v e r  and kidney 

were removed and p lac ed  on i c e .  A f t e r  a d d i t i o n  o f  10 volumes 

o f  i c e  co ld  0 .1  M T r is -H C l  b u f f e r  (pH 7.0)  t h e  t i s s u e s  were 

d i s r u p t e d  u s in q  a P o ly t r o n  hoinoqenizer (Brinkmann In s t r u m e n t s )  

and th en  homoqenized i n  an i c e - c o o l e d  homogenizer equ ipped  

w ith  a T ef lon  p e s t l e .  P r o l y l  e n d o p e t id a s e  a c t i v i t y  was d e t e r ­

mined with Z-Gly-Pro-SM as  a s u b s t r a t e  as d e s c r ib e d  above .
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D e i e M i n a t i o n  Q£ i n h i b i t i o n a t  ' f i i f i ix l  e n g o g e p t id a se  in  v ivo

2 - P r o - P r o l i n a l  was a d m i n i s t e r e d  by i n t r a p e r i t o n e a l  i n j e c ­

t i o n  i n t o  mice as  a s o l u t i o n  in  10% m ethano l ,  fo l lowed a t  v a r ­

i o u s  t im e  i n t e r v a l s  by Z-Gly-Pro-SM (145 m q/kg) . C o n t r o l  mice 

r e c e i v e d  i n j e c t i o n s  o f  t h e  v e h i c l e .  Homoqenates were p repa red  

a s  d e s c r i b e d  above .  SM l e v e l s  were d e te rm ined  u s in g  th e  

h io h lv  s e n s i t i v e  d i a z o t i z a t i o n  d e s c r i b e d  above.  A s t a n d a r d  

cu rv e  c o n s t r u c t e d  by c a r r y i n q  known amounts o f  SM th rough  th e  

Drocedure  was used t o  c a l c u l a t e  th e  c o n c e n t r a t i o n  o f  SM. The 

c o n c e n t r a t i o n  o f  SM in  a n im a l s  r e c e i v i n q  i n h i b i t o r  was com­

pared  t o  t h e  c o n c e n t r a t i o n  o f  c o n t r o l  an im a ls  u s in g  the  o ne ­

t a i l e d  S t u d e n t ' s  T - t e s t .

‘E f f a c i  ' a £  •5=d^QB£Q l in a l  on ' DYroglutam yl p e p t id e  h y d ro la s e  

' a c t i v i i i j  ‘i n  mouse t i s s u e s

5 - o x o o r o l i n a l  (50 mq/kq i n  50% e th a n o l )  o r  v e h i c l e  was 

a d m i n i s t e r e d  t c  mice by i n t r a p e r i t o n e a l  i n j e c t i o n .  A f t e r  10 

min o r  30 min.  mice were k i l l e d  by c e r v i c a l  d i s l o c a t i o n .  One 

mouse r e c e i v e d  8 i n j e c t i o n s  o f  5 - o x o p r o l i n a l  (50 mg/kq) over a 

p e r io d  of  4 d a y s .  The t i s s u e s  were im m edia te ly  removed and 

p laced  on i c e .  A f t e r  a d d i t i o n  of 5 volumes of i c e  co ld  0.05 M 

Tr is -H Cl  b u f f e r  (pH 7 . 5 ) .  t h e  t i s s u e s  were d i s r u p t e d  u s ing  a 

P o lv t r o n  homoqenizer (Brinkmann I n s t r u m e n t s )  and t h e n  homogen­

i z e d  i n  an i c e - c o o l e d  homoqenizer  equipped with a  t e f l o n  p e s ­

t l e .  P y ro q lu tam y l  p e p t i d e  h y d r o l a s e  a c t i v i t y  i n  t h e  homogen- 

a t e s  was d e te rm in ed  as d e s c r i b e d  above u s in q  50 u l  homogenate . 

A f t e r  a 1 h i n c u b a t i o n  a t  3 7 ° .  th e  r e a c t i o n  was s topped  by
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a d d i t i o n  of  250 u l  10% TCA. C on t ro l  t u b e s  i n  which th e  enzyme 

and s u o s t r a t e  were o m i t t ed  s e p a r a t e l y  were a l s o  c a r r i e d  

th ro u ah  th e  Drocedure .  Tubes were th en  c e n t r i f u q e d  ana 375 u l  

o f  s u p e r n a t a n t  of  a l l  o rqans  e x c e p t  l i v e r  and kidney were 

removed. For l i v e r  and kidney i n c u b a t i o n s ,  75 u l  o f  su p e r n a ­

t a n t  was d i l u t e d  with 300 u l  of 0 .05  ri Tris-HCl b u f f e r  (pH 

7 . 5 ) .  2NA c o n c e n t r a t i o n s  were de te rm ined  us inq  t h e  s e n s i t i v e  

d i a z o t i z a t i o n  method d e s c r ib e d  above.  The a c t i v i t y  of  p y ro -  

q lu tam vl  p e p t i d e  h y d ro la s e  in  an im als  r e c e i v i n g  5 - o x o p r o l in a l  

was compared t o  t h e  a c t i v i t y  of  c o n t r o l  an im als  u s ing  th e  one ­

t a i l e d  S t u d e n t ' s  T - t e s t .

E |£ e c £  'o £  'p y t r o c lu t a a .y l  d i ^ z o s g t h y l  JiSiQ Q g gn  p y r o g j .u  t;am yl p e p -  

' t i e e  b a d B o l a s e  a q i i v i t y  i n  m o u se  t i s s y g s

Pvroq lu tam yl  d iazom ethy l  k e to ne  ( in  w ater)  or  v e h i c l e  was 

a d m in i s t e r e d  t o  mice d v i n t r a p e r i t o n e a l  in  l e c t i o n .  5 mice 

r e c e i v e d  a dose of  0 .1  mq/kq and were k i l l e d  a f t e r  24 h ,  3 

mice r e c e iv e d  a dose of 0 .1  mq/kq and were k i l l e d  a f t e r  1 h 

and 3 mice r e c e i v e d  a dose of 0 .01 mq/kq and were k i l l e d  a f t e r  

1 h .  One mouse re c e iv e d  a dose of  0 .1  mq/kg and was k i l l e d  

a f t e r  5 d ay s .  Ihe  mice were k i l l e d  by c e r v i c l e  d i s l o c a t i o n ,  

th e  t i s s u e s  were removed and homoqenized a s  d e sc r ib e d  above 

and PPH was a ssayed  as  d e s c r i b e d  ab ov e .  The a c t i v i t y  of p y ro -  

q lu tam vl  p e o t i d e  h y d ro la s e  i n  an im a ls  r e c e i v i n g  d iazomethyl  

Dvroqlutamate  was compared to  th e  a c t i v i t y  of c o n t r o l  an im a ls  

u s in q  th e  o n e - t a i l e d  S t u d e n t ’ s T - t e s t .
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‘E ffe c t  o f  inM niilo r s  Qa th e  M ii iS i i lS iS  E I£2P ly£M ilzP £E ii  

tiiudiCQlaaiiaQ enzyme in  rat  tr a in

A s o l u t i o n  of  Z - P r o - P r o l i n a l  (5 mq/kq) and d iazom ethy l  

Dvroqlutamate  (1 mq/kq) was i n i e c t e d  tw ice  i n to  a r a t  a t  t im e  

0 and 10 h and t h e  r a t  was k i l l e d  a f t e r  an a d d i t i o n a l  h o u r .  

A f t e r  a d d i t i o n  of 10 volumes o f  T r is -HCl b u f f e r ,  t h e  t i s s u e  

was homoqenized. th e  washed p e l l e t  was p repa red  and th e  p a r ­

t i c u l a t e  D v ro q lu tam v l-pep t ide  hy d ro ly z in q  enzyme was assayed  

a s  d e s c r ib e d  above.

• Preparation a t 'Anterior P ituitary HQfflQ̂ eqajes

P i t u i t a r i e s  were removed from male Sprague Dawley r a t s  

(225-280q) a f t e r  d e c a p i t a t i o n  and p laced  on i c e .  The a n t e r i o r  

D i t u i t a r i e s  were removed under a d i s s e c t i n g  g l a s s .  A f t e r  

a d d i t i o n  of  20 volumes o f  i c e  co ld  0.1M Tris-HCl b u f f e r  (pH

7 . 0 ) .  t h e  t i s s u e s  were homoqenized i n  an i c e - c o o l e d  homogen- 

i z e r  eau ipped  with a t e f l o n  p e s t l e .  Hcmogenates were kep t  on 

i c e  and used on t h e  same day a s  th e  p r e p a r a t i o n  t o  p re v e n t  

l o s s  o f  enzymatic  a c t i v i t y  due to  s t o r a q e .

‘Prepara t io n  o f  r a t  organs f o f  aiS-tcikjJtian s tu d ie s  o f  pyro g lu -  

tamatliaciaaviina enzymes

Rats  were d e c a p i t a t e d  and t h e  blood was c o l l e c t e d  and 

a l lowed to  c l o t .  The Dlood was c e n t r i f u g e d  a t  2000 q f o r  20 

min. The serum was removed and assayed  im m edia te ly  f o r  enzyme 

a c t i v i t y .  For. orqan  d i s t r i b u t i o n  e x p e r im e n t s ,  t h e  b r a i n ,  

h e a r t ,  s k e l e t a l  m usc le ,  l u n g ,  s p l e e n ,  l i v e r  and k idney  were
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removed and p laced  im m ed ia te ly  on i c e .  A f t e r  a d d i t i o n  of 5 

volumes o f  i c e - c o l d  0 .1  M T r is -H C l  b u f f e r  (pH 7 . 5 ) ,  t h e  t i s ­

su e s  were d i s r u p t e d  u s in q  a P o l y t r o n  homoqenizer  (Brinkmann 

I n s t r u m e n t s )  and then  homoqenized in  an i c e - c o o l e d  homogenizer  

eauiDDed with a T e f lo n  p e s t l e .  The homoqenate was c e n t r i f u g e d  

a t  12.000 q f o r  20 rain. The s u p e r n a t a n t  was d eca n te d  and t h e

p e l l e t  was r e suspended  i n  t h e  o r i q i n a l  volume of T r is -H C l  

b u f f e r ,  r e c e n t r i f u q e d , s u p e r n a t a n t  d e c a n te d  and th e  p e l l e t  was 

once more suspended in  th e  o r i q i n a l  volume o f  T r is -HCl b u f f e r .  

The washed p e l l e t  was im m edia te ly  a s sa y ed  f o r  uiembrane-bound 

enzvme a c t i v i t y .

For  e x p e r im e n ts  on enzyme d i s t r i b u t i o n  in  b r a i n ,  t h e  b r a i n  

was removed and t h e  hypo tha lam us ,  c o r t e x ,  hippocampus,  s t r i a ­

tum. t h a l a m u s ,  b ra in s te m  and c e re b e l lu m  were r a p i d l y  d i s s e c t e d  

and im m ed ia te ly  p laced  on i c e .  The p i t u i t a r y  was a l s o  

removed. A f t e r  a d d i t i o n  o f  5 volumes of i c e - c o l d  0 .1  h T r i s -  

HCl b u f f e r  (dH 7 . 5 ) .  th e  t i s s u e s  were homogenized as d e s c r i b e d  

above .  300 u l  o f  homoqenate was c e n t r i f u g e d  in  a desk top  

c e n t r i f u q e  a t  5000 q f o r  10 min.  The s u p e r n a t a n t  was removed 

and t h e  p e l l e t  was re su sp e n d ed  i n  300 u l  of 

b u f f e r . r e c e n t r i f u q e d .  s u p e r n a t a n t  d e c a n te d  and t h e  washed p e l ­

l e t  once more suspended in  300 u l  o f  b u f f e r .  Both s o l u b l e  and 

p a r t i c u l a t e  f r a c t i o n s  were a s sa y ed  im m e d ia te ly .  Whole b r a i n  

homoqenates .  s u p e r n a t a n t s  and washed p e l l e t s  used f o r  s t u d i e s  

on th e  d e q r a d a t i o n  o f  TRH and chromoqenic  s u b s t r a t e s  were p r e ­

pared  s i m i l a r l y .
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'E f f e c t  'o f  ‘i n h i b i t o r s  on h a imane Ig x S lS  ' i a  £ i§ sy e s

R a ts  r e c e i v e d  e i t h e r  Z - P r o - P r o l i n a l  (5 mg/kg in  30* e t h a ­

n o l ) .  d iaz o m e th v l  ov rog lu ta raa te  (1 mq/kq in  w a t e r ) ,  bo th  

i n h i b i t o r s  o r  v e h i c l e .  A f t e r  15, 30 o r  50 min o r  18 h th e  r a t  

was s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  and th e  hypo tha lam us,  

D i t u i t a r v  and a s e c t i o n  of t h e  f r o n t a l  c o r t e x  was removed and 

p la c e d  on dry  i c e .  The blood was a l s o  c o l l e c t e d  and serum was 

p rep a red  a s  d e s c r i b e d  above .  The serum was s to r e d  a t  -20°  and 

was a s sa y ed  f o r  D r o l a c t i n  and TSH as  d e s c r ib e d  above .  To t h e  

t i s s u e s .  1 ml o f  90% methanol c o n t a i n i n g  0 .1  mM PCMB was added 

and t h e  t i s s u e s  were homoqenized.  The sample  was c e n t r i f u g e d  

a t  10.000 q f o r  15 minutes  and th e  s u p e r n a t a n t  removed. The 

s u D e r n a ta n t s  were th en  e v a p o r a t e d  under  a s t ream  of n i t r o g e n  

o r  bv c e n t r i f u q a t i o n  under  vacuum (Savant  In s t ru m en ts )  and 

were r e c o n s t i t u t e d  in  RIA b u f f e r  (500 u l  fo r  hypothalam ic  sam­

p l e s .  150 u l  fox p i t u i t a r y  samples  and 75 u l  fo r  c o r t i c a l  sam­

p le s )  and s t o r e d  a t  -20° u n t i l  t h e  RIA was pe rfo rm ed .

E f f e e f s  o f  i n h i b i t o r s  o.n LHRH H a l f - l i f e  i n  r § t s

Rats  were a n e s t h e t i z e d  with u re th a n e  (1 .2  mg/kg) 30 m inu tes  

b e f o r e  s u r a e r v .  The a n i m a l ’ s t e m p e r a tu re  was m a in ta in ed  a t  

37° bv u s in g  a h e a t  lamp with  a r e c t a l  p robe .  The fem o ra l  

a r t e r y  and v e in  were i s o l a t e d  and c a n n u la s  were i n t r o d u c e d .  

The a r t e r i a l  l i n e  c o n ta in e d  1% h e p a r in  in  s a l i n e .  Z -P ro -P ro -  

l i n a l  (1.25 mq/kq) was i n i e c t e d  i n t o  t h e  femora l  vein  2 min 

b e f o r e  i n i e c t i o n  o f  LHRH (210 uq/kq in  s a l i n e )  i n t o  the  femo­

r a l  v e i n .  0 .  2. 5 .  10.  15 ,  20. 25, 30, 40 and 60 min a f t e r
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i n i e c t i o n  o f  LHRH. 200 u l  o f  b lood was c o l l e c t e d  from th e  fem­

o r a l  a r t e r y  i n t o  a D l a s t i c  tu o e  c o n t a i n i n g  1 u l  of a s o l u t i o n  

o f  100 mM o - D h e n a n th r o l in e  and 10 mM p - c h l o r o m e r c u r ib e n z o ic  

a c i d .  This  i n h i b i t o r  s o l u t i o n  was added t o  p r e v e n t  d e q ra d a ­

t i o n  o f  LHRH by b lood a f t e r  c o l l e c t i o n .  The blood was c e n t r i ­

fuged on a desk to p  c e n t r i f u q e  (Beckman) fo r  5 m inu tes  a t  9000

q and th e  plasma was removed. Plasma was f ro ze n  a t  -20°  u n t i l  

a n a l y s i s  by RIA. A f t e r  d e t e r m i n a t i o n  o f  LHRH c o n c e n t r a t i o n  in  

t h e  plasma sam ples  by RIA a s  d e s c r i b e d  above ,  th e  pharm acoki­

n e t i c s  o f  LHRH d i s a p p e a r a n c e  was a n a ly z e d  by th e  DRUGFUN p r o -  

aram o f  th e  PROPHET Computer System which s i m u l a t e s  a two com­

p ar tm en t  model with  a b o lu s  i n i e c t i o n .  The d u p l i c a t e  

measurements of  each RIA d e t e r m i n a t i o n  were a veraged  and t h e

p o i n t s  were w e iah ted  bv 1 / c o e f f i c i e n t  of v a r i a t i o n  o f  t h e

d u p l i c a t e s .

'G aa CELL ‘5ILU3IEE

A l i n e  of  GH3 c e l l s  was o b t a i n e d  from Dr.  Marvin Gershen-  

qorn o f  C o r n e l l  Medical  C e n te r  and qrown in  the  l a b o r a t o r y  of 

Dr. T e r ry  D a v ie s .  C e l l s  were c u l t u r e d  in  75 cm2 t i s s u e  c u l ­

t u r e  f l a s k s  (Falcon P l a s t i c s .  Oxnard. CA) c o n t a i n i n g  12 ml of 

Hams F10 medium supplemented  with  15% h o rse  serum, 2.5% f e t a l  

c a l f  serum (T a sh i i a n  e t  a l . ,  1963) and 1% p e n i c i l l i n - s t r e p t o -  

m v c in - fu n q iz o n e .  The media was f i l t e r e d  through a M i l l i p o r e  

0 .45  urn f i l t e r  u n i t  b e fo r e  u s e .  A l l  a d d i t i o n s  were s t e r i l i z e d  

bv f i l t e r i n g  th rouqh  a M i l l i p o r e  0 .22  urn f i l t e r  u n i t .  The 

media was changed tw ice  a week.
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■PifcpaDaiioa 'q£ GUI c e l l s  fox  o£ -enzyma t i c  a c t i v ­

i t i e s

Two weeks a f t e r  p l a t i n q .  t h e  GH3 c e l l s  were h a rv e s t e d  by 

a d d i t i o n  of 0.02% EDTA. The c e l l s  were c e n t r i f u g e d  a t  300g 

f o r  10 min and washed w ith  5 ml o f  0.1M Tris-HCl b u f f e r  (pH

7 . 0 ) .  A f t e r  c e n t r i f u g a t i o n  a t  300q f o r  10 min, th e  c e l l s  were 

Dlaced on i c e  and t h e  above b u f f e r  was added to  t h e  c e l l s  t o  

g iv e  a p r o t e i n  c o n c e n t r a t i o n  o f  a b o u t  2 mg/ml. C e l l s  were 

homoqenized i n  an i c e - c o o l e d  homoqenizer  equ ipped  with  a 

T ef lon  p e s t l e .  C e l l  homoqenates were used f o r  a s s a y in g  w i th in  

2 days o f  hom oqen iza t ion  t o  p re v e n t  l o s s  o f  enzym at ic  a c t i v ­

i t y .  For  e x p e r im e n t s  i n  which t h e  i n h i b i t o r  was added to  t h e  

c e l l s ,  t h e  c e l l s  were t r a n s f e r r e d  from 75 cm2 f l a s k s  t o  25 cm2 

f l a s k s  and r e c e i v e d  5 ml o f  t h e  above media.  Two weeks a f t e r  

r e o l a t i n u .  t h e  c e l l s  r e c e i v e d  i n h i b i t o r  for  t h e  i n d i c a t e d  

p e r io d  o f  t i m e .  C e l l s  were h a r v e s t e d  by a d d i t i o n  of 0.02% 

EDTA. c e n t r i f u q e d  a t  300q f o r  10 min and washed with 5 ml 

p h o s p h a t e - b u f f e r e d  s a l i n e .  A f te r  c e n t r i f u g a t i o n  a t  300g f o r  

10 min.  t h e  c e l l s  were p la c e d  on i c e  and resuspended  i n  180 u l  

0 .1  M Tr is -H Cl  b u f f e r  (pH 7.0)  and homoqenized as d e s c r i b e d  

above .

'E££aafi o f  ' i n h i b i t o r s  ’on en zy m atic  a c t i Q  GH3 cei;Ls

I n i t i a l l y  t h e  e f f e c t  of Z - P r o - P r o l i n a l  on p r o l y l  e n d o p e p t i ­

d a se  a c t i v i t y  i n  GH3 c e l l s  was s t u d i e d .  C e l l s  were p l a t e d  i n  

35 mm d ia m e te r  s t e r i l e  w e l l s  i n  p l a t e s  o f  6 w e l l s / p l a t e  (Cos­

t a r .  CambridQe. MA) t o  a d e n s i t y  of about  0 .1  mq p r o t e i n / w e l l .
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3 ml o f  media were added t o  each  w e l l .  For one hour s t u d i e s ,  

s t e r i l e  Z - P r o - E r o l i n a l  was adaea to  a f i n a l  c o n c e n t r a t i o n  of 

10-6 M. A f t e r  1 h o u r ,  t h e  media was removed and th e  GH3 c e l l s  

were h a r v e s t e d  by th e  a d d i t i o n  of 0.02« EDTA. For 3 day 

e x p e r im e n t s .  2 , - P r o - P r o l in a l  was added to th e  c e l l s  so t h a t  a 

f i n a l  c o n c e n t r a t i o n  of 10-5 M was o b t a in e d  and th e  c e l l s  were 

h a rv e s t e d  a f t e r  3 days .  The c e l l s  were washed, c e n t r i f u g e d  

and homoqenized and D ro lv l  e n d o p ep t id a se  was a ssay ed  as  

d e s c r i b e d  above .  S o lu b le  m e ta l lo e n d o p e p t id a s e  a c t i v i t y  was 

a l s o  a ssayed  a s  a c o n t r o l .

The e f f e c t  o f  5 - o x o p r o l i n a l  on pyroq lu tam yl  p e p t id e  hydro­

l a s e  a c t i v i t y  was then  s t u d i e d .  S t e r i l e  5 - o x o p r o l in a l  was 

added t o  GH3 c e l l s  i n  25 cm2 f l a s k s  t o  a f i n a l  c o n c e n t r a t i o n  

o f  10-5 M. I n i t i a l l y  t h e  c e l l s  were in cu b a te d  f o r  3 d a y s .  

The c e l l s  were h a r v e s t e d ,  washed and homoqenized and assayed  

f o r  p y roq lu tam yl  p e p t id e  h y d ro la s e  a c t i v i t y  a s  d e s c r ib e d  

above .  Upon f i n d i n q  t h a t  pyroq lu tam yl  p e p t id e  h y d ro la s e  

a c t i v i t y  i n c r e a s e d  when GH3 c e l l s  were exposed to  

5 - o x o p r o l i n a l .  c o n c e n t r a t i o n - r e s p o n s e  and t im e -c o u r s e  s t u d i e s  

were conducted  to  s tudy  t h i s  i n c r e a s e .  For c o n c e n t r a t i o n - r e -  

SDonse s t u d i e s .  5 - o x o p r o l i n a l  was added to th e  c e l l s  so t h a t  

f i n a l  c o n c e n t r a t i o n s  r a n q in q  from 10-4 M to  10-B M were 

o b t a i n e d .  The c e l l s  were in cub a ted  f o r  3 days .  For t im e -  

c o u rse  s t u d i e s .  5 - o x o p r o l i n a l  (10-5 M) was added to  th e  c e l l s  

and t h e  c e l l s  were in c u b a te d  from 9 h to  6 d ay s .
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‘S a e c iiic iJ :.*  'o£ the ’in c r e a s e  'in  exE Q gly ilB y l EgaE ifit iay ag o lasg

5 -0 x o D ro l in a l  (10-5 M) was added t o  t h e  GH3 c e l l s  fo r  3 

d a y s .  The c e l l s  were h a r v e s t e d ,  washed and homogenized and 

D ro lv l  e n d o p e p t id a se  a c t i v i t y  was de termined a s  d e sc r ib e d  

above.  S i m i l a r l y .  Z - P r o - P r o l i n a l  (10-5 M) was added to  th e  

c e l l s  and Dvroqlutamyl p e p t i d e  h y d ro la s e  a c t i v i t y  was d e t e r ­

mined as  d e s c r ib e d  above.  TRH (10-6 M) and the  TRH metabo­

l i t e s ,  p y ro q lu ta m a te  (10-4 M) and c y c lo  (His-Pro) (10-4 M) were 

a l s o  added t o  GH3 c e l l s  f o r  3 days and pyroq lu tam yl  p e p t i d e  

h v d r o la s e  and p r o l y l  e n d o p e p t id a se  a c t i v i t y  were a ssayed  as  

d e s c r ib e d  above.

'E££ect; of S^oxonrolinal ia '& itrg  SQ EXEQElgJilBXi ESRtide 

'hxd£olas§

GH3 c e l l s  were exposed t o  5 - o x o p r o l in a l  (10-5 M) fo r  3 

d ay s .  The c e l l s  were h a r v e s t e d ,  washed and homogenized as 

d e s c r ib e d  above .  Pyroqlu tam yl  p e p t i d e  h y d ro lase  was assayed  

a s  d e s c r i b e d  above in  th e  p re s e n c e  and absence  of  

5 - o x o n r o l in a l  (10-5 M) i n  th e  i n c u o a t i o n  m ix tu re .

'EMoguge s t u d i e s  o£ 5rQxopxQli,na l  i n  GH3 c e l l s

F la s k s  of c e l l s  r e c e i v e d  5 - o x o p r o l i n a l  (10-5 M) and th en  

a f t e r  1 h t h e  media was r e p l a c e d .  I n  o t h e r  e x p e r im e n t s ,  

5 - o x o p r o l in a l  (10-5) was added on days 0, 1 and 2. On day 3, 

th e  c e l l s  were h a r v e s t e d ,  washed, homoqenized and assayed  f o r  

p yroq lu tam yl  p e p t i d e  h y d r o l a s e  as  d e s c r ib e d  above.  C o n t ro l
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f l a s k s  and f l a s k s  r e c e i v i n g  5 - o x o p r o l i n a l  (10-5 M) fo r  3 days 

were c a r r i e d  th ro u gh  th e  p ro ce d u re  in  p a r a l l e l .

Ko dezermAnation &£ py r o gluta / ijyl  ESfi lide hydrol a s e

C e l l s  r e c e i v i n g  5 - o x o p r o l i n a l  (10-5 M) f o r  3 days were 

grown in  p a r a l l e l  with c o n t r o l  c e l l s  i n  75 cm2 f l a s k s .  C e l l s  

were h a r v e s t e d .  washed and homogenized as  d e s c r ib e d  above.  

S u b s t r a t e  c o n c e n t r a t i o n s  be tween 0.06'6 mM and 2 mM were u sed .  

The r e a c t i o n  proceeded f o r  1 h and was s to pp ed  by p l a c in g  in  

b o i l i n g  water  f o r  2 min. 250 u l  o f  w a te r  was added and f r e e  

2NA was de te rm ined  bv f l u o r o m e t r y  a s  d e s c r i b e d  abo v e .  Linew- 

e a v e r -B u rk  p l o t s  o b ta in e d  by a l i n e a r  r e g r e s s i o n  program were 

used t o  c a l c u l a t e  t h e  Km.

'SubcaAAulaz da.st iibutiQn o.f g y ro g lu ta m ^ l  ’BeBJfcide h y d ro la se  in  

GH3 c f i ilu ls

GH3 c e l l s  exposed t o  5 - o x o p r o l i n a l  (10-5 M) f o r  3 days and 

p a r a l l e l  c o n t r o l  c e l l s  were h a r v e s t e d ,  washed and homoqenized 

a s  d e s c r ib e d  above .  The homoqenate was c e n t r i f u g e d  in  a desk 

top c e n t r i f u g e  a t  9000g f o r  10 min.  The s u p e r n a t a n t  was 

removed and t h e  p e l l e t  was washed w i th  0 .1  M T r is -H C l  b u f f e r  

(dH 7 . 5 ) .  r e c e n t r i f u g e d  and resusp en ded  in  b u f f e r .  10 u l  of 

th e  s u p e r n a t a n t  and 10 u l  of th e  washed p e l l e t  were a ssayed  

f o r  py rog lu tam yl  p e p t i d e  h y d r o la s e  a c t i v i t y  a s  d e s c r ib e d  

above .  A f t e r  1 h .  th e  r e a c t i o n  m ix tu re  was p laced  on i c e  and 

d i l u t e d  with 250 u l  w a te r .  The r e l e a s e  o f  f r e e  2NA was d e t e r ­

mined bv f lu o r o m e t r y  u s in g  an e x c i t a t i o n  wavelength  of  355 nm
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and an e m iss io n  wavelenqth  of  440 nm. A blank tube  which 

r e c e i v e d  s u b s t r a t e  a t  t h e  end o f  t h e  i n c u b a t i o n  was c a r r i e d  

th ro u q h  t h e  e x p e r im e n t .  The amount of f r e e  2NA was c a l c u l a t e d  

from a s t a n d a r d  cu rv e  c o n s t r u c t e d  w i th  known amounts o f  2NA.

Cafclaheximide expe r im e n t s  i n  GH3 s e l l s

GH3 c e l l s  were exposed t o  cv c lo hex im ide  a t  a c o n c e n t r a t i o n  

of  0 .5  ua/rol f o r  24 h or  a t  a c o n c e n t r a t i o n  of 2 uq/ml f o r  10 

h .  No c y t o t o x i c  chanqes were a p p a r e n t  m ic r o s c o p i c a l l y  d u r in g  

e i t h e r  c o n d i t i o n .  For each  e x p e r im e n t ,  3 f l a s k s  were used  a s  

c o n t r o l s .  3 f l a s k s  r e c e i v e d  5 - o x o p r o l i n a l  (10-5 M) , 3 f l a s k s

r e c e i v e d  cyc lohex im ide  and 3 f l a s k s  r e c e iv e d  cy c lo hex im id e  

p l u s  5 - o x o o r o l i n a i  (10-5 M) . The c e l l s  were h a r v e s t e d ,  

washed. homoqenized and a ssayed  f o r  pyrog lu tam yl  p e p t i d e  

h v d r o l a s e  and p r o l y l  e n d o p e p t id a s e  a c t i v i t y  a s  d e s c r i b e d  

above .

