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ABSTRACT

Kidney-Direc ted  Prodrugs 

by

Haruko Mizoguchi 

A dvisor :  Marian Orlowski ,  M.D., P r o f e s s o r  of Pharmacology

Prodrugs a r e  i n a c t i v e  p r e c u r s o r s  o f  drugs which may be conver ted  t o  

t h e  a c t i v e  drugs  in  enzyme c a ta ly z e d  r e a c t i o n s .  This  c o n v e r s io n  can 

be expected  t o  occur  a t  t h e  s i t e  o f  l o c a l i z a t i o n  o f  t h e  r e q u i r e d  enzyme 

o r  enzyme system. The p r e se n t  work d e s c r i b e s  t h e  s y n t h e s i s  o f  prodrugs 

which a re  co n v e r ted  t o  t h e  a c t i v e  d rugs  by k i d n e y - s p e c i f i c  enzymes, 

such as  ^ -g lu tam yl  t r a n s p e p t i d a s e ,  a rom at ic  L- amino acid  deca rb o x y la se  

and N-acylamino a r i d  d e a c y la s e .  I t  was i n i t i a t e d  with  t h e  aim of  

d i r e c t i n g  drug a c t i o n  in  a s p e c i f i c  manner t o  t h e  k id n ey ,  and i s  based 

on th e  f i n d i n g  t h a t  Y-glutamyl d e r i v a t i v e s  of  amino a c id s  and o th e r  

compounds c o n ta in in g  an amino f u n c t i o n ,  a r e  s e l e c t i v e l y  accumulated 

and m etabo l ized  in t h e  k idney.  The fo l lo w in g  p rodrugs  were s y n th e s iz e d  

and t e s t e d  f o r  k i d n e y - d i r e c t e d  a c t i o n :  T -g lu tamyl  d e r i v a t i v e s  of  3 ,4 -  

d ih y d ro x y p h e n y la la n in e  (DOPA) and dopamine as  k i d n e y - s p e c i f i c  dopamine 

p r e c u r s o r s  and y  -g lu tamyl  su l fam e thoxazo le  and i t s  N-acyl d e r i v a t i v e s  

a s  models o f  k i d n e y - d i r e c t e d  a n t i b a c t e r i a l  a g e n t s .  A d m in i s t r a t io n  of  

> g l  u t  amyl-DOPA t o  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  led  t o  a g r e a t  

accum ula t ion  o f  f r e e  dopamine in  t h e  kidney as  a consequence o f  t h e  

s e q u e n t i a l  a c t i o n  o f  ^ -g lu ta m y l  t r a n s p e p t i d a s e  and arom at ic  L-amino 

a c id  d e c a r b o x y la s e ,  two enzymes which a r e  h i g h ly  c o n c e n t r a t e d  in  t h e  

k idney .  Twenty m inutes  a f t e r  t h e  a d m i n i s t r a t i o n  o f  t h e  p rod rug ,  t h e
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c o n c e n t r a t i o n  o f  dopamine in  th e  kidney was f i v e  t im es  h ig h e r  than  a f t e r  

an equ im olar  dose o f  L-DOPA. The c o n c e n t r a t i o n  o f  dopamine in  t h e  h e a r t  

and o t h e r  t i s s u e s  was on ly  a small f r a c t i o n  of t h a t  observed  in  t h e  

k id n ey ,  r e f l e c t i n g  t h e  k i d n e y - s e l e c t i v i t y  o f  t h e  p rodrug .  I n fu s io n  o f  

L-y -glutamyl-DOPA t o  r a t s  produced a 60% i n c r e a s e  in  rena l  plasma flow 

a t  a dose o f  10 nmole/g/30 min. By c o n t r a s t  t h e  same dose of  L-DOPA 

had no e f f e c t  on renal  plasma f low; on ly  a f t e r  doub l ing  t h e  dose of  t h i s  

drug a small i n c r e a s e  in  ren a l  plasma f low was n o t i c e d .  The dose of  

Y -g lu tam yl-dopam ine  r e q u i r e d  t o  produce an in c r e a s e  in renal  plasma 

f low was f i v e  t im es  g r e a t e r  than  t h a t  a f t e r  y -glutamyl-DOPA. In dogs 

in  which rena l  blood f low was measured d i r e c t l y  w i th  an e le c t r o m a g n e t i c  

flow probe p laced  around t h e  rena l  a r t e r y ,  a s i n g l e  i n j e c t i o n  of  L - y  - 

glutamyl-DOPA produced a prolonged i n c r e a s e  in rena l  blood f low.  This 

was accompanied by high u r in a r y  e x c r e t i o n  o f  f r e e  dopamine. When t h e  

drug was in fu se d  d i r e c t l y  i n to  t h e  rena l  a r t e r y  in  t h e  dog,  an immediate 

i n c r e a s e  o f  u r in e  o u tp u t  was observed  on t h e  s id e  o f  i n f u s i o n .  A tendency  

toward an i n c r e a s e  in  g lo m e ru la r  f i l t r a t i o n  r a t e  and sodium e x c r e t i o n  

was a l s o  observed  in  r a t s .  No i n c r e a s e s  in  sys tem ic  blood p r e s s u r e ,  

c a r d i a c  o u t p u t ,  h e a r t  r a t e  and blood su g a r  l e v e l s  were observed a f t e r  

doses  which caused an i n c r e a s e  in  rena l  blood f low ,  i n d i c a t i n g  t h a t  t h e  

sys tem ic  e f f e c t s  of  th e  prodrug a r e  min imal .  A smal l  p r e s s o r  response  

was observed in  r a t s  o n ly  when t h e  dose o f  L- y-glutamyl-DOPA was 20- 

t im es  h ig h e r  than  t h e  dose r e q u i r e d  t o  i n c r e a s e  rena l  blood f low. I t  i s  

sugges ted  t h a t  L-y-g lu tamyl-DOPA may be o f  t h e r a p e u t i c  va lue  as  a 

k i d n e y - s e l e c t i v e  v a s o d i l a t o r .

y -G lu tam yl  and N-acyl-  y - g lu ta m y l  d e r i v a t i v e s  o f  su l fam e th o x azo le  

(SM) were s y n th e s i z e d  and t e s t e d  as  models o f  k i d n e y - s e l e c t i v e  prodrugs
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w ith  a n t i b a c t e r i a l  a c t i v i t y .  In v i t r o  y -g lutamyl  d e r i v a t i v e s  of  SM 

a r e  c le a v e d  1n kidney homogenates by Y -g lu tamyl  t r a n s p e p t i d a s e  a t  a 

g r e a t l y  h i g h e r  r a t e  than  in o t h e r  t i s s u e s .  S u r p r i s i n g l y ,  however,  in  

vivo t h e r e  was on ly  a small p r e f e r e n t i a l  accum ula t ion  of  SM in  t h e  

kidney with  r e s p e c t  t o  o t h e r  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  t o  mice o f  t h e  Y-glutamyl p rodrugs .  R e l a t i v e l y  high c o n c e n t r a t i o n s  

o f  SM were found in  o t h e r  t i s s u e s ,  a p p a r e n t l y  because  of  r a p id  c leavage  

o f  t h e  y -g lu tam yl  d e r i v a t i v e s  even in  t i s s u e s  with  a low Y-g lu tam yl  

t r a n s p e p t i d a s e  a c t i v i t y .  This can be ex p la in e d  by t h e  f a c t  t h a t  

Y-glutamyl-SM i s  an e x c e l l e n t  s u b s t r a t e  f o r  Y -g lu tam yl  t r a n s p e p t i d a s e  

and i s  th u s  c leaved  a t  a high r a t e  even in th e  p r e sen ce  o f  low c o n c e n t r a ­

t i o n s  of  t h e  enzyme. By c o n t r a s t  t h e  r e l e a s e  o f  SM in  kidney homogenates 

from N-acyl-  Y-glutamyl d e r i v a t i v e s  o f  SM proceeds  a t  a much s low er  r a t e  

than  th e  r e l e a s e  o f  SM from Y-glutamyl d e r i v a t i v e s .  This p rocess  

r e q u i r e s  t h e  a c t i o n  o f  two enzymes, an N-acylami no ac id  d e a c y la s e  and 

Y-glutamyl t r a n s p e p t i d a s e ,  both  h ig h ly  c o n c e n t r a t e d  in t h e  k idney .  In 

v i v o , a k i d n e y - s e l e c t i v e  accumula t ion  o f  SM was o b ta in e d  20 minutes  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  N -acy l -Y -g lu tam yl  d e r i v a t i v e s .  The 

c o n c e n t r a t i o n  o f  SM was 2 .2  t im e s  h ig h e r  a f t e r  N - c h lo ro a c e ty l - L - Y - 

glutamyl-SM than  a f t e r  an equ im olar  dose o f  SM; t h e  c o n c e n t r a t i o n  in  

o t h e r  organs  was on ly  2% o f  t h a t  in th e  kidney w i th  somewhat h ig h e r  

c o n c e n t r a t i o n s  in t h e  l i v e r .  High k i d n e y - s e l e c t i v l t y  was a l s o  observed  

a f t e r  t h e  N-acetyl  and N -b u ty ry l -L -  Y-glu tamyl d e r i v a t i v e s  of SM, 

a l though  a b s o l u t e  k idney  c o n c e n t r a t i o n s  were low er .  I t  i s  su g g es ted  

t h a t  Y-glutamyl  and N-acyl-  Y-glu tamyl d e r i v a t i v e s  o f  a v a r i e t y  o f  drugs  

might p o t e n t i a l l y  be u se fu l  when l i m i t a t i o n  of  drug a c t i o n  t o  t h e  kidney 

and u r i n a r y  t r a c t  i s  a d e s i r e d  o b j e c t i v e .  Such a l i m i t a t i o n  o f  a c t i v i t y

v



would be o f  p a r t i c u l a r  b e n e f i t  with  drugs  having a ge n e ra l  systemic 

t o x i c i t y .
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INTRODUCTION

Prodrugs  a r e  I n a c t i v e  d e r i v a t i v e s  o f  p h a rm a co lo g ica l ly  a c t i v e  

compounds which upon i n t r o d u c t i o n  in to  a b i o l o g i c a l  system g e n e r a t e  th e  

p a r e n t  compounds. These compounds then  e x e r t  t h e i r  pharmacological  

a c t i o n  a t  t h e  s i t e s  o f  t h e  g e n e r a t i o n .  Prodrugs can a l s o  be viewed as  

temporary  t r a n s p o r t  forms o f  d rugs  as shown in t h e  schematic  diagram of 

S t e l 1 a {1975).

TEMPORARY
DRUG LINKAGE TRANSPORT

(B) MOIETY
( A ) . ( C )  .

PRODRUG

Numerous b a r r i e r s  e x i s t  which may p rev en t  t h e  d i r e c t  use o f  a drug .  Some 

o f  t h e s e  common b a r r i e r s  a r e  poor b i o a v a i l a b i l i t y ,  lack  of  s o l u b i l i t y  and 

l ack  o f  chemical s t a b i l i t y .  These b a r r i e r s  to  t h e  use o f  a p a ren t  

compound (A) may be overcome by in t r o d u c i n g  th e  temporary  t r a n s p o r t  

moiety  (C) .  A f t e r  overcoming th e  b a r r i e r ,  t h e  t r a n s p o r t  form can be 

c o n v e r ted  t o  t h e  p a re n t  compound (A). The co n v e r s io n  in v o lv e s  t h e  b r e a k ­

ing o f  th e  l i n k a g e  (B) e i t h e r  by an enzymatic  o r  non-enzymatic  p ro c e s s .  

The prodrug approach has  met with  c o n s id e r a b l e  s u c ce ss  in  improving 

b i o a v a i l a b i l i t y  of  a l a r g e  number of  d rugs  ( S in k u l a ,  1975).  For example, 

e s t e r i f l c a t l o n  o f  a m p i c i l l i n  has been found to  improve t h e  a b s o r p t io n  of  

a m p i c l l l i n  from t h e  g a s t r o i n t e s t i n a l  t r a c t  {Daehne e t  a l . ,  1970).

A l o g i c a l  e x t e n s io n  of  t h e  prodrug concept  i s  t o  u t i l i z e  a prodrug 

as  a way t o  d e l i v e r  a drug s e l e c t i v e l y  t o  a t a r g e t  organ o r  t i s s u e .  Such 

o r g a n - s e l e c t i v e  d e l i v e r y  o f  a drug should  g r e a t l y  i n c r e a s e  i t s  c o n c e n t r a ­

t i o n  in  t h e  t a r g e t  organ  with  t h e  p o s s i b l e  e x c lu s io n  of  o t h e r  s i t e s .
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I t  can a l s o  be e x p ec te d  t o  minimize  u n d e s i r a b l e  s y s te m ic  e f f e c t s  and 

d ru g - in d u c e d  t o x i c i t y *  I t  i s  wel l  e s t a b l i s h e d  t h a t  m o rpho log ica l  d i f f e r ­

e n t i a t i o n  o f  v a r i o u s  o rg an s  and t i s s u e s  i s  accompanied by a b iochem ica l  

and m e ta b o l i c  d i f f e r e n t i a t i o n .  One e x p r e s s i o n  o f  such a d i f f e r e n t i a t i o n  

i s  t h e  p r e s e n c e  in  an o rgan  o f  h igh  c o n c e n t r a t i o n s  o f  c e r t a i n  enzymes o r  

enzyme sys tem s  t h a t  a r e  a b s e n t  o r  e x h i b i t  on ly  low a c t i v i t y  i n  o t h e r  

t i s s u e s .  This  d i f f e r e n t i a t i o n  can be u t i l i z e d  f o r  t h e  pu rpose  o f  i n c r e a s ­

ing t h e  s e l e c t i v i t y  o f  drug a c t i o n .  I f  t h e  c o n v e r s io n  o f  a prodrug to  

t h e  a c t i v e  d rug  i s  dependen t  on an o r g a n - s p e c i f i c  enzyme o r  enzyme sy s tem ,  

t h i s  c o n v e r s io n  can be ex p ec ted  t o  o ccu r  o n ly  i n  t h e  o rgan  which has  t h e  

r e q u i r e d  enzyme sys tem .  There a r e  many organ  s p e c i f i c  enzyme systems 

which can  be p o t e n t i a l l y  u se fu l  in  t h i s  ap p ro ach .  The work p r e s e n te d  

below i s  an a t t e m p t  t o  u t i l i z e  t h e  h i g h l y  c o n c e n t r a t e d  l o c a l i z a t i o n  o f  

Y -g lu tam y l  t r a n s p e p t i d a s e  and some o t h e r  enzymes in  t h e  k idney  f o r  t h e  

pu rpose  o f  d i r e c t i n g  drug a c t i o n  toward t h i s  o rg a n .

Recent  s t u d i e s  have shown t h a t  t h e  k idney  i s  h ig h ly  a c t i v e  in  t h e  

accu m u la t io n  and m etabo l ism  o f  y -g lu tam y l  d e r i v a t i v e s  o f  amino a c i d s  

and p e p t i d e s  {Orlowski and Wilk, 1976 ,1978b) .  This  a c t i v i t y  i s  a p p a r e n t ­

l y  r e l a t e d  t o  t h e  p re se n c e  o f  a h igh c o n c e n t r a t i o n  o f  y -g lu tam y l  t r a n s ­

p e p t i d a s e  [EC 2 . 3 . 2 . 2 . ]  in  t h e  k idney  (Goldbarg  e t  a l . ,  1960; Orlowski 

and Szewczuk, 1961) .  This  o rgan  i s  a l s o  r i c h  i n  a m in o p ep t id a se  A [EC 

3 . 4 . 1 1 . 7 ]  (G lenner  e t  a l . ,  1962^) ,  a ro m a t ic  L-amino a c id  d e c a r b o x y la s e  

[EC 4 . 1 . 1 . 2 6 ]  ( D i e t r i c h ,  1953; C lark  e t  a l . ,  1954; Davis  and Awapara,

1960) and s e v e ra l  a c y l a s e s  c a p a b le  o f  h y d r o ly s in g  N-acylamino a c i d s  

(Blrnbaum e t  a l . ,  1952; Fones and Lee, 1953; Endo, 1978^) .

These f i n d i n g s  induced  us t o  e x p l o r e  t h e  p o s s i b i l i t y  o f  u s in g  p ro ­

d ru g s  s u s c e p t i b l e  t o  t h e  a c t i o n  o f  t h e s e  enzymes and t h e r e f o r e  l i k e l y  t o
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be s e l e c t i v e l y  c o n v e r te d  t o  t h e  a c t i v e  d rugs  in  t h e  k idney .  Two t y p e s  

o f  prodrugs were s y n th e s i z e d ;  d e r i v a t i v e s  o f  su l f am e th o x azo le  {a s u l f o ­

namide) and d e r i v a t i v e s  of, dopamine. Sulfonamides a r e  e s p e c i a l l y  s u i t e d  

f o r  t h e  p r e p a r a t i o n  o f  p rodrugs .  They a r e  r e l a t i v e l y  s t a b l e  m o le c u le s ,  

c o n t a i n i n g  an a rom at ic  amino group.  This group can be e a s i l y  s u b s t i t u t e d  

by a y -g lu tam yl  o r  o t h e r  groups in  a bond s u s c e p t i b l e  t o  c leav ag e  in 

an enzyme c a t a l y z e d  r e a c t i o n .  F ur the rm ore ,  a f t e r  r e l e a s e  o f  t h e  f r e e  

su lfonam ides  t h e i r  c o n c e n t r a t i o n  and d i s t r i b u t i o n  can be fol lowed conve­

n i e n t l y  by r e l i a b l e  methods a v a i l a b l e  f o r  t h e i r  q u a n t i t a t i v e  d e te r m in a ­

t i o n  ( B r a t to n  and M a rs h a l l ,  1939; Goldbarg and Rutenburg ,  1958).

S e l e c t i v e  accum ula t ion  o f  su lfonam ides  in  t h e  k idney i s  a l s o  o f  c o n s i d e r ­

a b l e  c l i n i c a l  i n t e r e s t  s i n c e  t h e s e  drugs a r e  f r e q u e n t l y  used in th e  

t r e a tm e n t  o f  u r in a r y  t r a c t  i n f e c t i o n s .

K id n e y - s p e c i f i c  dopamine p r e c u r s o r s  a l s o  have p o t e n t i a l  t h e r a p e u t i c  

s i g n i f i c a n c e .  This c a tec h o l  amine cau se s  rena l  v a s o d i l a t a t i o n  when g iven  

i n t r a v e n o u s l y .  This a c t i o n ,  however,  i s  accompanied by s id e  e f f e c t s  due 

to  s t i m u l a t i o n  of  a  - and 8 - a d r e n e r g i c  r e c e p t o r s .  A k idney v a s o d i l a t o r  

f r e e  o f  t h e s e  s id e  e f f e c t s  t h e r e f o r e  has p o t e n t i a l  c l i n i c a l  s i g n i f i c a n c e .

y -Glutamyl t r a n s p e p t i d a s e

Y -Glutamyl t r a n s p e p t i d a s e  i s  a membrane bound g l y c o p r o t e in  t h a t  

c a t a l y z e s  bo th  t r a n s p e p t i d a t i o n  ( r e a c t i o n  1) and h y d r o ly s i s  ( r e a c t i o n  2) 

o f  Y -g lu ta m y l  d e r i v a t i v e s  (Hanes e t  a l . ,  1952; Revel and B a l l ,  1959; 

Szewczuk and Baranowski ,  1963; Orlowski and M e is t e r ,  1965; Zelazo and 

O rlowski ,  1976) .  y -Glutamyl d e r i v a t i v e s  a re  d e r i v a t i v e s  o f  g lu tam a te  

1n which t h e  Y_carl>oxyl group p a r t i c i p a t e s  1n an amide o r  p e p t id e  

bond with  a compound c o n ta in in g  an amino f u n c t io n .
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y-GIutamyl amino a c i d i  + amino a c i d 2

 >

Y-glutamyl amino a c id 2  + amino a c id ^  (1)

Y-Glutamyl amino a c i d  + H2 O
 — — —  >

g lu t a m a te  + amino a c id  ( 2 )

The e x t e n t  o f  c o n t r i b u t i o n  made by each o f  t h e s e  two r e a c t i o n s  i s  depend­

e n t  on pH. At pH above 8 . 0 ,  t h e  t r a n s p e p t i d a t i o n  r e a c t i o n  p red o m in a te s  

w h i le  t h e  s i g n i f i c a n c e  o f  t h e  h y d r o l y t i c  r e a c t i o n  i n c r e a s e s  w i th  d e c r e a s ­

ing pH toward p h y s i o l o g i c a l  v a lu e s  (Karkowsky e t  a l . ,  1976) .

The s u b s t r a t e  s p e c i f i c i t y  o f  y -g lu ta m y l  t r a n s p e p t i d a s e  with  r e s p e c t  

t o  bo th  Y -g lu tamyl  a c c e p t o r  and donor  i s  b ro a d .  T h e re f o re  not o n ly  

L-amino a c i d s  bu t  s e v e r a l  d i p e p t i d e s  a r e  a c t i v e  as  y -g lu ta m y l  a c c e p t o r s  

(T a te  and M e i s t e r ,  1974,1975;  Zelazo and O r lo w sk i ,  1976) .  The s p e c i f i c i t y  

i s  n o t  l i m i t e d  t o  L- y - g lu t a m y l  s t e r e o i s o m e r s .  R e le a se  o f  p - n i t r o a n i l i n e  

from D- y - g lu t a m y l  compounds has  a l s o  been r e p o r t e d .  The r a t e  o f  t h e s e  

r e a c t i o n s  i s  however much s low er  th a n  t h a t  w i th  t h e  c o r r e s p o n d in g  L- 

s t e r e o i s o m e r s  (Orlowski and M e i s t e r ,  1965) .