S tu d ie s  on th e  d e g r a d a t ion o f  h'Z  Gil 3 c e l l g

1 ml o f  media was added to  th e  GH3 c e l l s  fo l low ed  by a d d i ­

t i o n  o f  IQ u l  o f  40 mM pGlu-2NA in  DMSO ( f i n a l  c o n c e n t r a t i o n  

0 .4  mM). The c e l l s  were in c u b a te d  f o r  1 h and 3 days in  t h e  

p re s e n c e  and ab sence  o f  5 - o x o p r o l i n a l  (10-5 M). The media was 

removed and combined with  t h e  h a r v e s t e d  c e l l s .  A f te r  homogen­

i z a t i o n .  f r e e  2NA was de te rm in e d  i n  th e  media p lu s  c e l l  mix­

t u r e  bv d i a z o t i z a t i o n .

E f f e c t  o f  in h ib i t o r s  and su b st r a t e s  on XRfci b in d in g  in  GH3 

‘d a l  As
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The TRH Dindinq e x p e r im e n t  was performed with th e  he lp  of 

Dr. Marvin G ershenqorn .  10 u l  of Z - P r o - P r o l i n a l , 

5 - o x o p r o l i n a l . pGlu-2NA o r  Z-Gly-Pro-SM was added to  900 u l  

GH3 c e l l  su s p e n s io n  (2 m i l l i o n  c e l l s /  tube)  so t h a t  the  f i n a l  

c o n c e n t r a t i o n  o f  each compound was 100 nM. U n la b e l le d  IRH (1 

uM) was added t o  measure n o n s p e c i f i c  b in d in q .  T h is  was f o l ­

lowed bv a d d i t i o n  o f  100 u l  3H-TRH (10 nM f i n a l  c o n c e n t r a ­

t i o n ) .  The t u b e s  were i n c u b a te d  a t  37° f o r  1 h ,  th e  c e l l s  

were th e n  washed tw ic e  w i th  GH3 media and 400 u l  0 .4  N NaOH 

was added .  The c e l l s  were f r o z e n  and thawed to  d i s r u p t  t h e  

p e l l e t  and 100 u l  o f  i n c u b a t i o n  was p laced  in  a s c i n t i l l a t i o n  

v i a l  and co un ted  i n  a s c i n t i l l a t i o n  c o u n t e r .

e f  i a h i t i t d r s  ’on p r o l a c t i n  r e s p o n se  I q GH3 c e l l s

The e f f e c t s  of i n h i b i t o r s  on p r o l a c t i n  r e s p o n s e  to  TRH in  

GH3 c e l l s  used t h e  methods of Dannies and T a s h j i a n  (1976) . 

The e f f e c t  o f  i n h i b i t o r s  on p r o l a c t i n  r e s p o n se  was measured in  

two t y p e s  of e x p e r im e n t s .  In  th e  f i r s t  ty p e  of e x p e r im e n t ,  

new media was added to  th e  c e i l s  a lo n g  w ith  t h e  i n h i b i t o r  in  

e i t h e r  t h e  p r e s e n c e  c r  ab sen c e  of TRH (10 nM f i n a l  c o n c e n t r a ­

t i o n )  . E i t h e r  5 - o x o p r o l i n a l  (10-5 to), Z - P r o - P r o l i n a l  (10-5 to) 

o r  bo th  i n h i b i t o r s  were added to th e  c e l l s  and were compared 

w i th  c o n t r o l  c e l l s  and c e l l s  r e c e i v i n q  only  TRH (10 nM). 

I n c u b a t io n  f o r  1 h measured p r o l a c t i n  r e l e a s e  and f o r  3 days 

measured p r o l a c t i n  s y n t h e s i s .  The media was removed and 

a s sa y e d  f o r  p r o l a c t i n  as  d e s c r i b e d  above.
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In  a second type  of  e x p e r i m e n t .  5 - o x o p r o l i n a l  was added to  

GH3 c e l l s  f o r  3 days and compared t o  a p a r a l l e l  s e t  of  c o n t r o l  

c e l l s .  The c e l l s  were washed with 3 ml of  media and 3 ml of 

new media was added .  At t h i s  t ime h a l f  of th e  c e l l s  r e c e i v e d  

TRH 110 nM) and t h e  o t h e r  c e l l s  were used as c o n t r o l s .  The 

c e l l s  were in c u h a te d  f u r t h e r  and the  media was removed a f t e r  1 

h and 3 days and assayed  f o r  p r o l a c t i n  as d e s c r ib e d  above .

'ffssaM 'a£  DMA ‘in  GM3  ‘c e l l s

DNA in  GH3 c e l l s  was a s say ed  a c c o r d in q  to  t h e  method of  

H ineqardner  {1971). The c e l l s  were h a r v e s t e d  w ith  3 ml 0.02% 

EDTA. c e n t r i f u q e d  a t  300q f o r  10 min. washed with 5 ml PBS and 

r e c e n t r i f u q e d .  The c e l l s  were r e su sp en d ed  i n  150 u l  0.1% SDS. 

50 ul  o f  th e  c e l l  s u s p e n s io n  was added to  100 ul  o f  a d iam ino-  

b en zo ic  a c id  d i h y d r o c h l o r i d e  (DABA) s o l u t i o n  (0 .4  g i n  5 ml 

water  p l u s  0 .02  q of a c t i v a t e d  c h a r c o a l  f i l t e r e d  th rough  a 

M i l l i p o r e  0 .22  um f i l t e r  u n i t ) .  The c e l l  p lu s  DABA m ix tu re  

was in c u b a te d  f o r  30 min a t  60° and s topped  by a d d i t i o n  of  1 .5  

ml 1 N HC1. The m ix tu re  was read  i n  a s p e c t r o f l u o r o m e t e r  a t  

an e x c i t a t i o n  wavelength  of 410 nm and an em iss io n  wavelength  

o f  502 nm. The DNA was de te rm in e d  by c o n s t r u c t i n g  a s t a n d a r d  

cu rv e  with  known amounts o f  DNA (Calf  thymus, ty p e  I )  i n  SDS.
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RESULTS

IL XZXBQ '&S&M&

la w i t i o  Lai i ib i^iQn g£_ &§R£i£§ hyd ro l a s e  by

' 5aoacapj<aJ»ladl

5 - o x o p r o l i n a l  was s y n t h e s i z e d  a c c o rd in q  to  th e  method of 

S a i i o  e t  a l .  (1980) (F iqure  4 ) .  I t  was found to  be a p o t e n t  

i n h i b i t o r  of py roq lu tam yl  p e p t i d e  h y d r o l a s e  in  v i t r o .  Analy­

s i s  bv th e  method o f  Dixon (1953) ,  r e v e a l e d  a Ki of  20 nM 

(mean of 3 exp er im en ts )  (see  F iq u re  5) with  t h e  i n t e r s e c t i o n  

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

above th e  x - a x i s .  a c o n d i t i o n  i n d i c a t i v e  o f  c o m p e t i t iv e  i n h i b ­

i t i o n .  The a n a l y s i s  o f  t h e  K i n e t i c s  o f  t h i s  t i q h t  b in d in g  

i n h i b i t o r  was a l s o  c a r r i e d  o u t  by t h e  method o f  Henderson 

(1972) .  In  t h i s  method, t h e  i n h i b i t o r  c o n c e n t r a t i o n  d iv id e d  

bv the  deqree  o f  i n h i b i t i o n  i s  p l o t t e d  on the  o r d i n a t e  and th e  

v e l o c i t y  w i thou t  i n h i b i t o r  d iv id e d  by th e  v e l o c i t y  with i n h i b ­

i t o r  i s  d o t t e d  on t h e  a b s c i s s a .  A l i n e a r  p l o t  was o b ta in e d  

f o r  t h r e e  d i f f e r e n t  s u b s t r a t e  c o n c e n t r a t i o n s  and th e  s lo p e  was 

found to  i n c r e a s e  with i n c r e a s i n q  s u b s t r a t e  c o n c e n t r a t i o n s ,  a 

c o n d i t i o n  i n d i c a t i v e  of c o m p e t i t iv e  i n h i b i t i o n .  Wnen th e  

s loDe of each of  th e  t h r e e  l i n e s  i n  t h i s  p l o t  was p l o t t e d  

a a a i n s t  th e  s u b s t r a t e  c o n c e n t r a t i o n ,  a l i n e a r  p l o t  was 

o b t a in e d  with t h e  y - i n t e r c e p t  o f  26 nM equa l  t o  th e  Ki.

Other  compounds r e l a t e d  t o  5 - o x o p r o l i n a l  were t e s t e d  f o r
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F i q u r e  5
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F i q u r e  5

A Dixon D lo t  of  th e  i n h i b i t i o n  of pyroq lu tam yl  p e p t i d e  

h v d r o l a s e  by 5 - o x o p r o l i n a l .  The i n h i b i t o r  was p r e in c u b a t e d  

f o r  10 min a t  57° C witn t h e  enzyme and th e  r e a c t i o n  was i n i ­

t i a t e d  bv a d d i t i o n  of  dG1u- 2NA as  d e s c r i b e d  in  t h e  Methods 

s e c t i o n .

±  conc .  o f  s u b s t r a t e  = 0 .4  mM

0 conc .  of  s u b s t r a t e  = 0 .2  mM

•  conc .  of s u b s t r a t e  = 0 .1  mM
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t h e i r  a b i l i t y  to  i n h i b i t  pyroq lu tam yl  p e p t id e  h y d ro la s e  

a c t i v i t y .  As shown in  Table  1 ,  p y ro q lu tam ic  a c i d

( 5 - o x o o r o l in e l  and t h e  a l c o h o l  d e r i v a t i v e  of p y roq lu tam ic  a c id  

( 5 - o x o p r o l i n o l )  i n h i b i t e d  enzym at ic  a c t i v i t y  with  a Ki o f  0 .85  

mM and 0 .65  mM r e s p e c t i v e l y .  These K i ' s  a r e  over 10,000 f o l d  

h iq h e r  than  t h a t  of  th e  a ld e h y d e .  The Ki of  Z - P r o - P r o l i n a l , 

t h e  s p e c i f i c  a ldehyde  i n h i b i t o r  of p r o l y l  e n d o p e p t id a se  (Wilk 

and O r lo w s k i .  1 9 8 3 a i . on p y ro q lu ta m y l  p e p t id e  h y d r o l a s e  was 

found t o  be 7 .5  mM. T h is  i s  over  5 o r d e r s  o f  magnitude h ig h e r  

th a n  i t s  Ki f o r  p r o l y l  e n d o p e p t id a s e .  Two o t h e r  5-member h e t ­

e r o c y c l i c  compounds w i th  an a ld eh yd e  ca rb o ny l  i n  t h e  

2 - p o s i t i o n ,  were a l s o  t e s t e d  f o r  t h e i r  e f f e c t  on py rog lu tam yl  

p e p t i d e  h y d r o l a s e  a c t i v i t y .  As shown in  Table  1 ,

2 - th io o h e n e c a rL o x a ld e h y d e  and N - m e th y lp y r ro le -2 -c a rb o x a ld e h y d e  

a t  c o n c e n t r a t i o n s  o f  0 .4  mM d id  n o t  i n h i b i t  py rog lu tam yl  p ep ­

t i d e  h y d r o l a s e  a c t i v i t y .

5 - o x o o r o l i n a l  was t e s t e d  on o t h e r  p e p t i d a s e s  which aiight  be 

c o n s i d e r e d  as s u s c e p t i b l e  t o  i n h i b i t i o n  by t h i s  a ld e h y d e .  The 

Ki of 5 - o x o o r o l i n a l  on p r o l y l  e n d o p e p t id a s e  was found t o  be 

0 .36  mM. which i s  ove r  4 o r d e r s  of maqnitude g r e a t e r  than  i t s  

Ki f o r  p y roq lu tam yl  p e p t i d e  h y d r o l a s e .  At a c o n c e n t r a t i o n  of 

10-5 M. 5 - o x o o r o l i n a l  d id  not  i n h i b i t  am inopep t idase  M or  

d ia ro in o o e o t id a s e  IV ( p o s t - p r o l i n e  d ia m in o p ep t id a se )  a c t i v i ­

t i e s .

S ince  5 - o x o p r o l i n a l  was found t o  i n h i b i t  t h e  c le a v a g e  of  

dG1u- 2NA bv py roq lu tam yl  p e p t i d e  h y d r o l a s e ,  we chose to  s tu d y
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Table  1 E f f e c t  of i n h i b i t o r s  on c a l f  l i v e r  pyroq lu tam yl  pep­

t i d e  h y d r o l a s e  a c t i v i t y

I n h i b t o r  Ki (uM)

2 - P r o - P r o l i n a l  7500

5 - o x o p r o l in e  850

5 -o x o D ro l in o l  6 50

5 - o x o o r o l i n a l  0 .026

2 - th io p h e n e

c a rb ox a ld eh v de  N. I . 1

N-methvl  o v r r o l e - 2 -  

c a rb o xa ldehv d e  N. I . *

The Ki of  Dvroqlutamvl p e p t i d e  h y d r o l a s e  was de te rm ined  as  

d e sc r iD ed  in  t h e  Methods s e c t i o n .  The enzyme was p r e in c u b a t e d  

w ith  i n h i b i t o r  f o r  10 min p r i o r  t o  a d d i t i o n  o f  s u b s t r a t e .  Ki 

v a lu e s  were de te rm in ed  by th e  method of Dixon (1953) .

iN. I .  -  Did no t  i n h i b i t  a t  a f i n a l  c o n c e n t r a t i o n  of  0 .4

mM.
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th e  e f f e c t  o f  th e  i n h i b i t o r  on th e  c l e a v a g e  of a b i o l o g i c a l  

DeDtide bv t h i s  enzyme. LHRH was chosen s i n c e  i t  i s  c leaved  

bv Dvroqlutamvl p e p t i d e  h y d r o la s e  between th e  p y r o g lu ta m y l* 

and h i s t i d i n e 2 r e s i d u e s  (Bauer e t  a l . ,  1981a) .  HPLC a n a l y s i s  

o f  an i n c u b a t i o n  m ix tu re  c o n ta in i n g  LHRH and pyroq lu tam yl  pep­

t i d e  h y d r o la s e  r e v e a l e d  a peak c o r re sp o n d in g  to  i n t a c t  LHRH 

( r e t e n t i o n  time=12 m in ) . This  peak d e c rea se d  with t ime conco­

m i t a n t l y  with th e  appea rance  o f  a new peak with a r e t e n t i o n  

t im e  o f  9 min which p r o g r e s s i v e l y  i n c r e a s e d  with t im e .  As 

shown in  F ig u re  6A. a f t e r  3 hours  t h e r e  was on ly  about  25% of  

i n t a c t  LHRH r e m a in in g .  The peak which appeared d u r in g  t h e  

i n c u b a t i o n  was c o l l e c t e d ,  hydro lyzed  and ana lyzed  on an amino 

a c id  a n a l y z e r .  A n a ly s i s  o f  t h e  amino a c id  com pos i t ion  of  th e  

p ro d uc t  was c o n s i s t e n t  wi th  t h e  s t r u c t u r e  of des-pGlui-LHRH, 

co n f i rm in g  t h a t  c le a v a a e  between t h e  1 and 2 p o s i t i o n  

o c c u r r e d .  As shown in  F iq u r e  6B, 5 - o x o p r o l in a l  a t  a concen­

t r a t i o n  o f  10-5 M a lm os t  t o t a l l y  b locked  t h e  d e g ra d a t io n  of 

LHRH bv py roq lu tam yl  p e p t i d e  h y d r o l a s e .  A f te r  3 h o u r s ,  mainly 

i n t a c t  LHRH was p r e s e n t .

' P hydr o l y z i n g  enzyme a s sa y

An a s sa y  u s in q  a chromoqenic  s u b s t r a t e  was developed  to  

s tudy  th e  b r a i n  p a r t i c u l a t e  f r a c t i o n  and serum p y ro q lu ta m y l -  

p e c t i d e  h v d ro ly z in q  enzyme. Since t h e  pyroq lu tam yl  p e p t i d e  

h v d ro lv z in q  enzymes in  b r a i n  p a r t i c u l a t e  f r a c t i o n s  and in  

serum were r e p o r t e d  t o  p r e f e r  T R h- l ike  p e p t i d e s  (Taylor  and 

Dixon. 1978; Bauer and Nowak, 1979; Bauer e t  a l . ,  1981b;
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F i g u r e  6

HPLC chromatogram of  LHRH in c u b a te d  with py roq lu tam yl  pep­

t i d e  h y d r o l a s e  f o r  3 h a t  37° C a s  d e s c r i b e d  i n  t h e  Methods 

s e c t i o n .  A. I n c u b a t io n  w i th o u t  5 - o x o p r o l i n a l . E. I n c u b a t io n  

i n  t h e  p re s e n c e  of  5 - o x o c r o l i n a l  {10-6 M). A 20 u l  a l i q u o t  of  

each i n c u n a t i o n  m ix tu re  was chromatographed on a 250 X 4 n.m 

B i o - S i l  OD-55 r e v e r s e  phase  column e q u i l i b r a t e d  with a m ix tu re  

o f  a c e t o n i t r i l e  and po tas s ium  phospha te  b u f f e r  (0 .05  M, pn

2 . 0 ) .  The s t a r t i n q  c o n c e n t r a t i o n  o f  a c e t o n i t r i l e  was 20% and 

was l i n e a r l y  i n c r e a s e d  a t  a r a t e  o f  1%/ min. The flow r a t e  

was 1 ml/  min. Absorbance was m oni to red  a t  210 nm. Peak 1 i s  

d e s - o G lu 1-LHRH and peak 2 i s  LHRH.
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O'Connor and O 'Cuinn.  1984) .  a coupled  assay  us ing  

pGlu-His-Pro-2NA a s  th e  s u b s t r a t e  and excess  DAP IV was d e v e l ­

oped.  We reasoned  t h a t  t h e  "T E H -spec i f ic "  enzyme would a l s o  

r e c o g n iz e  DGlu-His-Pro-2NA.

The r e l e a s e  of 2NA from pGlu-His-Pro-2NA in  th e  absence  of 

p r o l v l  e n d o p e p t id a se  i s  dependent  upon th e  i n i t i a l  c ieav aq e  of 

t h e  pGlu-His bond ( r e a c t i o n  1) by an enzyme c ap ab le  of  remov­

ing  t h e  N - te rm in a l  pyroq lu tam yl  r e s i d u e  ( e i t h e r  PPH o r  presum­

a b ly  t h e  membrane-bound pyroq lu tam yl  h y d ro ly z in q  enzyme) f o l ­

lowed bv t h e  removal of 2NA from His-Pro-2NA by DAP IV 

( r e a c t i o n  2 ) .  D iam inopep t idase  IV c le a v e s  an N - te rm ina l  

d i p e o t i d e  r e s i d u e  from a p e o t i d e  with a f r e e  N-terminus and a 

p r o l i n e  r e s i d u e  in  th e  p e n u l t i m a te  p o s i t i o n  (McDonald e t  a l . ,  

1971) .  The u se  of  Z - P r o - P r o l i n a l  a t  a c o n c e n t r a t i o n  of  10-5 

M. w i l l  t o t a l l y  i n h i b i t  the  a c t i o n  of p r o l y l  e n d o p e p t id a se  

which cou ld  o th e r w i s e  c l e a v e  t h e  Pro-2NA bond d i r e c t l y .  In c u ­

b a t io n  o f  pGlu-His-Pro-2NA w i th  DAP IV only  d id  n o t  r e l e a s e  

2NA. S i m i l a r l y ,  p a r t i a l l y  p u r i f i e d  PPH d id  no t  r e l e a s e  2NA 

from t h i s  s u b s t r a t e  when DAP IV was o m i t ted  from th e  in c u b a ­

t i o n  m ix tu r e .  A combinat ion  o f  PPH and excess  DAP IV r e a d i l y  

r e l e a s e d  f r e e  2NA.

The c le a v a g e  p ro d u c t s  cf  pGlu-His-Pro-2NA in cub a ted  with  

r a t  serum and r a t  washed b r a i n  p e l l e t s  were s t u d i e d  by t h i n -  

l a y e r  chromatoqraphy.  Unreac ted  pGlu-His-Pro-2NA has an Rf of  

0 .6 2  in  s o l v e n t  system I  and 0 .72 i n  s o l v e n t  system I I .  I n c u ­

b a t io n  o f  oGlu-His-Pro-2NA with r a t  serum and r a t  washed p e l ­
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l e t s  qave r i s e  to  a so o t  with  an Rf of 0 .03 in  s o l v e n t  system 

I  and 0.17 i n  s o l v e n t  sys tem I I  which c o -m ig ra te d  with a u th e n ­

t i c  His-Pro-2NA and with th e  p ro d u c t  of pGlu-His-Pro-2NA i n c u ­

b a te d  with D a r t i a l l v  p u r i f i e d  PPH.

‘Daflcadaiion o f  I2H. pGluriaisrP.rQ.r2tjA and 'EGlur2Nft in  rat tis- 

sueso

Radioimmunoassay of  TRH a l low ed  us to  s tudy  i t s  d e g r a d a t i o n  

s i n c e  t h e  d e q r a d a t i o n  p r o d u c t s  d id  n o t  c r o s s  r e a c t  witn t h e  

a n t i s e r u m  ( J e f f c o a t e  e t  a l . .  1 9 7 3 ) .  Recovery o f  added IRH 

from hvDothalamic samples was a p p ro x im a te ly  lOOX and t h e  

i n h i b i t o r s .  Z - P r o - P r o l i n a l  and PDMK. a t  a c o n c e n t r a t i o n  much 

h i g h e r  than  in  any d e q r a d a t i o n  e x p e r im e n t ,  d id  n o t  a f f e c t  

r e c o v e r y .

S ince  in  t h e  l i t e r a t u r e ,  i t  was r e p o r t e d  t h a t  in  t i s s u e s  

o n lv  two enzvmes. p r o l y l  e n d o p e p t id a s e  and PPH c a t a l y z e  t h e  

i n i t i a l  d e q r a d a t i o n  o f  TRH. i t  was of i n t e r e s t  t o  examine 

whether  a d d i t i o n  of  Z - P r o - P r o l i n a l  and PDMK, the  i n h i b i t o r s  o f  

t h e s e  two enzvmes would p r e v e n t  TRH d e q r a d a t i o n .  We t h e r e f o r e  

s t u d i e d  t h e  d e q r a d a t i o n  o f  IRH u s in g  r a t  b r a in  f r a c t i o n s  and 

r a t  serum in  t h e  p re sen c e  and a b sence  o f  t h e s e  i n h i b i t o r s .  We 

were a l s o  i n t e r e s t e d  i n  s t u d y i n g  t h e  a f f e c t s  of DTT and EDTA 

on TRH d e q r a d a t i o n  s in c e  v a r i o u s  o t h e r s  add t h e s e  c o f a c t o r s  to  

t h e i r  b u f f e r s  and q e t  d i f f e r e n t  TRH d e q r a d a t io n  (see d i s c u s ­

s io n )  . As shown in  Table  2, i n  r a t  b r a i n  homogenates t h e r e  

was g r e a t e r  d e q r a d a t i o n  of TRH in  th e  absence  o f  DTT and EDTA 

th a n  i n  t h e i r  p r e s e n c e .  I n  th e  p re s e n c e  of  DTT and EDTA,
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Table  2 D eqrada t ion  o f  TRH in  r a t  b r a i n  homoqenates i n  t h e  p re s e n c e

of  v a r io u s  i n h i o i t o r s  and a c t i v a t o r s

A d d i t io n  « TRH re m a in in g 1 ± SEh

None 29.7 ± 6 . 5

Z - P r o - P r o l i n a l  49.2 ± 6.3 2

PDMK 37.2 ± 11 .6  2

Z - P r o - P r o l i n a l  + PDMK 60.0 ± 1 2 . 42 *

DTT/EDIA 48.4 + 9 .1

DTT/EDTA/Z-Pro-Prolinal 81.0 ± 8 . 3 3  *

DTT/EDTA/PDMK 72.4 ± 13.13

DTT/EDTA/Z-Pro-Prolinal  + PDMK 73.2 ± 14.23

D e a ra d a t io n  o f  TRH was de te rm ined  by RIA as d e s c r ib e d  in  

M a t e r i a l s  and Methods. The f i n a l  c o n c e n t r a t i o n  in  th e  assay  

was 10-5 M f o r  PDMK and .Z - P r o - P r o l i n a l  and 1 .6  mM f o r  EDTA and 

DTT in  a l l  e x p e r im e n t s .  I n h i b i t o r s  and a c t i v a t o r s  were p r e i n ­

cu ba ted  10 min b e fo re  a d d i t i o n  o f  s u b s t r a t e .  Data a r e  mean 

v a lu e s  of 4 t o  7 d e t e r m i n a t i o n s  ± SEM.

TRH remaininq was exDressed  as  percentage  of c o n t r o l s  in  

which TRH was added a t  the  c o n c lu s io n  of  the  in c u b a t io n .

2The l e v e l  o f  s i g n i f i c a n c e  was found by comparing th e  p e r ­

c en ta g e  o f  d e q ra d a t io n  in  th e  p re s e n c e  of  i n h i b i t o r  to  th e  

p e rc e n ta g e  o f  d e q ra d a t io n  in  th e  absence  of  i n h i b i t o r  by t h e  

t w o - t a i l e d  S t u d e n t ' s  T - t e s t .

3The l e v e l  o f  s i g n i f i c a n c e  was found by comparing th e  p e r ­

c en ta g e  of  d e q ra d a t io n  in  th e  p re s e n c e  o f  i n h i b i t o r  p lu s  DTT
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and EDTA to  t h e  p e rc e n ta q e  o f  d e q r a d a t i o n  i n  th e  p r e s e n c e  of  

DTI and EDTA a lo n e  bv t h e  t w o - t a i l e d  S t u d e n t ' s  T - t e s t .

* d < 0 .05
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Z - P r o - P r o l i n a l  p r o t e c t e d  most o f  th e  IRH from d e q r a d a t i o n  and 

PDMK a l s o  o f f e r e d  qood p r o t e c t i o n .  In  t h e  absence  of  DTI and 

EDTA. TRH was e f f e c t i v e l y  deqraded  d e s p i t e  t h e  p re sen c e  o f  

Z - P r o - P r o l i n a l  and PDMK. e i t h e r  s e p a r a t e l y  o r  t o g e t h e r .  The 

use  o f  s p e c i f i c  i n h i b i t o r s ,  t h e r e f o r e ,  i n d i c a t e s  t h a t  i n  t h e  

ab se n c e  o f  DTI and EDTA. an enzyme(s) o t h e r  th an  p r o l y l  endo-  

p e p t i d a s e  and PPH i s  r e s p o n s i b l e  f o r  s u b s t a n t i a l  TRH-degrading 

a c t i v i t y  in  b r a i n  hom oqena tes .

In  r a t  serum. TRH i s  deq raded  r e a d i l y .  As i n d i c a t e d  in  

Tab le  3 .  a f t e r  2 h o f  i n c u b a t i o n  with  50 ul  serum, TRH d e g r a ­

d a t i o n  was n o t  a f f e c t e d  by a d d i t i o n  o f  Z - P r o - P r o l i n a l  (10-5 

Mi. PDMK (10-5 M) o r  both  i n h i b i t o r s .  However, o - p h e n a n t h r o -  

l i n e  (1 mM). a m eta l  c h e l a t o r ,  p r o t e c t e d  most o f  t h e  TRH from 

d e g r a d a t i o n  by r a t  serum. T h is  d a ta  i n d i c a t e s  t h a t  in  serum, 

p r o l v l  e n d o p e p t id a s e  and PPH do no t  s i q n i f i c a n t l y  d eg rade  TRH. 

The d e q r a d a t i o n  o f  TRH a p p e a r s  t o  be c a t a l y z e d  by an enzyme 

which i s  i n h i b i t e d  by o - p h e n a n t h r o l i n e . These f i n d i n g s  a r e  

c o n s i s t e n t  w i th  th e  a c t i o n  o f  t h e  p r e v i o u s ly  d e s c r ib e d  TRH- 

s o e c i f i c  d e a r a d in q  enzyme th o u q h t  t o  be a metal loenzyme (Tay­

l o r  and Dixon. 1978; 3 a u e r  and Nowak. 1979) .

Chromoqenic s u b s t r a t e s  were used t o  f u r t h e r  s tudy  th e  r o l e  

o f  enzvmes d e q ra d in q  TRH a t  t h e  pGlu-His bond.  As shown in  

Table  4 .  c l e a v a q e  o f  pGlu-2NA in  r a t  b r a in  homogenates i s  

a lm os t  t o t a l l y  d ependen t  upon t h e  p r e s e n c e  of DTT and EDTA in  

th e  i n c u b a t i o n  m ix tu r e .  T h is  a c t i v i t y  (upon a c t i v a t i o n  w i th  

DTT and EDTA) was a lm o s t  t o t a l l y  i n h i b i t e d  by PDMK. Thus
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Table  3 D egrad a t io n  of  TRH in  r a t  serum in  t h e  p r e s e n c e  of 

v a r i o u s  i n h i b i t o r s

I n h i b i t o r  % of  c o n t r o l s  ± SEM

None 13 .7  ± 4 .9

Z - P r o - P r o l i n a l  1 0 .8  ± 4 .6

PDMK 1 0 .4  ± 4 .0

Z - P r o - P r o l i n a l  + PDMK 8 .8  ± 3.2

o - p h e n a n t h r o l i n e  78.5  ± 1 1 . 5  *

D e qrad a t io n  of  TRH was de te rm ined  by RIA as  d e s c r ib e d  in  

M a t e r i a l s  and Methods and was compared t o  c o n t r o l s  i n  which 

TRH was added a t  t h e  c o n c l u s i o n  o f  t h e  i n c u b a t i o n .  The f i n a l  

c o n c e n t r a t i o n  i n  t h e  a s sa y  was 10-5 M f o r  PDMK and Z -P ro -P ro -  

l i n a l  and 1 mM f o r  o - n h e n a n t h r o l i n e  in a l l  e x p e r im e n t s .  

I n h i b i t o r s  were p r e i n c u b a t e d  10 min b e f o r e  a d d i t i o n  of s u b s ­

t r a t e .  Data a r e  mean v a lu e s  o f  4 t o  6 d e t e r m i n a t i o n s  ± SEM. 

The l e v e l  of  s i g n i f i c a n c e  was found by comparing the  p e r c e n t -  

aae  of d e q r a d a t i o n  i n  t h e  p re s e n c e  o f  i n h i b i t o r  t o  t h e  p e r -  

c e n t a q e  of  d e q r a d a t i o n  in  th e  absence  o f  i n h i b i t o r  by th e  two- 

t a i l e d  S tu d e n t* s  T - t e s t .

* p < 0.005
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T ab le  4 The e f f e c t  of i n h i b i t o r s  and a c t i v a t o r s  on t n e  

D v ro q lu ta ra v l -b e o t id e  h y d ro ly z in q  a c t i v i t i e s  of r a t  b r a i n  f r a c t i o n s

S p e c i f i c  a c t i v i t y  (nmol/q t i s s u e / h  ±SEM) 

1DGlu-His-Pro-2Nh *pGlu-2NA

A d d i t io n  B ra in  Homogenate

None 290.0  ± 50.6 13 .0  ± 9.7

-DAP IV 106.8  1 48 .8

PDMK 241.2 ± 51 .7

o-Dhenanthroline 4 8 .8  ± 20.0

DTT/EDTA 471.4  ± 123 .1  371.2  ± 72.9

DTT/EDTA/o-Dhenanthroline 15 .0  ± 9 .6  125.0  ± 60 .3

DTT/EDTA/PDMK 6 .2  1 4 .7

EDTA 235.0  ± 65.0

DTT 363.8 ± 69.5

B ra in  S u p e rn a ta n t  

None 4 .0 ± 2 .5 0 ± 0

DTT/EDTA 61.0  ± 39.0  175.0  ± 74 .7

DTT/EDTA/o-phenanthroline 13 .0  ± 13 .0

DTT/EDTA/PDMK 2 .5  ± 2 .2

B ra in  P a r t i c u l a t e  F r a c t i o n  

None 298.7  ± 51.6  22 .4  i  6 .8

-DAP IV 63.2  ± 12 .5

DTT 306.8 ± 58.0  55.0  1 5 .0

EDTA 191.2  ± 54 .7  1 7 .5  1 4 .3

DTT/EDTA 105 .0  i  16 .6  87 .5  ± 30.6

DTT/EDTA/PDMK 95 .2  ± 15 .9  21.4  ± 11.8
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PDMK 275.0 ± 76.4  1 2 .5  ± 6 .3

o - n h e n a n t h r o l i n e  45 .0  1 26.7

DTT/EDTA/o-ohenanthroline 0 ± 0

A c t i v i t y  with pGlu-His-Pro-2NA was measured in  th e  co up lea  

a s sa y  as  d e s c r ib e d  in  M a t e r i a l s  and Methods.

2A c t i v i t y  with d G1u-2NA was measured a s  d e s c r i b e d  in  

M a t e r i a l s  and Methods.

The f i n a l  c o n c e n t r a t i o n  i n  th e  a s sa y  was 1 mM f o r  o -p h e -  

n a n t h r o l i n e .  10-5  M f o r  PDMK and 2 - P r o - P r o l i n a l  and 1 .6  mM f o r  

EDTA and DTT i n  a l l  e x p e r im e n t s .  : I n h i b i t o r s  and a c t i v a t o r s  

were p r e i n c u b a t e d  10 min b e f o r e  a d d i t i o n  of s u b s t r a t e .  Data 

a r e  mean v a lu e s  of  a t  l e a s t  4 d e t e r m i n a t i o n s  ± SEM.
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dG1u- 2NA in  th e  p re sen c e  of  DTT and EDTA was deqraded by t h e  

t h i o l - d e p e n d e n t  PPH (EC 3 . 4 . 1 1 . 8 ) .  O -p h e n a n th ro l in e  a t  a c on ­

c e n t r a t i o n  o f  1 mM a l s o  i n h i b i t e d  about  75% of t h e  s t i m u l a t e d  

a c t i v i t y .

Cleavage o f  th e  pGlu-His bond o f  pGlu-His Pro-2NA was s t u d ­

i e d  in  r a t  Drain homoqenates i n  t h e  p re sen c e  of Z - P r o - P r o l i n a l  

a s  d e s c r i b e d .  R e lease  of  2NA was q r e a t l y  s t i m u l a t e d  by exoge­

nous DAP IV (Table 4 ) .  B asa l  a c t i v i t y  i n  th e  absence  of  

exogenous DAP IV i s  l i k e l y  due to  endogenous DAP IV (McDonald 

e t  a l . .  1971) .  The r e l e a s e  o f  2NA from pGlu-His-Pro-2NA was 

on ly  s l i q h t l v  i n h i b i t e d  by PDMK when assayed  in  th e  absence  of  

DTT and EDTA i n d i c a t i n q  t h a t  PPH c o n t r i b u t e d  l i t t l e  t o  t h e  

c le a v a q e  under t h e s e  c o n d i t i o n s  and t h a t  a d i s t i n c t  p y r o g l u t a -  

m v l -p e p t id e  h y d ro ly z in q  enzyme degraded pGlu-His-Pro-2NA. 

A d d i t io n  of  DTT and EDTA i n c r e a s e d  t h e  t o t a l  a c t i v i t y  in  homo­

q e n a te s  p robab ly  due t o  an i n c r e a s e d  c o n t r i b u t i o n  of PPH. 

O - p h e n a n th ro l in e  markedly i n h i b i t e d  th e  a c t i v i t y  both in  t h e  

p re s e n c e  and absence  of DTT and EDTA.

Cleavaqe of pGlu-2NA in  th e  r a t  b r a i n  s u p e r n a t a n t  f r a c t i o n  

i s  dependent  ucon DTT and EDTA and i s  v i r t u a l l y  t o t a l l y  i n h i b ­

i t e d  bv PDMK (Table 4) i n d i c a t i n q  th e  p resence  of the  t h i o l -  

dependent  PPH. O -p h e n a n th ro l in e  a l s o  s t r o n g l y  i n h i b i t e d  t h e  

c le av a q e  of dG1u-2NA in  t h e  b r a i n  s u p e r n a t a n t .  In  t h e  s u p e r ­

n a t a n t  pGlu-His-Pro-2NA i s  c le a v e d  p o o r ly ;  an a c t i v i t y  p r o b ­

a b ly  due to  PPH. This  d a ta  i n d i c a t e s  t h a t  pGlu-2NA i s  c leaved  

more r e a d i l y  than  pGlu-His-Pro-2NA in  r a t  b r a i n  s u p e r n a t a n t .
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In  the  washed r a t  b r a i n  D a r t i c u l a t e  f r a c t i o n  th e  r e l e a s e  of 

2N« from oGlu-His-Pro-2NA q r e a t l y  exceeded th e  r e l e a s e  of  2NA 

from dG1u -2NA. The l a t t e r  a c t i v i t y  i s  s t i m u l a t e c  by DIT and 

EDTA t o g e t h e r  and th e  s t i m u l a t e d  a c t i v i t y  i s  about  75% i n h i b ­

i t e d  bv PDMK i n d i c a t i n q  t h e  p re s e n c e  o f  p a r t i c u l a t e  EPH. PDMK 

d id  no t  i n h i b i t  t h e  b a s a l  a c t i v i t y .  The a c t i v i t y  toward pGlu- 

His-Pro-2NA was markedly dependen t  upon exoqenous DAE IV i n a i -  

c a t i n a  i n i t i a l  c le av a q e  of  t h e  pGlu-His bond. This  a c t i v i t y  

i s  t o t a l l y  i n h i b i t e d  by a combina t ion  o f  DTT, EDTA and o - p h e -  

n a n t h r o l i n e .  PDMK d id  n o t  i n h i b i t  t h i s  a c t i v i t y  i n  e i t h e r  t h e  

p re s e n c e  o r  absence  o f  DTT and EDTA i n d i c a t i n g  t h a t  in  t h e  

washed p a r t i c u l a t e  f r a c t i o n ,  c le av a g e  of pGlu-His-Pro-2NA was 

not  due t o  PPH. The f a c t  t h a t  i n  t h e  p a r t i c u l a t e  f r a c t i o n  

oGlu-His-Pro-INA i s  c le av e d  much more r e a d i l y  than pGlu-2NA i s  

c o n s i s t e n t  with t h e  r e p o r t  o f  a membrane-bound n a r r o w - s p e c i f -  

i c i t v  D v ro a lu ta m v l -p e p t id e  h y d ro ly z in q  enzyme (C'Connor and 

O 'Cuinn .  1984) .

In  r a t  serum, r e l e a s e  o f  2NA from pGlu-His-Pro-2NA exceeded 

th e  r e l e a s e  of  2NA from pGlu-2NA (Table 5 ) .  The former a c t i v ­

i t y  was v i r t u a l l y  t o t a l l y  i n h i b i t e d  by a combinat ion of  o -p h e ­

n a n t h r o l i n e .  EDTA and DTT. Omission of  exoqenous DAP IV from 

th e  a s sa y  on ly  s l i q h t l y  reduced enzymatic  a c t i v i t y .  Serum 

c o n t a i n s  r e l a t i v e l y  l a r q e  amounts of  DAP IV (McDonald e t  a l . ,  

197 1 ) .  PDMK only  s l i q h t l y  reduced th e  a c t i v i t y  i n d i c a t i n g  

t h a t  PPH was no t  r e s p o n s i b l e  f o r  th e  c le av a g e  o f  pGlu-His-  

Pro-2NA in  serum. Moreover, when pGlu-2NA was used as  s u b s ­

t r a t e .  enzym atic  a c t i v i t y  was i n h i b i t e d  by o -p h e n a n th r o l in e
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Table  5 The e f f e c t  o f  i n h i b i t o r s  ana a c t i v a t o r s  on th e  

o v ro q lu ta m v l -p e D t id e  h y d ro ly z in q  a c t i v i t i e s  o f  r a t  serum

S p e c i f i c  a c t i v i t y  (nmol/ml serum/h ±SEK) 

S u b s t r a t e

A d d i t ion  ‘ pGlu-His-Pro-2NA 2pGlu-2NA

None 75.2 i  5 .0  27.1  ± 2 . 5

-DAP IV 55.8 t  6 .1

o - p h e n a n t h r o l i n e  50.0  ± 12.9 6 .0  t  3.6

PDMK 67 .5  ± 4 .7  3C.6 ± 3.8

DTT/EDTA 41.0  ± 11.8  26 .2  ± 4.7

DTT/EDTA/o-phenanthroline 1 .2  ± 0 .7  2 .5  ± 1 .5

‘ A c t i v i t y  w ith  pGlu-His-Pro-2NA was measured in  t h e  coupled  

a ssa y  a s  d e s c r i b e d  in  M a t e r i a l s  and Methods.

2A c t i v i t v  with pGlu-2NA was measured as d e s c r ib e d  in  

M a t e r i a l s  ana Methods.

The f i n a l  c o n c e n t r a t i o n  i n  th e  a s sa y  was 1 mM f o r  o -p h e ­

n a n t h r o l i n e .  10-5 M f o r  PDMK and 2- P r o - P r o l i n a l  and 1 .6  mM f o r  

EDTA and DTI i n  a l l  e x p e r im e n t s .  I n h i b i t o r s  and a c t i v a t o r s  

were p r e in c u b a te d  10 min b e f o r e  a d d i t i o n  of  s u b s t r a t e .  Data 

a r e  mean v a lu e s  of a t  l e a s t  4 d e t e r m i n a t i o n s  ± SEM.
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bu t  n o t  bv PDMK.

‘D^iecmi£aiiqjn o l ' K i  for'TRH

The a f f i n i t y  of  t h e  enzymes toward  TRH was s t u d i e d  by 

d e te r m in in q  t h e  i n h i b i t i o n  of  s y n t h e t i c  s u b s t r a t e s  a f t e r  a d d i ­

t i o n  o f  s e v e r a l  c o n c e n t r a t i o n s  of TRH The Ki of TRH competing 

w i th  DGlu-His-Pro-2NA f o r  th e  membrane-bound p y ro q lu ta m y l -p e p -  

t i d e  h y d r o ly z in q  enzyme was found t o  be 0 .25  mM. For com par i ­

s o n .  t h e  Ki of  TRH f o r  homoqeneous r a b b i t  b r a i n  p r o l y l  endo-  

D e p t id a se  competinq with Z-Gly-Pro-SM and t h e  Ki o f  TRH f o r  

h i a h l v  p u r i f i e d  bovine  b r a i n  PPH competinq with pGlu-2NA was 

d e te r m in e d .  Values o f  5 .8  mM and 0 .47  mM r e s p e c t i v e l y  were 

found .  TRH showed c o m p e t i t i v e  i n h i b i t i o n  w ith  a l l  t h r e e  

enzvmes.

'AM M &L 'ST U DI E S

D icfs j .bun io n  o f  ' e nzyma t i c a c t i v i t i e s  i n  an im§l  o r g ans

The d i s t r i b u t i o n  of th e  membrane-bound p y r o g lu ta r c y l - p e p t i a e  

h v d r o lv z in q  a c t i v i t y  i n  r a t  o rq a n s  i s  shown in  Table  6 . The 

h i q h e s t  a c t i v i t y  was found i n  t h e  b r a i n  w ith  seme a c t i v i t y  

a l s o  p r e s e n t  i n  t h e  lunq  and serum. In t h e  l i v e r ,  s p l e e n ,  

h e a r t ,  s k e l e t a l  muscle  and k idney  t h e r e  was on ly  t r a c e  a c t i v ­

i t y .  T h is  d i s t r i b u t i o n  can be compared t o  t h e  d i s t r i b u t i o n  of 

s o l u b l e  PPH in  mouse t i s s u e s  (Table 7 , c o n t r o l  co lum n) .  The 

a c t i v i t y  o f  s o l u b l e  PPH was h i q h e s t  i n  th e  k idney and l i v e r  

w ith  lower l e v e l s  in  o t h e r  o r q a n s .  The b r a i n  had t h e  low es t  

a c t i v i t y  o f  th e  o rq an s  s t u d i e d .  The d i s t r i b u t i o n  o f  p r o l y l
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l a b l e  6 D i s t r i b u t i o n  of t h e  membrane-bound p y r o g l u t a m y l - p e p t i a e  

h v a r o l v z i n a  enzvme in  r a t  o rq an s

Orqan S p e c i f i c  a c t i v i t y  (nmol/mg p r o t e i n / h  ±S£M>

b r a i n  4 . 3 8 1 0 . 5 6

serum 1.18 1 0 .07

lu n c  1 .18  1 0 .38

l i v e r  0.11  1 0 .03

s o l e e n  0.12  1 0.12

h e a r t  <0.10

s k e l e t a l  muscle  <0.10

kidney  <0.10

Enzvme a c t i v i t y  was d e te rm ined  in  t h e  coupled  a s sa y  as 

d e s c r i b e d  in  M a t e r i a l s  and Methods. Data a r e  mean v a lu e s  of 4 

samDles 1 SEM.
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T able  7 Pyro q lu tam y l  p e p t i d e  h y d r o l a s e  a c t i v i t y  i n  mouse t i s ­

s u e s  a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of 5 - o x o p r o l i n a l

Enzymatic A c t i v i t y  (nmol 2NA/q t i s s u e / h )

T is su e  C o n t ro l  Time a f t e r  i n h i b i t o r  a d m i n i s t r a t i o n

10 min 30 min 4 days

(8 i n j e c t i o n s )

b r a i n  540+100 (4) 210 + 242 (7) 3001701 (4) 290 (1)

h e a r t 870+70 (4) 220+553 (7) 7201160 (4) 750 (1)

muscle  560+110 (4) 75±193 (7) 220+50 (4) . 400 (1)

lu n a 9301130 (4) 120+273 (7) 4501501 (4) 810 (1)

s p l e e n  11001230 (4) 641113  (7) 54011201 (4) 970 (1)

l i v e r  46001980 (4) 1600+34Q1 (4) 2200+851 (4) 5300 (1)

k idney  8800+2500 (4) 250+692 (4) 565+701 (3) 6200 (1 )

5 - o x o p r o l i n a l  (50 mq/Kq) was a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  

a s  a s o l u t i o n  in  5OS e t h a n o l .  C o n t r o l  an im a ls  r e c e i v e d  t h e  

v e h i c l e .  10 and 30 min a f t e r  i n j e c t i o n ,  the  animal  was s a c r i ­

f i c e d  and py roq lu tam yl  p e p t i d e  h y d r o l a s e  a c t i v i t y  was d e t e r ­

mined a s  d e s c r i b e d  in  t h e  Methods s e c t i o n .  One animal

r e c e i v e d  6 i n j e c t i o n s  o v e r  a p e r io d  o f  4 days and was s a c r i ­

f i c e d  16 h a f t e r  t h e  l a s t  i n j e c t i o n .  Data a r e  mean v a lu es  l  

S .E .  Values in  p a r e n t h e s e s  r e p r e s e n t  t h e  number of  an im a ls

u s e d .  The l e v e l  o f  s i q n i f i c a n c e  was found by comparing t h e
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a c t i v i t i e s  o f  i n h i b i t o r - t r e a t e d  horaoqenates with t h a t  of  con­

t r o l - t r e a t e d  iiomoqenates bv t h e  one—t a i l e d  S t u d e n t ' s  1 - t e s t .  

i d< 0 . 0 5 .  s i q n i f i c a n t l v  d i f f e r e n t  from c o n t r o l s .

2 d <  0 . 0 1 .

3D< 0 .0 0 1 .
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e n d o p e p t id a s e  in  mouse t i s s u e s  i s  l i s t e d  i n  Tab le  8 ( c o n t r o l  

c o lum n) .  The lunq  and l i v e r  had t h e  h i q h e s t  a c t i v i t y  with  

lower  a c t i v i t y  in  s k e l e t a l  muscle  and duodenum and p a n c r e a s .

A comDarison o f  t h e  d i s t r i b u t i o n  in  b r a i n  r e q i o n s  of  t h e  

membrane-bound p y r o q lu ta m y l - p e p t id e  h y d r o ly z in g  enzyme and 

s o l u b l e  PPH i s  shown in  Table  9 .  The d i s t r i b u t i o n  of  s o l u b l e  

PPH i s  much more un iform w ith  h i q h e s t  a c t i v i t y  i n  t h e  p i t u i ­

t a r y  w h i le  f o r  t h e  membrane-bound enzyme, a more pronounced 

r e o i o n a l  d i s t r i b u t i o n  i s  s e e n .  For t h e  l a t t e r  a c t i v i t y ,  t h e  

h i q h e s t  l e v e l s  a r e  i n  th e  c o r t e x  and hippocampus and low es t  

l e v e l s  i n  t h e  p i t u i t a r y .  I t  i s  worth n o t in g  t h a t  i n  t h e  

D i t u i t a r v .  t h e  l e v e l  o f  s o l u b l e  PPH i s  100 t im es  h ig h e r  th an  

t h e  membrane-bound a c t i v i t y .

‘I o  'iiAua '££  enzymes i n  ‘aaifflalS

The r e s u l t s  of d e t e r m i n a t i o n  o f  p r o l y l  e n d o p e p t id a s e  a c t i v ­

i t y  in  v a r i o u s  t i s s u e s  30 min a f t e r  an i n t r a p e r i t o n e a l  i n j e c ­

t i o n  o f  Z - P r o - P r o l i n a l  i n t o  mice a r e  p r e s e n t e d  i n  Table  8 . 

The d a t a  e x p re s s e d  i n  te rm s  o f  umoles o f  SM r e l e a s e d  per  g 

t i s s u e  p e r  h show a q r e a t e r  than  90% i n h i b i t i o n  o f  enzyme 

a c t i v i t y  in  most  t i s s u e s .  The lo w e s t  i n h i b i t i o n  (85*) was 

found in  l i v e r .  S i m i l a r  r e s u l t s  were o b t a in e d  when th e  a c t i v ­

i t y  was r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  t i s s u e  p r o t e i n ,  

a l t h o u q h  d a ta  c o l l e c t e d  i n  t h i s  manner showed a somewhat 

q r e a t e r  v a r i a b i l i t y .

The p o s s i b i l i t y  was c o n s id e r e d  t h a t  t h e  i n h i b i t i o n  of  t h e
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Table 8. Prolyl  Endaoeotidase Act iv i ty  in House Tissues a f t e r  Int raDer i tonea l  
•1 Aoministracion or A-Pro-ProI inaT~ :

Enzyme A c t i v i t y  (umol SH/q/h)

Tissue  Control 30 min. a f t e r  Z-Pro-Pro linal

Brain 35.2 + 0.95 3.0 + 0.3 (92)

Heart 3 3 . 0 + 1 . 9 . 2.2 + 0.3 (93)

Sk e le ta l  muscle 18.0 _+ 1.5 • 0. 7 _+ 0.35 (96)

Lung • 8 3 . 2 + 4 . 7 6 .7  _+ 0.45 (92)

Spleen 39.7 + 6.8 4 .7  + 0.7 (38)

Duodenum S Pancreas 1 7 . 2 + 0 . 8  ' .1.5 + 0 .2 (91)

Liver .7 5 .7  + 4 .5 11.2 + 0 .8 (85)

Kidney 34.5 + 1.8 ’ 3 .0 + 0 . 4 ' (91)

Z -P ro -P ro l in a l  .(1.25 mg/kg) was adminis te red  as a s o lu t i o n  in 10% methanol.  
Enzyme a c t i v i t y  was determined as descr ibed  under "Materia ls  and' Methods". Data 
a r e  mean va lues  from four  experiments + S.E. V a l u e s i n  pa re n th e s i s  re p re se n t  
p e rcen t  i n h i b i t i o n .  ~



Table  9 D i s t r i b u t i o n  of  PPH and th e  membrane-bound p y r o q lu ta m y l - p e p t id  

h y d r o ly z in q  enzyme in  r a t  b r a i n  r e q i o n s

S p e c i f i c  a c t i v i t y  (nmol/mq p r o t e i n / h  ±SEM)

B ra in  r e q io n  membrane-bound s o l u b l e  PPH

a c t i v i t y  a c t i v i t y

p i t u i t a r y 0.15 + C .15 15 .0 + 2.9

nvro tha lam us 2.8 ± 0.30 9.9 + 2.0

c o r t e x 6.8 + 0.90 5 .3 + 1 .4

hiDoocamDus 6 .5 + 1 .3 6.9 + 2.4

s t r i a t u m 1 .4 + 0.10 5 .1 + 2.0

b r a in s te m 0.58 + 0 .23 8.3 + 2.9

tha lam us 2.9 + 0.53 5.8 + 2.0

c e re b e l lu m 2.0 + 0 .51 7.1 + 2.5

The membrane-bound a c t i v i t y  was measured i n  th e  coup led  

a s s a y  with pGlu-His-Pro-2NA a s  s u b s t r a t e  i n  th e  p re sen c e  of 

e x c e s s  DAP IV a s  d e s c r ib e d  in  M a t e r i a l s  and Methods. PPH was 

measured in  t h e  s u p e r n a t a n t  f r a c t i o n  of  homogenates u s in g  

dG1u-2NA as s u b s t r a t e  in  th e  p r e s e n c e  of DTT ana EDTA as 

d e s c r i b e d  in  M a t e r i a l s  and Methods. Data a r e  mean v a lu e s  from 

f o u r  t o  f i v e  r a t s  ± SEM.



enzvme in  homoqenates a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of  

t h e  i n h i b i t o r  does n o t  r e f l e c t  a t r u e  in  v ivo  i n h i b i t i o n ,  bu t  

r a t h e r  r e s u l t s  from exposure  o f  t h e  enzyme t o  t h e  i n h i b i t o r  

a f t e r  d i s r u p t i o n  of  t i s s u e s  by h o m o qen iza t io n .  This  p o s s i b i l ­

i t y  d e se rv e d  c o n s i d e r a t i o n  because  t h e  dose used cou ld  have 

produced a t i s s u e  c o n c e n t r a t i o n  in  t h e  uM ra n q e ,  w hi le  the  Ki 

o f  th e  i n h i b i t o r  i s  in  t h e  nM ra n q e .  F u r th e rm o re ,  i t  was n o t  

Known whether  a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  t h e  i n h i b ­

i t o r  p e n e t r a t e s  a l l  t h e  t i s s u e  compartments  where th e  enzyme 

i s  l o c a l i z e d .  A t r u e  in  v ivo  i n h i b i t i o n  of enzyme a c t i v i t y  

co u ld  t h e r e f o r e .  be c la imed on ly  by d e m o n s t ra t in q  t h a t  t h e

i n h i b i t o r  b lo ck s  t h e  in  v ivo  d e q r a d a t i o n  of  a p r o l y l  endopep­

t i d a s e  s u b s t r a t e .  I t  was e l e c t e d  a c c o r d i n q l y ,  t o  f o l lo w  t h e  

i n  v ivo  d e q r a d a t i o n  o f  Z-Gly-Pro-SM. T h is  p r o l y l  e n d o p e p t i ­

d a se  s u b s t r a t e  i s  hyd ro ly zed  by th e  enzyme a t  t h e  Pro-SM bond 

w ith  t h e  r e l e a s e  of  f r e e  SM which can be c o n v e n ie n t ly  d e t e r ­

mined by a d i a z o t i z a t i o n  p r o c e d u r e .  A f t e r  a d m i n i s t r a t i o n  of  

t h e  i n h i b i t o r  (5 m q/kq) . Z-Gly-Pro-SM was i n j e c t e d  i n t r a p e r i -  

t o n e a l l v  a f t e r  v a r i o u s  t im e  i n t e r v a l s  and t h e  c o n c e n t r a t i o n  of 

f r e e  SM was d e te rm in ed  in  t i s s u e s  30 rain l a t e r .  The r e s u l t s  

summarized in  TaDle 10 show t h a t  t h e  deqree  of i n h i b i t i o n ,  as  

e x p re s s e d  by a d e c r e a s e  in  t i s s u e  SM c o n c e n t r a t i o n  was h i q h e s t  

a f t e r  45 min. T h is  d e c r e a s e  was h i q h e s t  i n  t h e  b r a i n  (85%) 

and lo w e s t  i n  t h e  l i v e r  (64%) . The deqree  of i n h i b i t i o n  p r o -  

q r e s s i v e l y  d e c re a se d  d u r in q  t h e  f o l lo w in g  45 min bu t  was s t i l l  

d i s t i n c t  a f t e r  more than  6 h o u r s .  Thus a f t e r  6 .5  hours  t h e  

b r a i n  c o n c e n t r a t i o n  of SM was lower than  i n  c o n t r o l s  by more
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Tab!a i o ,  !n Vivo Inhibi t i c n  of  Sul famethoxacole Release f;rcm Z-Giv-Pro-Su 1femethc x a c t i e
a f t e r  Acmim 

Concentrat ion of

s t r a t : o n  of  Z- ' ro .  

Sulfamechoxazole

— rci  i.nai 

(u a /a  t i s s u e !

Ti ssue  , Control  
(60 mi n 1

45 min. 60 min. 90 mi n . 390 min.

Brai n 9 .0^1.2 1.2I+0.3S*(35) 2 . 4 4 - 0 . S*(72) 2.53+0.4*(71) 5.5!2-O.S*(27)

Hear t 38 .2-3 .9 8 .42 -1 .5  *(78) 10.7 + 1 ,8*(72) 16.2 +2.5*(53) 23.7 +1.2*(22)

S k e le ta l  
muscle

31.0+3.3 8 . 43_+2-1 *(73) 9.47+2.4*(69) ■ 14.2 +2.5*(54) 21.9 +l .S * (2 9 )

Lung .-46.3+4.3 U . a  +1.2  * (7 3 ) ,12.5 +2 .0*(73) 19.7 +1.3*(57) 34.5 + 3 . 2 * ( 2 5 )

Spleen . 34.7+4.3- 9.0 +2.3 *(74) .1 0 .4  +2.3*(70) 14.5 +1.0*(33) : 21.5 +1.3*(23)

Duodenum & 
Pancreas

17 lj.1 1V 4 •  W ■ « •  M 12.2 +2.3 *(67) 15.2 +2.0*(53) 20.9 +4.1*(44) 28.3 +1.9*(24)

Li ver 62 .4 -5 .4 22.3 +2.2 • (64) 29.1 - 4 .6 *( 53 ) 41.3 -5 .8*(23) 52.2 +4.5(15)  .

Kidney 57.0+3.7 14.3 -2 .5  *(75) 16.3 - i . 5 * ( 7 1 ) 28.3 +4.5*(30) 39.4 +3.5*(21)

Z - P r o - ? r c l i n a l  (5 mg/kg) v/as given by i n t r a p e r i t o n e a l  i n j e c t i o n  followed a t  various  t ime 
in c a r v a i s  (15,  30, 60, and 350 min) by Z-Gly-Pro-SM. T h i r ty  minutes l a t e r  the  animals  were 
k i l l e d  ana free-SM v/as determined as descr ibe d  under "M ater ia l s  and Methods".  Control an imals  
rec e iv ed  the  v e h i c l e ,  fol lowed by Z-Gly-3ro-SM 30 min l a t e r .  Data a re  mean values + S.E.  
from i  t o  6 exoer iments .  Values in p a r e n th e s i s  reorase.nt  p r e r c a n t  i n h i b i t i o n .  *p<0.05 to  
0 . 0 0 1 .



81

than  3 5» . ana s i g n i f i c a n t  d e c r e a s e s  were observed  i n  a l l  of 

th e  o t h e r  t i s s u e s  excep t  f o r  th e  l i v e r .

The r e l a t i o n s h i D  between th e  dose o f  Z - P r o - P r o l i n a l  and 

a c t i v i t y  of D ro lv l  e n d o p e p t ia a s e  in  homoqenates of v a r io u s  

o rcan s  one hour  a f t e r  i n h i b i t o r  i n i e c t i o n  i s  summarized in  

Table  11.  An IC50 of abou t  1 .25 mq/kq was found f o r  most

o r g a n s .  The i n h i b i t i o n  i n  b r a in  f o r  t h i s  dose was a lm os t  80%:

a dose o f  0 .5  mq/kq was s u f f i c i e n t  t o  c a u se  an a lm os t  50% 

i n h i b i t i o n  i n  b r a i n .  The h i q h e s t  i n h i b i t i o n  a t  v i r t u a l l y  a l l  

doses  was found in  th e  b r a i n  and th e  low es t  i n h i b i t i o n  in  t h e  

l i v e r .  I t  i s  n o t a b l e  t h a t  30 min a f t e r  a d m i n i s t r a t i o n  of a 

dose  a s  low as  0 .005 mq/kq. t h e r e  was s t i l l  a 39% i n h i b i t i o n  

o f  th e  enzyme in  t h e  b r a i n .  whi le  a comparable i n h i b i t i o n  of  

th e  enzyme i n  l i v e r  was seen on ly  a f t e r  a dose 100 t im es

q r e a t e r  (0.5 mq/kq) .