Biochemical and h i s to c h e m ic a l  s t u d i e s  have shown t h a t  y - g lu t a m y l  

t r a n s p e p t i d a s e  i s  h i g h ly  c o n c e n t r a t e d  in  t h e  k id n ey .  I f  y - g lu t a m y l  

t r a n s p e p t i d a s e  a c t i v i t y  in  human k idney  i s  t a k e n  as  100,  t h e  r e l a t i v e  

a c t i v i t y  i n  t h e  p a n c r e a s ,  which i s  t h e  second o rgan  a f t e r  t h e  k idney  w i th  

t h e  h i g h e s t  enzym at ic  a c t i v i t y  i s  8 . 3 .  O ther  o rg a n s  e x h i b i t  on ly  t r a c e s  

o f  a c t i v i t y  {Orlowski and Szewczuk, 1961) .  Kidney 1s a l s o  t h e  o rgan  w i th  

t h e  h i g h e s t  Y -g lu ta m y l  t r a n s p e p t i d a s e  a c t i v i t y  1n m ic e ,  r a t s ,  g u in ea  

p i g s ,  r a b b i t s  and dogs (Goldbarg  e t  a l . ,  1960) .  H is toche m ica l  s t u d i e s
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have shown t h a t  Y -g lu tamyl  t r a n s p e p t i d a s e  i s  l o c a l i z e d  in  t h e  b rush  

b o rd e r  of  th e  proximal t u b u l e s ,  e p i th e l iu m  of  t h e  ascending  limb of  

H e n le ' s  loop and m edu l la ry  v a s c u l a r  bund les  (A lb e r t  e t  a l . ,  1961;

Glenner  e t  a l . ,  1962a ) .

In accord  with  th e  h is tochem ica l  r e s u l t s ,  t h e  p re sen ce  of  y - 

g lutamyl t r a n s p e p t i d a s e  a c t i v i t y  has been dem ons tra ted  in  i s o l a t e d  b rush  

b o rd e r s  (Glossmann and N e v i l l e ,  1972; George and Kenny, 1973).  Although 

th e  exac t  l o c a l i z a t i o n  o f  t h i s  enzyme in  t h e  t u b u l a r  membrane i s  not 

known, t h e r e  i s  ev idence  su gges t ing  t h a t  t h e  a c t i v e  s i t e  o f  t h e  enzyme 

f a c e s  th e  luminal  s i d e .  P u r i f i e d  brush b o rd e r  membrane v e s i c l e s  e x h i b i t ­

ing y -g lu tamyl  t r a n s p e p t i d a s e  a c t i v i t y  can be o b ta in ed  from r a t  k idney .  

Using t h e s e  v e s i c l e s ,  Horiuchi and co-w orkers  (1978) have shown t h a t  an 

S -a c e ty l  d e x t r a n  d e r i v a t i v e  of  g l u t a t h i o n e  i s  c a p a b le  of i n h i b i t i n g  t h e  

a c t i v i t y  o f  t h e  membrane bound Y -g lu tamyl  t r a n s p e p t i d a s e .  Since t h e  

S -a c e ty l  d e x t r a n  polymer cannot  p e n e t r a t e  a c r o s s  t h e  membrane, i t s  

i n h i b i t i o n  o f  t h e  enzyme a c t i v i t y  s u g g e s t s  t h a t  t h e  a c t i v e  s i t e  o f  

y -g lu tamyl  t r a n s p e p t i d a s e  i s  a c c e s s i b l e  from t h e  o u t e r  s u r f a c e  of  b rush  

b o rd e r  membranes.

The a b i l i t y  o f  kidney to  accumulate  and m e tab o l ize  Y - 9lutamyl 

d e r i v a t i v e s  i s  b e l i e v e d  t o  be r e l a t e d  to  t h e  high a c t i v i t y  o f  Y ~ 9 lutamyl 

t r a n s p e p t i d a s e  in  t h i s  o rgan .  C o n s i s t e n t  with t h i s  view i s  th e  o b se rv a ­

t i o n  t h a t  t h e  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  o f  t - g lu t a m y l -L-2-amino-  

b u t y r a t e  in  mice produces  a s i g n i f i c a n t  i n c r e a s e  in  th e  c o n c e n t r a t i o n s  of  

g lu tam a te  and i t s  m e t a b o l i t e s  in t h e  k idney .  In c o n t r a s t ,  t h e r e  i s  no 

s i g n i f i c a n t  I n c r e a s e  1n t h e s e  m e t a b o l i t e  c o n c e n t r a t i o n s  in  t h e  l i v e r .  

Moreover c o n s id e r a b l y  h ig h e r  c o n c e n t r a t i o n s  of L -2 -am in o b u ty ra te  a r e  

o b ta in ed  in  t h e  kidney a f t e r  Y -g lu t a m y l -L -2 -am in o b u ty ra te  than  a f t e r
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adminlstrati  on o f  the f re e  amino acid .  Q u a l i ta t iv e ly  s im i lar  r e s u l t s  

are obtained a f t e r  Phenyl a la n in e ,  Y-glutamylmethionine,

Y-g lutam ylg lycy lg lyc ine  and g lu ta th ion e  ( y -g lu t a m y lc y s te in y lg ly c in e ) .  

These f indings demonstrate that  the addit ion of  a Y-glutamyl moiety 

to  an amino acid f a c i l i t a t e s  the d e l iv e ry  of  t h i s  amino acid to  the  

kidney (Orlowski and Wilk, 1976).

F u r t h e r  i n v e s t i g a t i o n  o f  t h e  m e tabo l ism  o f  Y-glu tamyl  d e r i v a t i v e s  

o f  amino a c i d s  by Orlowski and Wilk (1978^) has  shown t h a t  t h e s e  d e r i v a ­

t i v e s  e n t e r  i n t o  k idney  c e l l s  a t  l e a s t  in  p a r t  in  an i n t a c t  form.

The fo l lo w in g  e x p e r im e n t s  s u p p o r t  t h i s  c o n c l u s i o n .  A d m i n i s t r a t i o n  o f  

L- Y - g lu ta m y l -L -2 -a m in o b u t y r a t e  p roduces  s i g n i f i c a n t  s y n t h e s i s  o f  

op h tha lm ic  a c id  (L-y - g lu t a m y l - 2 - a m i n o b u t y r y l g l y c i n e )  in t h e  k id n e y .

Two pathways a r e  p o s s i b l e  f o r  t h e  b i o s y n t h e s i s  o f  o p h th a lm ic  a c i d  from 

L- Y -g lu ta m y l -L - 2 -a m in o b u t y r a t e .  In t h e  f i r s t ,  t h e  d i p e p t i d e  a f t e r  

e n t e r i n g  t h e  c e l l  r e a c t s  d i r e c t l y  w i th  g l y c i n e  in  an enzym at ic  r e a c t i o n  

c a t a l y z e d  by g l u t a t h i o n e  s y n t h e t a s e  [EC 6 . 3 . 2 . 3 ]  ( r e a c t i o n  3) ( M e i s t e r ,  

1974) .

L- y - 6 1 u tam yl- L -2 -a m in o b u t y r a t e  + g l y c i n e  + ATP 

g l u t a t h i o n e  s y n t h e t a s e  ^

o p h tha lm ic  a c id  + ADP + Pi (3)

In t h e  second pa thway,  L - y - g l u t a m y l -L -2 -a m in o b u t y r a t e  i s  f i r s t  c l e a v e d  

t o  L -g lu ta m a te  and L -2-am in o b u t y r a t e  by t h e  a c t i o n  o f  Y -g lu tam y l  t r a n s -  

p e p t i d a s e .  Fo l lowing  t h i s  c l e a v a g e ,  t h e  b i o s y n t h e s i s  o f  o p h th a lm ic  a c i d  

p ro ceed s  in  two s t e p s  ( C U f f e  and Waley, 1958,1961)  c a t a l y z e d  1n sequence  

by y - g l u t a m y l c y s t e i n e  s y n t h e t a s e  [EC 6 . 3 . 2 . 2 ]  and g l u t a t h i o n e  s y n t h e t a s e  

( r e a c t i o n  4 and 3 ) .
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L-Glutamate + L- 2 - am inobu ty ra te  + ATP

Y-glutamyl c y s t e i n e  s y n t h e t a s e  ^

L- y-gl  utamyl - L - 2 - a m i n o b u ty ra te  + ADP + Pi (4)

The two pathways o f  ophtha lmic  a c id  b i o s y n t h e s i s  can be d i s t i n g u i s h e d  

from each o t h e r  by measuring t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  t r i p e p t i d e  

formed from Y -glu tamyl-L -2 -a m in o b u ty ra te  l a b e l l e d  in  th e  g lu ta m a te  

m oie ty .  I f  t h e  s y n t h e s i s  in  vivo p roceeds  d i r e c t l y  from t h e  d i p e p t i d e  

( r e a c t i o n  3 ) ,  no d i l u t i o n  o f  t h e  r a d i o a c t i v i t y  by endogenous g lu ta m a te  

should  o c cu r .  On th e  o t h e r  hand,  i f  t h e  s e c o n d  pathway i s  o p e r a t i n g ,  then  

t h e  l a b e l l e d  g lu tam a te  c leaved  from t h e  d i p e p t i d e  would be expec ted  to  be 

d i l u t e d  by t h e  endogenous g lu tam a te  poo l .  Consequen t ly  t h e  s p e c i f i c  

r a d i o a c t i v i t y  o f  ophtha lmic  ac id  w i l l  be l o w e r  than  th e  s p e c i f i c  a c t i v i t y  

o f  t h e  l a b e l l e d  Y - g lu ta m y l - L - 2 - a m in o b u ty r a t e .  The f i n d i n g  t h a t  t h e  

s p e c i f i c  r a d i o a c t i v i t y  o f  ophtha lmic  a c id  formed in  t h e  k idney from 

L - y - [ 14C ] - g lu t a m y l -L-2-am in o b u ty ra te  i s  i d e n t i c a l  t o  t h a t  o f  t h e  d i ­

p e p t i d e  p r e c u r s o r  i n d i c a t e s  t h a t  o p h th a lm ic  acid i s  s y n th e s iz e d  d i r e c t l y  

from L - y - g lu t a m y l -L -2-am in o b u ty ra te  and g l y c i n e  (Orlowski and Wilk,  

1978b).  Fur thermore  i t  su g g e s t s  t h a t  y - g l u t a m y l  d e r i v a t i v e s  of  amino 

a c i d s  e n t e r  t h e  k idney c e l l s  in  an i n t a c t  f o rm .

Ami n o p e p t id a se  A

Ami n o p e p t id a se  A c a t a l y z e s  h y d r o l y s i s  o f  p e p t id e  bonds in which th e  

« -carboxyl  group o f  an N-terminal  L -d 1 c a rb o x y l1 c  amino a c i d  i s  in v o lv ed  

( r e a c t i o n  5) (Glenner  and Fo lk ,  1961; G l e n n e r  e t  a l . ,  1962b) .



- 8 -

CO-NHR COOH

CHNH2

CH2 )n ^  (CH2 ) n

CHNH2

+ nh2r (5)

COOH COOH

where n= 1 o r  2

The enzyme i s  a c t i v a t e d  by Ca^+ (Glenner  and Folk ,  1961). High amino- 

p e p t i d a s e  A a c t i v i t y  i s  found in r a t  kidney where t h e  a c t i v i t y  i s  

l o c a l i z e d  t o  g lo m eru l i  (Glenner  e t  a l . ,  1962^).  Bra in  c a p i l l a r i e s  

(Orlowski and Wilk, 1978a ) ,  p a n c re a s ,  duodenum (Glenner  and Folk ,  1961; 

Glenner  e t  a l . ,  1962^) and serum (Nagatsu e t  a l . ,  1965, 1970) a l so  

e x h i b i t  c o n s i d e r a b l e  enzymatic  a c t i v i t y .

Mammalian t i s s u e s  c o n t a i n  a number o f  enzymes which a r e  cap ab le  of 

h yd ro lyz ing  N-acyl amino a c i d s .  In t h e  k idney ,  t h r e e  amino ac id  a c y l a s e s  

d i f f e r i n g  in  s u b s t r a t e  s p e c i f i c i t y  have been i d e n t i f i e d  (G re e n s t e in  and 

W in i tz ,  1961).  These enzymes c a t a l y z e  t h e  genera l  r e a c t i o n  ( r e a c t i o n  6 ) .

Acylase

R' R

RCH2 CO-NH-CHCOOH ^  RCH2C00H + NH2 -CHCOOH (6)

Acylase I R = C l , H, NH2
R'= L-amino a c id  s i d e  c h a in

Acylase II  R * C l , H
R'= -CH2 C00H

Acylase I I I  R = C l , H
R'= L-arom at ic  amino acid  

s i d e  cha in
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Renal a c y l a s e  I [EC 3 . 5 . 1 . 1 4 ]  c a t a l y z e s  h y d r o ly s i s  o f  v a r io u s  

a - N -a c y la te d  L-amino ac id s  (Birnbaum e t  a l . ,  1952; Rao e t  a l . ,  1952, 

1953; Fones and Lee, 1953).  The enzyme r e q u i r e s  t h e  p re sen ce  of  a 

hydrogen atom on th e  p e p t id e  n i t r o g e n  and a f r e e  t e rm in a l  a -carboxyl  

group (Fu and Birnbaum, 1953; Rao e t  a l . ,  1953). There i s  a rough 

c o r r e l a t i o n  between th e  r a t e  o f  h y d r o ly s i s  and th e  e l e c t r o n e g a t i v i t y  o f  

t h e  acyl  moie ty  of  a s u b s t r a t e .  For a g iven a-amino ac id  r e s i d u e ,  t h e  

r a t e  o f  h y d r o ly s i s  d e c r e a s e s  with  th e  v a r io u s  N-acyl s u b s t i t u e n t s  in  th e  

o r d e r  o f  t r i f l u o r o a c e t y l  > c h l o r o a c e t y l  > a c e ty l  > formyl (Fudor e t  a l . ,  

1950; Fones and Lee, 1953).  Birnbaum and c o l l e a g u e s  (1952) have 

dem ons tra ted  t h e  e x i s t e n c e  o f  a n o th e r  a c y l a s e  which i s  d e s ig n a te d  as  

a c y l a s e  II  [EC 3 . 5 . 1 . 1 5 ] .  This  enzyme has high s p e c i f i c i t y  f o r  

N -acy la ted  L - a s p a r t i c  a d d ,  a s u b s t r a t e  poor ly  hydro lyzed  by a c y la s e  I .  

The a c t i v i t i e s  o f  bo th  a c y la s e  I and a c y la s e  II  a r e  h i g h e s t  in  the  

k idney (G re en s te in  and Wlni tz ,  1961; Loren tz  e t  a l . ,  1975).  The t h i r d  

a c y l a s e  which i s  t e n t a t i v e l y  d e f in e d  as  a c y l a s e  I I I  ( G re e n s te in  and 

W in i tz ,  1961) has  been p a r t i a l l y  p u r i f i e d  from r a t  k idney (Endo, 

1978a ,t>). Acylase  I I I  a c t s  p r e f e r e n t i a l  ly  on N-acyl L -arom at ic  amino 

a c i d s .  As w i th  o t h e r  a c y l a s e s ,  kidney e x h i b i t s  t h e  h ig h e s t  a c y l a s e  I I I  

a c t i v i t y  among v a r io u s  organs examined. Within t h e  k id n e y ,  t h e  c o r t e x  

shows two to  t h r e e  t im es  h ig h e r  a c t i v i t y  than  t h e  medul la  (Endo, 1978a ) .

Aromatic L-am1no a c id  dec a rb o x y la se

Aromatic L-amlno ac id  d e ca rb o x y la se  i s  an enzyme which c a t a l y z e s  

d e c a r b o x y la t i o n  of  a rom at ic  L-amino a c i d s  ( r e a c t i o n  7 ) .
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NH?
I

R-CH2CH-C00H ____________ ^  R-CH2 CH2 NH2  + C02 (7)

where R = a ro m a t ic  group

Py r id o x a l  p h o sp h a te  i s  r e q u i r e d  as  a c o f a c t o r  in t h i s  enzym at ic  

r e a c t i o n  (Awapara e t  a l .» 1962; C h r i s t e n s o n  e t  a l . ,  1970) .  The enzyme 

i s  s t e r e o s p e c i f i c  f o r  L-1somers  o f  a r o m a t ic  amino a c i d s  ( B la sc h k o ,  1942) .  

Aromat ic  L-amino a c id  d e c a r b o x y la s e  i s  c a p a b le  o f  c a t a l y z i n g  d e c a rb o x y ­

l a t i o n  o f  a l a r g e  number o f  a ro m a t ic  L-amino a c i d s  i n c l u d i n g  3 , 4 -  

d ih y d r o x y p h e n y la l a n in e ,  5 - h y d ro x y t r y p to p h a n ,  t r y p t o p h a n ,  t y r o s i n e ,  

p h e n y l a l a n i n e  as  wel l  as  a v a r i e t y  o f  a r o m a t ic  a -m ethy l  amino a c i d s  

(Weissbach e t  a l . ,  1960; Lovenberg e t  a l . ,  1962; S o u rk e s ,  1966; Dairman 

e t  a l . ,  1973) .  D e te rm in a t io n  o f  t h e  a c t i v i t y  o f  a r o m a t i c  L-amino a c i d  

d e c a r b o x y l a s e  w i th  3 , 4 -d ihydroxypheny l  a l a n i n e  as  s u b s t r a t e  in  k id n e y ,  

l i v e r ,  small i n t e s t i n e ,  b r a i n ,  h e a r t ,  l u n g ,  s p l e e n  and a d r e n a l s  o f  r a t ,

r a b b i t  and g u inea  pig  has  i d e n t i f i e d  t h e  k idney  a s  t h e  o rgan  w i th  t h e

h i g h e s t  a c t i v i t y  in  a l l  t h e  s p e c i e s  (Davis  and Awapara, 1960) .  This  

enzyme was l o c a l i z e d  w i th  a s p e c i f i c  im m unof luorescence  t e s t  in  t h e  

e n d o th e l iu m  o f  t h e  d i s t a l  and proximal t u b u l e s  and in  g lo m e ru l i  o f  t h e

k idney  ( G o l d s t e i n  e t  a l . ,  1972, 1973) .
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Pharmacology o f  dopamine

1. E f f e c t  on r e n a l  b lood f low

A dopam ine- induced  i n c r e a s e  in  re n a l  b lood f low has  been  observed  

in  r a t s  {Brennan e t  a l . ,  1 977) ,  dogs b o th  a n e s t h e t i z e d  (McNay e t  a l . ,

1965; Morimoto, 1967) and u n a n e s t h e t i z e d  (Meyer e t  a l . ,  1967) and in  man 

(McDonald e t  a l . ,  1964; H ol lenberg  e t  a l . ,  1973).  Dopamine (DA) a l s o  

i n c r e a s e s  r e n a l  b lood f low  in  man under  a v a r i e t y  o f  c l i n i c a l  c o n d i t i o n s ,  

i n c l u d i n g  p a t i e n t s  w i th  c o n g e s t i v e  h e a r t  f a i l u r e  (Rosenblum e t  a l . ,  1970; 

Abrahamsen e t  a l . ,  1974) ,  h y p e r t e n s i o n  ( B reck en r id g e  e t  a l . ,  1971; Orme 

e t  a l . ,  1973) ,  and c i r r h o s i s  (Barnardo  e t  a l . ,  1970; Benne t t  e t  a l . ,  1975) .  

A s i m i l a r  i n c r e a s e  in  rena l  b lood f low  a f t e r  DA i s  seen  in  an im als  u n d e r ­

going e x p e r i m e n t a l l y  induced  shock (C arv a lh o  e t  a l . ,  1969; Rao and Bhaga t ,  

1978; N e ib e r g e r  and Passmore,  1979) .  That t h i s  i n c r e a s e  i n v o l v e s  a d i r e c t  

e f f e c t  on t h e  k id n e y ,  was shown by a d m i n i s t e r i n g  DA d i r e c t l y  i n t o  t h e  

r e n a l  a r t e r y .  A dose  r e l a t e d  and u n i l a t e r a l  i n c r e a s e  in  r e n a l  b lood f low 

on t h e  s i d e  o f  t h e  d rug  a d m i n i s t r a t i o n  was observed  in  dogs (McNay e t  a l . ,  

1965; Meyer e t  a l . ,  1967).

DA c a u s e s  v a s o d i l a t i o n  and an i n c r e a s e  in  rena l  b lood f low  th ro u g h  

i t s  a c t i o n  on s p e c i f i c  DA r e c e p t o r s  in  t h e  r e n a l  v a s c u l a t u r e .  A s i m i l a r  

DA-induced v a s o d i l a t i o n  has been r e p o r t e d  in  m e s e n te r i c  ( E b l e ,  1964; Yeh 

e t  a l . ,  1969) ,  c e r e b r a l  (von Essen ,  1972;  Edvinsson  e t  a l . ,  1978) and 

c o r o n a ry  a r t e r i e s  (Schue lke  e t  a l . ,  1971) .  Severa l  rev iew s  c o v e r in g  th e  

s u b j e c t  o f  v a s c u l a r  DA r e c e p t o r s  have appea red  (G o ld b e rg ,  1972 ,1975a , b ;  

Goldberg e t  a l . ,  1977 ,1978;  P en d le to n  and S e t l e r ,  1977) .

Evidence  s u p p o r t i n g  t h e  c o n c l u s io n  t h a t  r ena l  v a s o d i l a t i o n  i s  

m ed ia ted  by s p e c i f i c  DA r e c e p t o r s  comes from s t u d i e s  w i th  v a r io u s  a n t a g o ­

n i s t s .  I t  was shown t h a t  t h e  rena l  v a s o d i l a t i n g  a c t i o n  o f  DA i s  d i s t i n c t
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from s t i m u l a t i o n  o f  3 - r e c e p t o r s  o r  r e l e a s e  o f  known v a s o d i l a t o r s  such 

as  a c e t y l c h o l i n e ,  h i s t a m in e  and p r o s t a g l a n d i n s  o f  t h e  A, B and E t y p e .

Thus p rop rano lo l  in  doses  which block i s o p r o t e r e n o l - i n d u c e d  i n c r e a s e  in  

rena l  blood f low has  no e f f e c t  on t h a t  of  DA {McNay e t  a l . ,  1963; McNay 

and Goldberg,  1966). A trop ine  {McNay e t  a l . ,  1963; McNay and Goldberg ,

1966) ,  d iphenhydramine {McNay e t  a l . ,  1963) and indomethacin  ( D r e s s i e r  

e t  a t . ,  1975; Pendle ton  and Woodward, 1976) a r e  a l s o  i n e f f e c t i v e  in 

b lock ing  DA induced rena l  v a s o d i l a t i o n .  Moreover a neurogenic  mechanism 

does  not  appear  t o  be Invo lved  s in c e  d e n e r v a t io n  o f  t h e  k idney (McNay e t  

a l . ,  1963; McGiff and Burn, 1967),  t r e a t m e n t  with  hexamethonium (Morimoto,

1967) o r  p r e t r e a tm e n t  with  r e s e r p i n e  (McNay and Goldberg ,  1966) o r  with  

b r e ty l iu m  (McGiff and Burns, 1967) does  not  a n tag o n iz e  t h e  v a s o d i l a t i n g  

a c t i o n  of  DA. R e c e n t ly ,  however, Lokhandwala and a s s o c i a t e s  r e p o r t e d  

t h a t  DA a t t e n u a t e s  t h e  renal  v a s o c o n s t r i c t o r  r e sp o n se  to  sym pathe t ic  

nerve  s t i m u l a t i o n  (Lokhandwala and Buckley,  1977; Lokhandwala and 

J a n d h y a la ,  1979).  The e x t e n t  o f  th e  c o n t r i b u t i o n  made by such a t t e n u a ­

t i o n  t o  t h e  o v e r a l l  r en a l  v a s o d i l a t i n g  a c t i o n  o f  DA i s  no t  known.

I t  appears  u n l i k e l y  t h a t  DA induced v a s o d i l a t i o n  i s  mediated by 

i t s  m e t a b o l i t e s .  Known m e t a b o l i t e s  o f  DA a r e  i n a c t i v e  as  rena l  vaso­

d i l a t o r s  (McNay and Goldberg ,  1966). Although t e t r a h y d r o p a p a v e r o l i n e ,  

a c o n d e n sa t io n  product  o f  DA causes  rena l  v a s o d i l a t i o n ,  t h i s  can be 

blocked by 3 - a n t a g o n i s t s  (McNay and Goldberg ,  1966),

DA induced renal  v a s o d i l a t i o n  i s  a n tag o n ized  by p h e n o th i a z in e s  and 

h a lo p e r id o l  in  doses  t h a t  do not a f f e c t  I s o p r o t e r e n o l  o r  b ra d y k in in  

induced v a s o d i l a t i o n  (Yeh e t  a l . ,  1969; Goldberg and Yeh, 1971) . Such 

s e l e c t i v e  antagonism i s  a l so  seen with  s u l p i r i d e  (Kohli e t  a l . ,  1978b) 

and metoclopramide (Day and Blower, 1975; Kohli e t  a l . ,  1978b) which a r e
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a l s o  known c e n t r a l  DA a n t a g o n i s t s .  Bell  and a s s o c i a t e s  (1974) have 

d e m o n s t r a t ed  a b lo ck ad e  o f  DA induced i n c r e a s e  in  r e n a l  b lood  f lo w  by 

e r g o m e t r l n e ,  an e r g o t  a l k a l o i d .  In a d d i t i o n ,  apomorphlne (B e l l  e t  a l . ,

1974) and t h e  s t r u c t u r a l l y  r e l a t e d  a l k a l o i d  b u lb o c a p n ln e  ( S e t l e r  e t  a l . ,  

1975; P e n d le to n  and Woodward, 1976) a n t a g o n iz e  t h e  r e n a l  a c t i o n  o f  DA. 

With r e s p e c t  t o  v a s c u l a r  DA r e c e p t o r s ,  apomorphine a p p e a r s  t o  a c t  a s  a 

p a r t i a l  a n t a g o n i s t .

Not o n ly  i s  DA induced  rena l  v a s o d i l a t i o n  s p e c i f i c a l l y  a t t e n u a t e d  

by DA a n t a g o n i s t s  b u t  t h e r e  i s  a l s o  a s t r i c t  s t r u c t u r a l  r e q u i r e m e n t  f o r  

such 'D A - l i k e '  a c t i o n .  'D A - l i k e '  a c t i o n  i s  d e f i n e d  as  t h a t  a c t i o n  o f  a 

compound which produces  re n a l  b u t  no t  femoral  v a s o d i l a t i o n  a f t e r  phenoxy- 

benzamlne and p r o p r a n o lo l  t r e a t m e n t  and i s  s p e c i f i c a l l y  a n t a g o n i z e d  by 

DA a n t a g o n i s t s  (Goldberg  e t  a l . ,  1968).  The i n i t i a l  s tu d y  examin ing  

f o r t y  fo u r  phenyl e th y l  amines  and apomorphine  has  shown on ly  N-methyl-  

dopamine and apomorphine t o  p o s s e s s  'D A - l ik e '  a c t i o n  (Goldberg e t  a l . ,

1968) .  Recent  s t u d i e s ,  however ,  show t h a t  a number o f  N-n-propyl  

d e r i v a t i v e s  o f  DA a r e  c a p a b l e  o f  e l e v a t i n g  r e n a l  b lood  f low which i s  

a t t e n u a t e d  by h a l o p e r i d o l  o r  m e toc lop ram ide  bu t  not  by p r o p r a n o l o l ,  

p y r l l a m l n e ,  m e t i a m id e ,  a t r o p i n e  o r  hexamethonium (Volkman e t  a l . ,  1977; 

Ginos e t  a l . ,  1978; Kohli e t  a l . ,  1978a ) .  O the r  a g e n t s  t h a t  a r e  known 

t o  e x h i b i t  v a s c u l a r  DA a g o n i s t  a c t i o n  In c lu d e  6 -p ro p y l -n o ra p o m o rp h in e  

(Crumly e t  a l . ,  1976) ,  SK&F 38393 (P en d le to n  e t  a l . ,  1978) and 

2 -am 1 n o -6 ,7 -d 1 h y d ro x y -1 ,2 ,  3 , 4 - t e t r a h y d r o n a p h t h a l e n e  (Volkman e t  a l . ,

1977) .

F u r t h e r  s u p p o r t  f o r  t h e  Involvement  o f  s p e c i f i c  DA r e c e p t o r s  i s  

o b t a i n e d  from s t u d i e s  u t i l i z i n g  i s o l a t e d  a r t e r i a l  s t r i p s .  DA has  been  

shown t o  p roduce  a d o s e -d e p e n d e n t  r e l a x a t i o n  in  i s o l a t e d  r e n a l  a r t e r i a l
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s t r i p s  p r e t r e a t e d  w i th  phenoxybenzamine and c o n t r a c t e d  w i th  K+ o r  

p r o s t a g l a n d i n  F2  . This  DA-lnduced r e l a x a t i o n  I s  n o t  b locked  by 

6 - a n t a g o n i s t s  (Goldberg  e t  a l . ,  1973; Toda and G o ldbe rg ,  1973; Goldberg 

and Toda, 1975) bu t  a n t a g o n iz e d  s p e c i f i c a l l y  by d r o p e r i d o l  (Toda and 

H a tano ,  1979) .

2. E f f e c t  on o t h e r  r en a l  f u n c t i o n s

In a d d i t i o n  t o  t h e  ren a l  v a s o d i l a t i n g  a c t i o n ,  DA has  been r e p o r t e d  

to  i n c r e a s e  g lo m e r u la r  f i l t r a t i o n  r a t e  in  dogs (Meyer e t  a l . ,  1967) ,  

normal man (McDonald e t  a l . ,  1964) and in  p a t i e n t s  w i th  h y p e r t e n s i o n  

(B re c k e n r id g e  e t  a l . ,  1971; Orme e t  a l . ,  1973) ,  c o n g e s t i v e  h e a r t  f a i l u r e  

(McDonald e t  a l . ,  1964; Beregovich  e t  a l . ,  1974) ,  and c i r r h o s i s  ( P e s c h l ,

1978) .  Moreover t h i s  agen t  promotes  g r e a t e r  Na+ and in  some c a s e s  K+ 

e x c r e t i o n  and i n c r e a s e s  u r i n a r y  o u tp u t  in  an im a ls  (Meyer e t  a l . ,  1967; 

Morimoto, 1968; B r o t z u ,  1970) .  The n a t r i u r e t i c  and d i u r e t i c  r e sp o n s e  

induced  by DA i s  a l s o  o b se rv ed  in  p a t i e n t s  w i th  h y p e r t e n s i o n  (Onne e t  a l . ,  

1973; Velasco  e t  a l . ,  1974) ,  c o n g e s t i v e  h e a r t  f a i l u r e  (Goldberg  e t  a l . ,  

1963; Beregovich  e t  a l . ,  1974) and c i r r h o s i s  ( E s p i r i t u  e t  a l . ,  1972; 

B e n n e t t  e t  a l . , 1975) .

3. E f f e c t  on b lood  p r e s s u r e

The e f f e c t  o f  DA on blood p r e s s u r e  i s  complex s i n c e  i t  r e d u c es  t h e  

r e s i s t a n c e  i n  some v a s c u l a r  beds  and i n c r e a s e s  i t  in  o t h e r s  ( E b le ,  1964; 

Ross and Brown. 1967) .  Moreover  even in a g iv e n  v a s c u l a r  b e d ,  t h e  e f f e c t  

on v a s c u l a r  r e s i s t a n c e  d i f f e r s  depend ing  on t h e  dose  o f  DA a d m i n i s t e r e d .

In t h e  c a n i n e  r e n a l  v a s c u l a t u r e  f o r  example ,  i n t r a a r t e r i a l  i n j e c t i o n  of  

DA up t o  6  ug c a u s e s  a d o s e -d e p e n d en t  i n c r e a s e  in  t h e  b lood  f low.  A



- 1 5 -

dose o f  12 yg produces a t r a n s i e n t  i n i t i a l  v a s o c o n s t r i c t i o n  fo l lowed by 

v a s o d i l a t i o n .  V a s o c o n s t r i c t i o n  predomina tes  when th e  dose i s  in c reased  

f u r t h e r  {McNay e t  a l . ,  1965).  C or respond ing ly  in  d o g s ,  t h e  in t r a v e n o u s  

a d m i n i s t r a t i o n  of  DA in  doses  o f  up t o  about 1 yg/kg  cau ses  a d ec re a se  

in  blood p r e s s u r e .  La rge r  doses  produce a b i p h a s i c  e f f e c t  c o n s i s t i n g  of  

an i n i t i a l  p r e s s o r  e f f e c t  fo llowed by a d ec re a se  in blood p r e s s u r e .  At 

doses  exceed ing  10 yg /kg ,  t h e  p r e s s o r  e f f e c t  predomina tes  (McDonald and 

Goldberg ,  1963; Sampson e t  a l . ,  1974; S e t l e r  e t  a l . ,  1975).

Following a -b lo c k a d e ,  t h e  p r e s s o r  a c t i o n  o f  DA i s  r e v e r s e d  and a 

d ose -dependen t  d e c r e a s e  in  blood p r e s s u r e  i s  observed (McDonald and 

Goldberg,  1963; Sampson e t  a l . ,  1974).  The p r e s s o r  a c t i o n  i s  not a l t e r e d  

by p r e t r e a tm e n t  with r e s e r p i n e ,  6-hydroxydopamine (Neuvonen and Westerman, 

1973) ,  o r  up take  b lo c k e r s  such as  des ip ram in e  and p r o t r y p t i l i n e  (Rubenson, 

1971; Neuvonen and Westerman, 1973) su g g e s t in g  a d i r e c t  a c t i o n  on 

a - r e c e p t o r s .  However s in c e  c y p ro h ep tad in e  has been shown t o  block DA 

induced c o n t r a c t i o n  in  i s o l a t e d  can ine  v e s s e l s ,  a p o s s i b l e  r o l e  of th e  

s e r o t o n e r g i c  mechanism cannot  be d i s r e g a r d e d .  The d e p r e s s o r  e f f e c t  of  

DA i s  not blocked by p - a n t a g o n i s t s ,  a t r o p i n e ,  d iphenhydramine or  

hexamethonium but  a t t e n u a t e d  by h a lo p e r id o l  (Sampson e t  a l . ,  1974),  

b u lbocapn ine  (P e n d le to n  e t  a l . ,  1975),  e r g o m e t r in e ,  apomorphine (B e l l  e t  

a l . ,  1974) and metoclopramide (Day and Blower, 1975).  T h e re fo re  t h e  

e f f e c t  of i n t r a v e n o u s ly  ad m in is te red  DA on sys tem ic  blood p r e s s u r e  

ap p ea rs  to  be r e l a t e d  to  a b a lan c e  between t h e  v a s o c o n s t r i c t i n g  and 

v a s o d i l a t i n g  a c t i o n  o f  t h i s  a g e n t ,  t h e  former  p robab ly  media ted  by 

a - r e c e p t o r s  and t h e  l a t t e r  by DA r e c e p t o r s .

S ince  h ig h e r  doses  o f  DA may e l e v a t e  blood p r e s s u r e  and p o s s i b l y  

lower renal  b lood f low by in c r e a s in g  rena l  v a s c u l a r  r e s i s t a n c e ,  t h e
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maximal dose o f  DA t h a t  can be a d m in i s t e r e d  c l i n i c a l l y  i s  l i m i t e d  (Reid 

and Thompson, 1975).  Fur thermore  because  o f  i t s  v a s o c o n s t r i c t i n g  a c t i o n ,  

t h i s  agen t  has a p o t e n t i a l  f o r  producing gangrene .  In man, DA-induced 

gangrene ,  which in one case  r e s u l t e d  in  am puta t ion  o f  a hand,  has  been 

r e p o r t e d  by s e v e ra l  groups  {Alexander  e t  a l . ,  1975; Greene and Smith,  

1976; Ebels  and van d e r  Heide ,  1977; S t e t s o n  and Reading,  1977). In 

t h i s  r e s p e c t ,  i t  i s  o f  I n t e r e s t  t h a t  t h e  combined use of  DA with

o - a n t a g o n i s t s  (Hsieh and Goldberg,  1979) o r  w i th  p r o s t a g l a n d i n  A (Robie 

e t  a l . ,  1974; Vincent i  and Goldberg ,  1978) was shown to  p rev en t  an 

e x c e s s iv e  r i s e  in blood p r e s s u r e  while  m a in ta in in g  DA induced renal blood 

f low e l e v a t i o n .

4. E f f e c t  on c a r d i a c  f u n c t io n s

DA i s  a c a r d i o s t i m u l a t o r  having bo th  p o s i t i v e  i n o t r o p i c  and 

c h r o n o t ro p ic  a c t i o n s .  In I n t a c t  dogs ,  1 t o  10 yg /kg/min  o f  DA causes  

an i n c r e a s e  in  s t r o k e  volume w i thou t  a f f e c t i n g  e n d - d i a s t o l i c  volume, 

h e a r t  r a t e  o r  mean a o r t i c  blood p r e s s u r e .  Since p r e l o a d ,  a f t e r l o a d  and 

h e a r t  r a t e  remained unchanged,  i t  was concluded t h a t  more e f f i c i e n t  

v e n t r i c u l a r  emptying was r e s p o n s i b l e  f o r  t h e  observed  r i s e  in  s t r o k e  

volume. In t h e  same s tu d y ,  DA a l s o  i n c r e a se d  s y s t o l i c  e j e c t i o n  r a t e  and 

c i r c u m f e r e n t i a l  s h o r t e n in g  r a t e  su g g e s t in g  a c t i o n  on myocardia l  f i b e r  

s h o r t e n in g  (Black and R o l e t t ,  1966).  A DA Induced change in  c a r d i a c  

c o n t r a c t i l i t y  was a l s o  i n d i c a t e d  by an i n c r e a s e  in  v e n t r i c u l a r  c o n t r a c ­

t i l e  f o r c e  1n i n t a c t  dogs (McDonald and Goldberg,  1963) and lu n g - h e a r t  

p r e p a r a t i o n s  1n which t h e  h e a r t  r a t e  was kep t  c o n s t a n t  by e l e c t r i c a l  

s t i m u l a t i o n  (Holmes and Fowler ,  1962).  F u r th e r  suppor t  f o r  a p o s i t i v e  

i n o t r o p i c  e f f e c t  o f  DA was o b ta in e d  by t h e  o b s e r v a t i o n  t h a t  i t  I n c r e a s e s
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t h e  v e l o c i t y  o f  l e f t  v e n t r i c u l a r  p r e s s u r e  r i s e ,  , d u r in g  1sovolutn1c 

c o n t r a c t i o n  {Black and R o l e t t ,  1966; V a tne r  e t  a l . ,  1973) .  The p o s i t i v e  

I n o t r o p i c  e f f e c t  o f  t h i s  a g e n t  has a l s o  been d em o n s t ra ted  in  I s o l a t e d  

a t r i a  (Lee and Yoo, 1964; Chiba ,  1975) and 1n i s o l a t e d  v e n t r i c u l a r  s t r i p s  

d u r in g  i s o m e t r i c  c o n t r a c t i o n  (Endoh e t  a l . ,  1976; Mugell i  e t  a l . ,  1977) .

The p o s i t i v e  c h r o n o t r o p i c  e f f e c t  o f  DA i s  observed  1n i n t a c t  a n im a ls  

(McDonald and G o ldbe rg ,  1963; Morimoto, 1967) .  In t h e s e  a n im a l s ,  however ,  

i t s  d i r e c t  a c t i o n  on h e a r t  r a t e  may have been c o m p l ic a te d  by t h e  r e f l e x  

change in  r e sp o n s e  t o  DA induced a l t e r a t i o n  in  s y s tem ic  blood p r e s s u r e .

To avo id  t h i s  c o m p l i c a t i o n ,  t h e  e f f e c t  o f  DA was s t u d i e d  in  vagotomized 

dogs ( P r i v i t e r a  e t  a l . ,  1969) ,  s p in a l  c a t s  {Farmer ,  1966) ,  dog l u n g - h e a r t  

p r e p a r a t i o n s  { B e j ra b la y a  e t  a l . ,  1958) and in i s o l a t e d  r i g h t  a t r i a  (C h ib a ,

1975) .  An i n c r e a s e  1n h e a r t  r a t e  was found in  a l l  t h e  c a s e s .  I t  i s  

i n t e r e s t i n g  to  n o t e  t h a t  a low dose  o f  DA p r e f e r e n t i a l l y  a f f e c t s  c a r d i a c  

c o n t r a c t i l i t y  w i th  l i t t l e  o r  no e f f e c t  on h e a r t  r a t e  (McDonald and 

Goldberg ,  1963; Black and R o l e t t ,  1966) .

That t h e  p o s i t i v e  i n o t r o p i c  and c h r o n o t r o p i c  e f f e c t s  o f  DA a r e  

m ed ia ted  by p - a d r e n e r g i c  r e c e p t o r s  i s  s u p p o r te d  by t h e  f i n d i n g  t h a t  

p - a n t a g o n i s t s  b lock  t h e s e  e f f e c t s  (McDonald and G oldberg ,  1963; Black 

and R o l e t t ,  1966; R o l e t t  and B lack ,  1966; Ross and Brown, 1967) .  

P r e t r e a t m e n t  w i th  r e s e r p i n e  p a r t i a l l y  r e d u c e s  t h e  DA induced  i n c r e a s e  

In  m yocard ia l  c o n t r a c t i l i t y  (Lee and Yoo, 1964;  Mugell i  e t  a l . ,  1977) and 

h e a r t  r a t e  ( B e j r a b l a y a  e t  a l . ,  1958; Farmer ,  1966).  The p o s i t i v e  

I n o t r o p i c  e f f e c t  i s  a l s o  a t t e n u a t e d  by d esm e th y l im ip ram in e  ( C h ib a ,  1975) ,  

c o c a in e  and b r e t y l l u m  (Lee and Yoo, 1964) w h i l e  t h e  c h r o n o t r o p i c  e f f e c t  

i s  a t t e n u a t e d  by c o c a i n e  (Fa rm er ,  1966) .  T h e re fo re  b o th  a d i r e c t  a c t i o n  

on S - r e c e p t o r s  and i n d i r e c t  a c t i o n  by r e l e a s i n g  n o r e p i n e p h r i n e  from t h e
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n e rv e  t e r m i n a l s  ap p e a r  t o  be in v o lv ed  In i t s  s t i m u l a t i o n  o f  t h e  c a r d i a c  

pe r fo rm ance .