These r e s u l t s  d e m o n s t ra te  t h a t  Z - P r o - P r o l i n a l  i s  an e f f e c ­

t i v e  i n h i b i t o r  of  p r o l y l  e n a o p e o t id a s e  in  v iv o .  In  th e  b r a i n ,  

t h e  i n h i b i t o r  i s  both  p o te n t  ( s i g n i f i c a n t  i n h i b i t i o n  a t  a dose 

of  0 .005 mq/kq) and l o n g - l a s t i n g  ( s i g n i f i c a n t  i n h i b i t i o n  a f t e r

6 .5  h o u r s ) .  This  i n d i c a t e s  t h a t  t h e  i n h i b i t o r  t r a v e r s e s  t h e  

b lo o d - b r a in  b a r r i e r  r e a d i l y  and cou ld  be used t o  s tudy t h e  

r o l e  o f  D ro lv l  e n d o p e p t id a se  in  n e u ro p e p t id e  m etabol ism .

5 - o x o p r o l i n a l  was i n i e c t e d  i n t o  mice t o  d e te rm in e  i f  i t  was 

an e f f e c t i v e  i n h i b i t o r  o f  PPH in  v iv o .  The r e s u l t s  shown in  

Table  7 d e m o n s t ra te  q r e a t e r  than  60% i n h i b i t i o n  of enzymatic  

a c t i v i t y  in  a l l  o rgans  t e s t e d  10 min a f t e r  5 - o x o p r o l in a l



Table  11. . In Vivo I n h i b i t i o n  o f  Su l f a me t hoxa z o l e  r e l e a s e  f rom Z- Gl y - P r o - Su l f a me t hoxa zo l e  a f t e r  a d m i n i s t r a t i o n
of  v a r i ou s  doses  o f  Z - P r o - P r o l i n a l

C o n c e n t r a t i o n  o f  Su l f ame t hoxazo l e  ( ug/g  t i s s u e )

Ti ssue Cont rol 5mg/kg 1.25 mg/kg 0 . 5  mg/kg 0 . 02  mg/kg 0.005 mg/kg

Bra in 9 . 0  + 1 .2 2.4 + 0 . 48 * ( 73) 2 . 0  + 0 . 52*(78) 4 .7  + 0 . 61*(48) 4 . 9  jv 0. 55*(45) 5. 5 4- 1. 1*(39)

Hear t 38.2 + 3 .9 10.7 + 1 . 8*(72) 14.9  _+ 3 .5*( 61) 23 . 8  + 2 . 3*(38) 30 . 2  + 1 . 8  *(21) 31 . 2  + 5 .3  (18)

S k e l e t a l
muscle

31.0  + 3 . 5 9 . 5 + 2 . 4*(70) 11.8  _+ 2 . 1*(62) 20.6  + 2 . 4*(34) 25.1 + 1 . 3  (19) 27 .0  + 3.1 (13)

Lung . 46 . 3  +_ 4 . 3  • 12.6 + 2 . 0 * ( 7 3 ) 18.8 + 3 . 0*(60) 26 .8  + 2 . 9* ( 42 ) 36T.9 + 3 . 6  (20) 3 5 . 7 + 6 . 3  (23)

Spleen 34.7  + 4 .3 10.4 + 2 . 3* ( 70 ) 14 . 8  + 2 . 9*(58) 23 .7  + 5 .7  (32) 35 . 8  + 4 . 6  ( 0) 2 9 . 0 + 4 . 4  (16)

Duodenum & 
. Pancreas

37.3  + 3 .3 15.2 + 2 . 0 * ( 5 9 ) 15.2 +_ 3 . 1*(59) 27 .0  + 3 . 5* ( 28 ) 29.7  + 2 . 3  (20) 3 1 . 3 + 4 . 3  (16)

Li v e r 62.4 + 5 .4 29.1 + 4 . 6 * ( 5 3 ) 35.1 + 3 . 3 * ( 4 4 ) 37 .2  + 5 . 6* ( 40) 60 .5  + 2 . 2  ( 3) 59.5 + 7 . 8  ( 5)

Ki dney 57.0  + 5.7 16 .3 + 1 .6*( 71) 23 . 7  + 4 . 0* ( 58 ) 29 . 2  + 4 . 0* ( 49) 42 .7  + 0 . 35*(25) 42.4  + 3 . 6*(26)

Z - P r o - P r o l i n a l  a t  v a r i o u s  dos es  (5 mg/kg,  1 .25 mg/kg,  0 . 5  mg/kg,  0 . 02  mg/kg, and 0.005 mg/kg)  was given>by 
i n t r a p e r i t o n e a l  i n j e c t i o n  f o l l owed  a f t e r  30 min by Z-Gly-Pro-SM.  T h i r t y  minu t es  l a t e r  t he  an ima l s  were 
k i l l e d  and f r e e  SM was d e t e r mi n e d  as  d e s c r i b e d  under  " Ma t e r i a l s  and Methods" .  Cont rol  an imal s  r ec e i v e d  t he  
v e h i c l e  f o l l owed  by Z-Gly-Pro-SM 30 minu t es  l a t e r .  Data a r e  mean v a l ue s  +_ S.E.  f rom 4 t o  8 e x p e r i me n t s .  
Values  i n  p a r e n t h e s i s  r e p r e s e n t  p e r c e n t  i n h i b i t i o n .  *p<0.05 t o  0 . 001 .
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i n i e c t i o n  (50 mq/kq) compared with  c o n t r o l  a c t i v i t y .  I n i s  

i n h i b i t i o n  was s t a t i s t i c a l l y  s i g n i f i c a n t  in  a l l  o rgans  t e s t e d .  

A f t e r  30 min. t h e  deqree  o f  i n h i b i t i o n  d e c r e a s e d  bu t  s i g n i f i ­

c a n t  i n h i b i t i o n  o c c u r r e d  in  a l l  o rqan s  e x c e p t  t h e  h e a r t .  The 

h iG h e s t  d e q ree  o f  i n h i b i t i o n  a t  both  t im es  was i n  th e  k id n e y .

Since  5 - o x o p r o l i n a l  i n c r e a s e d  py rog lu tam y l  p e p t i d e  hyd ro ­

l a s e  a c t i v i t y  in  GH3 c e l l s  (see  below) , t h e  p o s s i b i l i t y  of a 

s i m i l a r  i n c r e a s e  i n  p y ro q lu tam y l  p e p t i d e  h y d ro la s e  a c t i v i t y  in  

v ivo  was c o n s i d e r e d .  A mouse r e c e i v e d  8 i n j e c t i o n s  o f  

5 - o x o r o l i n a l  (50 mq/kq) o v e r  a p e r io d  o f  4 d a y s .  As shown i n  

Tab le  7 . PPH a c t i v i t y  was n o t  a f f e c t e d  by c h r o n i c  exposu re  t o  

5 - o x o p r o l i n a l .

Pv roo lu tam vl  d iaz o m e thv l  k e to ne  was found to  be a very  

e f f e c t i v e  i n h i b i t o r  o f  PPH in  v ivo  (Table 1 2 ) .  A dose of  0 . 1  

mq/kq a lm o s t  t o t a l l y  i n a c t i v a t e d  PPH one hour  a f t e r  PDMK 

i n i e c t i o n  in  a l l  mouse t i s s u e s  s t u d i e d .  A dose o f  0.01 mg/kq 

a l s o  i n h i b i t e d  PPH in  a l l  o r q a n s .  however t h e  l e v e l  of i n i b i -  

t i o n  was l e s s  i n  t h e  b r a i n  th an  in  o t h e r  o r g a n s .  S ince  th e  

i n h i b i t i o n  i s  i r r e v e r s i b l e .  r e c o v e ry  of a c t i v i t y  w i l l  be 

dependen t  upon s y n t h e s i s  o f  new enzyme p r o t e i n .  Approximately  

50* i n a c t i v a t i o n  i s  s t i l l  o o se rv ed  24 hours  a f t e r  a d m i n i s t r a ­

t i o n  o f  0 .1  mq/kq o f  i n h i b i t o r .  5 days  a f t e r  i n h i b i t o r  admin­

i s t r a t i o n .  PPH r e t u r n e d  t o  c o n t r o l  l e v e l s  (Table  1 2 ) .  These 

r e s u l t s  i n d i c a t e  t h a t  Dvroqlutamyl d iazo m e thy l  ke tone  shou ld  

be o f  v a lu e  in  s t u d i e s  on t h e  t u r n o v e r  o f  t h e  enzyme in  v a r i ­

ous t i s s u e s .
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Table  12 I n h i b i t i o n  of  Dvroqlutamyl p e p t i d e  h y d r o la s e  in  mouse 

t i s s u e s  in  v ivo by ovroq lu ta ray l  d iazom ethy l  ke tone  

Enzymatic  a c t i v i t y  (nmol/q t i s s u e / h )

Orcan C o n t ro l 0.1 mq/kq 0.1 mq/kq 0.1 mq/kq 0 .01 mq/kq

1 h 24 h 5 d 1 h

b r a i n 540 + 100 0 230 + 4b 480 360 + 26

h e a r t 870 + 70 0 350 + 120 1200 27 + a

muscle 460 + 110 IS i  16 130 + 41 560 17 £ 17

lu n q 980 + 130 10 ± 10 490 + 100 1200 14 + m

s p l e e n 1100 + 230 0 630 + 200 910 10 10

l i v e r 4600 + 980 0 2200 + 810 5800 500 + 250

kidney 8800 + 2500 66 ± 66 4200 + 1400 5400 750 130

Enzvmatic  a c t i v i t i e s  were de te rm ined  as d e s c r i b e d  in  

M a t e r i a l s  and Methods.  Py roq lu tam yl  d iazom ethyl  ke tone  was 

a d m i n i s t e r e d  by t h e  i n t r a p e r i t o n e a l  r o u t e  a t  e i t h e r  0.01  mg/kg 

o r  0 .1  ma/kq. Animals were k i l l e d  a f t e r  e i t h e r  1 h ,  24 h or 5 

d a y s .  Values a re  e x p re s sed  a s  mean ± SEM. 4 a n im a ls  were

used a s  c o n t r o l s .  3 an im a ls  r e c e iv e d  0 .1  mq/kq f o r  1 h, 5 a n i ­

mals r e c e i v e d  0 .1  mq/kq f o r  24 h ,  1 animal  r e c e iv e d  0 .1  mg/kg 

f o r  5 days and 3 an im als  r e c e i v e d  0 .01  mg/kg f o r  1 h .
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The p o s s i b i l i t y  was c o n s id e r e d  t h a t  i n h i b i t i o n  of  p r o l y l  

endoDeDtiaase  and PPH would i n c r e a s e  th e  l e v e l s  of t h e  mem­

brane-bound  D v ro q lu tam y l-D ep t id e  h y d ro ly z in q  enzyme s i n c e  t h a t  

would be th e  only Known enzyme c a p a b le  of d e g ra d in g  TRH. 

Z - P r o - P r o l i n a l  (5 mq/kq) and PDMK (1 mq/kq) were i n j e c t e d  i n t o  

r a t s .  10 hou rs  l a t e r ,  a second i n i e c t i o n  of  t h e s e  two i n h i b ­

i t o r s  was maae. A f t e r  an a d d i t i o n a l  ho u r ,  th e  b r a i n  p a r t i c u ­

l a t e  D v roq lu tam y l-p eD t id e  h y d r o ly z in q  enzyme was a s s a y e d .  The 

a c t i v i t y  was n o t  a f f e c t e d  by i n h i b i t o r  i n j e c t i o n  ( c o n t r o l s  435 

± 46 nmol/q  t i s s u e / h .  N=4; i n h i b i t o r - t r e a t e d  428 ± 46 nmol/g 

t i s s u e / h .  N=4).

'E££ec£ 'OJS ’inh iib i t o r s  !on TEH. TSH ’ajid B lfllac tlD  l e v e l s in  r a t s

Radioimmunoassay was used  t o  d e te rm in e  TRH, TSH and p r o l a c ­

t i n  l e v e l s  i n  r a t s .  TRH-Oh d id  n o t  c r o s s  r e a c t  w i th  t h e  TRH 

a n t i s e r u m .  Z - P r o - P r o l i n a l  o r  PDMK a t  a c o n c e n t r a t i o n  many 

t im e s  h i a h e r  th an  p r e s e n t  in  t h e  RIA d id  n o t  a f f e c t  hormone 

m easurement .

Z - P r o - P r o l i n a l  s i g n i f i c a n t l y  r a i s e d  TRH l e v e l s  i n  t h e  

o i t u i t a r v  15 m inutes  a f t e r  a d m i n i s t r a t i o n  (Table 1 3 ) .  A 

s m a l l e r  n o n s i g n i f i c a n t  i n c r e a s e  was o bse rv ed  30 m inu tes  a f t e r  

Z - P r o - P r o l i n a l  a d m i n i s t r a t i o n .  Z - P r o - P r o l i n a l  p l u s  PDMK, how­

e v e r .  d id  n o t  a l t e r  TRH l e v e l s  15 m inu tes  a f t e r  i n j e c t i o n .  

Only 4 an im a ls  r e c e i v e d  t h i s  i n h i b i t o r  co m b in a t io n .  In  t h e  

f r o n t a l  c o r t e x .  t h e  c om bina t ion  of  Z - P r o - P r o l i n a l  and PDMK 

r a i s e d  TRH l e v e l s  s i q n i f i c a n t l v  60 m inu tes  a f t e r  a d m i n i s t r a ­

t i o n .  S in c e ,  however,  c o n t r o l  l e v e l s  o f  c o r t i c a l  TRH v a r i e d
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Table  13 E f f e c t  of  i n h i b i t o r s  on TRH l e v e l s  in  r a t  b r a i n  r e g i o n s

TRH (pq/mq t i s s u e  t SEM)

Time c o n t r o l  Z - P r o - P r o l i n a l  Z-Pro-Prolinal±PDMK

P i t u i t a r y

15 min 44.3 + 7 .1  (16) 101 .4  ± 2 5 .2 (1 1 ) * 51.3 i  11.9 (4)

30 min 33.5 + 8 .9  (7) 56 .7  ± 11 .7 (7)

60 min 47.9 + 9 .2  (11) 55.6 ± 7 .2 (4) 40.9 ± 9 .0 (8 )

18 h 60.3 + 4 .2  (4) 54.6 1 15 .7 (4)

Hypothalamus

15 min 229.6 + 22.1  (16) 219.6  ± 30.7 (1 2 ) 403.2  ± 147 (4)

30 min 213.4 + 29.0  (12) 244.3  ± 31.8 (1 1 )

60 min 329.0 + 57.2  (14) 1 73 .2  ± 2 3 .9 (6) 360.1  ± 73.2 (8 )

2 ti 116.7 + 17 .6  (4) 171 .3  t 3 7 .7 (6 )

18 h 284.5 + 24.7 (2) 162.2 ± 22.6 (4)

F r o n t a l c o r t e x

15 min 7.89 + 1 .9  (16) 5 .4 6  ± 0 .9 (1 1 ) 6 .4  i  4 .2 (4)

30 min 1.58 + 0 .7  (7) 2 .14  ± 0 .7 (8)

60 min 4 .47 + 1 .5  (11) 3 .60  ± 2.11 (4) 11 .8  ± 3 .4 (8 )*

18 h 10.50 + 5 .5  (4) 9 .6  ± 5 .1 (4)

R a ts r e c e i v e d Z - P r o - P r o l i n a l  (5 mq/kq in  30% e th a n o l )  or a

s o l u t i o n  of Z - P r o - P r o l i n a l  (5 mq/kq) p lu s  PDMK (1 mq/kg) i n  

30% e t h a n o l  by i n t r a p e r i t o n e a l  i n i e c t i o n .  C o n t ro l  an im als  

r e c e i v e d  th e  v e h i c l e .  The a n im a ls  were s a c r i f i c e d  15, 30, 60 

min and 18 h a f t e r  i n i e c t i o n  and t h e  p i t u i t a r y ,  hypothalamus 

and f r o n t a l  c o r t e x  were removed. TRH was e x t r a c t e d  i n t o  90% 

m ethanol  and a s sa y e d  by radioimmunoassay as d e s c r i b e d  in  t h e  

Methods s e c t i o n .  Data a r e  mean v a lu e s  ± SEM. Values in
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p a r e n t h e s e s  r e p r e s e n t  th e  number of an im als  used .  The l e v e l

o f  s i a n i f i c a n c e  was found bv ccmparinq TflH l e v e l s  in  i n h i b ­

i t o r - t r e a t e d  an im als  to  c o n t r o l  a n i m a l s .

* p< 0 .05
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widely  i n  d i f f e r e n t  e x p e r i m e n t s ,  t h i s  miqht be an a r t i f a c t .  

There  was no s i q n i f i c a n t  a l t e r a t i o n  of  TRH l e v e l s  a f t e r  o t h e r  

t im e s  in  th e  p i t u i t a r y ,  hypothalamus o r  f r o n t a l  c o r t e x  (Table 

1 3 ) .  A wide v a r i a t i o n  in  hormone l e v e l s  between a n im a ls  was 

o b s e r v e d .

P r o l a c t i n  and TSh l e v e l s  were measured by RIA i n  r a t  serum 

a f t e r  i n i e c t i o n  o f  Z - P r o - P r o l i n a l .  As shown i n  T ab le  14,  

t h e r e  was no s i a n i f i c a n t  chances  in  p r o l a c t i n  and TSH l e v e l s  

a f t e r  1 5 .  30 and 60 m in u te s  a f t e r  i n h i b i t o r  a d m i n i s t r a t i o n

compared to  c o n t r o l s .  Wide v a r i a t i o n s  i n  hormonal l e v e l s  

between an im a ls  was a l s o  o b s e r v e d .  :

‘EEEEG3 -QE ‘ON 'Ltirtti U^IE-^IEE 'IN RAJS

Radioimmunoassay was used t o  measure LHRH l e v e l s  i n  r a t  

p la sm a .  The 1-9 LHRH fraqraen t  d id  n o t  c r o s s  r e a c t  wi th  t h e  

a n t i s e r u m .  Z - P r o - P r o l i n a l  a t  a c o n c e n t r a t i o n  many t im es  

h i g h e r  th an  p r e s e n t  in  t h e  RIA d id  n o t  a f f e c t  LHRH m easure ­

m ents .  The d i s t r i b u t i o n  of LHRH from r a t  plasma fo l low ed  a 

b i p h a s i c  e l i m i n a t i o n  c h a r a c t e r i s t i c  o f  a two-compartment  

model.  A r a p i d  f i r s t  phase  (ot) c o r r e s p o n d s  to  t h e  d i s t r i b u ­

t i o n  o f  hormone from blood to  t i s s u e s  whi le  a second phase  (B) 

c o r r e s p o n d s  t o  metabolism and e l i m i n a t i o n  o f  t h e  hormone from 

t h e  a n i m a l .  The DRUGFUN proqram was used to  f i t  t h e  pharma­

c o k i n e t i c s  o f  LHRH d i s a p p e a r a n c e  and c a l c u l a t e  t h e  i n i t i a l  and 

t e r m i n a l  h a l f - l i f e s  and t h e  c l e a r a n c e  and volume of d i s t r i b u ­

t i o n .  The c l e a r a n c e  and volume of d i s t r i b u t i o n  a r e  e x p re s s e d  

per  body w e ig h t .
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T able  14 E f f e c t  of Z - P r o - P r o l i n a l  on p r o l a c t i n  and TSH l e v e l s  in  

r a t  serum

Time nq hormone/ml serum

p r o l a c t i n

c o n t r o l

15 min 14.2  ± 6 . 2  (4)

30 min 15 .7  ± 5 .3  (6 )

60 min 6 .0  ± 1 .0  (4)

TSH

15 min 0 .62  ± 0 .14  (4) 0.60 ± 0 .23  (4)

30 min 4 .3  ± 1 .7  (8 ) 4 .9  ± 2 .3  (6)

60 min 1 .2  ± 0 .36  (4) 5 .6  ± 4 .4  (4)

Z - P r o - P r o l i n a l  

16.7 ± 0 .5  (4) 

32.0 ± 1 0 .8  (8) 

19.3 ± 13 .0  (4)

Rats  r e c e i v e d  Z - P r o - P r o l i n a l  (5 mq/kq i n  30% e th a n o l )  by 

i n t r a o e r i t o n e a l  i n i e c t i o n .  C o n t r o l  a n im a ls  r e c e iv e d  th e  v e h i ­

c l e .  1 5 .  30 and 60 min a f t e r  th e  i n j e c t i o n ,  t h e  a n im a ls  were 

s a c r i f i c e d  and serum was p rep a red  a s  d e s c r ib e d  in  th e  Methods 

s e c t i o n .  Data a r e  mean v a lu e s  ± SEM. Values in  p a r e n t h e s e s  

r e D r e s e n t  t h e  number o f  an im a ls  u sed .  There were no 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  between c o n t r o l  and Z - P r o - P r o i i -  

n a l - t r e a t e d  r a t s  a s  de te rm ined  by th e  S t u d e n t ’s T - t e s t .
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As shown in  Table  15 t h e  i n i t i a l  h a l f - l i f e  i n  c o n t r o l s  was 

1 .4 7  ± 0 .31 min whi le  t h e  t e r m i n a l  h a l f - l i f e  was 16 .1  i  1 .6

min.  The mean volume of  d i s t r i b u t i o n  was 173 ± 45 ml/kq w hi le  

th e  c l e a r a n c e  was 40 ± 10 m l/kq / in in .  I n i e c t i o n  of Z -P ro -P ro -  

l i n a l  (1.25 mq/kq) 2 min b e f o r e  i n i e c t i o n  o f  LHF.H pro longed  

t h e  t e r m i n a l  h a l f - l i f e  i n  r a t s  t 7 -1 0 .  however in  th e  nex t  6 

r a t s  s t u d i e d  (« 11-16) th e  h a l f - l i f e  was n e t  a l t e r e d  (18.3 ±

2 .5  min:  N=6 ) compared t o  c o n t r o l s  The i n i t i a l  h a l f - l i f e ,

c l e a r a n c e  and volume of d i s t r i b u t i o n  were a l s o  n o t  s i g n i f i ­

c a n t l y  d i f f e r e n t  from c o n t r o l s .  The c l e a r a n c e  was a l s o  n o t  

s i a n i f i c a n t l v  a l t e r e d .  I t  a p p e a r s  t h a t  Z - P r o - P r o l i n a l  canno t

be used t o  a f f e c t  t h e  p h a rm a c o k in e t ic  pa ram ete rs  o f  LHRH e l im ­

i n a t i o n .

*GHa GELL ’STUDIES

‘ComEajison q£ endydia t i c a c t i v i t i e s  i p  GH 3 c g l l s  and r a t  a n t e -  

' t i O i  P i i t a d i a r i e s

I n i t i a l  s t u d i e s  i n d i c a t e d  t h a t  many of t h e  enzym atic  a c t i v ­

i t i e s  d e c l in e d  with s t o r a q e  a t  4 ° .  e s p e c i a l l y  c a t h e p s in  3 ,  

a ro inopep t idase  and p r o l y l  e n d o p e p t id a s e .  Accord ing ly  GH3 c e l l  

homoaenates were used w i th in  2 days  o f  hom ogeniza t ion  and 

a n t e r i o r  p i t u i t a r y  horaoqenates were used on th e  same day a s  

h om o gen iza t io n ,  t o  o b t a i n  c o n s i s t e n t  enzyme a c t i v i t i e s .

Table  16 summarizes th e  r e s u l t s  o f  a c t i v i t y  measurements of  

th e  p e p t i d e - h y d r o l i z i n q  enzymes in  GH3 c e l l s  as  w el l  as  i n  

a n t e r i o r  p i t u i t a r y  homoqenates .  There  a r e  s t a t i s t i c a l l y  s i q -



Table 15 E f f e c t  of

91

Z - P r o - P r o l i n a l  on t h e  ph a rm a co k in e t ic

Daram ete rs  of  LHRH a i s a o o e a r a n c e  in r a t s

Rat I H a l f - l i f e  (min) Volume of C lea ran c e

1 s t  COIDD 2nd coidd D i s t r i b u t i o n  (ml/kq) (mi/min/kq)

1 1 .71

C o n t r o l s

19 .1 381 67

2 2.04 13.2 102 20

3 1.72 11.9 207 41

4 2 .16 17.3 122 18

5 0.15 21.7 97 30

6 1.08 13.3 129 49

mean 1 .4 71 0 .31 1 6 .1 1 1 .6 173.0+45 40+10

7 2 .02

Z - P r o - P r o l i n a l

32.2 275 43

8 1.46 89.0 44 7

9 2.16 i n f . 241 -

10 0.32 68.6 10 11

11 1 .84 12.7 90 22

12 0.87 15.6 103 27

13 1.60 29.8 234 53

14 1 .11 15.7 178 41

15 2.09 16.3 91 26

16 0.74 19.7 121 S3

mean 1 .42+0.20 33 .3 1 9 .0 138.7128 3 5 .9 1 6 .7

Z - P r o - P r o l i n a l  <1.25 mq/kq) was i n j e c t e d  i n t o  t h e  f em o ra l  

v e in  o f  an a n e s t h e t i z e d  r a t  2 min b e fo re  i n j e c t i o n  o f  LHRH 

(210 u q / k q ) . Blood was c o l l e c t e d  a t  v a r i o u s  t imes and t h e
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c o n c e n t r a t i o n  o f  LHRH in  t h e  plasma was determined  by RIA as 

d e s c r ib e d  in  t h e  Methods s e c t i o n .  The pha rm acok ine t ic  parame­

t e r s  o f  LHRH d i sa p p e a ra n c e  were analyzed  by th e  DRUGFUN p r o -  

aram o f  t h e  PROPHET Computer System. I n d i v i d u a l  e x p er im en ts  

and t h e  mean l  SEM fo r  c o n t r o l  and Z - P r o - P r o l i n a l - t r e a t e o  r a t s  

a re  q i v e n .  The mean v a lu e s  f o r  th e  2nd h a l f - l i f e  component 

and th e  c l e a r a n c e  do not i n c l u d e  r a t  #9 which had an i n f i n i t e  

2nd component o f  d i s a p p e a r a n c e .

n i f i c a n t  d i f f e r e n c e s  between t h e  two homogenates f o r  a l l

enzvroe a c t i v i t i e s  s t u d ie d  e x c e p t  f o r  pyroqlu tamyl  p e p t i d e

h v d r o l a s e .  The h i a h e s t  a c t i v i t y  found in  both  p r e p a r a t i o n s

was f o r  th e  lysosom al  enzyme. c a t h e p s i n  B. The a c t i v i t y  of 

c a t h e n s in  B in  GH3 c e l l s  was a lm os t  f i v e  t im es  g r e a t e r  than  

i t s  a c t i v i t y  i n  a n t e r i o r  p i t u i t a r y  homoqenates whereas t h e  

o t h e r  lvsosomal enzvine. c a t h e p s i n  D, which had much l e s s

a c t i v i t y  in  bo th  p r e p a r a t i o n s ,  had h iqher  a c t i v i t y  i n  th e  

a n t e r i o r  p i t u i t a r y  homoqenates.  Of th e  cy to p la sm ic  enzymes, 

s o l u b l e  m eta l lcendO D ept idase  and p r o l y l  e n d o p e p t id a se  had high  

a c t i v i t i e s  i n  both  p r e p a r a t i o n s .  T h e i r  a c t i v i t i e s  were about  

tw ice  as  h iqh  in  the  GH3 c e l l  homoqenates than  i n  a n t e r i o r  

p i t u i t a r y  homoqenates .  The m u l t i - c a t a l y t i c  p r o t e a s e  complex 

had moderate  a c t i v i t y  in  both  p r e p a r a t i o n s  while  pyroq lu tam yl  

p e p t i d e  h y d ro la s e  a c t i v i t y  was low in  both p r e p a r a t i o n s .  The 

a c t i v i t y  of  am inopep t iaa se  was moderate  in  both p r e p a r a t i o n s ,  

whi le  th e  a c t i v i t y  of  membrane-bound n e u t r a l  m e t a l l o e n d o p e p t i -  

da se  was about  f o u r  times l e s s  in  t h e  GH3 c e l l  homoqenates 

th an  i n  th e  a n t e r i o r  p i t u i t a r y  homoqenates.



Table 16 S p e c i f i c  a c t i v i t i e s  of  p e p t id e - d e g r a d in q  enzymes i n  

GH3 c e l l  homoqenates and a n t e r i o r  p i t u i t a r y  homoqenates

S p e c i f i c  a c t i v i t y  (nmoles/  

mq p r o t e i n / h  ±SEM)

Enzvme S u b s t r a t e  GH3 c e l l s  a n t e r i o r  p i t u i t a r y

horaogenates

s o l u b l e  m e t a l l o -  Bz-Glv-Ala-Ala-Phe- 

e n d o o e p t id a se  pAB

1269+1721 654.2+74.4

o r o l v l

e n d o o e o t id a se

pvroq lu tam vl  

p e p t i d e  h y d r o la s e

Z-Glv-Pro-SM

pGlu-2NA

4 8 2 .2±26 . 4 2 269.5±38.5

18.2+1.7 11 .9+2 .5

m u l t i - c a t a l y t i c  Z-Gly-Gly-Leu-pNA

p r o t e a s e  complex

(chvmotrvDsin

component)

I
m u l t i - c a t a l v t i c  Z-Leu-Leu-Glu-2NA 

p r o t e a s e  complex (with SDS) 

(SD S-ac t iva ted  

component)

c a t h e p s in  B Z-Leu-Leu-Arq-2NA

32.6±3.5»

1727+1992

8 0 .+11 .2

229.1+24.32 59 .0+3 .8

363.2±50.5

c a t h e p s i n  D T F A -P he-(o -B enzy l )Se r -  52.+7.53 94 .5+15 .8



AminoDeDtidase

Membrane-bound 

n e u tr a l  m eta l lo  

endoDeDtidase

A c t i v i t i e s  were de te rm ined  as  d e s c r i b e d  in  th e  Methods s e c ­

t i o n .  Arrows i n d i c a t e  t h e  i n i t i a l  s i t e  of  th e  c le a v a g e  of  

each  s u b s t r a t e .  Between 4 and 6 d e t e r m i n a t i o n s  were made f o r  

each  enzvme. The l e v e l  of s i g n i f i c a n c e  was found by comparing 

t h e  a c t i v i t i e s  o f  th e  enzyme p r e p a r a t i o n s  by u s in g  S t u d e n t ’s 

t - t e s t .  S i a n i f i c a n t l y  d i f f e r e n t  from a n t e r i o r  p i t u i t a r y  homo- 

q e n a t e :  *p < C.05:  2P < 0 .0 1 ;  3p < 0 .0 0 5 ;  *p < O.G01;

1/Leu-DNA 156.2+8.83 203.2+13.