The c a r d i o s t i m u l a t o r y  a c t i o n  of  DA may have bo th  b e n e f i c i a l  and 

d e t r i m e n t a l  c o n s e q u e n c e s .  The a b i l i t y  o f  DA t o  Induce p o s i t i v e  i n o t r o p y  

t o g e t h e r  w i th  g r e a t e r  re n a l  p e r f u s i o n  i s  unique among t h e  sympathomimetic 

amines .  As such  i t  has  been used s u c c e s s f u l l y  in  t r e a t m e n t  o f  sh o ck ,  

a c u t e  h e a r t  f a i l u r e  d u r in g  and a f t e r  c a r d i a c  s u r g e r y ,  and c o n g e s t i v e  

h e a r t  f a i l u r e  (Goldberg e t  a l . ,  1977).  On t h e  o t h e r  hand,  as  any c a r d i o -  

s t i m u l a t o r  DA i s  c a p a b le  o f  induc ing  a r r h y th m ia .  Thus c a s e s  o f  s u p ra ­

v e n t r i c u l a r  t a c h y c a r d i a  ( T a l l e y  e t  a l . ,  1969) and v e n t r i c u l a r  p rem atu re  

c o n t r a c t i o n s  (McDonald e t  a l . ,  1964; Rosenblum e t  a l . ,  1972) have been 

r e p o r t e d  a f t e r  DA in  man. This  agen t  has  a l s o  been d e m o n s t r a t e d  t o  

p roduce  v e n t r i c u l a r  f i b r i l l a t i o n  in c a t s  a n e s t h e t i z e d  w i th  s e n s i t i z i n g  

a g e n t s  such as  c y c lo p ro p a n e  and h a l o th a n e  (Katz e t  a l . ,  1967) .  DA, 

be ing  an i n o t r o p i c  a g e n t ,  may a l s o  I n c r e a s e  myocard ia l  oxygen consumption  

and l a c t a t e  p r o d u c t io n  (M u e l le r  e t  a l . ,  1978; Vasu e t  a l . ,  1978) .  

C onsequen t ly  t h i s  compound c a r r i e s  a p o t e n t i a l  f o r  p r e c i p i t a t i n g  ang ina  

p e c t o r i s  (McDonald e t  a l . ,  1964) and worsening o f  m yocard ia l  i n f a r c t i o n  

(Reid e t  a l . ,  1972) .
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MATERIALS AND METHODS

A. M a te r i a l s  

Chemicals

Chemicals were o b ta in ed  from t h e  fo l lo w in g  s o u rc e s :  L -g lu tam ic  a c i d ,  

D-glutamic  a c i d ,  L - 3 ,4 -d ih y d r o x y p h e n y la la n in e ,  dopamine h y d r o c h l o r i d e ,

3 , 4 -d ih y d ro x y p h e n y la c e t i c  ac id  and h o in o v an m ic  ac id  from Sigma Chemicals 

Co. ( S t .  Lou is ,  Mo.),  p h t h a l i c  anhydr ide  and h y d raz in e  h y d ra te  from 

F i s h e r  S c i e n t i f i c  Co. ( S p r i n g f i e l d ,  N . J . ) ,  a c e t i c  anhydr ide  and c r e a t i n i n e  

from F i s h e r  S c i e n t i f i c  Co. (F a l r l a w n ,  N . J . ) ,  t r i e t h y l  amine, b u t y r i c  

anhydr ide  and c h lo r o a c e ty l  c h l o r i d e  from Eastman Kodak Co. (R o c h e s te r ,  

N .Y .) ,  sodium am inoh ippura te  from Merck Sharp & Dohme (West P o i n t ,  P a . ) ,  

G lu c o s ta t  Reagent Se t  from Worthington Biochemical Corp. (F re e h o ld ,

N . J . ) ,  3 , 4 -d ih y d ro x y p h en y lp ro p io n ic  a c i d ,  4-hydroxy-3-methoxycinnamic 

ac id  from A ld r ich  Chemical Co. (Milwaukee, W ise . ) ,  p e n t a f l u o r o p r o p i o n i c  

anhydr ide  from P i e r c e  Chemical Co. (Rockford ,  1 1 1 . ) ,  2 , 2 , 3 , 3 , 3 - p e n t a -  

f l u o r o - l - p r o p a n o l  and 1 - c h l o r o - 1 , 1 , 3 , 3 , 3 - p e n t a f l u o ro -2 -p ropano l  from 

Pen in su la  Chemical Research Co. ( G a i n e s v i l l e ,  F l a . ) ,  aluminun ox ide  Woelm 

b a s ic  a c t i v i t y  g rad e  1 from ICN Inc .  (C le v e la n d ,  O hio) .  Dowex-1 (AG-1X4, 

200-400 mesh) was purchased  from Bio-Rad l a b o r a t o r i e s  (Richmond, C a l i f . ) .  

All coa ted  gas -ch rom atog raph ic  pack ings  were o b ta in e d  from Applied 

Sc ience  L a b o r a t o r i e s  ( S t a t e  C o l le g e ,  P a . ) .

G l y c y l - [ l - 1 4 c ] - p - a m in o h i p p u r a t e  ( s p e c i f i c  a c t i v i t y  43 mCi/mmole) and 

i nul i n - C ^ C j - c a r b o x y l  i c  ac id  ( s p e c i f i c  a c t i v i t y  13.3 mCi/mmole) were 

purchased from New England N uclear  (B os ton ,  M ass . ) .

All o t h e r  r e a g e n t s  not s p e c i f i c a l l y  mentioned were o f  r e a g e n t  g rade  

p u r i t y  and were o b ta in e d  from F i s h e r  S c i e n t i f i c  Co. ( S p r i n g f i e l d ,  N . J . )  

o r  Sigma Chemical Co. ( S t .  Louis ,  Mo.).
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S u l fam e th o x azo le  and a -m e th y l-d o p am in e  hydrobromide  were generous  

g i f t s  from Hoffmann-La Roche, In c .  ( N u t l e y ,  N . J . ) .

S y n th eses

The s y n t h e t i c  p r o c e d u re s  a r e  o u t l i n e d  in F ig u r e  1 and t h e  p ro d u c ts  

a r e  l i s t e d  i n  F ig u re  2 -4 .

1. S y n t h e s i s  o f  p h th a lo y l  g lu ta m ic  a n h y d r id e

P h t h a l o y l - L - g l u t a m i c  a n h y d r id e  was o b t a i n e d  by t h e  method o f  

Sheehan and B o lh o fe r  (1950) a s  m o d i f ied  by King e t  a l . ( 1 9 5 7 ) .

L-Glutamic  a c i d  (2 9 .4  g ,  0 .2  mole)  and p h t h a l i c  a n h y d r id e  ( 2 9 .6  g ,  0 . 2  

mole)  were ground to  a f i n e  powder and h e a te d  to  135-145°C f o r  20 

m in u te s .  The c l e a r  m el t  was th e n  co o led  t o  100°C and 35 ml o f  a c e t i c  

a n h y d r id e  were added .  The m i x t u r e  was h e a te d  f o r  3 m in u te s  a t  100°C and 

t h e n  105 ml o f  x y le n e  were added.  A f t e r  t h e  m ix tu re  was c o o le d  o v e r n ig h t  

a t  0°C, 29 g ( 0 .1 1  mole) o f  p h t h a l o y l - L - g l u t a m i c  a n h y d r id e  were  o b t a in e d .

P h t h a lo y l -D - g lu t a m ic  a n h y d r id e  was s y n t h e s i z e d  by s u b s t i t u t i n g  

D -g lu tam ic  a c i d  f o r  i t s  L - isom er  in  t h e  p ro c e d u re  d e s c r i b e d  abo v e .

2. L- y  -G1 utamyl-D0PA

L-D0PA ( 1 .9 7  g ,  0 .01  mole)  was d i s s o l v e d  in  50 ml o f  0 . 5  M Na;>C0 3  

under  n i t r o g e n .  The f l a s k  was co o led  in  an i c e  b a th  t o  0-5°C and  5 .2  g 

( 0 .0 2  mole) o f  p h t h a l o y l - L - g l u t a m i c  a n h y d r id e  d i s s o l v e d  in  30 ml of d ry  

d io x an e  were added d ropw ise  w i th  s t i r r i n g .  The m ix tu re  was s t i r r e d  f o r  

an a d d i t i o n a l  20 m in u te s  and th e n  a c i d i f i e d  t o  a p p r o x im a te ly  pH 1.0  by 

t h e  a d d i t i o n  o f  6 N HC1. The m ix tu re  was e x t r a c t e d  w i th  s e v e r a l  p o r t i o n s  

o f  e th y l  a c e t a t e  and t h e  pooled e x t r a c t s  were d r i e d  w i th  a n hydrous  sodium 

s u l f a t e .  Ethyl  a c e t a t e  was removed from t h e  e x t r a c t  by f l a s h  e v a p o r a t i o n
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and t h e  r e s i d u e  was d i s s o l v e d  in  50 ml o f  m e th a n o l .  Three m i l l i l i t e r s  

o f  h y d ra z in e  h y d r a t e  (99%) were added t o  t h e  methanol  s o l u t i o n  and t h e  

m i x t u r e  was l e f t  f o r  2 days a t  26 ° .  Methanol was th e n  removed by f l a s h  

e v a p o r a t i o n  and t h e  r e s i d u e  was suspended in  50 ml o f  w a te r .  The 

s u s p e n s io n  was a c i d i f i e d  t o  pH 3 .0  by t h e  d ropw lse  a d d i t i o n  o f  1 N HC1. 

The p r e c i p i t a t e d  w h i t e  s o l i d  ( p h th a lo y l  h y d raz ld e )  was removed by f i l t r a ­

t i o n  and t h e  f i l t r a t e  was a d j u s t e d  back t o  pH 5 . 0 .  The s o l u t i o n  was 

t h e n  a p p l i e d  a t  4°C t o  t h e  to p  o f  a Dowex-1 ( a c e t a t e )  column ( 2 . 5  x 45 

cm). The column was washed with  100 ml of  0 .01 M a c e t i c  a c id  and th e n  

e l u t e d  w i th  a l i n e a r  g r a d i e n t  e s t a b l i s h e d  between 2 l i t e r s  o f  0 .01 M 

a c e t i c  a c id  and 2 l i t e r s  o f  2 M a c e t i c  a c i d .  F r a c t i o n s  o f  a p p r o x im a te ly  

20 ml were c o l l e c t e d .  The p re se n c e  in  t h e  e l u a t e  o f  n i n h y d r i n - p o s i t i v e  

m a t e r i a l  was d e te rm in e d  by a s p o t  t e s t  on Whatman No.l  f i l t e r  p a p e r .

The p ro d u c t  o f  t h e  r e a c t i o n  emerged from t h e  column when a p p r o x im a te ly  2 

l i t e r s  o f  t h e  e l u a n t  pas sed  th ro u g h  t h e  column. The f r a c t i o n s  c o n t a i n i n g  

Y-glutamyl-DOPA were pooled  and a c e t i c  a c id  was c o m p le te ly  removed by 

f l a s h  e v a p o r a t i o n  under  reduced  p r e s s u r e  a t  37°C. An amorphous w h i te  

s o l i d  was o b t a i n e d .  The y i e l d  was 1 .4  g (43%) L- Y-glutamyl-DOPA.

c 14 °7  n 2 h 18 • ^2°

C a l c u l a t e d  : C48.84 ,  H5.85,  N8.14

Found : C49.39,  H6.02,  N7.42

D- Y-Glutamyl-D0PA was s y n t h e s i z e d  s i m i l a r l y  e x c e p t  t h a t  p h t h a l o y l -  

D -g lu tam ic  a n h y d r id e  was u sed .
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3. L- Y-Glutamyl-DA

1.9 g (0 .01  mole) o f  dopamine h y d ro c h lo r id e  was d i s s o l v e d  in 40 ml 

d io x an e .  4 g (0 .015 mole) o f  p h th a lo y l -L -g lu ta m ic  anhydr ide  were th en  

added and fo l lowed by dropwise  a d d i t i o n  o f  1 ml t r i e t h y l  amine. The 

m ix tu re  was hea ted  t o  60°C and m a in ta ined  a t  t h i s  t e m p e ra tu re  f o r  15 

min with  c o n s t a n t  m ix ing .  Dioxane was then  removed by f l a s h  e v a p o r a t io n  

and t h e  r e s i d u e  was d i s s o lv e d  in  50 ml m ethanol .  1.5 ml o f  hydraz ine  

h y d r a t e  was added and th e  m ix tu re  was l e f t  under n i t r o g e n  f o r  two days 

a t  25°C. Methanol was th en  removed by f l a s h  e v a p o r a t io n  and t h e  r e s i d u e  

was suspended in  25 ml o f  w a te r .  The suspens ion  was a c i d i f i e d  to  pH 3 

with  1 N HC1 and al lowed to  s tand  f o r  1 hour a t  25°C. The white  p r e ­

c i p i t a t e  was then  removed by f i l t r a t i o n  and th e  f i l t r a t e  was a p p l i e d  a t  

4°C t o  t h e  to p  of  a Dowex-1 ( a c e t a t e )  column ( 2 .5  x 45 cm). The column

was washed w i th  1 l i t e r  o f  0 .01 M a c e t i c  a c i d .  F r a c t io n s  o f  approx im ate­

ly  15 ml were c o l l e c t e d .  The p resence  in th e  e l u a t e  of  n in h y d r in -  

p o s i t i v e  m a t e r i a l  was de te rm ined  by a spo t  t e s t  on Whatman No.l f i l t e r  

p ap e r .  The absorbance  a t  280 nm was a l s o  measured.  The product  emerged 

a f t e r  app rox im a te ly  500 ml o f  th e  e l u e n t  was passed  th rough  th e  column. 

The f r a c t i o n s  c o n ta in in g  Y-glutamyl-DA were pooled and a c e t i c  a c id  was 

c o m p le te ly  removed by f l a s h  e v a p o r a t io n  under reduced p r e s s u r e  a t  37°C. 

The y i e l d  o f  L- y-glutamyl-DA was 0 .8  g (29%).

Cl 3 h18 °5 h2

C a lc u l a t e d  : C55.32, H6.43, N9.93
Found : C54.40, H6.53, N9.91

D- Y-Glutamyl-DA was sy n th e s iz e d  fo l low ing  t h e  same p rocedure  us ing 

p h th a lo y l -D -g lu ta m ic  anh y d r id e .
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4.  L- y -  and L- a -G lu ta m y l - s u l f a m e th o x a z o le

Su lfam ethoxazo le  (4 .1  g ,  0 .016 mole) was suspended In 40 ml of  

g l a c i a l  a c e t i c  a c id  and 4.54 g (0.0175 mole) o f  p h tha loy l  g lu tam ic  

an h y d r id e  were added. The m ix tu re  was hea ted  a t  60°C f o r  30 minutes  and 

t h e  s o lv e n t  was removed by f l a s h  e v a p o r a t io n .  The r e s i d u e  was suspended 

in  e thy l  a c e t a t e  and t h e  s o lv e n t  was removed under  reduced p r e s s u r e .

This p ro cess  was r e p e a t e d  s ev e ra l  t imes  u n t i l  most o f  t h e  a c e t i c  a c id  

was removed. The remaining m a te r i a l  was d i s s o l v e d  in  methanol (40 ml) 

and 1.6 ml o f  h y d raz in e  h y d r a te  and 1 .6  ml t r i e t h y l  amine were added.

The m ix tu re  was a l lowed to  s tand  f o r  48 hours  a t  26°C and th e  p r e c i p i t a t e  

which formed was removed by f i l t r a t i o n .  The f i l t r a t e  was evapora ted  

under  reduced p r e s s u r e  and th e  r e s id u e  was d i s s o l v e d  in 50 ml of  w a te r  

(a small amount o f  an i n s o l u b l e  m a te r i a l  was removed by f i l t r a t i o n ) .

The aqueous s o l u t i o n  was ap p l i e d  to  t h e  top  o f  a D o w e x - l -a c e ta te  column 

(AG-1X4, 200-400 mesh, 3 x 33 cm). The column was washed with  500 ml o f  

w a te r  and e l u t i o n  was s t a r t e d  w i th  0.1 M a c e t i c  a c i d .  F r a c t i o n s  o f  20 ml 

were c o l l e c t e d .  The e f f l u e n t  was t e s t e d  f o r  n i n h y d r i n - p o s i t i v e  m a t e r i a l  

by a spot  t e s t  on Whatman No. l f i l t e r  paper  us ing a 0.2% s o l u t i o n  of  

n ln h y d r ln  in  a c e to n e .  Free g lu tam a te  emerged in  f r a c t i o n s  70 t o  90 and 

was fo llowed  by L-t* -g lu ta m y l - s u l f a m e th o x a z o le  in  f r a c t i o n s  100 t o  170. 

The column was then  washed with  2 l i t e r s  o f  0 .3  M a c e t i c  ac id  and L-Y - 

g lu t a m y l - s u l f a m e th o x a z o le  was e l u t e d  from t h e  column with  2 .5  l i t e r s  of  

0 .5  M a c e t i c  a c i d .  F r a c t io n s  c o n t a i n i n g  t h e  d e s i r e d  p roduc ts  were pooled 

and evapora ted  under  reduced p r e s s u r e .  4 .36g (71%) o f  t h e  Y -g lu tamyl  

and 0 .47 g (7.7%) o f  t h e  a - g l u t a m y l  d e r i v a t i v e  were o b t a in e d .  Re­

c r y s t a l  l i z a t l o n  was c a r r i e d  ou t  by d i s s o l v i n g  th e  compounds in  a small 

amount o f  0 .1  N HC1 and a d j u s t i n g  t o  pH 4 t o  5 by t h e  a d d i t i o n  of  NaOH.
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The compounds gave s i n g l e  n l n h y d r i n - p o s i t l v e  s p o t s  on d e sc en d in g  

ch rom atography  on Whatman No.l  f i l t e r  p a p e r .  In t h e  s o l v e n t  system

1 - b u t a n o l - p y r i d i n e - w a t e r  ( 1 : 1 : 1 ) ,  t h e  Rf v a lu e s  f o r  t h e  y -g lu tam y l  and 

a - g l u t a m y l  d e r i v a t i v e s  were 0 .7 3  and 0 .6 3  r e s p e c t i v e l y .  The c o r r e s p o n d ­

in g .  Rf v a l u e s  in  1 - b u t a n o l - a c e t i c  a c i d - w a t e r  (60:  15:25)  were 0 .78  and 

0 . 66 .

Cl5 h18 ^4 0s  S

C a l c u l a t e d  : C 4 7 . l l ,  H4.74, N14.65
Found ; C47 .35 ,  H4.85, N14.03

(L- y -g lu t a m y l - s u l f a m e t h o x a z o l e )

C46.96 ,  H5.29, N13.34
(L- o - g lu t a m y l - s u l f a m e t h o x a z o l e )

The D - s t e r e o i s o m e r  o f  Y - g l u t a m y l - s u l f a m e t h o x a z o l e  was p r e p a re d  by 

t h e  p ro c ed u re  d e s c r i b e d  above us ing  a s  s t a r t i n g  m a t e r i a l s  p h t h a lo y l - D -  

g lu ta m ic  a n h y d r id e  and s u l f a m e th o x a z o le .

Cl 5 His N4  °6 S

C a l c u l a t e d  : C 4 7 . l l ,  H4.74, N14.65
Found : C47.34,  H4.92, N14.34

5. N -A ce ty l -L -  Y-g l  u ta m y l - su l  fam e th o x azo le

1.53 g ( 4 . 0  mmole) o f  L- Y - g l u ta m y l - s u l f a m e t h o x a z o l e  were d i s s o l v e d  

in  20 ml o f  0 . 5  H Na2 C0 3 * The s o l u t i o n  was c o o led  in  1ce and 5 mmole o f  

a c e t i c  a c id  a n h y d r id e  were added d ropwise  d u r in g  a p e r i o d  o f  15 m in u te s  

w i th  c o n t in u o u s  s t i r r i n g .  The m ix tu re  was s t i r r e d  f o r  an a d d i t i o n a l  

20 m in u te s  and th e n  a d j u s t e d  t o  abou t  pH 1 by t h e  a d d i t i o n  o f  3 N HC1.

The m ix tu re  was e x t r a c t e d  w i th  s e v e ra l  p o r t i o n s  o f  e th y l  a c e t a t e  1n a 

s e p a r a t o r y  f u n n e l .  The o r g a n ic  phase  was c o l l e c t e d  and d r i e d  o v e r
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anhydrous  sodium s u l f a t e .  The removal o f  t h e  s o lv e n t  under  reduced

p r e s s u r e  y i e l d e d  a c r y s t a l l i n e  p ro d u c t  { 1 . 1 2  g ,  6 6 %).

C17  H2 0  N4  O7 S

C a l c u l a t e d  : C 4 8 . l l ,  H4.75, N13.20
Found : C47.99,  H4.76, N12.19

6 . N -B u ty ry l -L -  y - g l u t a m y l - s u l f a m e t h o x a z o l e

This  compound was p rep a re d  from b u t y r i c  a n h y d r id e  and L - y - g l u t a m y l - 

s u l f a m e th o x a z o le  u s in g  t h e  p ro c e d u re  d e s c r i b e d  f o r  t h e  N -ace ty l  a n a l o g .