4-’Glutaryl-Ala-Ala-f'he- 21.+1.46* 77.+11.2
2NA



95

Since  a q iv e n  p e p t id e  s u b s t r a t e  may be degraded by more 

t h a n  one p r o t e o l y t i c  enzyme. s p e c i f i c ,  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  were used to  v e r i f y  th e  i d e n t i t i e s  of t h e  a c t i v i ­

t i e s  m easu red .  These i n h i b i t o r s  f u l f i l l  th e  b in d in q  r e q u i r e ­

ments of th e  a c t i v e - s i t e  and i n t e r a c t  with  the  enzyme t o  form 

a n a lo g s  o f  t h e  t r a n s i t i o n  s t a t e  f o r  p e p t id e  h y d r o l y s i s .  As 

shown in  Table  17. N -f1 (R ,S ) - c a r b o x y - 2 - p h e n y l e t h y l  ] - A la - A la -  

Phe-pAB. a s p e c i f i c  i n h i b i t o r  of s o l u b l e  m e ta l lo e n d o p e p t id a s e  

(Chu and O r lo w sk i .  1984) ,  e l i m i n a t e d  most o f  th e  a c t i v i t y  

c l e a v i n a  HiD-Ala-Ala-Phe-pAB in  both GH3 c e l l  homoqenates and 

a n t e r i o r  p i t u i t a r y  homoqenates .  C o n s i s t e n t  wi th  t h e  r e q u i r e ­

ment o f  t h i s  enzvme f o r  a s u l f h v d r y l  q ro u p ,  e l i m i n a t i o n  o f  DTI 

from t h e  r e a c t i o n  m ix tu re  s u b s t a n t i a l l y  reduced i t s  a c t i v i t y .  

The m e ta l  c h e l a t o r ,  o - p h e n a n t h r o l i n e ,  a t  a f i n a l  c o n c e n t r a t i o n  

o f  2 X 10-4 M. a l s o  e l i m i n a t e d  most o f  th e  a c t i v i t y .  The d a ta  

a r e  c o n s i s t e n t  with  t h e  a c t i v i t y  due to  t h a t  o f  t h e  s o l u b l e  

m e t a l l o e n d o p e p t i d a s e .

Z - P r o - P r o l i n a l  i s  a s p e c i f i c  i n h i b i t o r  of p r o l y l  e n d o p e p t i -  

a a s e  i n  v i t r o  (Wilk and O r lo w sk i ,  1983a) and in  vivo (Friedman 

e t  a l . »  1 9 8 4b ) . At a f i n a l  c o n c e n t r a t i o n  of  10-6  M, Z-Pro-  

P r o l i n a l  i n h i b i t e d  th e  Z -G ly -P ro -S H -c leav inq  a c t i v i t y  in  bo th  

th e  GH3 c e l l  homoqenates and t h e  a n t e r i o r  p i t u i t a r y  homoqen­

a t e s  by more than  95%. S i m i l a r l y  l e u p e p t i n ,  a p o t e n t  i n h i b ­

i t o r  o f  c a t h e p s i n  B. a t  a dose  of 10-6 M, i n h i b i t e d  by more 

th an  92% th e  Z-Leu-Leu-Arq-2NA-cleavinq a c t i v i t y  a c t i v i t y  i n  

bo th  p r e p a r a t i o n s .  These o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  two 

s u b s t r a t e s  measure p r o l y l  e n d o p e p t id a s e  and c a t h e p s i n  B a c t i v -
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Table  17 E f f e c t  o f  i n h i b i t o r s  on p e p t i d e - a e q r a d i n q  enzymes of 

GH3 c e l l  homoqenates and a n t e r i o r  p i t u i t a r y  homoqenates

Enzvme

s o l u b l e

m e t a l l o -

e n d o p e p t id a s e

o r o l v l  endo-  

p e o t i d a s e

c a t h e p s i n  B

membrane-bound 

n e u t r a l  m e t a l l o -  

e n d o p e p t id a s e

I n h i b i t o r

% of  c o n t r o l  

GH3 c e l l  a n t e r i o r

homoqenates

N-f 1 (R.S) - c a r b o x y - 2 -  

p h e n v le th y l  1 -Ala-A la-Phe-  

dAB (10-4 M)

o - D h e n a n th ro l in e  (2X10-4 M) 

-DTI -

Z - P r o - P r o l i n a l  (10-6 M)

l e u p e p t i n  (10-6 M)

N-f 1 (R.S) - c a r b c x y - 2 -  

D h en v le th y l1-Phe-pAB 

(4X10-5 M)

7*054

p i t u i t a r y

homoqenates

1 5 . 3«

18.754

11.354

5.3%

4.95

79%

16.6%

2 1.6%
3.2%

7.55

31.9%

Enzyme a c t i v i t i e s  were measured a s  d e s c r ib e d  in t h e  Methods 

s e c t i o n .  Numbers i n  p a r e n t h e s e s  i n d i c a t e  t h e  c o n c e n t r a t i o n  of 

i n h i b i t o r  in  th e  i n c u b a t i o n  m ix t u r e .  No p r e i n c u b a t i o n  was 

performed with  th e  i n h i b i t o r s .  * F u l l  e x p r e s s io n  of  t h i s  

a c t i v i t y  r e a u i r e s  a t h i o l  r e d u c in q  a g e n t  such as  DTT in  t h e  

i n c u b a t i o n  m ix tu r e .
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N-r1 (R .S)- c a r b o x y - 2 - p h e n y le th y l  1-Phe-pAB i s  a s p e c i f i c  

i n h i b i t o r  o f  membrane-bound n e u t r a l  m e ta l lo e n d o p e p t id a se  

(Almenoff and G r low sk i .  1963) .  This  i n h i b i t o r  a t  a f i n a l  dose 

o f  4 X 10-5 M i n h i b i t e d  about  70% of the  a c t i v i t y  i n  a n t e r i o r  

D i t u i t a r v  nomooenate p r e p a r a t i o n s ,  w hi le  i n h i b i t i n g  only about  

20% of t h e  a c t i v i t y  i n  th e  GH3 c e l l  homoqenates.  At t h i s  dose 

o f  i n h i b i t o r  t h e  a c t i v i t y  o f  membrane-bound n e u t r a l  m e ta l -  

lo en do p e D t id a se  shou ld  be t o t a l l y  i n h i b i t e d .  The f a c t  t h a t  

t h e  a c t i v i t y  i n  t h e  GH3 c e l l  homoqenates was on ly  s l i g h t l y  

i n h i b i t e d  i n d i c a t e s  t h a t  c le av a q e  o f  G l u t a r y l - A la - A la -  Phe-2NA 

i n  GH3 c e l l  homoqenates i s  i n  p a r t  c a t a l y z e d  by o th e r  

enzyme (s) .

*E4£eci - g £  i.Bbafcito js  ‘on enzyma t ic  act iv ity  Id £H3 'c e l l s

Z - P r o - P r o l i n a l  s i g n i f i c a n t l y  i n h i b i t e d  p r o l y l  end opep t idase  

a c t i v i t y  in  GH3 c e l l s  a f t e r  ex posu re  o f  t h e  i n h i b i t o r  f o r  both 

1 h ( c o n t r o l  c e l l s  31.7 ± 4 . 1  nmol/mq/h, N=3; 10-6 M Z-Pro-

P r o l i n a l  11.6 ± 3 .0  nmol/ma/h,  N=3. p < 0 .05 )  and 3 days (con­

t r o l  c e l l s  11 .0  ± 1 .9  nrool/mq/h, N=3; 10-5 M Z - P r o - P r o l in a l

3 .9  ± 1 .2  nmol/mq/h.  N=3, p < 0.001) . S im i la r  r e s u l t s  were 

o b t a in e d  when t h e  media c o n t a i n i n q  serum (desc r ibed  above) was 

r e p l a c e d  with Neuman-Tvtell  s e ru m le ss  media.  While enzymatic  

a c t i v i t i e s  were always compared to  c o n t r o l s ,  i t  was observed 

t h a t  p r o l y l  e n d o o ep t id a se  a c t i v i t y  was lower i n  c e l l s  qrown in  

w e l l s  ( r e s u l t s  p re sen te d  he re )  than  in  f l a s k s  (Table 1 6 ) .  I t  

i s  p o s s i b l e  t h a t  t h e  d i f f e r e n t  growing c o n d i t i o n s  between
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f l a s k s  and w e l l s  or  th e  d i f f e r e n t  deq ree  of conf iuency  a re  

im p o r t a n t  f o r  exDress ion  of  enzym at ic  a c t i v i t y .  As a c o n t r o l ,  

Z - P r o - P r o l i n a l  {10-5 M) d id  n o t  a f f e c t  t h e  s o l u b l e  r a e ta l lo e n -  

doDeDtidase  a c t i v i t y  in  c e l l s  exposed fo r  3 days ( c o n t r o l  

c e l l s  141 ± 3 nraol/ma/h. N=3: Z - P r o - P r o l i n a l  135 ± 32 nmol/mg/ 

h .  N=3. N . S . ) .  These r e s u l t s  i n d i c a t e  t h a t  Z - P r o - P r o l i n a l  can 

be used to  e f f e c t i v e l y  i n h i b i t  p r o l y l  e n d o p ep t id a se  i n  GH3 

c e l l s .

5 -0 x o D r o l in a l  (10-5 M) caused an unexpected 3-4 fo ld  

i n c r e a s e  in  PPh a c t i v i t y  i n  GH3 c e l l s  a f t e r  3 days o f  exposure  

(Table 1 8 ) .  F iq u re  7 shows th e  c o n c e n t r a t i o n - r e l a t e d  e f f e c t  

o f  3 davs e x p osu re  t o  5 - o x o p r o l in a l  on PPH a c t i v i t y  i n  GH3 

c e l l s .  The EC50 was 10-7 M with  a maximum i n c r e a s e  produced 

bv 10-5  M 5 - o x o p r o l i n a l .  Th is  i n c r e a s e  i n  PPH a c t i v i t y  upon 

e x posure  of  c e l l s  t o  5 - o x o p r o l in a l  (10-5 M) was t ime depen­

d e n t .  showino a r a p id  i n c r e a s e  in  t h e  f i r s t  24 hours  with a 

c o n t in u o u s  r i s e  u n t i l  6 days (F iqure  8 )

S p e c i f i c i t y  of, t h e  i n c r e a s e i n  C¥£S5 iJA£ajaxJL pe p t i d e  hydr o l a s e

The s p e c i f i c i t y  of t h e  i n c r e a s e  in  PPH a c t i v i t y  by 

5 - o x o o r o l i n a l  was s t u d i e d .  The a c t i v i t y  of p r o l y l  e n d o p e p t i ­

dase  i n  c e l l s  exposed t o  5 - o x o p r o l i n a l  fo r  3 days was u n a l ­

t e r e d  ( u n t r e a te d  c e l l s  341.7  ± 55.5 nmol/mq/h, N=30 vs 10-5 M 

5 - o x o o r o l i n a l  343.0  ± 36.8  nmol/mq/h, N=18). In  a d d i t i o n ,

Z - P r o - P r o l i n a l . a s p e c i f i c ,  a ldehyde  i n h i b i t o r  o f  p r o l y l  endo-  

o e p t i d a s e .  when incuba ted  with  GH3 c e l l s  f o r  3 days d id  not
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Table  18 The e f f e c t  of  IRH-deqradinq  enzyme i n h i b i t o r s .

TRH and TRH m e t a b o l i t e s  on PPH a c t i v i t y  i n  GH3 c e l l s

Experiment  S p e c i f i c  a c t i v i t y  (nmol/mg p r c t e i n / h  ± SEM)

5 - o x o o r o l i n a l  (10-5 M) 53 .9  ± 3 .9  (41) *

C o n t ro l  1 3 .6  ± 1 .4  (45)

Z - P r o - P r o l i n a l  (10-5 M) 13 .9  t 3 .5  (3)

C o n t ro l  13 .6  ± 0 .3  (3)

TRH (10-6 M) 1 1 .5  ± 2 .3  (3)

C o n t r o l  1 3 .6  ± 0 .3  (3)

c v c l o - H i s - P r o  (10-4 M) 35 .5  ± 3 .1  (6 )

C o n t r o l  26 .9  + 2 .1  (6)

Dvroqlutamate (10-4 M) 22.7  ± 2 .7  (3)

C o n t ro l  21.4 ± 3 .3  (3)

GH3 c e l l s  were arown as  d e s c r i b e d  in  th e  Methods s e c t i o n .  

Two weeks a f t e r  p l a t i n g .  5 - o x o p r o l i n a l  (10-5 M) or i n h i b i t o r  

was added to  th e  f l a s k s .  A f t e r  3 days of i n c u b a t i o n  a t  37° C, 

c e l l s  were h a r v e s t e d ,  washed, homogenized and th e  homogenate 

was assayed  f o r  pyroq lu tam yl  p e p t i d e  h y d ro la s e  a c t i v i t y  as  

d e s c r i b e d  in  th e  Methods s e c t i o n .  The numbers in  p a r e n t h e s e s  

r e p r e s e n t  number o f  f l a s k s  u se d .  The s i g n i f i c a n c e  of changes 

i n  the  s p e c i f i c  a c t i v i t y  between c o n t r o l  and i n h i b i t o r - t r e a t e d  

c e l l s  was de te rm ined  u s inq  th e  S t u d e n t ' s  T - t e s t .

*  d < 0 . 0 0 1
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C o n c e n t r a t i o n - r e s p o n s e  cu rve  of 5 - o x o p r o l i n a l  on th e  s p e ­

c i f i c  a c t i v i t y  o f  pyroq lu tam yl  p e p t id e  h y d r o la s e  i n  GH3 c e l l s .  

GH3 c e l l s  were qrown as d e s c r ib e d  in  the  Methods s e c t i o n .  The 

c e l l s  r e c e i v e d  v a r i o u s  c o n c e n t r a t i o n s  of  5 - o x o p r o l i n a l  fo r  3 

d a y s .  The c e l l s  were h a r v e s t e d ,  washed, ’ homogenized and 

a s sa y e d  f o r  PPH a c t i v i t y  a s  d e s c r ib e d  in  the  Methods s e c t i o n .  

S p e c i f i c  a c t i v i t y  i s  e x p re s sed  as nmol/mg p r o t e i n / h .  Each 

p o i n t  r e p r e s e n t s  the. mean ± SEM of  3 f l a s k s  of c e l l s .
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Time c o u rs e  o f  5 - o x o o r o l i n a l  on th e  s p e c i f i c  a c t i v i t y  of  

o v ro a lu ta m v l  o e o t i a e  H ydro lase  in  GH3 c e l l s .  GH3 c e l l s  were

arown as d e s c r i b e d  in  t h e  Methods s e c t i o n .  C e l l s  r e c e i v e d

10-5 M 5 - o x o D r c l i n a i  fo r  v a r i o u s  t i n e s .  The c e l l s  were h a r ­

v e s t e d .  washed, homoqenited and assayed f o r  PPH a c t i v i t y  as 

d e s c r i b e d  i n  th e  Metnoas s e c t i o n .  S p e c i f i c  a c t i v i t y  i s  

e x p r e s s e d  as nmol/ma p r o t e i n / h .  Each p o in t  r e p r e s e n t s  t h e  

mean ± SEM of  3 f l a s h s  of  c e l l s .
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a f f e c t  PPH a c t i v i t y  (Table 18) d e m o n s t r a t in q  t h a t  th e  e f f e c t  

o f  5 - o x o D r o l in a l  was n o t  rep roduced  by o t h e r  p e p t i d e  a l d e h ­

y d e s .

Since  PPH c a t a l y z e s  t h e  d e q r a d a t i o n  o f  TRH and TRH r e c e p ­

t o r s  a r e  p r e s e n t  on GH3 c e l l s  (Martin  and T a s h j i a n ,  1977) ,  we 

h y p o th e s iz e d  t h a t  an i n h i b i t o r  of  PPH a c t i v i t y  may a l t e r  PPH 

l e v e l s  th rouoh  IRH. To t e s t  t h i s  p o s s i b i l i t y  TRH (10-6 M) was 

added t o  GH3 c e l l  c u l t u r e s  f o r  3 days  w i th o u t  e f f e c t  on t h i s  

enzvme. S i m i l a r l y ,  th e  TRH m e t a b o l i t e s ,  py ro q lu ta m a te  and 

c v c l o ( H i s - P r o )  (Bauer e t  a l . ,  1978) f a i l e d  to  s i g n i f i c a n t l y  

a l t e r  PPH a c t i v i t y  (Table 18) .

To d e te rm in e  whether  t h e  s t i m u l a t e d  pGlu-2NA-cleaving 

a c t i v i t y  was indeed  PPH and n o t  a new enzyme which could  a l s o  

c l e a v e  cGlu-2NA. 5 - o x o p r o l i n a l  (1C-5 M f i n a l  c o n c e n t r a t i o n )  

was added t o  i n c u b a t i o n  tu b e s  c o n t a i n i n g  th e  s t i m u l a t e d  

enzvme. Under t h e s e  c o n d i t i o n s  5 - o x o p r o l i n a l  i n h i b i t e d  more 

t h an  90% of  t h e  pGlu-2NA-cleavinq  a c t i v i t y  ( s t im u la te d  a c t i v ­

i t y  34 .0  ± 4 .6  nmol/raq/h,  N=3; s t i m u l a t e d  a c t i v i t y  p lu s

5 - o x o o r o l i n a l  3 .0  ± 0 .9  nmol/mq/h, N=3) . S ince  5 - o x o p r o l in a l  

i s  a s p e c i f i c  PPH i n h i b i t o r ,  t h i s  ex p e r im e n t  i n d i c a t e s  t h a t  

t h e  s t i m u l a t e d  a c t i v i t y  i s  indeed  PPH (EC 3 . 4 . 1 1 . 8 ) .  The mem­

brane-bound  D v r o q lu ta m v l - p e p t id e  h y d r o ly z in q  enzyme d e s c r ib e d  

above was n o t  d e t e c t a b l e  in  e i t h e r  c o n t r o l  c e l l s  or  c e l l s  

t r e a t e d  with 5 - o x o o r o l i n a l  (10-5) f o r  3 d a y s .

Exper iments  were conduc ted  to  d e te rm in e  whether  th e  

i n c r e a s e  in  a c t i v i t y  of PPH r e q u i r e s  th e  con t in u o u s  p resence
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o f  5 - o x o o r o l i n a l . A f t e r  exposu re  of GH3 c e l l s  to  

5 - o x o p r o l i n a l  (10-5 M) fo r  1 h o u r ,  t h e  media was r e p l a c e d  and 

t h e  c e l l s  i n c u b a te d  f o r  a n o th e r  3 d a y s .  The a c t i v i t y  of  PPH 

in  t h e s e  c e l l s  was compared t o  th e  a c t i v i t y  of PPH in  c e l l s  

exposed  t o  5 - o x o p r o l i n a l  c o n t i n u o u s l y  f o r  3 d a y s .  In  t h i s  

e x p e r im e n t ,  t h e  a c t i v i t y  of  PPH i n  c e l l s  not  exposed to  i n h i b ­

i t o r  s e rv e d  as c o n t r o l .  The a c t i v i t y  of  PPH in  u n t r e a t e d  

c e l l s  was 25 .4  + 4 .1  nmol/mq/h, N=6 . PPH a c t i v i t y  i n  c e l l s  

exposed  t o  5 - o x o o r o l i n a l  f o r  1 h (76 .4  + 6 . 2  nmol/mq/h, N=6 ) 

was s i m i l a r  t o  t h e  a c t i v i t y  s e en  in  c e l l s  exposed c o n t in u o u s ly  

t o  i n h i b i t o r  f o r  3 days (69 .1  ± 3 .7  nmol/mq/h N=6 ) . Th is

i n d i c a t e s  t h a t  a s h o r t  e x p o su re  t o  5 - o x o p r o l i n a l  i s  s u f f i c i e n t  

t o  c a u se  an i n c r e a s e  i n  PPH a c t i v i t y .

S ince  5 - o x o o r o l i n a l  may be m e tab o l ized  by GH3 c e l l s ,  i t  was 

o f  i n t e r e s t  t o  de te rm ine  whether  a d d i t i o n  o f  f r e s h  

5 - o x o p r o l i n a l  t o  t h e  c u l t u r e  f l a s k s  each  day f o r  3 days would 

i n c r e a s e  PPH a c t i v i t y  more th a n  c o n t in u o u s  exposure  of c e l l s  

t o  a s i n g l e  dose o f  5 - o x o p r o l in a l  added only  a t  th e  s t a r t  of 

th e  e x p e r im e n t .  The i n c r e a s e  i n  a c t i v i t y  produced by a d d i t i o n  

o f  5 - o x o o r o l i n a l  (10-5 M) each day f o r  3 days ( u n t r e a te d  c e l l s  

25 .4  ± 3 .7  nmol/mq/h N=6 ; 5 - o x o p r o l i n a l  60.9  + 6 .7  nmol/mg/h 

N=6 ) d id  no t  exceed the  i n c r e a s e  produced by c o n t in u o u s  expo­

s u r e  t o  a s i n q l e  dose o f  5 - o x o p r o l i n a l  (10-5 M) f o r  3 days 

( u n t r e a t e d  c e l l s  2 5 .4  + 4 . 1  nmol/mq/h N=6 ; 5 - o x o p r o l in a l  69 .1  

+ 3 . 7  nmol/raq/h N=6>.

Exper iments  were performed to  d e te rm ine  th e  s t a b i l i t y  of
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5 - o x o o r o l i n a l  in  th e  c e l l  c u l t u r e .  I n  th e s e  e x p e r im e n t s ,  

d G1u -2NA was added t o  t h e  f l a s k s  and t h e  2NA r e l e a s e d  was 
de te rm ined  a f t e r  1 h and 3 days i n  th e  p resence  and absence  of 

5 - o x o o r o l i n a l .  A f te r  i  h» 5 - o x o p r o l in a l  (10-5 M) i n h i b i t e d  

about  2/3 of t h e  fo rm at ion  of  2NA from pGlu-2NA (0.4 mM) (con­

t r o l s  2.9 ± 0 .1  nmol/ml media,  N=3; 5 - o x o p r o l i n a l - t r e a t e d  0 .97 

± 0.07 nmol/ml media.  N=3). Three days a f t e r  adainq

5 - o x o o r o l i n a l .  t h e r e  was no s i q n i f i c a n t  enzyme i n h i b i t i o n  

( c o n t r o l s  530 ± 13 nmol/ral media, N=3; 5 - o x o p r o l i n a l - t r e a t e d  

490 ± 27 nmol/ml media.  N=3). These r e s u l t s  i n d i c a t e  t h a t  

5 - o x o p r o l i n a l  has  been m e tab o l ized  d u r in g  th e  3 day in c u b a ­

t i o n .

The p o s s i b i l i t y  t h a t  t h e  i n c r e a s e  in  PPH a c t i v i t y  i s  due t o  

an i n c r e a s e  in  th e  a f f i n i t y  o f  th e  enzyme f o r  i t s  s u b s t r a t e ,  

dG1u- 2NA. was e x p lo r e d .  The Km of  PPH in  c e l l s  exposed to  

10-5 M 5 - o x o p r o l in a l  was compared to  th e  Km of PPH in  c o n t r o l  

c e l l s .  L ineweaver-Surk  p l o t s ,  o b t a in e d  by a l i n e a r  r e g r e s s i o n  

a n a l y s i s ,  were used to  c a l c u l a t e  the  Km's. The Km of PPH from 

i n h i b i t o r - t r e a t e d  c e l l s  (Km = 0.16 mM) and c o n t r o l  c e l l s  (Km = 

0 .18  raMl were v i r t u a l l y  i d e n t i c a l ,  i n d i c a t i n g  t h a t  t h e  

i n c r e a s e  in  enzvmatic  a c t i v i t y  on exposure  t o  5 - o x o p r o l in a l  

was n o t  due t o  i n c r e a s e d  a f f i n i t y  of th e  enzyme f o r  th e  s u b s ­

t r a t e .

The l o c a l i z a t i o n  of  t h e  i n c r e a s e d  PPH a c t i v i t y  in  GH3 c e l l s  

exposed t o  5 - c x o p r o I i n a l  (10-5 M) f o r  3 days was compared to  

t h e  l o c a l i z a t i o n  of PPH in  c o n t r o l  c e l l s .  In  c o n t r o l  c e l l s .
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t h e  a c t i v i t y  of PPH (measurinq the  r e l e a s e  of 2NA from 

dG1u- 2NA by f luo rom e try )  was 8 .9  nn.ol/mq/h in  the  washed p a r ­

t i c u l a t e  f r a c t i o n  and 14.9  maol/mq/h in  the  s u p e r n a t a n t  f r a c ­

t i o n .  In i n h i b i t o r - t r e a t e d  c e l l s ,  th e  a c t i v i t y  was 10 .0  n i tc l /  

raayh in  th e  washed p a r t i c u l a t e  f r a c t i o n  and 76.3 nmol/irq/h in  

th e  s u p e r n a t a n t  f r a c t i o n  i n d i c a t n q  t h a t  the  a c t i v a t e d  PPH i s  

p r e s e n t  in  th e  c y t o s o l i c  f r a c t i o n  of  GH3 c e l l s .

E f f e c t  o f  ‘cycl o h eximide  on engyjog l e v e l s  i n  SH2 ce l l s

Cycloheximide was used to  d e te rm in e  whether  t h e  i n c r e a s e d  

enzvm at ic  a c t i v i t y  was due to  i n d u c t i o n  c f  p r o t e i n  s y n t h e s i s .  

As shown in  Table 19.  b a s a l  PPH a c t i v i t y  decreased  with c y c l o -  

heximide a lo n e ,  due to  d e c rea se d  p r o t e i n  s y n t h e s i s .  However 

even in  the  p re s e n c e  of c y c lo h e x im id e ,  5 - o x o p r o l in a l  s t i l l  

caused  an ao o rc x im a te lv  3 f o l d  i n c r e a s e  in  PPH a c t i v i t y .  

These r e s u l t s  s u q q e s t  t h a t  new p r o t e i n  s y n t h e s i s  i s  n o t  

reG u ired  fo r  t h e  i n c r e a s e  i n  PPH a c t i v i t y .  5 - o x o p r o l in a l  d id  

no t  a f f e c t  D ro lv l  e n d o p e p t id a se  a c t i v i t y  e i t h e r  i n  the  p r e s ­

ence  o r  absence of  cy c lo h ex im id e ,  a l th ou g h  the  b a s a l  a c t i v i t y  

o f  th e  enzvme was lowered by cy c lo hex im id e .

E f f e c t  o f  i n h i b i t o r s  on p r o l a c t i n  rgSDQQ.se ijQ GH3 c e l l s

The a d d i t i o n  o f  TRH (10 nM) to  GH3 c e l l s  caused a s i g n i f i ­

c a n t  i n c r e a s e  in  p r o l a c t i n  r e l e a s e  (1 h) and s y n t h e s i s  (3 

davs) (Table 20) in  aqreement  with e a r l i e r  r e p o r t s  (Dannies 

and T a s h i i a n .  1976) .  As shown i n  Table 20, 5 - o x o p r o l i n a l  

(10-5 M) s i q n i f i c a n t l y  d e c re a se d  both b a s a l  and TRH-st imulated
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T a b le  19 The e f f e c t  o f  c y c l o h e x i m i d e  on PPH and p r o l y l  e n a o p e c t i a a s e  

a c t i v i t y  i n  GH3 c e i l s

S p e c i f i c  a c t i v i t y  (nmol/ma p r o t e i n / h  ♦ SEM)

c o n t r o l 5 - o x o p r o l i n a l

PPH

c y c l o h e x i m i a e c y c l o n e x i m i d e i

5 - o x o p r o i i n a l

e x c t .  1 2 3 .0 + 0 . 7 3 9 . 7  * 2 . 6  (160) 1 6 . 1  t 0 .4 (50) 2 4 . 7  ± 3 . 7 (175)

e x p t .  2 2 1 .  4 2 . 2 5 6 . 3  i  3 . 6  (263) 1 0 . 8  ± 2 . 9 (50) 3 0 .7  ± 5 . 7 (284)

e x p t .  3 2 6 . 6 0 . 3 6 2 . 6  ± 5 . 3  (173)  6 . 6  + 

P r o l y l  e n d o p e p t i a a s e

3 . 9 (26) 2 5 . 0  i 1 4 . 0 (6 33

e x o t  . 1 216 23 196 i  23 (91) 236 ± 16 (109) 164 + 12 (69)

e x p t .  2 220 29 260 1 31 (113) 164 + 17 (65) 161 ± 23 (93)

e x c t .  3 299 ■¥ 39 139 t 12 (61) 163 t 33 (54) 133 t IS (8 2)

GH3 c e l l s  were crown a s  d e s c r i b e d  i n  t h e  Methods s e c t i o n .  

In  e x p e r i m e n t  1 .  GH3 c e l l s  r e c e i v e d  c y c l o h e x i m i d e  (2ua/ml)  f o r  

10 h w h i l e  i n  e x p e r i m e n t s  2 and 3,  GH3 c e l l s  r e c e i v e d  c y c i o -  

h e x i m i a e  ( 0 . 5  uq/ml )  f o r  26. h .  For ea ch  e x p e r i m e n t ,  3 f l a s k s  

were u s e d  a s  c o n t r o l s ,  3 f l a s k s  r e c e i v e d  5 - o x o p r o i i r . a l  (10-5  

M) . 3 f l a s k s  r e c e i v e d  c y c l o h e x i m i d e  and 3 f l a s k s  r e c e i v e d

c y c l o h e x i m i d e  1 5 - o x o p r o l i n a i  (10-5  M) . C e l l s  were h a r v e s t e d ,  

washed and homogenized  and th e  homogenate  was a s s a y e d  f o r  E2H 

and p r o l y l  e n d c o e p t i a a s e  a c t i v i t y  a s  d e s c r i b e d  in  t h e  Methods 

s e c t i o n .  The numbers in  p a r e n t h e s e s  r e p r e s e n t  X o f  c o n t r o l  

e x c e o t  f o r  “c y c l o h e x i m i d e  t S - o x o p r o l i n a l "  column i n  which  

t h e y  r e p r e s e n t  % o f  c y c l o h e x i m i d e .
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D r o l a c t i n  r e l e a s e  and s y n t h e s i s .  5 - o x o p r o l in a l  (10-5 M) p lu s  

TRH (10 nMl r e s u l t e d  in  a 50* r e d u c t i o n  in  p r o l a c t i n  r e l e a s e  

and s y n t h e s i s  compared to  TRH a l o n e .  Z - P r o - P r o l i n a l  (10-5 M) 

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

e i t h e r  in  th e  p re s e n c e  or  ab sen c e  o f  TRH. The com binat ion  of  

Z - P r o - P r o l i n a l  (10-5 M) and 5 - o x o p r o l i n a l  (10-5 M) in  t h e  

p re s e n c e  o f  IRh (10 nW) a l s o  s i g n i f i c a n t l y  d e c re a se d  p r o l a c t i n  

s y n t h e s i s  compared to  TRh a l o n e .  S i m i l a r  r e s u l t s  were 

o b t a i n e d  wnen t h e  p r o l a c t i n  r e s p o n s e  was r e l a t e d  t o  t h e  amount 

o f  DNA in  t h e  f l a s k  a l th o u q h  d a ta  c o l l e c t e d  i n  t h i s  manner 

showed a somewhat a r e a t e r  v a r i a b i l i t y .