The compound was c r y s t a l l i z e d  from a m i x t u r e  of  e th y l  a c e t a t e  and hexane .

c 19 h 24 n4 °7 s

C a l c u l a t e d  : C50.43,  H5.35,  N12.38
Found : C50.30 ,  H5.65,  N i l . 99

7. N - C h l o r o a c e t y l - L - y - g l u t a m y l - s u l f a m e t h o x a z o l e

L - y - G 1 u t a m y l - s u l f a m e t h o x a z o l e  (1 .91  g ,  5 mmole) was d i s s o l v e d  in  

40 ml o f  0 . 5  M Na2 C0 3  and coo led  in  i c e .  C h to ro a c e ty l  c h l o r i d e  ( 0 .7 5  m l ,  

10 mmole) was added d ropw ise  w i th  c o n t in u o u s  s t i r r i n g .  A f t e r  20 m in u te s  

t h e  s o l u t i o n  was a c i d i f i e d  w i th  3 N HC1 t o  a pH o f  abou t  1 .0  and e x t r a c t e d  

w i th  s e v e ra l  p o r t i o n s  o f  e th y l  a c e t a t e  in  a s e p a r a t o r y  f u n n e l .  The 

o r g a n i c  phase  was d r i e d  o v e r  anhydrous sodium s u l f a t e  and c o n c e n t r a t e d  

by f l a s h  e v a p o r a t i o n .  The rem ain ing  o i l y  m a t e r i a l  was d r i e d  w i th

2 - p r o p a n o l .  The p ro d u c t  was d i s s o l v e d  in  a c e t o n e .  A f t e r  a d d i t i o n  o f

e t h e r  a w h i t e  s o l i d  was o b ta in e d  ( 1 .4 5  g ,  63%)

C17  Hjg N4  O7 S Cl

C a l c u l a t e d  : C44 .50 ,  H4.17, N12.21
Found : C44.94 ,  H4.56,  N i l . 70
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8 . G lycy l-L-Y  - g lu t a m y l - s u l f a m e t h o x a z o l e

N - C h lo r o a c e ty l -L - y - g lu t a m y l - s u l f a m e t h o x a z o l e  ( 0 . 5  g) was d i s s o l v e d  

in  10 ml methanol and co o led  t o  -10°C. A s low s t r e a m  o f  ammonia gas was 

i n t r o d u c e d  u n t i l  s a t u r a t i o n  was o b t a i n e d .  The f l a s k  was s to p p e r e d  and 

l e f t  f o r  48 hours  a t  Z5°C. A f t e r  removal o f  ex cess  s o l v e n t  by f l a s h  

e v a p o r a t i o n  a w h i te  s o l i d  s e p a r a t e d  ( 0 .3 2  g ,  67%).

C l7 H21 n 5 ° 7  S

C a l c u l a t e d  : C46.47 ,  H4.81,  N15.94
Found : C45.08,  H5.06, N15.51
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F ig u re  1

General  s y n t h e t i c  scheme f o r  y -g lu tam yl  compounds
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GENERAL SYNTHETIC SCHEME FOR 7  GLUTAMYL COMPOUNDS
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Figure  2

D e r i v a t i v e s  o f  dopamine and DOPA
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Figure  3 

D e r i v a t i v e s  o f  su l fam e thoxazo le
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Figure  4

N-Acyl-Y -g lu tamyl  d e r i v a t i v e s  of  su l fam ethoxazo le
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B. Methods 

Animals

Male Swiss  Albino  mice (20 -  35 g ) , Sprague Dawley r a t s  (200 -  

325 g) and male H a r t l e y  Alb ino  g u in ea  p i g s  (300 -  400 g) were housed in  

t h e  animal f a c i l i t y  o f  t h e  Mount S in a i  School o f  M edic ine .  Animals were 

f e d  a commercial P u r in a  L a b o ra to ry  Chow d i e t  and w a te r  ad l i b i t u m  u n l e s s  

o t h e r w i s e  s p e c i f i e d .

Measurement o f  t i s s u e  l e v e l s  o f  DA a f t e r  a d m i n i s t r a t i o n  o f  DA and i t s  

p r e c u r s o r s

S o l u t i o n s  o f  Y-glutamyl-D0PA, y -g lu tamyl-DA and L-D0PA were 

p r e p a re d  in normal s a l i n e .  Male Swiss a l b i n o  mice  weighing 20 t o  25 g 

r e c e i v e d  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  of  Y-glutamyl-D0PA ( 0 . 5  u m o l e / g ) ,  

i f -g lu tam yl-D A  ( 0 .5  Wmole/g) o r  L-D0PA ( 0 .5  p m o l e / g ) .  Twenty m in u te s  

a f t e r  drug a d m i n i s t r a t i o n  t h e  an im als  were d e c a p i t a t e d  and t h e  f o l l o w in g  

t i s s u e s  were removed f o r  s tu d y :  k id n e y ,  h e a r t ,  l i v e r ,  b r a i n ,  l u n g ,  duo­

denum, p a n c r e a s ,  s p l e e n  and m u sc le .  In a second e x p e r im en t  t h e  t ime 

c o u r s e  o f  DA a c c u m u la t io n  in  t h e  k idney  was fo l lo w e d  by d e c a p i t a t i n g  mice 

10 ,  20 and 60 m in u te s  a f t e r  drug a d m i n i s t r a t i o n .  T i s s u e s  were homogeniz­

ed in  5 volumes o f  c o ld  1 N HC1 and c e n t r i f u g e d ,  and an a l i q u o t  was 

removed f o r  a n a l y s i s  o f  DA by a gas  c h ro m a to g rap h ic  p ro ce d u re  (Wilk and 

S t a n l e y ,  1977) .

An a l i q u o t  o f  t h e  s u p e r n a t a n t  1s added t o  a 15-ml c e n t r i f u g e  tu b e  

c o n t a i n i n g  100 mg o f  a lum ina  (Woelm b a s i c  a c t i v i t y  g r a d e  I ) ,  4 ml o f  

0 . 5  M T r i s - c h l o r 1 d e  b u f f e r  (pH 8 . 5 ) ,  0 .1  ml o f  10% EDTA (pH 7 .2 )  and 

50 ng o f  “ -methyl-DA as  I n t e r n a l  s t a n d a r d .  The t u b e  1s s to p p e r e d  and 

g e n t l y  shaken f o r  3 m in u te s  t o  a d s o rb  t h e  c a t e c h o l a m i n e s .  A f t e r
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c e n t r i f u g a t l o n  t h e  s u p e r n a t a n t  1s removed by a s p i r a t i o n .  The a lumina  i s  

t h e n  washed t h r e e  t im e s  w i th  5 ml o f  H2 O fo l lo w e d  by c e n t r i f u g a t i o n  and 

removal o f  t h e  H2 O. The c a t e c h o la m in e s  a r e  e l u t e d  w i th  1 ml o f  0 .2 5  M 

a c e t i c  a c i d  in  m e th a n o l .  A f t e r  c e n t r i f u g a t i o n  t h e  e l u a t e  i s  t r a n s f e r r e d  

t o  a 3-ml ground g l a s s  s to p p e r e d  s 11a n e - t r e a t e d  c e n t r i f u g e  t u b e  c o n t a i n ­

ing 1 0 y l  o f  a 1 .25  mg/ml s o l u t i o n  o f  sodium d i e t h y l d i t h i o c a r b a m a t e  a s  

an a n t i  o x i d a n t .  The c o n t e n t s  a r e  e v a p o ra te d  t o  d r y n e s s  under  a s t ream  

o f  d ry  n i t r o g e n  gas  and t h e  r e s i d u e  i s  r e a c t e d  w i th  5 0 v 1 o f  p e n t a f l u o r o  

p r o p io n i c  a n h y d r id e  i n  100 V 1 o f  e t h y l  e t h e r  f o r  5 m in u te s  a t  room 

t e m p e r a t u r e .  The r e a g e n t s  a r e  th e n  removed by e v a p o r a t i n g  under  a 

g e n t l e  s t ream  o f  n i t r o g e n  and t h e  d e r i v a t i v e s  a r e  d i s s o l v e d  in  0 .5  ml o f  

t o l u e n e  f o r  c h ro m a to g rap h ic  a n a l y s i s .  Two s t a n d a r d s  c o n t a i n i n g  50 ng of 

a -m ethy l-D A  and 100 ng o f  DA a r e  p ro c e ss ed  s i m u l t a n e o u s l y .  Three  

m i c r o l i t e r s  o f  each sample a r e  i n j e c t e d  on a 3% SE-30 column c o a te d  on 

Gas Chrom Q 100/120 mesh a t  a t e m p e r a t u r e  o f  140°C and a f low  r a t e  o f  

15 ml/m1n o f  n i t r o g e n .  The d e r i v a t i v e s  a r e  d e t e c t e d  by an e l e c t r o n  

c a p t u r e  d e t e c t o r  f i t t e d  w i th  a 150 mCi t r i t i u m  f o i l  (Packard  7400 s e r i e s  

gas  c h r o m a to g ra p h ) .

Measurement o f  t o t a l  DA in  u r i n e

Ur ine  samples  were a c i d i f i e d  w i th  c o n c e n t r a t e d  HC1 to  pH 1. The 

t e s t  t u b e s  c o n t a i n i n g  a c i d i f i e d  u r i n e  were p laced  in  b o i l i n g  w a te r  f o r  

20 m i n u t e s .  DA c o n t e n t ,  r e p r e s e n t i n g  t h e  f r e e  and c o n ju g a te d  DA in  t h e  

u r i n e ,  was d e te rm in e d  a s  d e s c r i b e d  b e f o r e .
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Measurement 3 ,4 -d ih y d r o x y p h e n y la c e t1c a c id  and homovani1 l i e  a c id

3 , 4-Dihydroxyphenyl a c e t i c  a c id  (DOPAC) and homovanil1i c  ac id  (HVA) 

were de te rm ined  s im u l t a n e o u s ly  on th e  JXR column a t  a t e m p e r a tu re  o f  

125°C and f low r a t e  o f  40 ml/min by t h e  p rocedure  p r e v io u s ly  d e s c r ib e d  

(Watson e t  a l . ,  1974).  These samples were a l s o  i n j e c t e d  on a 3% XE60 

column a t  a t e m p e ra tu re  o f  150°C and a f low r a t e  o f  13 ml/min to  conf irm  

t h e  HVA v a l u e s .

Measurement o f  r en a l  plasma flow in  r a t s

Female Sprague-Dawley r a t s  weighing 250 t o  325 g were a n e s t h e t i z e d  

w i th  e th y l  e t h e r .  The femoral ve in  was c a n n u la te d  with  a PE-50 c a t h e t e r  

f i l l e d  with normal s a l i n e  and th e  femoral a r t e r y  was c a n n u la t e d  with  a 

PE-50 c a t h e t e r  f i l l e d  w i th  a h e p a r i n - s a l i n e  s o l u t i o n .  The b la d d e r  was 

exposed and c a t h e t e r i z e d  with a No. 8  p o ly e th y le n e  c a t h e t e r .  The u r e t h r a  

was l i g a t e d .  Renal plasma flow was measured by d e te rm in in g  t h e  c l e a r a n c e  

o f  [ l 4 C]-p - a m in o h ip p u ra te  (Sch legel  e t  a l . ,  1962).  An i n f u s i n g  s o l u t i o n  

o f  0.45% s a l i n e - p - a m i n o h ip p u r a t e  was p repared  by d i l u t i n g  normal s a l i n e  

w i th  d i s t i l l e d  water  and adding 0 .025 uCi o f  g l y c y l - [ l - ^ 4 C]-p-amino-  

h i p p u r a t e  p e r  ml o f  i n f u s i n g  s o l u t i o n  ( s p e c i f i c  a c t i v i t y  43 mCi/mmole). 

Drug e f f e c t s  were de termined  by d i s s o l v i n g  th e  drug in  t h e  in fu s in g  

s o l u t i o n .  The s o l u t i o n  was in fu se d  i n t o  t h e  femoral vein  a t  a r a t e  o f  

0 .17  ml/min us ing  a Sage model 355 s y r in g e  pump. A f te r  a 1-hour 

e q u i l i b r a t i o n  p e r io d  u r in e  was c o l l e c t e d  c o n t in u o u s ly  o ver  30-minute  

i n t e r v a l s .  At t h e  m idpoin t  o f  each c o l l e c t i o n  pe r io d  0 .2  ml o f  blood 

was withdrawn from t h e  femoral a r t e r y .  A t o t a l  o f  f i v e  c o l l e c t i o n s  were 

made. The blood samples were d e p r o t e i n i z e d  by a d d i t i o n  o f  0 .5  ml o f  10% 

t r i c h l o r o a c e t i c  a c id  and c e n t r i f u g e d .  A l iq u o ts  o f  t h e  s u p e r n a t a n t  and
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u r i n e  samples were counted  in  a Nuclear-Chicago i s o - c a p  s c i n t i l l a t i o n  

c o u n t e r .  Renal plasma f low was c a l c u l a t e d  assuming a c o n s t a n t  h em a to c r i t  

o f  50% by t h e  genera l  formula:

Renal plasma flow =

ur ine (cpm /m !) x u r in e  f lowfml/min)  
p1 asma(cpm/ml)

Renal plasma f low a f t e r  o ra l  a d m i n i s t r a t i o n  o f  d rugs  was de te rm ined  

us in g  th e  p rocedure  d e s c r ib e d  above w i th  minor m o d i f i c a t i o n s .  Thus 

a f t e r  two 20 min c o n t ro l  p e r i o d s ,  DA o r  one of  i t s  prodrugs  d i s s o l v e d  in 

2 ml o f  w a te r  was g iven  v ia  a stomach t u b e .  The t u b e  was r i n s e d  with 

1 ml o f  w a te r  to  wash out t h e  remaining drug in  t h e  dead space .  As a 

c o n t r o l ,  seven animals  were g iven  an equal  amount o f  w a te r .

Renal plasma f low a f t e r  i n t r a v e n o u s  i n j e c t i o n  o f  a drug was 

de termined  fo l lo w in g  t h e  p rocedure  d e s c r ib e d  b e f o r e .  In t h i s  c a s e ,  

however ,  t h e  i n f u s i n g  s o l u t i o n  was made up o f  5% m a n n i to l ,  0.45% s a l i n e  

and g l y c y l - [ l - ^ C ] - p - a m i n o h i p p u r a t e  (0 .033  u C i /m l ) .  A f te r  a 45 min 

e q u i l i b r a t i o n  p e r i o d ,  two s u c c e s s iv e  2 0  min c o n t r o l  u r in e  c o l l e c t i o n s  

were performed.  L- y-Glutamyl-DOPA ( d i s s o lv e d  in  0 .2  ml o f  0.9% s a l i n e )  

was th en  i n j e c t e d  i n t r a v e n o u s ly  and fo u r  2 0  min exper im en ta l  u r in e  

c o l l e c t i o n s  each l a s t i n g  2 0  min were performed.

Measurement o f  g lo m e ru la r  f i l t r a t i o n  r a t e  in  r a t s

Animals were p repared  as  d e s c r ib e d  1n 'measurement o f  r ena l  plasma 

f lo w  in  r a t s ' .  The genera l  p rocedure  used in measuring rena l  plasma 

f low was fo l lowed  excep t  in  t h i s  c a se  t h e  i n f u s i n g  s o l u t i o n  c o n ta in e d  

i n u l i n - [ ^ C j - c a r b o x y l i c  ac id  (0 .025  pC 1 / m l ) .  Glomerular  f i l t r a t i o n  r a t e
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was c a l c u l a t e d  from t h e  c l e a r a n c e  o f  r a d i o a c t i v e  i n u l i n .

Measurement o f  Na* e x c r e t i o n  in  r a t s

Female r a t s  were a n e s t h e t i z e d  with sodium p e n t o b a r b i t a l  (50 mg/kg).  

The femoral ve in  and b l a d d e r  were c a n n u la te d  and t h e  u r e t h r a  was l i g a t e d .  

A f t e r  30 min of  5% d e x t r o s e  i n f u s i o n  a t  a r a t e  o f  0 .09  ml/min,  two 30 min 

c o n t r o l  u r in e  c o l l e c t i o n  p e r io d s  were s t a r t e d .  At t h e  end o f  t h i s  t im e ,  

t h e  i n i t i a l  i n fu s in g  s o l u t i o n  was changed to  t h a t  c o n ta in in g  a d rug .

This was fo l lowed  by f i v e  30 min exper im enta l  c o l l e c t i o n  p e r i o d s .

Ur inary  c o n c e n t r a t i o n  of  sodium was measured by f lame photometry .

Measurement o f  blood p r e s s u r e  in  r a t s

Female Sprague-Dawley r a t s  weighing 275 t o  325 g were a n e s t h e t i z e d  

with  sodium p e n t o b a r b i t a l  (50 mg/kg i . p . ) .  In some c a s e s  t racheotom y was 

performed.  The femoral vein  was c a n n u la te d  with a PE-50 c a t h e t e r  f i l l e d  

with  normal s a l i n e  and t h e  femoral a r t e r y  was c a n n u la te d  with  a PE-50 

c a t h e t e r  f i l l e d  with  a h e p a r i n - s a l i n e  s o l u t i o n .  The a r t e r i a l  c a t h e t e r  

was connected  to  a b lood p r e s s u re  t r a n s d u c e r  and t h e  blood p r e s s u r e  was 

reco rded  on a Grass model 7 po lygraph  upon s t a b i l i z a t i o n  o f  a r t e r i a l  

b lood p r e s s u r e .  The e f f e c t  o f  drugs  on blood p r e s s u r e  was e v a lu a te d  by 

d i s s o l v i n g  t h e  drug in  normal s a l i n e  and in fu s in g  i t  i n to  t h e  femoral 

ve in  a t  a c o n s ta n t  r a t e  o f  0 .17 ml/m1n.

Measurement o f  plasma g lu co se  l e v e l s  a f t e r  a d m i n i s t r a t i o n  o f  DA and i t s  

p r e c u r s o r s  in  r a t s

Female r a t s  weighing 250 t o  275 g were s ta rv e d  o v e r n i g h t ;  f r e e  access  

t o  w ate r  was a l low ed .  Following t h e  i n d u c t io n  o f  a n e s t h e s i a  with sodium
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p e n t o b a r b i t a l  (30mg/kg),  a t r a c h e a l  t u b e  was in t ro d u c e d .  The r i g h t  

femoral a r t e r y  and ve in  were c a n n u la t e d .  Each drug was d i s s o l v e d  in 

normal s a l i n e  b e f o r e  in t rav e n o u s  i n f u s i o n  th rough  th e  femoral venous 

c a t h e t e r .  A t o t a l  o f  fo u r  0 .3  ml a r t e r i a l  blood c o l l e c t i o n s  were made. 

The f i r s t  b lood sample was o b ta in e d  immediate ly b e f o re  t h e  drug i n f u s i o n .  

At t ime 0 ,  a c o n s t a n t  i n f u s i o n  a t  a r a t e  o f  0 .067 ml/min f o r  30 min was 

s t a r t e d .  A f te r  15 and 30 min, two a d d i t i o n a l  c o l l e c t i o n s  were made.

The l a s t  blood sample was taken  30 min a f t e r  th e  c e s s a t i o n  o f  t h e  drug 

in f u s i o n .  P r e l im in a r y  exper im en ts  showed t h a t  normal s a l i n e  i n f u s i o n  

had no e f f e c t  on plasma g lu c o se  l e v e l s .

Each blood sample was p laced  in a h e p a r in i z e d  c e n t r i f u g e  tu b e  and 

c e n t r i f u g e d  a t  4°C f o r  10 min a t  2000 rpm. The plasma was s e p a ra te d  and 

immediate ly  a ssayed  f o r  g lucose  us ing  t h e  g lu c o se  o x id a se  method a c c o rd ­

ing t o  th e  m a n u f a c tu re r s '  recommendation.

Measurement o f  r en a l  c l e a r a n c e s  and u r i n e  o u tp u t  a f t e r  L- y - g lu t a m y l - 

DOPA a d m i n i s t r a t i o n  in  dogs

Female mongrel dogs weighing between 16 t o  25 kg were a n e s t h e t i z e d  

with  sodium p e n t o b a r b i t a l  (50 mg/kg).  A j u g l a r  ve in  and femoral a r t e r y  

were c a n n u la te d  f o r  t h e  i n t r o d u c t i o n  o f  t h e  i n f u s i n g  s o l u t i o n  and blood 

c o l l e c t i o n  r e s p e c t i v e l y

In t h e  f i r s t  g roup o f  dogs ,  L-Y-glu tamyl-D0PA was in fu se d  i n t r a ­

venous ly .  A f te r  t h e  priming dose  of  p -am in o h ip p u ra te  (PAH; 5 mg/kg) and 

c r e a t i n i n e  (70 mg/kg),  s u s t a i n i n g  s o l u t i o n  made up in 5% m a n n i to l -  

R i n g e r ' s  s o l u t i o n ,  was in fu se d  a t  a r a t e  ap p ro x im a te ly  equal t o  t h e  r a t e  

o f  u r in e  f low .  The s u s t a i n i n g  s o l u t i o n  c o n ta in e d  PAH (10 mg/kg/hr)  and 

c r e a t i n i n e  (50 m g/kg/hr)  in amounts r e q u i r e d  t o  m a in ta in  plasma PAH and
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c r e a t i n l n e  c o n c e n t r a t i o n s  o f  abou t  1 mg/dl and 1 0  mg/dl r e s p e c t i v e l y .

A f t e r  t h r e e  o r  f o u r  c o n t r o l  p e r i o d s ,  t h e  i n f u s i o n  o f  L-y -glutamyl-D0PA 

was s t a r t e d .  This  was fo l lo w e d  by s i x  20 min e x p e r im e n ta l  p e r i o d s .

U rine  was c o l l e c t e d  th rough  a Foley c a t h e t e r  and b lood  samples  were 

o b t a i n e d  a t  t h e  m id p o in t  o f  each c o l l e c t i o n  p e r i o d .

In t h e  second group  o f  d o g s ,  t h e  r i g h t  r ena l  a r t e r y  was exposed 

r e t r o p e r i t o n e a l l y .  L- Y-Gl utamyl-DOPA, d i s s o l v e d  in  0.9% s a l i n e ,  was 

i n f u s e d  v ia  a smal l  n e e d le  p la ce d  i n t o  t h e  ren a l  a r t e r y .  The r a t e  o f  

t h e  i n f u s i o n  ranged  from 0 .5  t o  2 .0  m l /m in .  Both u r e t e r s  were c a n n u l a t e d  

and u r i n e  from each k idney  was c o l l e c t e d  s e p a r a t e l y .  The g e n e ra l  

p ro ce d u re  f o r  t h e  c l e a r a n c e  s tu d y  d e s c r i b e d  above was f o l lo w e d .  For 

t h e s e  e x p e r im e n t s  t h e  s u s t a i n i n g  s o l u t i o n  was made up in  i s o t o n i c  R i n g e r ' s  

s o l u t i o n .

Measurement o f  p - a m in o h ip p u ra te  c o n c e n t r a t i o n

PAH c o n c e n t r a t i o n s  1n u r i n e  and plasma were measured a s  d e s c r i b e d  

by Smith e t  a l . (1 9 4 0 ) .

Measurement o f  c r e a t i n i n e  c o n c e n t r a t i o n

C r e a t i n i n e  c o n c e n t r a t i o n s  in  u r i n e  and plasma were d e te rm in ed  us ing  

t h e  method d e s c r i b e d  by Bonsnes and Taussky (1 9 4 5 ) .

P i r e c t  measurement o f  r e n a l  b lood f low  in  dogs

Dogs were p re p a re d  a s  d e s c r i b e d  p r e v i o u s l y  in  'measurement o f  r e n a l  

c l e a r a n c e s  and u r i n e  o u tp u t  a f t e r  L -y -g lu ta m y l -D 0 P A  a d m i n i s t r a t i o n  in  

d o g s ' .  The mean r e n a l  b lood f low was measured by p l a c i n g  an e l e c t r o -
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m agne t lc  p robe  around t h e  r i g h t  r e n a l  a r t e y ;  t h e  f low r a t e  was read  on 

a CHE C l i n i f l o w  f lo w m e te r  ( C a r o l i n a  Medical E l e c t r o n i c s ) .

Measurement o f  a r t e r i a l  b lood  p r e s s u r e  in  dogs

Mean a r t e r i a l  b lood  p r e s s u r e  was measured from t h e  femoral a r t e r y  

u s in g  a Baumanometer (W A Baum C o . ,  300 m odel) .

Measurement o f  c a r d i a c  o u tp u t

C ard iac  o u tp u t  was measured by t h e  dye d i l u t i o n  method o f  Hamilton 

(1962) .

Measurement o f  r a t e  o f  s u l f a m e th o x a z o le  r e l e a s e  in  v i t r o

Enzymatic r e l e a s e  of  s u l f a m e th o x a z o le  (SM) from g lu tamyl  and N -a cy l -  

L- > -g lu tam y l  d e r i v a t i v e s  o f  SM by t i s s u e  homogenates  was measured in  

an i n c u b a t i o n  m i x t u r e  ( f i n a l  volume 0 .2 5  ml) c o n t a i n i n g  s u b s t r a t e  ( 0 .5  

u m o l e ) ,  homogenate ( 0 .0 5  ml) and Tris-HCl b u f f e r  (0.1M; pH 8 . 0 ) .  

Homogenates were made in  c o ld  0.9% s a l i n e .  R e a c t io n s  were s t a r t e d  by 

a d d i t i o n  o f  homogenate and i n c u b a t i o n s  were c a r r i e d  ou t  a t  37°C.

R e a c t io n s  were t e r m i n a t e d  by adding  0 .2 5  ml o f  25% t r i c h l o r o a c e t i c  a c i d .  

A f t e r  removal o f  p r o t e i n  by c e n t r i f u g a t i o n ,  f r e e  SM was d e te rm in e d  in  

t h e  s u p e r n a t a n t s  by t h e  d i a z o t i z a t i o n  p ro c ed u re  o f  B r a t to n  and Marshal l  

(1939) a s  m o d i f i e d  by Goldbarg and Rutenburg (1 9 5 8 ) .  C o n t r o l s  in  which 

e i t h e r  t h e  enzyme o r  s u b s t r a t e  were o m i t t e d  were a l s o  c a r r i e d  th ro u g h  

t h e  p ro c e d u re .
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Measurement o f  r a t e  o f  deacyl  a t  ion from N -acy l -L -  y - g lu t a m y l  d e r i v a t i v e s  

o f  SM in  v i t r o

The r e l e a s e  o f  SM from N -acy l -L -  Y-glu tamyl  d e r i v a t i v e s  o f  SM was 

measured a f t e r  a d d i t i o n  o f  ex c e s s  sheep  k idney  Y -g lu tamyl  t r a n s p e p t i ­

d a se  (Z e lazo  and O r low sk i ,  1976).  I n c u b a t io n  m i x t u r e s  ( f i n a l  volume

0 .5  ml) c o n ta in e d  homogenate (0 .05  m l ) ,  s u b s t r a t e  (1 y m o l e ) ,  g l y c y l -  

g l y c i n e  ( 7 . 5 p m o l e ;  pH 8 . 0 )  and y - g lu t a m y l  t r a n s p e p t i d a s e  (1 u n i t ) .  

G l y c y l g l y c i n e  in  t h e  i n c u b a t i o n  m ix tu re  f u n c t i o n s  as  an a c c e p t o r  f o r  

t h e  y - g l u t a m y l  m oie ty  o f  y -g lu tam y l -S M  g e n e r a t e d  d u r in g  t h e  a c y l a s e  

r e a c t i o n  and th u s  e n s u r e s  i t s  com ple te  c l e a v a g e .  Contro l  e x p e r im e n ts  

1 n which e i t h e r  t h e  s u b s t r a t e  o r  homogenate were o m i t t e d ,  were in c lu d ed  

in a l l  d e t e r m i n a t i o n s .

Measurement o f  t i s s u e  1 e v e ! s  o f  SM a f t e r  a d m i n i s t r a t i o n  o f  SM and i t s  

p r e c u r s o r s

SM o r  one o f  i t s  d e r i v a t i v e s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  t o  

m ice ,  r a t s  and g u inea  p ig s  as  a s o l u t i o n  in  0.9% s a l i n e  a f t e r  t h e  pH had 

been a d j u s t e d  t o  7 . 6 .  The volume o f  t h e  i n j e c t e d  s o l u t i o n s  was 0 .1  m l /g .  

The an im als  were k i l l e d  and t h e  t i s s u e s  were im m edia te ly  e x c i s e d ,  weighed 

and homogenized in  I c e - c o l d  0.9% s a l i n e  us ing  a P o t t e r - E lv e h je m  g l a s s  

homogenlzer  e qu ipped  w i th  a motor  d r i v e n  t e f l o n  p e s t l e .  Blood samples  

were c o l l e c t e d  in  h e p a r i n i z e d  t u b e s  and c e n t r i f u g e d  t o  o b t a i n  p lasma.  

Organ homogenates and plasma were d e p r o t e i n i z e d  w i th  25% t r i c h l o r o a c e t i c  

a c id  and c e n t r i f u g e d .  SM c o n c e n t r a t i o n  in  t h e  s u p e r n a t a n t  was measured 

by t h e  d i a z o t i z a t i o n  p ro c ed u re  as  d e s c r i b e d .
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Measurement o f  u r i n a r y  e x c r e t i o n  o f  SM a f t e r  a d m i n i s t r a t i o n  o f  SM and i t s  

p r e c u r s o r s

Fol lowing  t h e  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  SM and i t s  p ro d ru g s  ( 0 .2 5  

p m o le /g )  t o  r a t s  and g u in ea  p i g s ,  t h e  an im als  were p laced  in  m e ta b o l i c  

c a g e s ,  one pe r  c a g e .  Food was w i th h e ld  w i th  f r e e  a c c e s s  t o  w a te r

t h ro u g h o u t  t h e  ex p e r im en ta l  p e r i o d .  Two 24 hour  u r i n a r y  c o l l e c t i o n s

were made. Urine  was a c i d i f i e d  w i th  25X t r i c h l o r o a c e t i c  a c id  and f r e e

SM was d e te rm in e d  a s  d e s c r i b e d .

D e te r m in a t io n  o f  p r o t e i n  c o n c e n t r a t i o n

P r o t e i n  was d e te rm in e d  by t h e  method o f  Lowry e t  a l .  (1951) u s in g  

b o v in e  serum a lbumin as  a s t a n d a r d .



- 4 5 -

RESULTS

A. Prodrugs o f  dopamine

T is s u e  d i s t r i b u t i o n  o f  DA a f t e r  DA prodrugs

The t i s s u e  d i s t r i b u t i o n  o f  DA 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  

o f  L- Y-glutamyl-DOPA and L-DOPA (0 .5  umole/g)  has been s t u d i e d  

p r e v i o u s l y  (Wilk e t  a l . ,  1978).  A d m in i s t r a t io n  of  L-y -glutamyl-DOPA 

led t o  a marked accum ula t ion  o f  DA in t h e  k idney .  The le v e l  o f  DA in 

t h e  k idney was c o n s id e r a b l y  h ig h e r  than  t h a t  in  a l l  t h e  o t h e r  t i s s u e s  

examined. By c o n t r a s t ,  an equ im olar  amount o f  L-DOPA produced a much 

more uniform t i s s u e  d i s t r i b u t i o n  of  DA. An even more uniform d i s t r i b u ­

t i o n  has been r e p o r t e d  a f t e r  in fu s io n  o f  f r e e  DA (Halushka and Hoffman, 

1968).  Since  t h e  t i s s u e  d i s t r i b u t i o n  o f  DA a f t e r  a d m i n i s t r a t i o n  of 

L- Y-glutamyl-DA had not y e t  been s t u d i e d ,  a s tudy  was c a r r i e d  out to  

d e te rm in e  i f  a d m i n i s t r a t i o n  o f  t h i s  DA prodrug induces  a s e l e c t i v e  

accum ula t ion  o f  DA in  t h e  k idney.  The r e s u l t s  o b ta in e d  a f t e r  i n j e c t i o n  

o f  L- T-giutamyl-DA, L- y-glutamyl-D0PA and L-DOPA ( 0 . 5  ^mole/g) a r e  

shown in  F igu re  5. Like L-y -glutamyl-DOPA, t h e  a d m i n i s t r a t i o n  o f  L- 

y-glu tamyl-DA r e s u l t s  in  a s e l e c t i v e  accum ula t ion  of  DA in  t h e  k idney .  

The kidney c o n c e n t r a t i o n  of  DA, however, was h ig h e r  a f t e r  a d m i n i s t r a t i o n  

o f  L- y-glutamyl-DOPA th a n  a f t e r  L-y -glutamyl-DA.

Time c o u r se  o f  DA accum ula t ion  in t h e  k idney a f t e r  DA p r e c u r s o r s

I t  i s  l i k e l y  t h a t  y -g lu tam y l  d e r i v a t i v e s  o f  DOPA and DA a c t  as  a 

s t o r e  o f  DA from which t h i s  ca tech o lam in e  i s  r e l e a s e d  over  a prolonged 

p e r io d  of  t im e .  These d e r i v a t i v e s  p r o t e c t  DA from m e tab o l ic  i n a c t i v a t i o n  

t o  which f r e e  DA i s  h ig h ly  s u s c e p t i b l e .  I t  was t h e r e f o r e  o f  i n t e r e s t  t o  

examine i f  t h e  y -g lu ta m y l  d e r i v a t i v e s  o f  DOPA and DA a r e  ca p a b le  of
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F igure  5

T is sue  d i s t r i b u t i o n  o f  dopamine a f t e r  dopamine p r e c u r s o r s

C o n c e n t r a t io n  o f  dopamine in  v a r io u s  t i s s u e s  20 m inu tes  a f t e r  
a d m i n i s t r a t i o n  o f  a)  y -glutamyl-DOPA (0 .5  umole/g 1 . p . )

b) y -g lu tam yl-dopam ine  ( 0 .5  pmole/g  i . p . )
c)  L-DOPA ( 0 .5  umole /g i . p . ) *

B, b r a i n ;  D+P, duodenum+pancreas; H, h e a r t ;  K, k idney ;
L i ,  l i v e r ;  Lu, lung ;  M, muscle ;  S, s p le e n .
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m a ln ta ln in g  high k idney c o n c e n t r a t i o n s  o f  DA f o r  pro longed p e r io d s  o f  

o f  t im e .  The t ime c o u rse  of  DA accum ula t ion  in  t h e  k idney a f t e r  t h e  

prodrugs  was t h e r e f o r e  s t u d i e d .  Table 1 compares t h e  t im e  co u r se  o f  

DA accum ula t ion  a f t e r  a d m i n i s t r a t i o n  o f  L- y-glutamyl-DOPA, L-y - 

glutamyl-DA and L-DOPA (0 .5  umole/g i . p . ) .  A peak l e v e l  o f  DA was 

reached  10 min a f t e r  t h e  drug a d m i n i s t r a t i o n  in  a l l  t h e  c a s e s .  A high 

le v e l  o f  DA was more p e r s i s t e n t l y  m a in ta ined  by L- y -g lu tam yl  d e r i v a t i v e s  

o f  DOPA and DA th an  by L-DOPA.

Renal e f f e c t s  o f  DA and i t s  prodrugs  in  r a t s

The k i d n e y - s e l e c t i v e  accum ula t ion  of  DA a f t e r  a d m i n i s t r a t i o n  of  

L-y -glutamyl-DOPA and L- y-glu tamyl-DA prompted s t u d i e s  on t h e  e f f e c t  

o f  t h e  l o c a l l y  g e n e ra te d  DA on renal  plasma f low in  r a t s .  Since DA has  

been r e p o r t e d  t o  i n c r e a s e  g lo m eru la r  f i l t r a t i o n  r a t e ,  Na+ e x c r e t i o n  and 

u r in e  f low ,  t h e  e f f e c t s  o f  t h e  DA p r e c u r s o r s  on t h e s e  rena l  f u n c t i o n s  

were s tu d i e d .

1. E f f e c t  on rena l  plasma flow

The e f f e c t s  o f  L- y-glutamyl-DOPA and L-y -glutamyl-DA on renal  

plasma flow (RPF) were compared t o  th o se  o f  L-DOPA and DA (Table  2 ) .  In 

c o n t r o l  r a t s ,  RPF amounted t o  2 .58  ml/min/lOOg, a va lue  in  c l o s e  

agreement  with  va lues  r e p o r t e d  by o t h e r s  [ 2 .6  ml/min/lOOg (Friedman,  

1947) ,  2 .85 ml/min/lOOg (Hsu e t  a l . ,  1975)] .  L- Y-Glutamyl-DOPA a t  a 

dose  o f  10 nmole/g/30min s i g n i f i c a n t l y  e l e v a t e d  t h e  RPF by 60%. By 

c o n t r a s t  an eq u im ola r  dose o f  L-DOPA was w i thou t  e f f e c t  on t h e  RPF.

When t h e  dose o f  L-DOPA was d o u b le d ,  a s m a l l e r  but  s i g n i f i c a n t  i n c r e a s e  

1n t h e  RPF (by 29%) was o b se rv ed .  L- y-g lu tamyl-DA a l s o  In c reased  th e  

RPF (by 50%), but t h e  dose  r e q u i r e d  was 50 nmole/g/30min ,  f i v e  t im es
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Table 1

Time c o u r se  o f  DA accum ula t ion  in  kidney a f t e r  DA p r e c u r s o r s

Time  Dopamine c o n c e n t r a t i o n  [ u g / g ] ______
[min] a f t e r  L- Y -  L- Y - L-DOPA3

Glutamyl-DOPA3 Glutamyl-DA

10 66 .9  + 14.9  [4 ]  48 .7  + 3 .8  [5 ]  23 .2  + 1 .9  [4 ]

20 6 4 . 5 +  7 .4  [ 4 ]  48.1  + 2 . 6  [1 0 ]  13.9  + 1 .6  [4 ]

40 - - -  16.1 + 0 .4  [5 ]

60 9 .9  + 2 .3  [ 4 ]  3 .2  + 0 .8  [ 4 ]  2 .6  + 0 .6  [4 ]

a The va lues  a r e  o b ta in e d  from Mi 1k e t  a l . ,  1978 f o r  com para t ive  pu rposes .  
Dose o f  0 .5  u m ole /g  was g iv e n .  The number o f  an imals  i s  i n d i c a t e d  in 
b r a c k e t s .
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Table 2

E f f e c t s  o f  DA and i t s  p r e c u r s o r s  on renal  plasma f low (RPF),  g lo m eru la r  
f i l t r a t i o n  r a t e  (GFR) and u r in e  flow

Treatment Dose
[nmole/g/30mi n]

RPF
[ml/min/lOOg]

GFR
[ml/min/100g3

Urine f low 
[ml/30mi n/100g3

S a l i n e  — 2 .58  + 0 .14  
"  [ 8 ]

0 .76  + 0 .07
"  [83

0 .70  + 0 .12
"  [113

DA 1 4 .10  + 0.43C 
[5 ]

0 .99 + 0.10
[73

1 . 1 1  + 0 . 1 2 a 
[113

L - y -G lu tamyl-  10 
DOPA

4.17 + 0.45C 
~  [7 ]

0.89 + 0.04 
“  [123

0.97 + 0 .10
“  [173

L - y -Glu tamyl-  50 
DA

3.86 + 0 . 33c 
~  C5]

0.97 + 0 .0 6 a
”  [73

1.05 + 0 . 1 0 a 
"  [143

L-DOPA 10 2 .58  + 0 .29  
”  [ 6 ]

— —

L-DOPA 20 3.33 + 0.236 
“  [73

— —

Values a r e  ex p ressed  a s  mean +_ S.E. The number o f  an im als  i s  g iven  in 
b r a c k e t s .  S t u d e n t ' s  t - t e s t  was performed: a p< 0 . 0 5 ,  “ p< 0 .0 2 5 ,  
c p< 0 .005 .



- 5 3 -

g r e a t e r  th a n  t h a t  o f  L- Y-glutamyl-DOPA. DA a t  a dose  o f  1 nmole/g/30m1n 

e l e v a t e d  t h e  RPF by 60%.

2. E f f e c t  on g l o m e r u l a r  f i l t r a t i o n  r a t e

In c o n t r o l  r a t s ,  v a l u e s  o f  g l o m e r u l a r  f i l t r a t i o n  r a t e  (GFR) averaged  

0.76 m l /m 1 n / l0 0 g ,  a v a lu e  1n t h e  range  o f  0 .7  - 0 . 8  ml/min/lOOg r e p o r t e d  

by o t h e r s  (Friedman e t  a l . ,  1947; S h i k l t a ,  1962) .  The d o s e s  o f  l - y  -  

glutamyl-DOPA, L- Y-glutamyl-DA and DA which e l e v a t e d  t h e  RPF a l s o  

I n c re a s e d  t h e  GFR (T ab le  2 ) .  However t h e  i n c r e a s e  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  o n ly  a f t e r  L- Y-glu tamyl-DA.

3. E f f e c t  on u r i n e  f low

C o n s i d e r a b l e  v a r i a t i o n  in  u r i n e  f low was noted among d i f f e r e n t  

a n im a l s .  DA and L- Y -g lu tam yl  d e r i v a t i v e s  o f  DOPA and DA i n c r e a s e d  t h e  

av e rage  u r i n e  o u tp u t  i n  a n e s t h e t i z e d  and volume expanded r a t s .  The 

i n c r e a s e  in u r i n e  f low a f t e r  L- Y-glu tamyl-DA and DA bu t  no t  t h a t  a f t e r  

L- y  -glutamyl-DOPA 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  (T a b le  2 ) .

4 .  E f f e c t  on Na+ e x c r e t i o n

The e f f e c t s  o f  DA and i t s  p r e c u r s o r s  on Na+ e x c r e t i o n  were s t u d i e d  

in  r a t s  r e c e i v i n g  a c o n s t a n t  I n f u s i o n  o f  5% d e x t r o s e .  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  t h e r e  was no change  in Na+ e x c r e t i o n  in  a n im a ls  i n fu s e d  

with  5% d e x t r o s e  f o r  t h e  d u r a t i o n  o f  e x p e r im e n t s  (240 m in ) .  L- y -  

G1utamyl-DOPA, L- y -g lu tamyl-DA and DA a l l  induced  n a t r l u r e s i s  (T a b le  3 ) .  