In  t h e  above e x p e r im e n t ,  t h e  i n h i b i t o r  was p r e s e n t  whi le  

p r o l a c t i n  was accuraulatincj i n  t h e  media .  I t  was a l s o  of  

i n t e r e s t  t o  examine th e  e f f e c t s  of  p r e i n c u b a t i n q  t h e  c e l l s  

w i th  5 - o x o p r o l i n a l , r e o l a c i n q  t h e  media ana then  adding  TRH. 

As shown in  Tab le  21,  p r e i n c u b a t i o n  o f  GH3 c e l l s  w i th  

5 - o x o o r o l i n a l  (10-5 M) f o r  3 days  d id  no t  a l t e r  b a s a l  o r  TRH- 

s t i m u l a t e d  p r o l a c t i n  r e l e a s e  or  s y n t h e s i s .  The r e s u l t s  were 

s i m i l a r  whether  t h e  d a ta  was r e l a t e d  to  amount o f  DNA o r  

amount o f  media .
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Table  20 P r o l a c t i n  r e s p o n se  i n  GH3 c e l l s

P r o l a c t i n  r e sp o n se  (nq/ml media ± SEM)

1 n 3 days

c o n t r o l 44 .8 + 11.8 (9) 4250 + 128 C (9)

TRH 72.3 + 31.61 (9) 6950 + 11302 (9)

5 - o x o p r o l i n a l 30 .3 + 3.31 (6 ) 2070 + 4212 (5)

5-oxoD ro l ina l /T R h 33.1 t 3.83 (6) 3100 + 425 4 (6 )

Z - P r o - P r o l i n a l 46.2 + 12.8 (9) 4660 + 1680 (9)

Z -P ro -P ro l in a l /T R H 74.0 + 19.9 (9) 7810 + 1430 (9)

Z - P r o - P r o l i n a l / 5 - o x o p r o l i n a l 35.3 + 1.6 (6) 3070 + 443 (6 )

Z - P r o - P r o l i n a l / 5 - o x o p r o l i n a l / 45.0 + 7.7 (6) 4730 + 573* (6 )

TRH

GH3 c e l l s  were qrown a s  d e s c r i b e d  in  t h e  Methods s e c t i o n .  

The media was r e p l a c e d  and Z - P r o - P r o l i n a l  (10-5 M), 

5 - o x o p r o l i n a l  (10-5 Ml and TRH ( 10 nM) were added to  th e

f l a s k s .  The media was removed a f t e r  1 h and 3 days and p r o ­

l a c t i n  was measured by radio immunoassay  as  d e s c r ib e d  in  t h e  

Methods s e c t i o n .  Data a r e  mean v a lu e s  t SEM. Numbers i n  

p a r e n t h e s e s  r e p r e s e n t  t h e  number of f l a s k s  u sed .  The l e v e l  of 

s i a n i f i c a n c e  was found bv coinparinq th e  p r o l a c t i n  r e s p o n se  i n  

i n h i b i t o r - t r e a t e d  c e l l s  t o  c o n t r o l  c e l l s .  

ip< 0 .05  from c o n t r o l s  

2d< 0 .005  from c o n t r o l s  

3d< 0 .05  from TRH 

*p< 0.005 from TRH
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Table  21 P r o l a c t i n  r esponse  i n  GH3 c e l l s  p re in c u b a te d  with 

5-oxoDrolinal f o r  3 days

P r o l a c t i n  r e s p o n se  P r o l a c t i n  re sp on se

(nq/ral media i SEM) (ng/ug DNA ± 5EM)

1 b 3 days 1 h 3 days

c o n t r o l 39.6 ± 5 .3 2214 ± 399 5 .6 + 1 .5 407 r 132

TRh 46.0  ± 5.8 3735 1 384 6 .7 + 2.1 724 1 120

5 - o x o p r o l in a l 36.7  ± 3 .7 2407 ± 26 5 5 .9 + 1.2 417 ± 111

5 - o x o p r o l i n a l /

TRH

+i. 6.2 3702 ± 217 7.6 + 2.0 587 ± 51

GH3 c e l l s  were qrown as  d e s c r ib e d  in  th e  Methods s e c t i o n .  

Two weeks a f t e r  p l a t i n q .  5 - o x o p r o l i n a l  (10-5 M) was added to  

h a l f  o f  t h e  f l a s k s .  A f te r  3 days o f  i n c u b a t i o n ,  th e  media was 

removed, th e  c e l l s  were washed and new media was added .  TRH 

(10 nM) was th en  added t o  h a l f  of  th e  f l a s k s .  Media was 

removed a f t e r  1 h and 3 d a y s .  P r o l a c t i n  was measured by 

radioimmunoassay and DNA was d e te rm ined  a s  d e s c r ib e d  in  t h e  

Methods s e c t i o n .  Data a r e  mean v a lu e s  ± SEM. 9 f l a s k s  were 

used f o r  th e  nq/ml media exper im en ts  and 6 f l a s k s  were used 

f o r  nq/uq DNA e x p e r im e n t s .
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‘Effaafc gubeliafcfis ana inb id j . i i ix s  'fifl X5b' b i n d i n g in  GH.3 

ceil I s

S ince  5 - o x o p r o l in a l  d e c re a se d  p r o l a c t i n  re spo n se  in  GH3 

c e l l s ,  i t  was of  i n t e r e s t  to  examine th e  e f f e c t  of  i n h i b i t o r s  

and s u b s t r a t e s  of  TRH-deqradinq enzymes on TRH b i n d in g .  

5 - o x o p r o l i n a i . Z - P r o - P r o l i n a l , Z-Gly-Pro-SM and pGlu-2NA a t  a 

f i n a l  c o n c e n t r a t i o n  of 100  nM d id  not  s i q n i f i c a n t l y  a l t e r  

3H-TRH b in d in q  (82 1 6% . 82 ± 3.5%. 81 ± 6% and 73 ± 5%; % of  

c o n t r o l  b in d in q  r e s p e c t i v e l y .  N=4) . U n lab e l led  TRH (2 uM), 

however,  t o t a l l y  dep laced  3H-TRH from GH3 c e l l  b in d in g  s i t e s .
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DISCUSSION

Mv i n i t i a l  s t u d i e s  d e m o n s t ra ted  t h a t  Z - P r o - P r o l i n a l  i s  an 

e f f e c t i v e  i n h i b i t o r  of  D io ly l  e n d o p e p t id a s e  in  v iv o .  Maximal 

i n h i b i t i o n  a f t e r  i n t r a p e r i t o n e a l  i n i e c t i o n  o c c u r s  in  a l l  

o r a a n s  in  the  f i r s t  45 rain. The i n h i b i t i o n  d e c r e a s e s  p r o g r e s ­

s i v e l y  t h e r e a f t e r ,  but  a t  a dose o f  5 mq/kq i t  i s  s t i l l  

n o t i c e a b l e  even a f t e r  6 .5  h (Table  1 0 ) .  I t  i s  p o s s i b l e  t h a t  

t h e  i n h i b i t i o n  seen  a f t e r  6 .5  h i s  a t  l e a s t  p a r t i a l l y  t h e  

r e s u l t  o f  an i r r e v e r s i b l e  i n a c t i v a t i o n  o f  the  enzyme. T h is  i s  

based  on th e  f i n d i n a  t h a t  Z - P r o - P r o l i n a l  behaves  a s  a noncom­

p e t i t i v e  i n h i b i t o r  o f  p r o l y l  e n d o p e p t id a s e  (Wilk and O r lo w sk i ,  

1983) and d i a l y s i s  o f  an e n z v m e - i n h i b i t o r  m ix tu re  does n o t  

c o m p le te ly  r e s t o r e  a c t i v i t y .  I t  can be assumed t h a t  t h e  

d e c l i n e  i n  i n h i b i t i o n  with t im e  i s  caused  by two f a c t o r s .  One 

i s  e l i m i n a t i o n  of  t h e  i n h i b i t o r ,  presumably throuqh t h e  k idney 

and t h e  q a s t r o i n t e s t i n a l  t r a c t :  t h e  o t h e r  i s  metabolism to  th e  

c o r r e s o o n d in q  a c i d ,  p robab ly  by th e  a c t i o n  of a ldenyde  aehyd-  

r o o e n a s e .  o r  t o  t h e  c o r r e so o n d in q  a lc o h o l  by th e  a c t i o n  of  

a l c o h o l  d e h v a ro q en a se .  S in c e  both  t h e  a l c o h o l  and the  a c i d  

a r e  a b o u t  3000 t im e s  l e s s  i n h i b i t o r y  than  th e  a ldenyde  (Wilk 

and O r lo w s k i .  1 9 8 3 a ) .  t h i s  metabolism would be expec ted  v i r t u ­

a l l y  t o  t e r m i n a t e  th e  a c t i o n  of t h e  i n h i b i t o r .  The r a t e  of 

e l i m i n a t i o n  of  t h e  i n h i b i t o r ,  as w e l l  as  th e  r a t e  o f  i t s  

m e tab o l i sm ,  can be assumed t o  be c o n t r i b u t i n g  to  t h e  s e n s i t i v ­

i t y  of  t h e  b r a i n  e n z v m e t o  i n h i b i t i o n  (Table 1 1 ) .  The l i p o ­

p h i l i c  n a t u r e  o f  t h e  i n h i b i t o r  a p p a r e n t l y  f a v o r s  i t s  accumula­
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t i o n  i n  b r a i n  and a l s o  i t s  s low e l i m i n a t i o n  from t h i s  o r q a n .  

That  t h i s  i s .  in d e e d ,  t h e  c a s e  i s  i n d i c a t e d  by t h e  f i n d i n g  

t h a t  d o se s  of  t h e  i n h i b i t o r  (0 .005 mq/Rq) cap a b le  cf  p roducinq  

maximal t i s s u e  c o n c e n t r a t i o n s  on ly  i n  t h e  nanomolar rang e  

e x e r t  a s i q n i f i c a n t  i n h i b i t o r y  e f f e c t  in  th e  b r a i n ,  but  not  in  

o t h e r  t i s s u e s ,  e x ce p t  th e  Ridnev (Table 1 1 ) .

Aldehyde dehydrogenase  and a l c o h o l  d eh ydrogenase ,  two 

enzvmes p o t e n t i a l l y  c a p a b le  o f  m e ta b o l i z in q  Z - P r o - P r o l i n a l ,  

have an  u n eau a l  d i s t r i b u t i o n  in  t i s s u e s .  R e l a t i v e l y  l a r g e  

amounts o f  both  enzvmes a r e  p r e s e n t  i n  t h e  l i v e r ,  with  l e s s e r

amounts p r e s e n t  in  o t h e r  o r q a n s .  i n c l u d i n q  th e  b r a i n .  For

exam ple ,  th e  a c t i v i t y  o f  a ldehy d e  dehydrogenase  i s  a bou t  30 

t im e s  h iq h e r  i n  r a t  b r a in  ( D e i t r i c h ,  19 6 6 ) ,  and th e  a c t i v i t y  

o f  a l c o h o l  dehydrogenase  was r e p o r t e d  t o  be more than  3000 

t im e s  h i q h e r  i n  r a t  l i v e r  th an  in  b r a i n  (RasRin and S o R o lo f f ,  

1 9 6 8 ) .  The low a c t i v i t y  of  t h e  two enzymes in  b r a in  can th u s  

be an im p o r t a n t  f a c t o r ,  f a v o r i n q  i n h i b i t i o n  o f  t h e  enzyme i n  

t h i s  t i s s u e .  C o n v e rse ly ,  th e  h iqh  a c t i v i t y  of t h e  two enzymes 

i n  th e  l i v e r  p robab ly  a c c o u n ts  f o r  t h e  r e l a t i v e l y  lower i n h i b ­

i t i o n  o f  th e  enzyme in  t h i s  orqan  and f o r  th e  h iq h e r  doses  

r e a u i r e d  f o r  i n h i b i t i o n  (Table  1 1 ) .

The c o n c e n t r a t i o n  of  SM i n  v a r i o u s  t i s s u e s  q iv en  in  t h e  

c o n t r o l  columns in  Tables  10 and 11 a r e  de te rm ined  both by t h e

a c t u a l  a c t i v i t y  o f  p r o l y l  e n d o p e p t id a s e  in  th e  t i s s u e  and by

a c c e s s  of  t h e  s u b s t r a t e .  Z-Gly-Pro-SM, to  th e  t i s s u e  and t h e  

enzvrae. The r e l a t i v e l y  low v a lu e s  of  SM in  b r a i n  compared
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w ith  t h e  l i v e r  and Kidney a r e  p robab ly  th e  r e s u l t  of a 

l i m i t a t i o n  o f  e n t r y  i n t o  t h e  b r a i n ,  imposed by tn e  b l o o d - b r a i n  

b a r r i e r .

In  our  l a b o r a t o r y ,  we have p r e v i o u s l y  shown t h a t  Z -P ro -P ro -  

l i n a l  i s  a s o e c i f i c  D ro lv l  e n d o p e p t id a s e  i n h i b i t o r .  A v a r i e t y  

o f  c e l l u l a r  endo- and e x o o e o t id a s e s  a r e  r e s i s t a n t  to  i n h i b ­

i t i o n  even by l a r q e  doses of  t h i s  i n h i b i t o r  (Wilk and Orlow- 

s k i .  1 9 8 3 a l . I h e  s p e c i f i c i t y ,  d u r a t i o n  o f  a c t i o n ,  and potency 

o f  Z - P r o - P r o l i n a l  a s  a p r o l y l  e n d o p e p t id a s e  i n h i b i t o r  in  b r a i n  

l e d  us t o  use  i t  a s  a t o o l  i n  s t u d i e s  on t h e  r o l e  o f  t h i s  

enzvme i n  n e u r o p e p t id e  metabolism* TRH was chosen as a model 

n e u ro p e p t id e  f o r  s t u d i e s  on th e  e f f e c t s  of  enzyme i n h i b i t o r s  

on n e u ro p e p t id e  d e q r a d a t i o n .

S ince  th e  l i t e r a t u r e  s t a t e d  t h a t  in  t i s s u e s ,  two major 

enzvmes appea r  to  be r e s p o n s i b l e  f o r  th e  i n i t i a l  d e g r a d a t i o n  

o f  TRH; de am id a t io n  c a t a l y z e d  by p r c l y l  e n d o p e p t id a se  and 

removal  o f  t h e  N - te rm in a l  p y ro q lu ta m y l  r e s i d u e  c a t a l y z e d  by 

p v roo lu tam vl  p e p t i d e  h y d r o l a s e  ( G r i f f i t h s  e t  a l . ,  1979a; 

K r e id e r  e t  a l . .  1981: Busby e t  a l . ,  1962; Bauer and K le in k a u f ,  

19601. we e l e c t e d  t o  s y n t h e s i z e  an i n h i b i t o r  t o  PPH. Since  

PPH s p e c i f i c a l l y  h y d ro ly z e s  5 - o x o p r o l in e  from t h e  N-terroinus 

o f  p e p t i d e s  by a mechanism in  which a c y s t e i n e  r e s i d u e  in  t h e  

a c t i v e  s i t e  i s  b e l i e v e d  to  be n e c e s s a r y  f o r  a c t i v i t y ,  i t  was 

ex p ec ted  t h a t  t h e  a ldehyde  a n a lo q  o f  p y roq lu ta raa te  shou ld  form 

a t e t r a h e d r a l  t h i o h e m i a c e t a l  with t h e  c y s t e i n e  in  th e  a c t i v e  

s i t e .  5 - o x o o r o l i n a l  was t h e r e f o r e  s y n t h e s i z e d  as an a c t i v e -
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s i t e  d i r e c t e d  i n h i b i t o r  of  PPH. The o b s e r v a t i o n  t h a t  the  Ki 

o f  5 - o x o D r o l in a l  i s  about  f i v e  o r d e r s  of raaqnitude lower than  

t h a t  o f  th e  c o r r e s p o n d in g  a l c o h o l  o r  a c id  (Table 1) i s  c o n s i s ­

t e n t  w i th  th e  i n t e r p r e t a t i o n  t h a t  an ana loq  of  th e  t r a n s i t i o n  

s t a t e  i n t e r m e d i a t e  i s  be in g  formed i n  th e  i n t e r a c t i o n  o f  t h e  

i n h i b i t o r  with  t h e  enzyme.

The s v n t n e s i s  of 5 - o x o p r o l i n a l  proved to  be q u i t e  d i f f i ­

c u l t .  Although t h e  DMSO-DCC method qave low y i e l d s  and impur­

i t i e s  which c o m ia ra ted  w ith  5 - o x o p r o l i n a l  on s i l i c a  q e l  c o l ­

umns. i t  was more s u c c e s s f u l  than  o t h e r  methods i n c l u d i n g  

r e d u c t i o n  of p v ro q lu tam a te  by th e  t h e x y lb o r a n e  r e a q e n t  (Brown 

e t  a l . .  19 7 2 ) .  r e d u c t i o n  o f  th e  e s t e r  d e r i v a t i v e  by LiAlh4 

(Brown e t  a l . .  1982) .  and o x i d a t i o n  o f  t h e  a l c o h o l  d e r i v a t i v e  

bv Dvridinium d ich rom ate  ( S t a n f i e l d  e t  a l . .  1981) o r  by a l c o ­

hol  dehvdroqenase  (Andersson and Uolfenden .  1982) . 

5 - o x o p r o l i n a l  a p p e a r s  to  be l a b i l e  t o  a c i d i c  o r  b a s i c  c o n d i ­

t i o n s .  p o s s i b l y  due to  lac tam  r i n q - o p e n i n q . The use  o f  t h e  

n e u t r a l  c a t a l y s t .  PTFA. i n c r e a s e d  t h e  y i e l d  o f  th e  DMSO-DCC 

o x i d a t i o n .  A t tem pts  t o  c a t a l y z e  t h e  DMSO-DCC o x i d a t i o n  by 

o x a l i c  a c i d  (Omura and Swern. 1978) , d i c h l o r o a c e t i c  a c id  

(Thompson. 1973) and ph o sp h o r ic  a c id  (Thompson. 1977) met with  

l i t t l e  s u c c e s s .

The NMR and IR s p e c t r a  a r e  c o n s i s t e n t  with  t h e  s t r u c t u r e  of  

5 - o x o p r o l i n a l  a s  d e p ic t e d  i n  F iq u re  2. To confirm  t h i s  s t r u c ­

t u r e .  t h e  2 . 4 - d i n i t r o o h e n y l h v d r a z o n e  d e r i v a t i v e  o f  t h i s  com­

pound was p re p a re d  and i s o l a t e d  a s  a s o l i d .  The NMR and IR
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s p e c t r a  and th e  e le m e n ta l  a n a l y s i s  a r e  c o r r e c t  f o r  t h e  

d e r i v a t i v e ' s  s t r u c t u r e  d e p ic te d  in  F iq u r e  2 .  The d e r i v a t i v e  

was used to  p rep a re  a s t a n d a r d  curve  f o r  the  DNP assa y  and 

used t o  a u a n t i t a t e  5 - o x o p r o l in a l  in  subsequen t  p r e p a r a t i o n s .  

The cu rv e  was found t o  be s i m i l a r  t o  t h a t  o f  b u ty r a ld e h y d e ,  

which conf i rm s  t h a t  t h e  DNP r e a c t i o n  u s in q  b u ty ra ld eh y d e  a c c u ­

r a t e l y  a u a n t i t a t e d  5 - o x o p r o l i n a l  in  the  e a r l i e r  e x p e r im e n t s .  

S ince  cL-aminoaldehvdes a r e  p a r t i c u l a r l y  prone t o  r a e e m iz a t io n  

and s i n c e  t h i s  tendency i s  f o s t e r e d  by exposu re  t o  s i l i c a  g e l  

(Hamada and S h i o r i .  1982) .  i t  i s  l i k e l y  t h a t  5 - o x o p r o l in a l  i s  

a r a c e m a te .

5 - o x o p r o l i n a l  was found t o  a c t  a s  a c o m p e t i t iv e  i n h i b i t o r  

a s  dem ons t ra ted  bv th e  Dixon and Henderson p l o t s  (F iqure  5 ) .  

This  i s  in  c o n t r a s t  t o  Z - P r o - P r o l i n a l  which was found t o  be a 

n o n c o m p e t i t iv e  i n h i b i t o r  o f  p r o l y l  e n d o p e p t id a se  (Uilk and 

O r lo w s k i .  1983a) .  Althouqh the  Ki f o r  5 - o x o p r o l in a l  (26 nM) 

i s  s i m i l a r  t o  t h a t  f o r  Z - P r o - P r o l i n a l  (14 nM). 5 - o x o p r o l i n a l  

a p p e a rs  t o  be a l e s s  p o t e n t  and s h o r t e r  a c t i n g  i n h i b i t o r  in  

v iv o .  The deqree  o f  i n h i b i t i o n  was much lower a t  30 min th an  

a t  10 min f o r  5 - o x o c r c l i n a l  (Table  7) w h i le  th e  deqree  of in  

v ivo  i n h i D i t i o n  f o r  Z - P r o - P r o l i n a l  remained hiqh a t  30 min 

(Table 8 ) .  At a dose of  5 mq/kq. Z - P r o - P r o l i n a l  i n h i b i t e d  

q r e a t e r  than  90% of  p r o l y l  e n d o p e p t id a s e  a c t i v i t y  in  most 

o ra a n s  a f t e r  30 min. while  a dose of 50 mq/kq of 5 - o x o p r o l i n a l  

was r e a u i r e d  t o  a iv e  between 17% and 94% i n h i b i t i o n  depending 

on th e  orqan a f t e r  30 min.  The lower potency and s h o r t e r  

d u r a t i o n  o f  5 - o x o p r o l in a l  i n h i b i t i o n  might be due t o  th e  f a c t
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t h a t  i t s  b in d in q  to  the  enzyme i s  r e a d i l y  r e v e r s i b l e  and a l s o  

t h a t  i t s  m e tab o l ic  i n a c t i v a t i o n  and e l i m i n a t i o n  might proceed 

f a s t e r  than  t h a t  o f  Z - P r o - P r o l i n a l .  I t  may be ex pec ted  t h a t  

a l c o h o l  dehvdroqenase  and a ldehyde  dehydroqenase miqht c o n ­

t r i b u t e  t o  t h e  metabolism of  th e  i n h i b i t o r .

I t  i s  p o s s i b l e  t h a t  th e  i n h i b i t i o n  o f  PPH in homoqenates 

a f t e r  i n t r a o e r i t o n e a l  a d m i n i s t r a t i o n  of  t h e  i n h i b i t o r  does n o t  

r e f l e c t  t r u e  in  vivo i n h i b i t i o n ,  bu t  r a t h e r  r e s u l t s  from expo­

s u r e  o f  th e  enzyme to  the  i n h i b i t o r  only a f t e r  d i s r u p t i o n  of  

t h e  t i s s u e  by hom oqen iza t ion .  This  p o s s i b i l i t y  i s  e s p e c i a l l y  

r e l e v a n t  s i n c e  th e  dose used was r e l a t i v e l y  h iq h .  To exc lude  

t h i s  p o s s i b i l i t y .  f u t u r e  s t u d i e s  i n  which th e  i n h i b i t o r  i s  

used t o  block  th e  d e g ra d a t io n  of a s u b s t r a t e  o f  PPH i n  vivo  

need t o  be c a r r i e d  o u t .

S ince  5 - o x o c r o l i n a l  was found to  be a r e l a t i v e l y  s h o r t ­

l i v e d  and weakly p o te n t  i n h i b i t o r  of PPH in  v iv o ,  PDMK, an 

i r r e v e r s i b l e  i n h i b t o r  o f  PPH which a l k y l a t e s  th e  s u i f h y d r y l  

r e s i d u e  i n  t h e  a c t i v e  s i t e  of t h e  enzyme, was used  to  i n h i b i t  

PPh in  v iv o .  This  compound was found to  be an ex trem ely  

p o t e n t  i n h i b i t o r  in  v ivo with s u b s t a n t i a l  i n h i b i t i o n  one hour 

a f t e r  a dose of 0 .01  mq/kq i n  a l l  t i s s u e s  s t u d i e d  (Table 1 2 ) .  

The i n h i b i t i o n  was a l s o  found to  be i o n q - l a s t i n q  a s  s u b s t a n ­

t i a l  i n h i b i t i o n  was d e t e c t e d  24 hours  a f t e r  a d m i n i s t r a t i o n  of 

a dose  o f  0 .1  mq/kq of PDMK. PDMK was found to  be a much more 

e f f e c t i v e  i n h i b i t o r  than  5 - o x o p r o l i n a l  and was t h e r e f o r e  used 

in  f u r t h e r  an imal  s t u d i e s .
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S e v e ra l  i n v e s t i g a t o r s  have concluded t h a t  in t i s s u e s  th e re  

a r e  on ly  two enzymes. p r o l y l  en do p ep t id a se  ("TRH aeamidase")  

and Dvroalutamvl p e p t id e  h y d ro la s e  ( a l so  c a l l e d  pyroqlu tamyl 

am in o o eo t id ase )  . c ap a b le  of th e  i n i t i a l  d e q ra d a t io n  of TRH. 

There a r e  d i s c r e p a n c i e s  in  th e  l i t e r a t u r e  on the  r e l a t i v e  con­

t r i b u t i o n s  of  t h e s e  two enzymes t o  TRh d e q ra d a t io n  in  b r a in  

f r a c t i o n s  in  v i t r o .  These d i s c r e p a n c i e s  can be r e s o lv e d  by 

examining which s u b c e l l u l a r  f r a c t i o n  was used and whether  

t h i o l s  o r  m eta l  c h e l a t o r s  were in c lu d e d  i n  t h e  a s s a y .  P r o l y l  

e n d o p e p t id a se  i s  a c t i v a t e d  by DTT and i s  l a r g e l y  a c y t o s o l i c  

enzvme. PPH i s  a p redom inan t ly  c y t o s o l i c  t h i o l  p r o t e a s e  which 

r e a u i r e s  DTT and i s  a c t i v a t e d  by EDTA. In  th e  p a r t i c u l a t e  

f r a c t i o n  t h e r e  i s  an enzyme which on th e  b a s i s  o f  i t s  c le av a g e  

o f  th e  oGlu-His bond of  TRH has  a l s o  been r e f e r r e d  t o  as  p y ro ­

q lu tam y l  p e p t i d e  h y d r o la s e  ( G r i f f i t h s  e t  a l . ,  1979a; Browne e t  

a l . .  1901:  Prasad  e t  a l . .  1963) bu t  i s  i n h i b i t e d  by DTT and

EDTA (Browne e t  a l . .  1981; O’Connor and O'Cuinn,  1984; Garat  

e t  a l . .  198 5 ) .  Prasad and P e te rk o fsx y  (1976),  Bauer and 

K le in k a u f  (1980) and Busby e t  a l .  (1982) a l l  used DTI and EDTA 

in  t h e i r  i n c u o a t i o n  m ix tu re s  and found most of t h e  TRH-degrad- 

ina  a c t i v i t y  in  th e  s u p e r n a t a n t  with l i t t l e  o r  no a c t i v i t y  in  

t h e  p a r t i c u l a t e  f r a c t i o n .  Under t h e s e  c o n d i t i o n s ,  TRH i s  

deam ida ted  to  TRH-OH and c le a v e d  a t  t h e  pGlu-His bond t o  form 

e i t h e r  His-Pro-NH2 o r  c v c l o - H i s - P r o .  t h e  nonenzymatic  c y c l i z a -  

t i o n  p ro d uc t  of His-Pro-NH2 (Bauer e t  a l . ,  1978) .  In  con­

t r a s t .  K re id e r  e t  a l .  (1981) .  Schock (1977) and G r i f f i t n s  and 

coworkers  ( G r i f f i t h s  e t  a l . ,  1979 a .  b;  1980; 1982) o m i t ted
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DTT and EDTA and found more a c t i v i t y  i n  the  p a r t i c u l a t e  

f r a c t i o n  than i n  t h e  s u p e r n a t a n t .  In  t h e  s u p e r n a t a n t ,  on ly  

TRH-OH was formed ( G r i f f i t h s  e t  a l . ,  1979 a ,  b; 1980) s i n c e  

PPH r e a u i r e s  DTT. In  t h e  p a r t i c u l a t e  f r a c t i o n ,  TRH was 

c le a v e d  a t  t h e  pGlu-His bond ( G r i f f i t h s  e t  a l . ,  1979 a ,  b; 

1980: K re id e r  e t  a l . .  1981) .

S ince  in  b c tn  p a r t i c u l a t e  and s u p e r n a t a n t  f r a c t i o n s ,  TRh 

was c l e a v e d  a t  t h e  DGlu-His bond, u n t i l  r e c e n t l y  i t  was 

assumed t h a t  o n ly  one enzyme, PPH, was r e s p o n s i b l e .  Browne e t  

a l .  (1981) f i r s t  proposed t h a t  t h e  p a r t i c u l a t e  and s o l u b l e  

enzvmes were p ro b ab ly  d i s t i n c t .  The p a r t i c u l a t e  enzyme was 

found t o  have a h igh  m o le cu la r  weigh t  (<vl80,000) and was 

i n h i b i t e d  bv DTT and EDTA w hi le  t h e  s o l u b l e  enzyme, c o r r e c t l y  

c h a r a c t e r i z e d  a s  PPH (EC 3 . 4 . 1 1 . 8 ) ,  had a m o le c u la r  weight  of  

a bou t  24.000 and was a c t i v a t e d  by DTT and EDTA (Browne and 

O 'C u inn .  19 8 3 ) .  T h is  aroup  o b ta in e d  a h iq h ly  p u r i f i e d  p r e p a ­

r a t i o n  o f  s o l u b l e  PPH from q u inea  p ig  b r a i n .  More r e c e n t l y  

O’Connor and O 'Cuinn (1984) .  C h a r l i  e t  a l . (1985) and Gara t  e t  

a l .  (1985) i d e n t i f i e d  t h e  p a r t i c u l a t e  TRH-deqradinq enzyme in  

b r a i n  synap tosom al  membranes. I t  c leaved  t h e  pGlu-His bond o f  

TRH. was i n h i b i t e d  by m e ta l  c h e l a t o r s  and had a m o le cu la r  

w e iah t  o f  230.000 (O'Connor and O 'C uinn ,  1984) .