The lo w e s t  e f f e c t i v e  d o s e s  needed t o  i n c r e a s e  Na+ e x c r e t i o n  were 5 ,  50 

and 100 nmo1e/g/30m1n f o r  DA, L- Y-glutamyl-DOPA and L- Y-glu tamyl-DA 

r e s p e c t i v e l y .
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Table  3

E f f e c t s  o f  DA and i t s  p r e c u r s o r s  on Na+ e x c r e t i o n

Treatment Dose Control Drug In fu s io n
_______________  [nmole/g /30min]  _[ ueq/min]_______________________

DA [ 6 ]  5 0 .06  + 0.01 0 .33  + 0 . 1 1 a

L- y  -Glutamyl-  [ 8 ]  50 0 . 0 6 + 0 . 0 2  0 . 1 3 + 0 . 0 2 3
DOPA

L- Y -Glutamyl-  [ 8 ]  100 0 . 1 1 + 0 . 0 4  0 . 4 9 + 0 . 1 7 3
DA

Values a r e  exp ressed  as  mean +_ S.E. The number o f  animals  i s  g iven  in 
b r a c k e t s .  Pa i red  t - t e s t  was performed: a p< 0 .0 5 .
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E f f e c t  o f  DA and i t s  p r e c u r s o r s  on b lood  p r e s s u r e  i n  r a t s

Our s t u d i e s  have shown t h a t  DA, L-DOPA and t h e i r  y -g lu tam y l  

d e r i v a t i v e s  c a u s e  an i n c r e a s e  in  RPF in  r a t s .  This  a c t i o n  c o u ld  have 

r e s u l t e d  e i t h e r  from a d i r e c t  e f f e c t  o f  t h e  d ru g s  on k idney  c i r c u l a t i o n  

o r  from a g e n e ra l  sy s t e m ic  e f f e c t .  I t  was t h e r e f o r e  o f  i n t e r e s t  t o  

e v a l u a t e  w h e th e r  t h e  i n c r e a s e  in  RPF was caused  by a s e l e c t i v e  e f f e c t  

o f  t h e  p ro d ru g s  on t h e  k id n e y .  Exper iments  were d e s ig n e d  u s in g  b lood 

p r e s s u r e  e l e v a t i o n  as  an i n d i c a t o r  o f  e x t r a r e n a l  a c t i o n  s i n c e  DA i s  

known t o  e l e v a t e  b lood  p r e s s u r e  by a c t i v a t i n g  p e r i p h e r a l  a - a d r e n e r g i c  

r e c e p t o r s .  I f  y -g lu ta m y l  d e r i v a t i v e s  o f  DA and L-DOPA p o s s e s s  k idney -  

s p e c i f i c  a c t i o n ,  such o rgan  s p e c i f i c i t y  shou ld  be r e f l e c t e d  in  a g r e a t e r  

s e p a r a t i o n  o f  d o s e s  r e q u i r e d  to  e l e v a t e  blood p r e s s u r e  as  compared to  

doses  r e q u i r e d  t o  i n c r e a s e  RPF. S t u d i e s  were t h e r e f o r e  c a r r i e d  ou t  t o  

d e t e r m in e  t h e  minimum e f f e c t i v e  d o ses  o f  DA and i t s  p r e c u r s o r s  r e q u i r e d  

t o  e l e v a t e  a r t e r i a l  b lood p r e s s u r e  in  r a t s .  The r e s u l t s  a r e  shown in  

Tab le  4 .  The lo w es t  e f f e c t i v e  dose  c a u s in g  an e l e v a t i o n  o f  a r t e r i a l  

b lood  p r e s s u r e  a f t e r  L- y -g lu tam yl-DA was one hundred t im e s  g r e a t e r  

t h a n  a f t e r  f r e e  DA whereas  t h e  lo w es t  e f f e c t i v e  dose  f o r  L- y - g lu t a m y l - 

DOPA and L-DOPA was tw en ty  t im e s  g r e a t e r  th a n  a f t e r  f r e e  DA. The n a t u r e  

o f  t h e  p r e s s o r  r e sp o n s e  e l i c i t e d  by L- y-glutamyl-DOPA and by L-DOPA 

d i f f e r e d  from t h a t  caused  by L- y -g lu tam yl-DA and DA in  t h a t  t h e  t im e  

t o  peak r e s p o n s e  was more g radua l  f o r  t h e  fo rm er  two compounds. Compared 

t o  o t h e r  compounds, L-y -glutamyl-DOPA produced a s m a l l e r  I n c r e a s e  in  

d i a s t o l i c  p r e s s u r e .  The r a t i o  o f  d o s e  r e q u i r e d  to  e l e v a t e  a r t e r i a l  

b lood  p r e s s u r e  t o  t h a t  r e q u i r e d  t o  e l e v a t e  r e n a l  plasma f low was t a k e n  

a s  an index o f  r en a l  s p e c i f i c i t y .  This  r a t i o  was 10 f o r  DA and L-DOPA 

and 20 f o r  L- y -g lu tam yl-D A  and L-y -glutamyl-DOPA.
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Table 4

E f f e c t s  o f  DA and i t s  p r e c u r s o r s  on blood p r e s s u re

Treatment  Dose

[nmole /g /30min]

Change in 
s y s t o l i c  
p r e s s u re  
[mm Hg]

Change in  
d i a s t o l i c  
p r e s s u re  
[mm Hg]

Time to  
peak
resp o n se  
[mi n]

S a l i n e  [ 5 ]  — - 2 - 6 -------

DA [ 4 ]  10 + 23 + 2 0 1 - 3

L- y -Glutamyl-  200 
DOPA [ 6 ]

+ 17 + 5 5 - 17

L- y -Glutamyl-  1000 
DA [ 6 ]

+ 2 1 + 18 2 - 6

L-DOPA [1 2 ]  200 + 25 + 15 4 - 20

Values a r e  exp ressed  as  average  
o f  animals  i s  g iv e n  in b r a c k e t s

o f  s ev e ra l
•

d e t e r m in a t i o n s . The number
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E f f e c t s  o f  DA and i t s  p r e c u r s o r s  on plasma g lu co se  l e v e l s

In a d d i t i o n  t o  a f f e c t i n g  blood p r e s s u r e ,  DA has  been r e p o r t e d  to  

e l e v a t e  plasma g lu c o s e  l e v e l s  (Horwitz e t  a l . ,  1962; Mueller  and Horwitz ,  

1962; Hakanson e t  a l . ,  1967).  Hyperglycemia as  a p o s s i b l e  s i d e  e f f e c t  

o f  a c t i o n  o f  t h e  Y-glu tamyl  d e r i v a t i v e s  o f  DOPA and DA t h e r e f o r e  

r e q u i r e d  e x p l o r a t i o n ,  e s p e c i a l l y  s in c e  we have p r e v io u s ly  shown t h a t  

a f t e r  a d m i n i s t r a t i o n  o f  L- Y-glutamyl-DOPA and L-Y -glu tamyl-DA, t h e  

l e v e l s  of  DA in  t h e  pan c reas  were h ig h e r  than  in  any o t h e r  organ except  

t h e  kidney {F igure  5 ) .  S ince  c a tec h o la m in e s  have been shown both  t o  

i n h i b i t  i n s u l i n  r e l e a s e  and t o  s t i m u l a t e  g lucagon r e l e a s e  (Woods and 

P o r t e ,  1974) ,  DA r e l e a s e d  from i t s  p r e c u r s o r  may have a l t e r e d  th e  r e l e a s e  

o f  th e  p a n c r e a t i c  hormones and su b seq u e n t ly  plasma g lu c o se  l e v e l s .

Because hyperglycemia can be an u n d e s i r a b l e  s id e  e f f e c t  in  c e r t a i n  

p a t i e n t s  r e q u i r i n g  t r e a t m e n t  with  p r e c u r s o r s  o f  DA, we compared th e  

e f f e c t  o f  L- Y-glutamyl-DOPA and L- Y-glutamyl-DA t o  t h a t  o f  L-DOPA and 

DA on plasma g lu c o se  in  r a t s .

Doses o f  1 nmole/g/30min DA and 50 nmole/g/30min L- y - glutamyl-DA 

were chosen s in c e  a p rev ious  s tu d y  showed t h a t  t h e s e  a r e  t h e  minimum 

e f f e c t i v e  d o se s  f o r  I n c r e a s in g  renal  plasma f low 1n r a t s .  L- Y-Glutamyl-  

DOPA and L-DOPA, 50 nmole/g/30m1n, were used in  o r d e r  t o  compare t h e  

hyperglycemic e f f e c t  o f  t h e s e  ag en ts  w i th  t h a t  o f  L- y - glutamyl-DA.

Table  5 summarizes t h e  r e s u l t s .  The hyperglycemia produced by DA 

(1 nmole/g/30m1n) and L-DOPA {50 nmole/g/30m1n) was s i m i l a r  1n magnitude 

and t ime c o u r s e .  Both ag en ts  produced an in c r e a s e  in  plasma g lu c o se  1n 

th e  range o f  15 - 31 m g /d l .  Plasma g lu c o s e  r e tu rn e d  to  t h e  basa l  leve l  

30 min a f t e r  c e s s a t i o n  o f  t h e  I n f u s i o n .  On t h e  o t h e r  hand, L- Y -g lu ta m y l -  

DA (50 nmole/g/3Qm1n) r a i s e d  plasma g lu c o s e  by 44 and 56 mg/dl a t  t im es
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Table  5

E f f e c t s  o f  DA and i t s  p r e c u r s o r s  on plasma g lu c o se

Treatment Dose Plasma g lu c o se  c o n c e n t r a t i o n [ m q / d l ] ______
[nm ole /  Pre-  rETmTn 30 min P o s t -
g/30min]  i n f u s i o n  in f u s i o n

DA [ 6 ]  1 125+5.0 140+ 5 .3 b 142+ 4 . 9 b 113+26.5

L-DOPA [5 ]  50 117+9.8 138+11.7C 132+12.5* 117+ 7 .0

L- y -Glutamyl-  50 119+7.7 163+ 3 . 8 <J 175+11.4^ 157+10.2b
DA [ 6 ]

L- y -G lu tamyl-  50 111+1.7 1 1 4 + 2 .6  1 1 7 + 3 . 3  1 1 6 + 7 .3
DOPA [7 ]

Data a r e  mean v a lu e s  +_ S.E. The number o f  an im als  i s  g iv en  in 
b r a c k e t s .  The plasma g lu c o se  l e v e l s  measured a t  15 and 30 min ,  and 
p o s t - i n f u s i o n  were compared t o  th e  p r e -1 n f u s io n  v a lu e  with  S t u d e n t ' s  
t - t e s t  f o r  p a i r e d  v a lu e s :  a p< 0 .0 5 ,  b p< 0 .0 2 5 ,  c p< 0 .0 1 ,  p< 0 .005 .



-5 9 -

15 and 30 m1n r e s p e c t i v e l y ;  moreover even a f t e r  30 min fo l lo w in g  t h e  

c e s s a t i o n  o f  drug i n f u s i o n ,  plasma g lu c o se  remained s i g n i f i c a n t l y  

e l e v a t e d  by 38 m g /d l . In c o n t r a s t ,  L-y -glutamyl-D0PA, 50 nmole/g/30min 

had no e f f e c t  on plasma g lu co se  a t  any t im e .  This  dose  o f  L-y - g lu t a m y l - 

DOPA was f i v e  t imes  h ig h e r  than  t h e  low es t  e f f e c t i v e  dose  which in c r e a s e d  

rena l  plasma f low. The a d m i n i s t r a t i o n  o f  t h e  lowest  e f f e c t i v e  dose of  

t h i s  compound s i m i l a r l y  f a i l e d  t o  a f f e c t  plasma g lu c o se  l e v e l s .

C o n c e n t r a t io n s  o f  DA, DQPAC and HVA in  pancreas  a f t e r  DA and i t s  

p r e c u r s o r s

In o r d e r  t o  examine whether  t h e  hyperglycemic e f f e c t  o f  DA and i t s  

p r e c u r s o r s  could  be r e l a t e d  to  t h e  p a n c r e a t i c  c o n te n t  o f  DA o r  i t s  

m e t a b o l i t e s ,  t h e  l e v e l s  of  DA, DQPAC and HVA i n  th e  pan c reas  were 

de termined  by gas ch rom atography , 30 min a f t e r  drug i n f u s i o n .  The 

r e s u l t s  summarized in Table 6  show t h a t  t h e  c o n c e n t r a t i o n  o f  DA o r  i t s  

m e t a b o l i t e s  in  t h e  pancreas  was not d i r e c t l y  r e l a t e d  t o  t h e  a b i l i t y  o f  

t h e  drug to  induce hyperg lycem ia .  Thus t h e  g r e a t e s t  accum ula t ion  o f  DA 

was produced by L- y -glutamyl-DOPA, a compound which f a i l e d  t o  e l e v a t e  

plasma g lu c o s e .

E f f e c t  o f  i n t r a v e n o u s l y  i n j e c t e d  L- y -glutamyl-DOPA on rena l  plasma f low 

in  r a t s

The f i n d i n g s  t h a t  L- y -g lu tamyl  d e r i v a t i v e s  o f  DOPA and DA were 

a b le  t o  m a in ta in  a h igh l e v e l  o f  DA 1n t h e  kidney sugges ted  t h a t  t h e s e  

Y-glu tamyl compounds may a c t  as  l o n g - a c t in g  DA p ro d ru g s .  The d u r a t i o n  

o f  r e n a l  plasma flow e l e v a t i o n  was t h e r e f o r e  de termined  a f t e r  a s i n g l e  

i n t r a v e n o u s  i n j e c t i o n  o f  L- y-glutamyl-DOPA. This  compound was chosen
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Table  6

C o n c e n t r a t io n s  o f  DA, DOPAC, HVA In p ancreas  a f t e r  t h e  i n f u s i o n  of  
DA and i t s  p r e c u r s o r s

Treatment Dose Concentra t1on[ng/mg t i s s u e ]
[nmole /g /30min]  DiS DOPAC HVA

C o n t r o l a [5 J  —  0.1  0 .11+0.10  0 .09+0.08

DA [ 4 ]  1 0.1 0 .22+0.16  0 .17+0.06

L-DOPA [ 4 ]  50 1.34+0.26 12 .00+0.95 2 .20+0.14

L- Y -G lu tamyl-  50 0 .61+0 .04  2 .80+0.53 1 .11+0.20
DA [4]

L - y -G lu tamyl-  50 3 .07+0.60 14.35+0.87 2 .07+0.22
DOPA [ 4 ]

a Contro l  an imals  were in fused  w i th  normal s a l i n e .
Data a r e  mean v a lu e s  _+ S.E. The number o f  exper im en ts  i s  g iven  1n 
b r a c k e t s .
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f o r  t h e  p r e s e n t  s tu d y  b ecau se  1 t  Induced t h e  most s e l e c t i v e  a c c u m u la t io n  

o f  DA 1n t h e  k id n e y .  I t  was a l s o  c a p a b le  o f  I n c r e a s i n g  RPF w i th  d o se s  

t h a t  had no e f f e c t  on e i t h e r  a r t e r i a l  b lood p r e s s u r e  o r  plasma g l u c o s e  

l e v e l s .  The e f f e c t  on RPF a f t e r  a s i n g l e  i n t r a v e n o u s  i n j e c t i o n  o f  L-y - 

glutamyl-DOPA (1 mg/kg) i s  shown in  Table  7. W ith in  20 m1n a f t e r  t h e  

i n j e c t i o n ,  an i n c r e a s e  o f  20% in  RPF was o b s e r v e d .  Although RPF remained 

e l e v a t e d  f o r  t h e  n ex t  60 m1 n ,  o n ly  t h e  i n c r e a s e  d u r in g  t h e  f i r s t  c o l l e c ­

t i o n  p e r io d  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 .

Oral e f f i c a c y  o f  DA p rod rugs  in  r a t s

The p o s s i b i l i t y  t h a t  L-Y -glutamyl-DOPA may be e f f e c t i v e  a s  a rena l  

v a s o d i l a t o r  a f t e r  o r a l  a d m i n i s t r a t i o n  was s t u d i e d .  E f f i c a c y  a f t e r  o r a l  

a d m i n i s t r a t i o n  c o u ld  be ex p e c te d  i f  t h e  p r e s e n c e  o f  a Y-glu tamyl m oie ty  

1n t h e  DA p ro d ru g s  p r o t e c t s  t h e  drug  from m e ta b o l i c  i n a c t i v a t i o n  in t h e  

g a s t r o i n t e s t i n a l  t r a c t  and d u r in g  t h e  f i r s t  pass  th ro u g h  t h e  l i v e r .  The 

e f f e c t s  on RPF o f  o r a l l y  a d m i n i s t e r e d  L-y  -glutamyl-DOPA and L -y  - 

glutamyl-DA were t h e r e f o r e  s t u d i e d  and compared to  t h o s e  o f  DA (T ab le  8 ) .  

A s i g n i f i c a n t  I n c r e a s e  in  RPF by t h e s e  DA p r e c u r s o r s  was d e m o n s t r a b le  

o n ly  a f t e r  t h e  dose  was i n c r e a s e d  t o  50 mg/kg. At t h i s  d o s e ,  however ,

DA i t s e l f  was c a p a b l e  o f  e l e v a t i n g  RPF when g iv en  o r a l l y .  A p o s s i b l e  

e x p l a n a t i o n  f o r  t h e  l a c k  o f  o r a l  e f f i c a c y  o f  L-y -g lu tam y l  d e r i v a t i v e s  

o f  DOPA and DA i s  t h a t  t h e s e  y -g lu tam yl  d e r i v a t i v e s  a r e  h ydro lyzed  by 

Y-glutamyl t r a n s p e p t i d a s e  p r e s e n t  1n th e  g a s t r o i n t e s t i n a l  t r a c t .  In 

o r d e r  t o  r e t a r d  t h e  r a t e  o f  such  c l e a v a g e  t h e  D -isom ers  o f  t h e s e  DA 

p r e c u r s o r s  were s y n t h e s i z e d .  I t  was ex p ec ted  t h a t  a d e c r e a s e  1n t h e  r a t e  

o f  h y d r o l y s i s  o f  t h e  Y-glutamyl  d e r i v a t i v e s  may l e a d  t o  t h e  e n t r y  o f  

a g r e a t e r  p o r t i o n  o f  t h e  o r a l l y  a d m i n i s t e r e d  DA p ro d ru g s  i n t o  t h e  g en e ra l
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Table 7

E f f e c t  of  an i n t r a v e n o u s  b o lu s  i n j e c t i o n  o f  L- y -glutamyl-DOPA on rena l  
plasma flow

T r e a t m e n t ^  mg/kg] ________Renal plasma flowTml/min/lOOg]______
Before 0-20 min 20-40 min 40-60 min 60-80 min 

_______________________drug_________________________________________________________

L- Y -Glu tamyl-  2 .64+0.20  3 .1 6 + 0 .23d 2 .93+0.22 2 .89+0.23 2 .98+0.19
DOPA [ 6 ]

Data a r e  mean v a lu e s  +_ S.E. The number o f  animals  i s  g iven  in  b r a c k e t s .  
Renal plasma f low measured a t  each o f  fo u r  exper im en ta l  p e r io d s  was 
compared to  t h a t  b e f o r e  drug w i th  S t u d e n t ' s  t - t e s t  f o r  p a i r e d  v a lu e s :  
a p< 0 .025 .
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Table 8

E f f e c t  o f  an o ra l  a d m i n i s t r a t i o n  o f  DA and i t s  p r e c u r s o r s  on ren a l  
plasma flow

Per iod  __________________ Treatment[50mg/kq]
[min ] 1

Gl u^amy^ - 
DOPA

Gl ulamyl - 
DA

Gl ulamyl- 
DOPA

Glulamyl- 
DA

DA

Contro l 2 .59+0.25
m

2.24+0.27
m

2.59+0.13
U 3 ]

2 .52+0.24
CTl]

2 . 6 8 +0 . 2 1

n

0 -  2 0 2 .60+0.28
[5 ]

2 .20+0.25
i n

2.49+0.11
i n

2 . 2 1 +0 . 2 1
n

2.54+0.27
m

20- 40 2 .62+0.14
m

2 .42+0.32
m

2.40+0.15
m

2.37+0.27
m

2.74+0.18
m

40- 60 2.75+0.19
i n

2 .8 0 + 0 .38b
m

2.71+0.12
m

2 .30+0 .30
m

2.98+0.253
m

60- 80 3 .0 6 + 0 .18b
m

2.8 6 +0 .3 9 a
m

2.79+0.19
m

2.44+0.21
n

3.17+0.36
n

80-100 — ----- 2 .9 1 +0 .2 6 a
n

3.20+0.573
m

2.96+0.30
m

1 0 0 - 1 2 0 — — 3.14+0.283
m

3.19+0.483
n

3 .4 3 + 0 .30b

JAt ze ro  t i m e ,  a compound was g iven  t o  an im als  by a stomach tu b e .
Data a r e  mean v a lu e s  [ e x p re s se d  in  ml/min/lOOg] _+ S.E .  The number of  
an im als  i s  g iven  in  b r a c k e t s .  S i g n i f i c a n t  d i f f e r e n c e  from c o n t r o l  
v a lu e  was c a l c u l a t e d  us ing  p a i r e d  t - t e s t :  a p<0.05,  b p<0.025.
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c i r c u l a t i o n .  However an i n c r e a s e  In RPF was observed  on ly  a f t e r  o ra l  

a d m i n i s t r a t i o n  o f  50 mg/kg o f  t h e  D- y -g lu tam yl  d e r i v a t i v e s  o f  DA and 

DOPA. This  dose  i s  t h e  same as  t h a t  r e q u i r e d  f o r  o ra l  e f f i c a c y  o f  t h e  

L-1somers.  In our  r a t  model ,  t h e r e f o r e ,  none o f  th e  Y-glutamyl 

d e r i v a t i v e s  o f  DOPA o r  DA was o r a l l y  e f f e c t i v e  a t  doses  lower th an  f r e e  

DA.