We were i n t e r e s t e d  in  v e r i f y i n g  t h e  c o n t r i b u t i o n s  mentioned 

i n  th e  l i t e r a t u r e  c o n c e rn in g  t h e  r o l e  of PPH and p r o l y l  endo-  

p e p t i d a s e  in  t h e  d e g r a d a t i o n  o f  TRH i n  v i t r o  i n  th e  p re sen c e  

and a b sence  o f  m eta l  c h e l a t o r s  and t h i o l s  with t h e  u se  o f  PDMK
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and Z - P r o - P r o l i n a l . s p e c i f i c  i n h i b i t o r s  of t h e  two enzymes. 

A d d i t i o n a l l y  PDMK was used to  d e te rm in e  whether the  b r a i n  p a r ­

t i c u l a t e  f r a c t i o n  and serum c o n ta in  a d i s t i n c t  TRH-degraaing 

enzvme which c l e a v e s  th e  pGlu-His bond o f  t h i s  p e p t i d e .  I f  

th e  enzvmes a r e  d i s t i n c t ,  they  would n o t  be i n h i b i t e d  by PDMK, 

a s p e c i f i c  i n h i b i t o r  of PPH {EC 3 . 4 . 1 1 . 8 ) .

We found t h a t  Z - P r o - P r o l i n a l  and PDMK p r o t e c t e d  TRh from 

d e g r a d a t i o n  o n ly  i n  th e  p re s e n c e  of DTT and EDTA. In  t h e  

a b sen c e  o f  DTT and EDTA. TRH was e f f e c t i v e l y  degraded and th e  

i n h i b i t o r s  d id  no t  block, d e g r a d a t i o n .  These r e s u l t s  a r e  

t h e r e f o r e  c o n s i s t e n t  with t h e  p re s e n c e  o f  a n o th e r  TRH-deqrad- 

in a  enzvme (s) whose a c t i v i t y  i s  e x p re s s e d  in  th e  absence  of 

DTT and EDTA. T h is  enzvme p r e v i o u s ly  had t o  be measured with 

TRh as t h e  s u b s t r a t e .  We e l e c t e d  t o  deve lop  a chromoqenic 

a s sa v  to  measure t h i s  enzvme.

Chromoqenic s u b s t r a t e s  have p r e v i o u s ly  been used i n  t h e  

s tu d y  of  TRH-deqradinq enzvmes. We in t r o d u c e d  th e  use  of  

oGlu-His-Pro-2NA in  a coupled  a s sa y  with excess  DAP IV to  

measure  p v r o q lu t a m y l - p e p t i d e  c l e a v i n q  enzymes. T h is  assay  

w i l l  s p e c i f  i d e a l l y  measure enzymes cap a b le  of c l e a v i n q  th e  

pGlu-His bond o f  t h e  s u b s t r a t e  p rov ided  t h a t  p r o l y l  e n d o p e p t i ­

d a se  i s  i n h i b i t e d .  Moreover, i f  PPH i s  a l s o  i n h i b i t e d ,  t h e  

a s sa v  w i l l  d e t e c t  t h e  "T R H -spec i f ic ' '  enzyme which u n t i l  now 

had to  be measured with  TRH. I d e n t i f i c a t i o n  o f  t h e  p ro d u c ts  

g e n e r a t e d  by i n c u b a t i o n  o f  pGlu-His-Pro-2NA with r a t  serum and 

r a t  b r a i n  washed p e l l e t s  r e v e a l e d  t h a t  c le av a g e  of the  pGlu-
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His bond bad o c c u r r e d .

Our s t u d i e s  us inq  chromoqenic s u b s t r a t e s  and s p e c i f i c  

i n h i b i t o r s  a l lo w  us to  p ropose  pathways o f  TRH d e q ra d a t io n  

shown in  F iqu re  9 .  In  r a t  b r a i n  s u p e r n a t a n t ,  i n  th e  p resence  

of  DTT and EDTA. th e  N - te rm in a l  pyroq lu tam yl  r e s i d u e  and th e  

C - t e r m in a l  amide bond o f  TRH a re  c leaved  by PPH and p r o l y l  

e n d o p e p t id a se  r e s p e c t i v e l y .  PPH i s  t o t a l l y  dependent  on t h e  

p re s e n c e  of DTT and i s  s p e c i f i c a l l y  i n h i b i t e d  by PDMK. P r o l y l  

e n d o p e p t id a se  i s  a c t i v a t e d  by DTT and i s  s p e c i f i c a l l y  i n h i b ­

i t e d  bv Z - P r o - P r o l i n a l .

I n •th e  r a t  b r a i n  p a r t i c u l a t e  f r a c t i o n ,  t h e r e  i s  a second 

o v r o a lu t a r a v l - p e p t id e  h y d ro lv z in q  a c t i v i t y  capab le  of  c l e a v in q  

th e  oGlu-His bond of  TRH. pGlu-His-Pro-2NA i s  c leav ed  more 

r e a d i l y  than  pGlu-2NA by t h i s  enzyme. This a c t i v i t y  i s  n o t  

i n h i b i t e d  by PDMK i n d i c a t i n q  t h a t  i t  i s  not  due t o  PPH. I t  

has  p r o p e r t i e s  of a metal loenzyme being  modera te ly  i n h i b i t e d  

bv EDTA and s t r o n a l v  i n h i b i t e d  by o - p h a n a n t h r o l i n e .

E a r ly  r e p o r t s  on the  d e q ra d a t io n  of TRH in  serum found 

c a t a b o l i s m  to  TRH-OH and a t t r i b u t e d  t h i s  d e g ra d a t io n  to  a TRH- 

deamidase now Known to  be p r o l y l  e n d o p e p t id a se  (Nair  e t  a l . ,  

1971: Reddinq and S c h a l l v .  1972) .  However s e v e r a l  l a b o r a t o r ­

i e s  (Bauer e t  a l . ,  1978: V i s s e r  e t  a l . , 1977; Knigge and

SchocK. 1975: Vale e t  a l * .  1971: Benuck and Marks, 1976) have

n o t  rep roduced  t h i s  f i n d i n q  b u t  r a t h e r  found c le a v a g e  of th e  

oGlu-His bond (Bauer e t  a l . .  1978; S a f ran  e t  a l . ,  1982) and 

th e  H is -P ro  bond (V isse r  e t  a l . .  1977; Benuck and Marks, 1976)
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of  TRH. l’he p resen c e  of a s p e c i f i c  TRH-deqradinq enzyme in  

serum has been r e p o r t e d  (Taylor  and Dixon, 1976; Bauer and 

Nowak. 1979: Bauer e t  a l . ,  1981b) .  This  enzyme was p a r t i a l l y  

p u r i f i e d  from r a t  (Taylor and Dixon,  1978) and p o rc in e  (Bauer 

and Nowak. 1979) serum, found to  have a m olecu la r  weiqht  of  

260 .000 and t o  cteqrade TRH by c le av a q e  o f  the  pGiu-His bond. 

S ince  t h i s  enzvme was i n h i b i t e d  by DTT and EDTA and was n o t  

a f f e c t e d  bv 2 - io d o a c e ta m id e .  in  c o n t r a s t  t o  t h e  t h i o l  enzyme 

PPH. which r e q u i r e s  DTT and EDTA f o r  f u l l  a c t i v i t y  and i s  

i n a c t i v a t e d  bv 2 - io a o a c e ta m id e .  i t  was su q q es ted  t h a t  t h e  

serum enzvme d i f f e r s  from PPH (Bauer and Nowak, 1979) .

Cur f i n d i n a s  d em o ns t ra te  t h a t  in  r a t  serum, Z - P r o - P r o l i n a l  

and PDMK. s p e c i f i c  i n h i b i t o r s  t o  p r o l y l  e n d o p e p t id a se  and PPh 

r e s p e c t i v e l y  do n o t  p r o t e c t  TRH from r a p id  i n a c t i v a t i o n .  

Althouah n r o l v l  e n d o p ep t id a se  i s  p r e s e n t  in  serum (Yoshimoto 

e t  a l . .  1 9 7 9 ) .  t h e  i n a b i l i t y  o f  Z - P r o - P r o l i n a l  to  p r o t e c t  TRH 

from d e g r a d a t i o n  i n d i c a t e s  t h a t  p r o l y l  e n d o p ep t id a se  i s  n o t  

im p o r t a n t  in  t h e  d e g ra d a t io n  of  TRH in  serum and t h e r e f o r e  

TRH-OH would be an u n l i k e l y  serum m e t a b o l i t e .  The i n a b i l i t y  

o f  PDMK t o  p r o t e c t  TRH from d e g r a d a t i o n  i n d i c a t e s  t h a t  PPH i s  

a l s o  no t  im p o r ta n t  i n  serum THH d e q ra d a t io n  and t h a t  serum 

c o n t a i n s  a TRH-deqradinq enzyme which i s  n e i t h e r  p r o l y l  endo-  

p e o t i d a s e  nor PPH.

The a s s a y s  u s in q  chromoqenic  s u b s t r a t e s  a l lowed us t o  

s c r e e n  t i s s u e s  fo r  p y r o q lu ta m y l - p e p t i a e  degrading  a c t i v i t i e s .  

The d i s t r i b u t i o n  of th e  membrane-bound p y ro g lu ta m y l -p e p t id e
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d e a r a d i n a  enzvme was d e te rm ined  in  v a r io u s  t i s s u e s  usinq th e  

couo led  a ssav  with  t h e  s u b s t r a t e  pGlu-His-Pro-2NA in  the  p r e s ­

ence  o f  e x ce ss  DAP IV. I t  i s  of  c o n s i d e r a b le  i n t e r e s t  t h a t  

t h i s  enzvme i s  h iq h lv  l o c a l i z e d  to  t h e  b r a i n  (Table 6 ) .  I t s  

s e l e c t i v e  l o c a l i z a t i o n  in  b r a i n  su q q e s t s  t h a t  t h i s  membrane- 

bound enzvrae may be im p o r ta n t  i n  i n a c t i v a t i o n  o f  pyroq lu tam yl  

o eD t ide  D u ta t iv e  n e u r o t r a n s m i t t e r s ,  such as TRH and LHRH. We 

have s t u d i e d  t h e  d i s t r i b u t i o n  o f  p r o l y l  en d op ep t id a se  i n  r a b ­

b i t  (Orlowski e t  a l . .  1979) and mouse (Table 8, c o n t r o l  c o l ­

umn) t i s s u e s  and PPH i n  mouse t i s s u e s  (Table 7, c o n t r o l  c o l ­

umn). These enzymes were found to  have a much more uniform 

d i s t r i b u t i o n .

The s e l e c t i v e  l o c a l i z a t i o n  o f  th e  membrane-bound enzyme in  

b r a i n  promoted us t o  examine i t s  d i s t r i b u t i o n  w i th in  b r a in  and 

t o  compare i t s  d i s t r i b u t i o n  to  t h a t  o f  PPH. We found s t r i k i n g  

d i f f e r e n c e s  between t h e  two enzymes i n  v a r io u s  r e g i o n s  of  r a t  

b r a i n  and in  t h e  p i t u i t a r y  (Table 9 ) .  The s o l u b l e  PPH a c t i v ­

i t y  was h i q h e s t  in  th e  p i t u i t a r y .  In  the  p i t u i t a r y ,  PPH was 

100 t im e s  h i a h e r  than  t h e  membrane-bound a c t i v i t y .  The mem­

brane-bound a c t i v i t y  was h i q h e s t  in  th e  c o r t e x  and hippocam­

p u s .  S ince  TRH i s  th c u q h t  to  have bo th  e n d o c r in e  and p u t a t i v e  

n e u r o t r a n s m i t t e r  a c t i o n s ,  one could  s p e c u l a t e  t h a t  PPH could  

d e c rad e  TRH a t  th e  s i t e  of i t s  end o c r in e  a c t i o n s  ( p i t u i t a r y )  

w h i le  th e  membrane-bound enzyme could t e r m in a t e  t h e  n e u r o t r a n -  

s r a i t t e r  a c t i o n s  of TRH i n  t h e  CNS. In  t h i s  r e s p e c t  i t  i s  of  

s i q n i f i c a n c e  t h a t  O'Cuinn and coworkers  (Greaney e t  a l . ,  1980; 

O'Connor and O 'Cuinn .  1984) and C h a r l i  and coworkers (Garat  e t
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a l . .  1985;  C h a r l i  e t  a l . .  1965> have l o c a l i z e d  t h e  membrane- 

bound a c t i v i t v  to  svnao tosoraes .

These r e s u l t s  as  wel l  a s  those  c f  O'Connor and O'Cuinn 

(1S84! s t r o n o l v  s u o a e s t  t h a t  th e  serum and membrane-bound 

b r a i n  Dvroalu tamvl h v d ro lv z in q  enzymes a r e  s i m i l a r  o r  t h e  

same. As can be de te rm ined  from comparinq Table  4 ( b ra in  p a r ­

t i c u l a t e  f r a c t i o n !  and T ab le  5 .  both enzymes p r e f e r  pGlu-His-  

Pro-2NA to  oGlu-2NA. Exam inat ion  o f  t h e i r  i n h i b i t i o n  p r o f i l e  

r e v e a l s  t h a t  both  enzvmes a r e  no t  a f f e c t e d  by PDMK, a r e  i n h i b ­

i t e d  somewhat bv DTT p lu s  EDTA and a r e  t o t a l l y  i n h i b i t e d  by 

t h e  co m b in a t io n  of  DTT and EDTA and o - p h e n a n t h r o l i n e .  P u r i ­

f i e d  enzvmes from both  s o u r c e s  w i l l  be r e q u i r e d  t o  d e te rm ine  

i f  th ey  a r e  indeed  t h e  same and whether  b r a i n  t i s s u e  o r  p o s s i ­

b ly  luno  t i s s u e  i s  t h e  so u rc e  o f  t h e  serum enzyme.

We have d e te rm in e d  t h e  Ki of  TRH f o r  th e  r a t  b r a i n  mem­

brane-bound  D v ro q lu ta m y l -p e p t id e  h y d ro ly z in g  enzyme to  be 0.25 

mM. . For c o m p ar iso n ,  th e  Ki o f  TRH f o r  homoqeneous r a b b i t  

b r a i n  p r o l v l  e n d o p e p t id a s e  was 5 .8  mM and th e  Ki of  TRH f o r  

p a r t i a l l y  p u r i f i e d  bovine b r a i n  PPH was 0.47 mM. TRH was 

found to  i n h i b i t  a l l  enzvmes c o m p e t i t i v e l y .  S in c e ,  f o r  p u re ly  

c o m p e t i t i v e  i n h i b i t o r s ,  t h e  Ki can be assumed to  e q u a l  t h e  Km, 

t h e s e  v a lu e s  can q iv e  an e s t i m a t e  o f  t h e  r e l a t i v e  a f f i n i t y  of 

TRh f o r  th e  t h r e e  enzvmes. The membrane-bound pyroq lu tam yl  

h v d r o lv z in q  enzyme a p p e a r s  t o  have t h e  h i g h e s t  a f f i n i t y  f o r  

TRH. TRH a p p e a r s  t o  be a r e l a t i v e l y  poor s u b s t r a t e  f o r  p r o l y l  

e n d o a e o t i d a s e  and PPH. However, s i n c e  t h e  membrane-bound
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a c t i v i t y  was n o t  p u r i f i e d  and s i n c e  th e  o t h e r  enzymes were 

o b t a i n e d  from d i f f e r e n t  s p e c i e s .  t h e s e  r e s u l t s  sh o u ld  be 

i n t e r p r e t e d  w ith  c a u t i o n .  F u l l  c h a r a c t e r i z a t i o n  o f  TRH as a 

s u b s t r a t e  fo r  t h e s e  t h r e e  enzymes a w a i t s  k c a t /  Km r a t i o s  u s ing  

homoaeneous enzvmes from s i m i l a r  s o u r c e s .

The a v a i l a b i l i t y  o f  the  p u r i f i e d  membrane-bound enzyme w i l l  

a l lo w  i t s  f u l l  c h a r a c t e r i z a t i o n  and c l a s s i f i c a t i o n .  Although 

th e  p a r t i c u l a t e  enzvme c l e a v e s  th e  pGlu-His  bond of  pG lu -H is-  

Pro-2NA and presumably of  TRH, i t s  p r im ary  s p e c i f i c i t y  may n o t  

be d i r e c t e d  toward t h i s  bond. One cannot- r u l e  ou t  h y d r o l y s i s  

o f  t h i s  bond bv an e n d o p e p t id a se  with a s p e c i f i c i t y  o t h e r  than  

d i r e c t e d  toward t h e  p y r o g l u t a m y l - h i s t i d y l  bond. H y d ro ly s i s  of 

t h e  Phe-Glv bond o f  enm eohal ins  by a c rude  membrane p r e p a r a ­

t i o n  was m is ta k e n ly  a t t r i b u t e d  t o  a h iq h ly  s p e c i f i c  p e p t i d y l  

d i p e p t i d a s e  termed " e n i tep h a l in a se "  (Malfroy e t  a l . ,  1978) .  

When t h e  enzvme was p u r i f i e d  i t  was shown t o  be n e i t h e r  a pep-  

t i a v l  d iD e D t id a se  nor  e n k e p h a l i n - s p e c i f i c  (Almencff e t  a l . ,  

1 9 8 1 ) .  S u b s t r a t e  s p e c i f i c i t y  s t u d i e s  of  th e  p u r i f i e d  mem­

brane-bound  enzvme w i l l  d e te rm in e  t h e  amino a c i d s  r e q u i r e d  f o r  

r e c o a n i t i o n  ana whether  t h i s  enzyme i s  indeed  T R H -sp e c i f ic .

F i n a l l y  i t  shou ld  be no ted  t h a t  t h i s  in  v i t r o  s tu d y  does 

n o t  r e f l e c t  t h e  c o n t r i b u t i o n s  o f  t h e s e  enzymes t o  th e  d e g ra d a ­

t i o n  o f  TRH i n  v i v c .  I t  would be o f  q r e a t  va lue  t o  have a 

s p e c i f i c  i n h i b i t o r  of th e  membrane-bound enzyme which could  be 

used  t o g e t h e r  with  Z - P r o - P r o l i n a l  and PDMK f o r  i n  v ivo  s t u d ­

i e s  .
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We d em o n s t ra te d  t h a t  Z - P r o - P r o l i n a l  and PDMK a r e  p o t e n t  and 

l o n a - l a s i n q  i n h i b i t o r s  of b r a i n  p r o l y l  e n d o p e p t id a s e  and PPH 

r e s p e c t i v e l y  i n  v iv o .  I f  o r o l v l  e n d o p e p t id a s e  or PPH a re  t h e  

enzvmes im p o r t a n t  in  th e  p h y s i o l o g i c a l  d e q r a d a t i o n  o f  TRH, 

t h en  i t  would be ex pec ted  t h a t  t h e  i n  v ivo  a d m i n i s t r a t i o n  o f  

Z - P r o - P r o l i n a l  Dlus PDMK would r a i s e  endogenous l e v e l s  o f  TRH. 

As shown in  T ab le  13 .  TRh l e v e l s  were only  i n c r e a s e d  s i q n i f i -  

c a n t l v  in  t h e  D i t u i t a r v  15 minutes  a f t e r  a d m i n i s t r a t i o n  o f  

Z - P r o - P r o l i n a l .  A n o t i c e a b l e  bu t  n o t  s i g n i f i c a n t  i n c r e a s e  in  

TRH l e v e l s  i n  t h e  p i t u i t a r y  30 minutes  a f t e r  a d m i n i s t r a t i o n  of  

Z - P r o - P r o l i n a l  was o b s e r v e d .  Given t h e  f a c t  t h a t  Z - P r o - P r o l i -  

n a l  r e a d i l v  e n t e r s  t h e  b r a i n  and i n h i b i t s  p r o l y l  e n d o p e p t id a s e  

f o r  u d  t o  6 .5  hours  (Table 1 0 ) .  i t  i s  s u r p r i s i n g  t h a t  t h e

e f f e c t s  o f  Z - P r o - P r o l i n a l  on TRH l e v e l s  a r e  l i m i t e d  t o  on ly  

s h o r t  t im e s  i n  th e  p i t u i t a r y  w i th  no e f f e c t s  in  th e  h y p o t h a l a ­

mus o r  c o r t e x .

Since  TRH c a u s e s  an i n c r e a s e  i n  ISH (Scha l ly  e t  a l . ,  1973) 

and p r o l a c t i n  (Mueller  e t  a l . ,  1974) l e v e l s  in  v i v o ,  i t  was 

e x p ec te d  t h a t  i f  Z - P r o - P r o l i n a l  p r e v e n te d  TRH d e g r a d a t io n  in  

t h e  o i t u i t a r v .  serum p r o l a c t i n  and TSH l e v e l s  should  i n c r e a s e .  

However. M u e l le r  e t  a l .  (1974) r e p o r t e d  t h a t  th e  e f f e c t  of  TRH 

on p r o l a c t i n  i n  r a t s  was n o t  d o s e - r e l a t e d  and r e p o r t e d  t h a t  

TRH r a i s e d  p r o l a c t i n  l e v e l s  o n ly  in  e s t r o q e n - t r e a t e d  r a t s .  As 

shown in  Table  14. no s i g n i f i c a n t  changes  in  e i t h e r  TSH o r  

p r o l a c t i n  l e v e l s  were no ted  i n  r a t s  who r e c e iv e d  Z - P r o - P r o l i -  

n a l .  Larqe v a r i a t i o n s  i n  p r o l a c t i n  ana TSH l e v e l s  between 

a n im a l s  were obse rved  which may o b sc u re  any e f f e c t s  o f  the
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i n h i b i t o r .  In t h e  l i t e r a t u r e ,  wide v a r i a t i o n s  in  th e  l e v e l s

o f  t h e s e  hormones bo th  between a n im a ls  and w i th in  an animal  a t  

d i f f e r e n t  t im e s  have been r e o o r t e d .  For example,  FinK e t  a l .  

(19831 r e p o r t e d  TSH l e v e l s  in  r a t s  which v a r i e d  by o v e r  30 

f o l d .  P r o l a c t i n  and TSH e x h i b i t  nyc tohem era l  v a r i a t i o n s  

(Fukuda e t  a l . .  19751 and a p p ea r  to  i n c r e a s e  with s t r e s s  (Kru- 

l i c h  and I l l n e r . 1973;  B lak e ,  197 4 ) .  Althcuqh th e  t im e  and 

s t r e s s  v a r i a t i o n s  were c o n t r o l l e d  by t r e a t i n q  v e h i c l e -  and 

i n h i b i t o r - i n i e c t e d  an im a ls  in  a s i m i l a r  manner, l a r g e  v a r i a ­

t i o n s  between an im a ls  were s t i l l  o b s e r v e d .

The l o c a t i o n  of  t h e  D h v s i o l o q i c a l l y  im p o r t a n t  d e q ra d 'a t io n -  

s i t e  o f  TRH i s  n o t  known. The s i t e  o f  t h e  e n d o c r in e  a c t i o n  o f  

TRH i s  t h e  o i t u i t a r v .  TRH i s  s y n t h e s i z e d  i n  t h e  hypothalamus

and t r a n s p o r t e d  t o  t h e  p i t u i t a r y  by t h e  hypo tha lam ic-hypophy­

s e a l  p o r t a l  b lood sys tem .  The l e v e l s  of  TRH a re  a p p ro x im a te ly  

5 t im e s  h i a h e r  i n  th e  hypothalamus than  in  th e  p i t u i t a r y  

(Table 1 3 .  c o n t r o l  co lumn).  Althouqh tn e  p h y s i o l o q i c a l  r e l e ­

vance of  t h e  l a r q e  amount of TRH p r e s e n t  i n  t h e  hypothalamus 

i s  unknown, i t  i s  p o s s i b l e  t h a t  e x c e s s  TRH i s  deq raaea  enzy­

m a t i c a l l y  in  t h e  hypo th a lam u s .  A l t e r n a t i v e l y ,  th e  p h y s i o l o g i ­

c a l  d e q r a d a t i o n  o f  TRH raiqht occu r  i n  t h e  p o r t a l  b lood system 

o r  a t  i t s  s i t e  of a c t i o n .  th e  p i t u i t a r y .  A d d i t i o n a l l y ,  TRH 

miqht  be deqraded  in  a d i f f e r e n t  manner i n  th e  c o r t e x  where i t  

f u n c t i o n s  a s  a n e u r o t r a n s m i t t e r .  As d i s c u s s e d  above ,  PPH l e v ­

e l s  a r e  h i q h e s t  i n  t h e  p i t u i t a r y  and hypothalamus whi le  t h e  

membrane-bound p v r o q lu t a m y l - p e p t i d e  h y d r o ly z in g  enzyme l e v e l s  

a r e  h i a h e s t  i n  th e  c o r t e x  and hippocampus.  P r o l y l  e n d o p e p t i -
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dase levels are hignest in the entorhinal cortex, hippocampus 
and striatum with lower levels in brainstem reqions (Orlowski 
et al., 19791. The elevation of TRH by Z-Pro-Erolinal only in 
the Dituitarv and the pronounced reqional distribution of the 
Dvroalutamvl-peDtide hvdrolvzinq enzyme suqqest that TRH deq­
radation varies at different sites. It is possible that in 
the Dituitarv. a region with extremely low membrane-bound 
Dvroqlutamvl-Deptide hvdrolvzinq activity, TRH is degraded 
primarily bv prolyl endopeptidase. In other brain regions, 
prolvl endopeptidase raav contribute little to the physiologi­
cal deqradation of TRH and hence it's inhibition does not 
result in elevated TRH levels. The membrane-bound pyroqluta- 
mvl-peptide hvdrolvzinq enzvme miqht be the important enzyme 
in the cortex and hippocampus, likely locations of TRH as a 
neurotransmitter. If an inhibitor of this enzyme could be 
designed and synthesized, the effects of this inhibitor on TRH 

levels would be worthy of investigation.

S u r p r i s i n g l y . t h e r e  was l e s s  (a l thouqh  not s i q n i f i c a n t l y  

l e s s )  of an i n c r e a s e  in  TRH l e v e l s  in  th e  p i t u i t a r y  15 minutes  

a f t e r  a d m i n i s t r a t i o n  o f  Z - P r o - P r o l i n a l  p lus  PDMK than  a f t e r  

Z - P r o - P r o l i n a l  a l o n e .  The lack  o f  e f f e c t  of th e  two i n h i b ­

i t o r s  t o g e t h e r  a f t e r  15 m inutes  miqht be due to  th e  sm a l l  sam­

p le  s i z e  {4 an im als )  . A l t e r n a t i v e l y ,  a druq i n t e r a c t i o n  could 

have o c c u r re d  between Z - P r o - P r o l i n a l  and PDMK. For example 

PDMK co u ld  have blocked the  t r a n s p o r t  o f  Z - P r o - P r o l in a l  to  t h e  

enzvme and t h e r e f o r e  d e c re a se d  i t s  i n h i b i t o r y  a c t i o n s .  

5 - 0 x o u r o l in a l  s t i m u l a t e d  PPH a c t i v i t y  i n  p i t u i t a r y  (GH3) c e l l s
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(d iscussed  b e lo w ) . I b i s  req u la t io n  of  an enzyme by an in h ib ­

i t o r  su a a e s t s  th a t  PPH i s  the Drinc ipal  r a t e - i i m i t i n q  enzyme 

in  the D i t u i t a r v .  The f in d in q  th a t  PPH l e v e l s  within GH3

c e l l s  are h iq h ly  req luated  i s  i n c o n s i s t e n t  with the lack of 

e f f e c t  o f  PDMK on TRH in  the  p i t u i t a r y  of r a t s .

The l i m i t e d  e f f e c t s  of Z - P r o - P r o l i n a l  and PDMK on a l t e r i n g  

endogenous TRH l e v e l s  i s  c o n s i s t e n t  w i th  t h e  in  v i t r o  e x p e r i ­

ments on TRH d e q r a d a t i o n .  S u b s t a n t i a l  i n  v i t r o  d e q r a d a t i o n  of  

TRH was found i n  t h e  p re s e n c e  of both Z - P r o - P r o l i n a l  and PDMK 

when t h e  i n c u b a t i o n  was performed in  t h e  absence  of DTT. I f  

Z - P r o - P r o l i n a l  and PDMK do no t  p r o t e c t  TRH from i n  v i t r o  deq­

r a d a t i o n  by r a t  b r a i n  homoqenates ,  i t  seems u n l i k e l y  t h a t  th ey  

would p r o t e c t  TRH from i n  v ivo  d e q r a d a t i o n .  The c o - l o c a l i z a ­

t i o n  o f  t h i o l - r e d u c i n q  a q e n t s  such as  q l u t a t h i o n e  and TRH-de- 

a r a d i n q  enzvmes i s  c u r r e n t l y  unknown. I t  a p p e a rs  t h a t  t h e  

p re s e n c e  o f  a t h i o l - r e d u c i n q  env ironm ent  would f a v o r  d e q ra d a ­

t i o n  by p r o l y l  e n d o p e p t id a s e  and PPH w hi le  th e  absence  would 

f a v o r  d e q r a d a t i o n  by membrane-bound p y r o q l u t a m y l - p e p t i d e

h v d r o lv z in q  enzyme.

In GH3 c e l l s ,  when PPH i s  i n h i b i t e d  by 5 - o x o p r o l i n a l ,  t h e  

c e l l s ,  bv some unknown mechanism, i n c r e a s e s  PPH a c t i v i t y .  I t  

a p p e a r s  t h a t  t h e  c e l l s  a r e  com pensa t ing  f o r  enzym at ic  b lockade  

bv i n c r e a s i n g  t h e i r  enzym at ic  l e v e l s .  I t  i s  p o s s i b l e  t h a t  

o v e r  a p e r io d  o f  t im e  t h e  an im al  a l s o  re sp o n d s  t o  i n h i b i t i o n  

o f  an im p o r ta n t  enzvme bv some s o r t  o f  com pensa t ion ;  e i t h e r  an 

i n c r e a s e  o f  t h a t  enzvme o r  a n o th e r  enzyme c a p a b le  of neu ropep-
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t i d e  d e a r a d a t i o n .  In t h e s e  c a s e s ,  b lockaqe  o f  p r o l y l  

e n d o p e p t id a s e  o r  PPH miaht no t  r a i s e  endogenous TRH l e v e l s  due 

t o  some r e q u l a t o r y  c o m p en sa t io n .  However, c h ro n ic  a d m i n i s t r a ­

t i o n  o f  PDMK to  r a t s  did  n o t  a l t e r  PPH l e v e l s  (Table  7 ,  4 day

column) i n d i c a t i n g  t h a t  an i n  vivo i n c r e a s e  i n  PPH a c t i v i t y  

d id  n o t  o ccu r  in  r a t s  u n l i k e  the  s i t u i t i o n  in  GH3 c e l l s ,  

a d d i t i o n a l l y ,  a d m i n i s t r a t i o n  of  PDMK and Z - P r o - P r o l i n a l  d id  

n o t  a l t e r  t h e  membrane-bound p y r o q lu ta m y l - p e p t id e  h y d ro ly z in g  

enzvme i n  r a t s .  Althouqh i n  r a t s ,  a compensa t ion  in  enzymatic  

a c t i v i t y  upon i n h i b i t i o n  was n o t  d e t e c t e d  e x p e r i m e n t a l l y ,  i t  

i s  s t i l l  p o s s i b l e  t h a t  some a s  y e t  unobserved  compensa t ion  

upon i n h i b i t i o n  of  p r o l y l  e n d o p e p t id a s e  or  PPH d i d  occu r  and 

p r e v e n te d  endogenous TRH l e v e l s  from be inq  e l e v a t e d .

S ince  i n  v iv o  e x p e r im e n ts  a r e  b e s e t  wi th  problems such as  

v a r i a t i o n s  petween an im als  and s t r e s s  and n yc toh em era l  v a r i a ­

t i o n s  as wel l  a s  metabolism o r  e l i m i n a t i o n  of  th e  i n h i b i t o r .  

We e l e c t e d  t o  a l s o  s tudv  t h e  e f f e c t  of  enzyme i n h i b i t o r s  in  a 

c e l l  c u l t u r e  sy s te m .  GH3 c e l l s ,  which respond to  TRH by 

s e c r e t i n g  p r o l a c t i n ,  were c h o se n .  We were i n i t i a l l y  i n t e r ­

e s t e d  in  measurinq n e u r o o e p t id e - d e q r a d in q  enzymes in  GH3 c e l l s  

i n  o rd e r  to  d e te rm in e  whether  t h e s e  c e l l s  would be s u i t a b l e  to  

s tu d v  t h e s e  enzvmes.  The a c t i v i t i e s  o f  n e u r o p e p t id e - d e g r a d in g  

enzvmes in  t h e  GH3 c e l l  homoqenate p r e p a r a t i o n s  were compared 

t o  a c t i v i t i e s  in  r a t  a n t e r i o r  p i t u i t a r y  homogenate p r e p a r a ­

t i o n s  (Table  1 6 ) .  The a c t i v i t i e s  o f  t h e  TRH-deqradinq enzymes 

a r e  of p a r t i c u l a r  i n t e r e s t .  In  th e  GH3 c e l l  hom oqenates ,  t h e  

a c t i v i t y  of p r o l y l  e n d o p e p t id a s e  i s  ove r  25 t im es  t h a t  of PPH.
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The l e v e l s  o f  both o f  t h e s e  enzymes a re  1 1 /2  to  2 t im e s  

h i a h e r  in  GH3 c e l l s  homoqenates t h a n  in  r a t  a n t e r i o r  p i t u i t a r y  

hom oaenates .  No membrane-bound p y r o q lu t a m y l - p e p t i d e  h y d r o ly z -  

in a  enzyme was d e t e c t e d  i n  GH3 c e l l s .

The a c t i v i t y  o f  c a t h e p s i n  B i s  much h i q h e r  i n  t h e  GH3 c e l l  

homoqenates th a n  i n  a n t e r i o r  p i t u i t a r y  c e l l  homogenates, whi le  

th e  a c t i v i t y  of  c a t h e p s i n  D i s  lo w e r .  Both of t h e s e  enzymes 

a r e  lv so so m a l  p r o t e a s e s  o p t i m a l l y  a c t i v e  a t  an a c i d i c  pH and 

a r e  p ro b a b ly  in v o lv e d  in  p r o t e i n  metabolism (Orlowski,  1 9 8 3 ) .  

I t  i s  of  i n t e r e s t  t h a t  t h e  a c t i v i t i e s  of th e  two lysosom al  

p r o t e a s e s  a r e  d i v e r a e n t  i n  t h e  tumor c e l l s .  Poole  e t  a l .  

(19781 found c a t h e p s i n  B but n o t  c a t h e p s i n  D h iq h e r  i n  b r e a s t  

carc inoma c u l t u r e s  than  in  normal b r e a s t  t i s s u e .  They su g -  

a e s t e d  t h a t  c a t h e p s i n  B miqht  be im p o r t a n t  a s  a m ed ia to r  o f  

tumor d i s s e m i n a t i o n .  The f a c t  t h a t  c a t h e p s in  B i s  h iq h e r  i n  

GH3 c e l l  homoqenates th an  i n  a n t e r i o r  p i t u i t a r y  homoqenates 

s u a q e s t s  t h a t  t h e  h iqh  enzyme a c t i v i t y  miqht  be an e x p r e s s io n  

of  n e o o l a s t i c  t r a n s f o r m a t i o n  o f  t h e  GH3 c e l l s .

The s o l u b l e  m e t a l l o e n d o p e p t i d a s e  was found t o  have h igh  

l e v e l s  i n  both  GH3 c e l l  homoqenates and r a t  a n t e r i o r  p i t u i t a r y  

homoqenates .  The m u l t i - c a t a l y t i c  p r o t e a s e  complex, th e  amino- 

p e p t i d a s e s  and t h e  membrane-bound m e ta l lo e n d o p e p t id a s e  have 

lower  a c t i v i t i e s  i n  both  o f  t h e s e  p r e p a r a t i o n s .  These enzymes 

do not  a p pea r  t o  deq rade  TRH and t h e  p h y s i o l o q i c a l  s u b s t r a t e s  

f o r  t h e s e  enzvmes a r e  n o t  known.
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The p r o f i l e  of  a c t i v i t i e s  o f  p e p t i d e  m e ta b o l i z in g  enzymes 

d i f f e r s  i n  GH3 c e l l  homoqenates and a n t e r i o r  p i t u i t a r y  homc- 

q e n a t e s .  The e x p l a n a t i o n  f o r  t h e s e  c h an q e s ,  whi le  no t  t o t a l l y  

a p p a r e n t  from a s tu d v  o f  t h i s  n a t u r e ,  i s  worthy o f  s p e c u l a ­

t i o n .  Two p o s s i b l e  r ea so n s  fo r  t h e s e  d i f f e r e n c e s  in  enzyme 

a c t i v i t i e s  a r e  t h a t  the  GH3 c e l l s  a r e  a s i n g l e  ty pe  of c e l l  

c loned  t o  s e c r e t e  arowth hormone and p r o l a c t i n  and t h e r e f o r e  

have a d i f f e r e n t  f u n c t i o n a l  s t a t u s  t h a n  a l l  of t h e  o t h e r  a n t e ­

r i o r  p i t u i t a r y  c e l l s  o r  t h a t  th e y  a r e  c e l l s  which have u n d e r ­

done n e o p l a s t i c  t r a n s f o r m a t i o n  which a f f e c t e d  t h e i r  enzyme 

a c t i v i t i e s .  The o b s e r v a t i o n  t h a t  c a t h e p s i n  B, an enzyme Known 

t o  be h i a h e r  i n  tumor c e l l s , ,  has h i q h e r  a c t i v i t y  in  t h e  GH3 

c e l l  homoaenate  s u p p o r t s  t h e  h y p o th e s i s  t h a t  t h e  n e o p l a s t i c  

t r a n s f o r m a t i o n  miqht be r e s p o n s i b l e  f o r  th e  change in  th e  

a c t i v i t y  of  t h i s  enzvme. I t  cou ld  be p o s t u l a t e d  t h a t  t h e  h igh  

l e v e l s  of  c a t h e p s i n  B. p r o l y l  e n d o c e p t id a s e  and t h e  s o l u b l e  

m e t a l l o e n d o p e p t i d a s e  a re  due t o  t h e  enzymes be ing  p r e s e n t  in  

h i a h  l e v e l s  i n  a few s p e c i a l i z e d  c e l l s  i n  t h e  a n t e r i o r  p i t u i ­

t a r y  which were then  p ro po q a te a  in  t h e  GH3 c e l l  p o p u l a t i o n .  

The f a c t ,  however ,  t h a t  growth h o rm o n e - se c re t in q  and p r o l a c -  

t i n - s e c r e t i n a  c e l l s  make up r e s p e c t i v e l y  abou t  45* and 25% of 

t h e  t o t a l  number o f  c e l l s  i n  th e  a n t e r i o r  p i t u i t a r y  s u p p o r t  

t h e  id e a  t h a t  t h e  c e l l s  have underqone some s o r t  of  change and 

do not  r e p r e s e n t  a sm al l  amount o f  c e l l s  p r e s e n t  i n  t h e  normal 

p i t u i t a r y  with  a s p e c i a l i z e d  f u n c t i o n .  I t  i s  s t i l l  p o s s i b l e ,  

however ,  t h a t  p a r t  o f  t h e s e  c e l l ’ s a l t e r e d  enzyme l e v e l s  might 

be r e l a t e d  t o  t h e i r  s e l e c t i v i t y  o f  s e c r e t i n g  p r o l a c t i n  and
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arowth hormone. P o s s ib ly  the  hiqh l e v e l s  of c a t h e p s i n  B,

p r o l v l  e n d o p e p t id a s e  and s o l u b l e  m e ta l lo e n d o p e p t id a s e  imply 

e i t h e r  a f u n c t i o n a l  chanqe o r  a n e o p l a s t i c  t r a n s f o r m a t i o n  of 

t h e  GH3 c e l l .  A f u r t h e r  s tu d y  u s in q  c e l l s  with a d i f f e r e n t

s e c r e t o r y  f u n c t i o n  miqht c l a r i f y  t h i s  q u e s t i o n .

S ince  Dro ly l  e n d o p e p t iq a se  and PPH are  p r e s e n t  in  GH3 c e l l s  

l i a b l e  16} (Friedman e t  a l . .  1984b) ,  i t  was of i n t e r e s t  t o  

d e te rm in e  whether Z - P r o - P r o l i n a l  and 5 - o x o p r o l in a l  could  be

used t o  i n h i b i t  t h e s e  enzymes w i th in  th e  c e l l s .  2 - P r o - P r o l i -  

n a l  i n h i b i t e d  p r o l v l  e n d o p e p t id a se  as e x p e c te d ,  however 

5 - o x o p r o l i n a l  caused  an unexpec ted  3 t o  4 fo ld  i n c r e a s e  i n  PPH 

l e v e l s  in  th e  GH3 c e l l s .  This  i n c r e a s e  was c h a r a c t e r i z e d  and

found to  be dependent  on t h e  c o n c e n t r a t i o n  of  5 - o x o p r o l in a l

and on t h e  t ime of exposure  t o  t h i s  i n h i b i t o r .  The i n c r e a s e  

i n  PPH a c t i v i t y  was s p e c i f i c  t o  5 - o x o p r o l i n a l .  Z - P r o - P r o l i -  

n a l .  D vroalu tamate  and cyc lo  (His-Pro)  did not  s i q n i f i c a n t l y  

a l t e r  PPH a c t i v i t y  (Table 1 8 ) .  S i m i l a r l y ,  5 - o x o p r o l in a l  d id  

n o t  a f f e c t  p r o l v l  e n d o p e p t id a se  a c t i v i t y .  The i n c r e a s e d  

a c t i v i t y  was indeed  PPH and n o t  a n o th e r  enzyme c a p a b le  of

c l e a v i n q  the  pC-lu-2NA bond s i n c e  th e  d e q ra d a t io n  o f  t h i s  s u b s ­

t r a t e  bv a hcmoqer.ate from 5 - o x o p r o I i n a l - t r e a t e d  c e l l s  was 

t o t a l l y  i n h i b i t e d  by th e  a d d i t i o n  of  5 - o x o p r o l i n a l .

The mechanism of  the  5 - o x o c r o l i n a l - s t i m u l a t e d  i n c r e a s e  in  

PPH a c t i v i t v  remains  unknown. The r e s u l t s  p r e s e n te d  h e re  

i n d i c a t e  t h a t  the  i n c r e a s e  i n  PPH i s  due to  5 - o x o p r o l in a l

d i r e c t l y  and n o t  t o  i t s  e f f e c t s  on TRH. The i n c r e a s e d  a c t i v -
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i t v  i s  n o t  due to  a h iq h e r  a f f i n i t y  o f  PPH fo r  i t s  s u b s t r a t e  

s i n c e  t h e  Km of PPH d id  not  chanqe upon exposure  to  

5 - o x o p r o l i n a l . The in c r e a s e d  PPH a c t i v i t y  i s  no t  c o n s i s t e n t  

w ith  enzvme i n d u c t i o n  s i n c e  cyc lohex im ide  a t  r e l a t i v e l y  hiqh 

doses  did  not  b lock  th e  a c t i v a t i o n .  Hiqher doses of c y c lo h ex ­

imide then  t h o s e  used h e re  may indeed b lock  the  i n c r e a s e  in 

PPH a c t i v i t y ,  however under the  c o n d i t i o n s  of t h e s e  e x p e r i ­

m ents .  h i a h e r  doses r e s u l t e d  in  s i q n i f i c a n t  c e l l u l a r  t o x i c i t y .  

An exper im en t  i n  which cyc lohex im ide  and ac t inom ycin  D, i n h i b ­

i t o r s  of p r o t e i n  s y n t h e s i s  a t  two d i f f e r e n t  s i t e s ,  miqht be 

more e f f e c t i v e  a t  b lo ck in q  t h e  5 - o x o p r o l i n a l - s t i m u l a t e d  

i n c r e a s e  in  PPH a c t i v i t y .  I t  i s  p o s s i b l e  t h a t  5 - o x o p r o l in a l  

i n c r e a s e s  PPH a c t i v i t y  in  GH3 c e l l s  by p r o t e c t i n q  th e  enzyme 

from i n a c t i v a t i o n .  PPH. a c y s t e i n e  p r o t e a s e  i s  very s u s c e p t i ­

b l e  t o  o x i d a t i o n  (Szewck.uk and Kwiatkowska, 1970} . 

5 - 0 x o o r o l i n a l  may p rev e n t  o x i d a t i o n  of th e  a c t i v e - s i t e  

c v s t e i n e  bv fo rm at ion  o f  t h e  r e v e r s i b l e  t h i o l  n e m ia c e ta i  

addu c t  (Friedman e t  a l . .  19 6 5 ) .  A l t e r n a t i v e l y  i t  i s  c o n c e iv ­

a b l e  t h a t  5 - o x o o r o l in a l  may i n h i b i t  a p r o t e o l y t i c  enzyme 

r e s p o n s i b l e  f o r  d eq rad inq  PPH. However, t h e  o b s e r v a t i o n  t h a t  

on lv  a b r i e f  exposure  to  5 - o x o p r o l in a l  i s  s u f f i c i e n t  to  

i n c r e a s e  PPH a c t i v i t y  a rq u e s  a q a i n s t  t h e s e  p o s s i b i l i t i e s .  The 

mechanism of  s t i m u l a t i o n  of PPH rem ains  t o  be e l u c i d a t e d .

GH3 c e l l s  a r e  o f t e n  used a s  a model f o r  mammotroph fu n c t io n  

i n  th e  p i t u i t a r y  q lan d .  Within th e  p i t u i t a r y ,  t h e  i n i t i a l  

d eG rada t ion  of  TRH appea rs  t o  proceed both throuqh deam ida t ion  

c a t a l y z e d  by p r o l y l  e n d o p e p t id a se  and c leavaqe  of  t h e  pGlu-His
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bond c a t a l y z e d  by PPH. Both enzymes a i e  p r e s e n t  in  GH3 c e l l s  

{Table Its) t u t  t h e i r  D h v s i a l o a i c a l  s i g n i f i c a n c e  rem ains  

unknown. Our d a ta  s u g g e s t  t h a t  PPH a c t i v i t y  ap p ea rs  to  be 

h i a h l v  r e a u l a t e d  i n  GH3 c e l l s .  S in c e  r a t e  l i m i t i n g  enzymes 

a r e  o f t e n  r e a u l a t e d .  t h e s e  s t u d i e s  s u q q e s t  t h a t  PEh may be th e  

p r i n c i p a l  r a t e  l i m i t i n g  enzyme i n  TRH d e g ra d a t io n  w i th in  t h e  

GH3 c e l l s  and by i n f e r e n c e  w i th in  t h e  p i t u i t a r y  g la n d .

In  c o n t r o l  c e l l s ,  a b o u t  2 /3  o f  t h e  PPH a c t i v i t y  i s  l o c a t e d  

i n  th e  c y t o s o l  w h i le  1 /3  of t h e  a c t i v i t y  i s  membrane-bound. 

I n  5 - o x o D r o l i n a l - t r e a t e d  c e l l s ,  the  i n c r e a s e  i n  PPH a c t i v i t y  

i s  t o t a l l y  c v t o s o l i c .  P r o l y l  e n d o p e p t id a s e  i s  a l s o  a c y t o ­

s o l i c  enzvme. The l o c a t i o n  of  t h e s e  enzymes i s  im p o r ta n t  

b eca u se  most r e s e a r c h e r s  s t a t e  t h a t  th e  b in a in q  of TRH to  

r e c e p t o r s  on t h e  plasma membrane i n i t i a t e s  th e  s t i m u l a t i o n  o f  

TSH and o r o l a c t i n  {Gershengorn. 1S82) . The p re sen c e  o f  c y t o ­

s o l i c  enzymes might have l i t t l e  e f f e c t  on t h e  f u n c t i o n  o f  TRH 

on p i t u i t a r y  c e l l s .  Gne qroup has r e p o r t e d  TRH e n t e r i n g  th e  

c e l l  and b in d in q  to  n u c l e a r  r e c e p t o r s  t o  s t i m u l a t e  p r o l a c t i n  

s y n t h e s i s  ( L a v a r r i e r e  e t  a l . ,  1981) .  Only i f  i n t e r n a l i z e d  TRH 

a f f e c t s  i n t r a c e l l u l a r  f u n c t i o n  or somehow r e q u l a t e s  TRh b in d -  

in o  t o  th e  plasma membrane co u ld  c y t o s o l i c  enzymes p h y s i o l o g i ­

c a l l y  a f f e c t  TRH f u n c t i o n .  The a c t i o n  of  TRH to  s t i m u l a t e  

p r o l a c t i n  r e l e a s e  a p p e a rs  to  occur  w i th in  seconds  t o  m inu tes  

{Aizawa and H in k le .  1985) w hi le  th e  d e g r a d a t i o n  o f  TRH in  GH3 

c e l l s  o c c u r s  over  a  p e r io d  of hours  t o  days (Hinkle and Tash-  

i i a n .  1975) .  T h is  d a ta  a rq u e s  a q a i n s t  an e f f e c t  of p r o l y l  

e n d o p e p t id a se  o r  PPH i n h i b i t o n  on p r o l a c t i n  p ro d u c t io n  i n  GH3
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c e l l s .

Z - P r o - P r o l i n a l  was found t o  not  a f f e c t  e i t h e r  b a s a l  o r  ThH- 

induced  D r o l a c t i n  r e l e a s e  or s y n t h e s i s  in  GH3 c e l l s  (Xable 

201.  This  f i n d i n g  a rqu es  t h a t  e i t h e r  p r o l y l  e n d o p e p t id a s e  i s  

n o t  an im p o r t a n t  TRH-deqradinq enzyme in  th e  GH3 c e l l s  o r  t h a t  

i n t e r n a l i z e d  TRH does no t  a f f e c t  p r o l a c t i n  r e s p o n s e .  

5 - 0 x o D r o l i n a l . however,  d id  d e c r e a s e  both b a s a l  and TRH-stimu- 

l a t e d  p r o l a c t i n  r e l e a s e  and s y n t h e s i s  when added a t  t h e  same 

t im e  a s  TRH (Table 2 0 ) .  This  i s  a s u r p r i s i n q  r e s u l t  s i n c e  i f  

5 - o x o D r o l in a l  i n h i b i t e d  PPH, an enzyme c ap a b le  of  deg rad in g  

TRH. th en  D r o l a c t i n  l e v e l s  shou ld  i n c r e a s e .  With t h e  f i n d i n g  

t h a t  5 - o x o D r o l i n a l  s t i m u l a t e d  r a t h e r  than  i n h i b i t e d  PPH a c t i v ­

i t y  i n  GH3 c e l l s  (Table 1 8 ) ,  t h e  p o s s i b i l i t y  was c o n s id e re d  

t h a t  t h e  s t i m u l a t e d  PPH cou ld  deqrade  TRH more e f f e c t i v e l y  and 

t h e r e f o r e  t h e  T R H-st im ula ted  p r o l a c t i n  r e s p o n s e  would be 

d e c r e a s e d .  T h is  i s  u n l i k e l y  s i n c e  in  t h i s  e x p er im en t  e x ce ss  

5 - o x o D r o l i n a l  was p r e s e n t  i n  t h e  GH3 c e l l  media d u r in q  p r o l a c ­

t i n  a c c u m u la t io n  and would be a b l e  t o  i n h i b i t  t h e  newly formed 

PPH ( th e  a c t i v a t i o n  i s  s e e n  on ly  when th e  i n h i b i t o r  i s  removed 

bv w a sh in q ) . This  p o s s i b i l i t y  was t e s t e d  by p r e i n c u b a t i n g  t h e  

GH3 c e l l s  f o r  3 days with 5 - o x o D r o l i n a l ,  r e p l a c i n q  th e  media 

t o  remove th e  i n h i b i t o r  and th en  a l lo w in q  p r o l a c t i n  t o  accumu­

l a t e  i n  th e  p r e s e n c e  and absence  o f  TRH. I f  t h e  s t i m u l a t e d  

PPH d id  indeed  deqrade  TRH more e f f e c t i v e l y  and t h e r e f o r e  

d e c r e a s e  th e  p r o l a c t i n  r e s p o n s e ,  then  an even l a r g e r  r e d u c t i o n  

i n  D r o l a c t i n  shou ld  be no ted  i n  t h i s  e x p e r im e n t .  The p r o l a c ­

t i n  l e v e l s ,  however,  were n o t  a f f e c t e d  by p r e i n c u b a t i o n  with
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5 - o x o a r o l i n a l  (Table  2 1 ) .  s u q q e s t i n q  t h a t  t h e  d e c r e a s e  in  p r o ­

l a c t i n  and t h e  i n c r e a s e  in  PPH a c t i v i t y ,  a l th o u g h  Doth due t o  

5- o x o o r o l i n a l . a r e  p robably  in d e p e n d e n t  f i n d i n q s .

5 - 0 x o D r o i in a l  cou ld  a f f e c t  p r o l a c t i n  l e v e l s  by mechanisms 

such a s  a l t e r a t i o n  o f  TRH b i n d i n q .  p r o t e o l y s i s  o f  p r o l a c t i n  o r  

o r o c e s s i n a  ana s e c r e t i o n  o f  p r o l a c t i n .  I t  was d em ons t ra ted  

t h a t  5 - o x o o r o l i n a l  d id  n o t  a f f e c t  TRH b i n d in g .  To s tudy  i f  

5 - o x o p r o l i n a l  a f f e c t  of  p r o l a c t i n  l e v e l s  i s  by a l t e r a t i o n  of 

s e c r e t i o n .  an exp er im en t  i n  which i n t r a c e l l u l a r  p r o l a c t i n  

would be measured would be o f  i n t e r e s t .  I f  t h e  i n h i b i t o r  i s  

b l o c k i n a  s e c r e t i o n  of  p r o l a c t i n  th an  i n t r a c e l l u l a r  p r o l a c t i n  

would be e x p ec te d  to  r i s e .  S ince  5 - o x o p r o l i n a l  ap p ea rs  t o  

b l u n t  t h e  TRH-induced r i s e  in  p r o l a c t i n  s e c r e t i o n ,  i t  would be 

o f  i n t e r e s t  t o  see  i f  5 - o x o p r o l i n a l  would a f f e c t  t h e  

K+-induced i n c r e a s e  i n  p r o l a c t i n .  Rappay and coworkers  (Rap- 

pav e t  a l . .  1964;  1935) found t h a t  th e  t r i p e p t i d e  a ld e h y d e ,

t -b u tv lo x v c a r b o n v l - D - P h e - P r o - A r q - H ,  a s e r i n e  p r o t e a s e  i n h i b ­

i t o r .  a s  wel l  a s  o t h e r  t r i p e p t i d e  a ld e h y d e s  i n h i b i t e d  (a t  r e l ­

a t i v e l y  hiqh doses)  p r o l a c t i n  r e l e a s e  i n  d i s p e r s e d  a n t e r i o r  

p i t u i t a r y  c e l l s .  The a u t h o r s  p o s t u l a t e d  t h a t  t h i s  e f f e c t  was 

due t o  a l t e r i n q  o f  p r o t e i n a s e s  in v o lv e d  in  hormone s e c r e t o r y  

p r o c e s s e s .  I t  i s  p o s s i b l e  t h a t  5 - o x o p r o l i n a l  d e c r e a s e s  p r o ­

l a c t i n  p r o d u c t io n  bv a s i m i l a r  mechanism.

With th e  s y n t h e s i s  of  5 - o x o p r o l i n a l  and Z - P r o - P r o l i n a l ,  

p o t e n t  and s p e c i f i c  i n h i b i t o r s  o f  two enzymes r e s p o n s i b l e  f o r  

th e  d e a r a d a t i o n  o f  TRH a r e  a v a i l a b l e .  These a ldehy d es  i n h i b i t
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b r a i n  p r o l y l  endODeDtidase and PPH r e s p e c t i v e l y  in  v iv o .  

Z - P r o - P r o l i n a l  and 5 - o x o o r o l in a l  miaht be u s e f u l  i n  s t u d i e s  on 

TRH tu rn o v e r  o r  in  s t u d i e s  on th e  b i o s y n t h e s i s  o f  TRH in  which 

i t  would be d e s i r a b l e  to  p rev e n t  TRH d e g r a d a t i o n .  

5 - o x o o r o l i n a l  o r  PDMK could  a l s o  be used t o  e v a l u a t e  the  r o l e  

o f  PPH i n  t h e  d e g ra d a t io n  of o th e r  p y r o g lu ta m y l -c o n ta in in g  

p e p t i d e s  such as  n e u r o t e n s i n .  LHRH and bombesin. i h e  p n y s io -  

l o a i c a l  and b e h a v i o r a l  consequences  o f  i n h i b i t i o n  of  PPH and 

D ro lv l  endooeD tidase  a r e  a l s o  worthy of  i n v e s t i q a t i o n .

As d i s c u s s e d  above.  TRH a p p e a rs  to  be a f a i r l y  poor  su b s ­

t r a t e  f o r  p r o l y l  e n d o p e p t id a se  and PPH. The s u i t a b i l i t y  of 

TRH f o r  th e  membrane-bound p v ro q lu ta m y l - p e p t id e  hy d ro ly z in g  

enzvme a w a i t s  kcat/kro d e t r m i n a t i o n s  with t h e  a v a i l a b i l i t y  of 

t h e  p u r i f i e d  enzyme. My r e s u l t s  showing t h e  pronounced 

r e a i o n a l  d i s t r i b u t i o n  of  t h i s  enzyme and t h e  l i t e r a t u r e  f i n d ­

i n g s  o f  th e  l o c a l i z a t i o n  o f  t h e  enzyme on synaptosomal  mem­

b ran e s  a s  wel l  as i t s  a p p a r e n t  hiqh s p e c i f i c i t y  f o r  TRH suq-  

a e s t  t h a t  t h i s  enzyme may be th e  most im por tan t  of th e  t h r e e  

enzvmes in  TRH metabolism. The p h y s i o l o g i c a l  c o n t r i b u t i o n s  of 

t h i s  enzvme a r e  c u r r e n t l y  unknown s i n c e  an i n h i b i t o r  f o r  t h i s  

enzvme i s  no t  y e t  a v a i l a b l e .  I t  i s  p o s s i b l e  t h a t  l i m i t e d  p r o ­

t e o l y s i s  i s  n o t  th e  c o r r e c t  mechanism fo r  t e r m in a t io n  of 

a c t i o n  o f  TRH. I f  an i n h i o i t o r  f o r  th e  membrane-bound pyro-  

q l u t a m v l - p e p t i d e  h y d ro ly z in g  enzyme, Z - P r o - P r o l i n a l  and PDMK 

t o a e t h e r  did no t  e l e v a t e  endoqenous TRH l e v e l s  a f t e r  i n j e c ­

t i o n .  th en  i t  would appea r  t h a t  d e g r a d a t io n  of TRH i s  not  an 

im p o r ta n t  mechanism fo r  t e r m in a t io n  of  a c t i o n .  A l t e r n a t i v e l y ,
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r e d i s t r i b u t i o n ,  e l i m i n a t i o n  o r  up take  t e r m in a t e s  t h e  a c t i o n  of 

TRH. Recent  s t u d i e s  on u p tak e  of  TRH by c e r e b e l l a r  s l i c e s  

(Pacheco e t  a l . .  1981) and hypo tha lam ic  s l i c e s  ( C h a r l i  e t  a l . ,  

1984) s u a a e s t  t h a t  i n a c t i v a t i o n  of  TRH cou ld  occur  by u p t a k e .  

O ther  n e u ro p e p t id e s  which a r e  more e f f i c i e n t l y  degraded by 

e n d o o e p t i a a s e s  could  be examined fo r  t h e  e f f e c t s  o f  i n h i b i t o r s  

on t h e i r  endogenous l e v e l s .  The use  of enzyme i n h i b i t o r s  

o t h e r  neu rop eD t ides  c ap a b le  of  d e q r a d a t i o n  by p r o l y l  endopep­

t i d a s e  and PPH a r e  worthy o f  i n v e s t i g a t i o n .
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