Renal and c a r d i o v a s c u l a r  e f f e c t s  o f  L- Y-glutamyl-DOPA in  dogs

The s t u d i e s  in  r a t s  dem onstra ted  t h a t  L- Y-glutamyl-DOPA i s  cap ab le  

o f  i n c r e a s in g  RPF in  doses  t h a t  do not a f f e c t  blood p r e s s u r e  o r  plasma 

g lu c o se  l e v e l s .  D esp i te  t h e  minimal e x t r a r e n a l  e f f e c t s  a s s o c i a t e d  with 

L- Y-glutamyl-DOPA, t h e  p o s s i b i l i t y  t h a t  t h e  in c re a se d  RPF observed  a f t e r  

a d m i n i s t e r i n g  t h i s  prodrug i s  due ,  a t  l e a s t  p a r t i a l l y ,  t o  i n c re a se d  

c a r d i a c  o u tp u t  could  not be co m ple te ly  r u le d  o u t .  This p o s s i b i l i t y  was 

examined in  t h e  fo l lo w in g  s t u d i e s  u t i l i z i n g  dogs .

F i r s t ,  t h e  e f f e c t s  on c a r d i a c  ou tpu t  and s e v e ra l  renal  pa ram eters  

were s tu d i e d  d u r in g  t h e  in t rav e n o u s  i n f u s i o n  o f  L- Y-glutamyl-DOPA.

The I n fu s io n  o f  th e  prodrug in  doses  up to  1 .5  umole /kg/min  produced 

no s i g n i f i c a n t  i n c r e a s e  in  c a r d i a c  o u t p u t .  The c l e a r a n c e  o f  PAH (Cp/^) 

was i n c r e a s e d  by 14 t o  27% d u r in g  t h e  prodrug i n f u s i o n  whi le  no 

s i g n i f i c a n t  change in  t h e  c l e a r a n c e  o f  c r e a t i n i n e  ( C o )  o r  u r in e  f low 

was o bse rved .  A small d e c r e a s e  1n mean a r t e r i a l  b lood p r e s s u r e  was seen 

d u r in g  t h e  prodrug I n f u s i o n .  In t h e s e  dogs ,  t h e r e f o r e ,  t h e  observed 

I n c r e a s e  in  Cpah cou ld  not  be a secondary  e f f e c t  r e l a t e d  t o  an i n c r e a s e  

in  c a r d i a c  o u t p u t .

In an a t tem p t  to  f u r t h e r  d i s s o c i a t e  t h e  d i r e c t  a c t i o n  on t h e  kidney 

from p o s s i b l e  sys tem ic  a c t i o n s ,  L- Y-glutamyl-DOPA was in fu s e d  d i r e c t l y
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1nto a rena l  a r t e r y .  Since t h e  k idney from t h e  drug in fu sed  s id e  and 

t h a t  from t h e  c o n t r a l a t e r a l  s i d e  would be a f f e c t e d  e q u a l l y  by sys tem ic  

change ,  any d i f f e r e n c e  in  t h e  re sponses  o f  t h e s e  two k idneys  must be due 

to  t h e  d i r e c t  a c t i o n  o f  th e  drug on t h e  k idney .

L- Y-Glutamyl-DOPA in  doses  ran g in g  from 0 .08  t o  1 pmole/kg/min  

was in fu sed  i n t o  t h e  r i g h t  rena l  a r t e r y .  The a d m i n i s t r a t i o n  o f  t h e  

prodrug l e d  t o  a prompt i n c r e a s e  in  u r in e  f low  on t h e  s i d e  o f  i t s  

i n f u s i o n  (T ab le  9 ) .  At no time d u r in g  t h e  prodrug i n f u s i o n  d id  th e  

u r in e  f low from t h e  in fu s e d  kidney become l e s s  than  th e  un in fused  k idney .  

The maximal d i f f e r e n c e  1 n u r i n e  f low between th e  two k idneys  occu rred  a t  

about 60 min a f t e r  i n i t i a t i o n  o f  t h e  prodrug i n f u s i o n .  The d i f f e r e n c e  

t h en  d e c l i n e d ;  t h i s  was probably  due to  th e  sys tem ic  r e c i r c u l a t i o n  of  

t h e  p rodrug .  There was a l s o  a moderate  i n c r e a s e  in  Na+ e x c r e t i o n  on 

t h e  In fu sed  s i d e  as  compared t o  t h e  c o n t r a l a t e r a l  s i d e .  However, no 

c o n s i s t e n t  d i f f e r e n c e  in  e i t h e r  Cp^H o r  Ccr  between th e  in fu sed  and 

un in fused  k idneys  was observed dur ing  L-r -g lu tam yl-D O PA  i n f u s i o n .

The in c r e a s e  in  RPF in re sp o n se  t o  t h e  in t r a v e n o u s  i n f u s i o n  o f  

L-Y -glutamyl-DOPA in  dogs was l e s s  than  t h a t  found in r a t s .  Fur therm ore ,  

t h e r e  was no I n c r e a s e  in  RPF a f t e r  i t s  I n fu s io n  d i r e c t l y  i n t o  a ren a l  

a r t e r y .  One p o s s i b l e  e x p la n a t io n  f o r  t h e  ap p a ren t  d i f f e r e n c e  in  response  

t o  t h i s  prodrug in t h e s e  two s p e c i e s  i s  t h e  method u t i l i z e d  in  measuring 

RPF. For d e t e r m in a t i o n  o f  CpM only a t r a c e r  amount of  PAH was admini­

s t e r e d  to  r a t s .  In dogs ,  on t h e  o t h e r  hand, a plasma PAH c o n c e n t r a t i o n  

o f  ap p ro x im a te ly  1 mg/dl was m a in ta in e d .  T h e re fo re  1f t h e  t u b u l a r  

s e c r e t i o n  o f  PAH f s  I n h i b i t e d  d u r ing  t h e  L -y  -glutamyl-DOPA i n f u s i o n ,  

an i n c r e a s e  in  RPF as  measured by Cp^n w i l l  be o b scu red .
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Table  9

E f f e c t  of  L- y -glutamyl-DOPA on u r in e  f low a f t e r  i n f u s i o n  In to  t h e  r i g h t  
rena l  a r t e r y  in  dogs

Urine f low [ml/min]
Dog#! Dog#2 Doq#3

Right  L e f t  ^ i n c r e a s e  
in  Right

Right  Le f t  X ln c rea se  
in  Right

Right  Le f t %i n c r e a s e  
in  Right

c o n t ro l  c o n t r o l  c o n t ro l
3 .10 3.17 - 2 2 . 0 0 2.15 -7 2 .90 2 . 8 0 -4
2.47 2.47 0 3.18 3.58 11 2.75 2.70 2
1.87 1.87 0 3.60 3.80 -5 2 .60 2.55 2

2.37 2.17 9

0 .25 ymole/kg/mi n 0 .25 umole/kg/tnin 0 .08 j.mole/kg/mi n
1.75 1.70 3 4 .20 3.90 8 2 .33 1.93 21
2 . 0 0 1.75 14 4.05 3.70 9 2.33 1.93 21
2 .58 1 .98 30 2 . 2 0 1.97 12

0 .5 umole/kg/m 1n 0 .5 ymole/kg/min 0 .16 umole/kg/mi n
2 .55 1 .98 29 3.70 3.30 12 2.50 1.90 32
2.13 1.63 31 3.25 3.00 8 2.50 2.13 17

3.50 3.25 8 2 .40 2.17 11

1 . 0 umole/kg/min 1 . 0 ymole/kg/m1 n 0.25 ymole/kg/mi n
1.83 1.53 2 0 3.75 2.4u 1 0 2.33 2.17 7
1.70 1.48 15 3.35 3.25 3 2 .40 2.17 11

2 . 1 0 2 . 1 0 0

Both c o n t r o l  and exper im en ta l  u r in e  c o l l e c t i o n  p e r io d s  l a s t e d  from 10 
t o  20 min. Following t h r e e  o r  f o u r  c o n t r o l  u r i n e  c o l l e c t i o n  p e r i o d s ,
L- y -glutamyl-DOPA [0 .2 5  o r  0 .08  ymole/kg/min]  was in fu s e d  i n t o  t h e  
r i g h t  r ena l  a r t e r y .  A f te r  two o r  t h r e e  c o l l e c t i o n  p e r i o d s ,  t h e  dose 
was i n c r e a s e d  as  I n d i c a t e d .  'R i g h t '  and ' L e f t '  r e f e r  t o  t h e  u r in e  f low 
from t h e  r i g h t  and l e f t  k idney r e s p e c t i v e l y .  '% I n c r e a s e  1n R ig h t '  i s  
d e f in e d  as  U F ^ p h t  -  UFioff- t im es  100% where UF i s  u r in e  f low.

U“ l e f t
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There a r e  s e v e ra l  r e p o r t s  which su g g e s t  t h a t  t h e  a d m i n i s t r a t i o n  o f  

L- y-glutamyl-DOPA may indeed i n t e r f e r e  w i th  t h e  PAH s e c r e t o r y  mechanism. 

F i r s t ,  1t has been r e p o r t e d  t h a t  t h e  i n f u s i o n  o f  DA caused a r e d u c t i o n  

in  t h e  renal  e x t r a c t i o n  o f  PAH in  dogs (Meyer e t  a l . ,  1967).  S ince 

L- Y-glutamyl-DOPA g e n e r a t e s  l a r g e  amounts o f  DA in  t h e  k id n e y ,  such 

g e n e r a t i o n  might  l ead  t o  a r e d u c t io n  in  t h e  PAH e x t r a c t i o n  r a t i o .  In 

a d d i t i o n ,  L-DOPA, DOPAC and HVA have a l l  been shown t o  be c a p a b le  o f  

i n h i b i t i n g  renal  t u b u l a r  t r a n s p o r t  o f  PAH ( B i e r e r  e t  a l . ,  1979).  L-DOPA 

i s  r e l e a s e d  from L- Y-glutamyl-DOPA by a r e a c t i o n  c a t a l y z e d  by y - g l u t a -  

myl t r a n s p e p t i d a s e .  DOPAC and HVA a r e  m ajor  m e t a b o l i t e s  o f  DA. Thus 

t h e  fo rm at ion  o f  t h e s e  compounds from t h i s  DA prodrug may a l s o  c o n t r i b u t e  

to  th e  i n h i b i t i o n  o f  t h e  PAH s e c r e t i o n .  Furthermore  L- v-glutamyl-DOPA 

i s  an o rg an ic  a c id  so t h a t  t h e  compound i t s e l f  may i n t e r f e r e  with t h e  

PAH s e c r e t i o n  by t h e  o rg an ic  ac id  t r a n s p o r t  system.  F i n a l l y  sodium 

p e n t o b a r b i t a l , used t o  a n e s t h e t i z e  t h e  dogs ,  1 s known to  d e p r e s s  t h e  

t r a n s p o r t  maximum o f  PAH (Tm p ^ )  by i t s  d i r e c t  e f f e c t  on t h e  renal  

t u b u l a r  t r a n s p o r t  mechanism (Harvey,  1975) . In view o f  t h e s e  p o s s i b l e  

i n t e r f e r i n g  f a c t o r s ,  t h e  use o f  th e  PAH c l e a r a n c e  method may not p rov ide  

an a c c u r a t e  account  o f  changes  in  t h e  renal  blood f low  (RBF) induced by 

L- Y-glutamyl-DOPA. T h e re fo re  1t became d e s i r a b l e  t o  measure  RBF 

d i r e c t l y  by means o f  e l e c t r o m a g n e t i c  f low p ro b es .  In a d d i t i o n ,  t h e  

d i r e c t  measurement a l low s  r e c o rd in g  o f  t h e  i n s t a n t a n e o u s  change in  RBF. 

Th is  could  not be done with  t h e  c l e a r a n c e  method s i n c e  t h i s  method 

measures t h e  ave rage  e f f e c t i v e  RPF over  a p e r io d  o f  a t  l e a s t  10 min.

Dogs were p repared  as  d e s c r ib e d  1n 'The M ethods ' .  The r e s p o n s iv e ­

ness  o f  our  dog p r e p a r a t i o n s  was t e s t e d  by I n j e c t i n g  DA (15 v g/kg 1 - v . ) .  

The r e s u l t s  a r e  shown in  Table 10. Immediately a f t e r  t h e  DA I n j e c t i o n ,
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Table 10

E f f e c t s  o f  an i n t r a v e n o u s  i n j e c t i o n  o f  DA (15 wg/kg) on renal  blood 
f low and mean a r t e r i a l  blood p re s s u re  in  dogs

Renal blood flow Mean a r t e r i a l  
blood p r e s s u r e

Source

Maximal-  
i n t e n s i t y  
[%change]

Time 
t o  peak 
[min j

Durat ion  

[mi n] [%change]

35 2 18 -15 This s tudy  
(n - 2 )

31+10 ___ 8 -16+5 Kyncl e t  a l . ,
1975
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RBF I n c re a s e d  by 35%, l a s t i n g  f o r  18 min. The i n c r e a s e  was accompanied 

by a d e c r e a s e  in  t h e  mean a r t e r i a l  blood p r e s s u r e  by 15%. These f in d in g s  

a r e  s i m i l a r  to  t h o s e  r e p o r t e d  by Kyncl e t  a l  (1975) (Table  10 ) .

The rena l  and c a r d i o v a s c u l a r  e f f e c t s  o f  L- Y-glutamyl-DOPA ( 2 .5  mg/ 

kg) a d m in i s t e r e d  as  an i n t r a v e n o u s  bo lus  i n j e c t i o n  were s tu d i e d  in  t h r e e  

dogs .  In each c ase  t h e r e  was an immediate i n c r e a s e  in  RBF by 13 t o  29% 

which l a s t e d  about  40 min. A f t e r  t h i s  t im e ,  RBF r e t u r n e d  t o  t h e  base  

v a lu e  ex cep t  in  one dog in  which th e  RBF remained e l e v a t e d .  At about  

150 min a f t e r  t h e  prodrug i n j e c t i o n ,  t h e  RBF began t o  i n c r e a s e  f o r  t h e  

second t im e .  In t h i s  second phase o f  RBF e l e v a t i o n ,  up to  a 6 8 % in c r e a s e  

in  RBF was r e c o rd e d .  The r e c o rd in g  o f  RBF from one animal i s  shown as  

an example o f  th e  r e sp o n se  to  th e  in t r a v e n o u s  i n j e c t i o n  o f  L- y - g lu t a m y l -  

DOPA (F ig u re  6 ) .  No i n c r e a s e  in  mean a r t e r i a l  blood p r e s s u r e  or  h e a r t  

r a t e  was recorded  a t  any t ime d u r in g  t h e s e  e x p e r im en ts .

I f  t h e  r e l e a s e  o f  DA from L- T-glutamyl-DOPA in  t h e  k idney i s  

r e s p o n s i b l e  f o r  t h e  observed  i n c r e a s e  1n RBF, t h en  t h e  p re se n ce  o f  DA in  

u r i n e  might be expec ted  d u r in g  such an i n c r e a s e .  The u r in e  samples 

o b t a in e d  a t  v a r i o u s  t im es  d u r in g  th e  exper im en ts  were t h e r e f o r e  ana lyzed  

f o r  DA. The e x c r e t i o n  o f  f r e e  and t o t a l  ( f r e e  + co n ju g a te d )  DA b e f o r e  

and a f t e r  th e  I n j e c t i o n  o f  L- y-glutamyl-DOPA ( 2 .5  mg/kg) i s  shown in 

F igu re  7. The r e s u l t s  p r e se n ted  in  F igure  7 and F igure  6  were o b ta in e d  

from t h e  same dog. As shown, t h e r e  was a surge  o f  DA e x c r e t i o n  which 

peaked a t  about  40 m1n fo l lo w in g  t h e  prodrug i n j e c t i o n .  A f te r  t h i s  t im e ,  

t h e  DA e x c r e t i o n  d e c l i n e d  bu t  i t  n e v e r t h e l e s s  remained above 100 ng/m1n 

f o r  t h e  r e s t  o f  t h e  exper im en ta l  p e r io d .  No d e t e c t a b l e  amount o f  f r e e  

DA was measured p r i o r  t o  th e  I n j e c t i o n  o f  L-y-g lu tamyl-DOPA. The 

r e s u l t s  a l s o  d em o n s t ra te  t h a t  a c o n s i d e r a b l e  p o r t i o n  of  DA i s  e x c r e t e d
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Figure  6

E f f e c t  o f  L- -Y-glutamyl-DOPA on r e n a l  blood f low 1n t h e  dog
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Figure 7

U rinary  e x c r e t i o n  of  f r e e  and t o t a l  dopamine in  th e  dog
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as  i t s  co n ju g a ted  m e t a b o l i t e  in  u r i n e .  As a com par ison ,  f r e e  DA e x c r e t e d  

a f t e r  th e  i n j e c t i o n  o f  DA (15 yg /kg)  was a l s o  d e te rm in e d .  The maximum 

e x c r e t i o n  o f  f r e e  DA was ap p rox im a te ly  300 ng/min and o c c u r re d  a t  about  

5 min a f t e r  t h e  i n j e c t i o n .  The DA e x c r e t i o n  th e n  d e c l in e d  r a p i d l y .
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B. Prodrugs o f  su l f a m e th o x a z o le

Rate  o f  r e l e a s e  o f  SM from I t s  glutamyl  d e r i v a t i v e s  in  v i t r o

The r e l e a s e  o f  SM from i t s  Y-glutamyl d e r i v a t i v e s  i s  c a t a l y z e d  by 

Y-glutamyl t r a n s p e p t i d a s e  and t h a t  from L-“ -glutamyl-SM by ami nopep­

t i d a s e  A. T h e re fo re  t h e  r e s u l t s  o f  t h e  measurement o f  SM r e l e a s e  from 

Y-glutamyl and “ -g lu tam yl  d e r i v a t i v e s  o f  SM p r o v id e  e s t i m a t e s  f o r  

t h e  Y -g lu tam yl  t r a n s p e p t i d a s e  and am inopep t idase  A a c t i v i t i e s  r e s p e c ­

t i v e l y .

The r a t e  o f  SM r e l e a s e  from y -  and a -g lu ta m y l  d e r i v a t i v e s  o f  SM 

by mouse t i s s u e  homogenates i s  summarized in  Table  11. Among th e  t i s s u e s  

examined t h e  k idney e x h i b i t e d  t h e  f a s t e s t  r e l e a s e  of SM. There were,  

however,  g r e a t  d i f f e r e n c e s  in  r a t e s  among t h e  v a r io u s  d e r i v a t i v e s .

L- v-Glutamyl-SM was c lea v e d  most r a p i d l y  r e f l e c t i n g  th e  high a c t i v i t y  

o f  Y-glu tamyl t r a n s p e p t i d a s e  in  t h e  k idney .  The r a t e  o f  r e l e a s e  from 

D- y-g lu tamyl-SM was s ev e ra l  t im es  s lo w er ,  a f i n d i n g  c o n s i s t e n t  w ith  

e a r l i e r  o b s e r v a t i o n s ,  which showed t h a t  D- Y-glutamyl d e r i v a t i v e s  a r e  

much p o o re r  s u b s t r a t e s  o f  y -g lu ta m y l  t r a n s p e p t i d a s e  th an  t h e  r e s p e c t i v e  

L-isomers  (Orlowski and M e is t e r ,  1965).  Among o t h e r  t i s s u e s  on ly  t h e  

pan c reas  and small I n t e s t i n e  show a p p r e c i a b l e  r e l e a s e  of  SM from th e  

Y-glutamyl d e r i v a t i v e s i  t h e  r e l e a s e  in  o t h e r  t i s s u e s  was s lower  by a 

f a c t o r  of  300 t o  1000 th a n  in  t h e  k idney .  The h y d r o ly s i s  o f  L- a -  

glutamyl-SM a l th o u g h  s lower  than  t h a t  o f  t h e  L- Y-glutamyl d e r i v a t i v e  

proceeded n e v e r t h e l e s s  a t  a r e l a t i v e l y  r a p id  r a t e  1 n t h e  k idney .  Ami no­

p e p t i d a s e  A, t h e  enzyme r e s p o n s i b l e  f o r  t h i s  r e a c t i o n  i s  a l s o  most a c t i v e  

in  t h e  k id n ey ,  however t h i s  enzyme seems t o  be much l e s s  k1d n e y - s p e c 1 f 1 c 

than  y -g lu ta m y l  t r a n s p e p t i d a s e .  With t h e  e x c e p t io n  o f  t h e  kidney and 

pancreas  i t s  a c t i v i t y  in  a l l  o t h e r  t i s s u e s  was much h ig h e r  t h a n  t h e
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Table 11

Rate  o f  r e l e a s e  o f  SM from I t s  glutamyl  d e r i v a t i v e s  by s e v e ra l  organ 
homogenates

L- Y - 
SM

Glutamyl- D- y -Gl utamyl - 
SM

L- a - 
SM

-Glutamyl

Kidney 71.5 E 1 0 0 ] 11.9 E 1 0 0 ] 32 .5 E 1 0 0 ]

Pancreas 10.4 [ 15] 2.49 E 2 1 ] 1.04 [ 3]

Small I n t e s t i n e 1.25 C 2 ] 0 .23 E 2 ] 3 .86 [ 1 2 ]

L ive r 0 . 0 2 C<0 . 1 ] 0 . 0 0 2 E<0 . 1 ] 3.51 E 1 1 ]

Spleen 0.126 [ 0 . 2 ] 0.008 [<0 . 1 ] 1.74 C 5]

Lung 0.094 [ 0 . 1 ] 0.026 E 0 . 2 ] 16 [ 49]

Heart 0.005 £<o.i3 0.003 [ < o . i ] 1.45 E 4]

Brain 0 .25 E 0 . 3 ] 0.05 E 0 . 4 ] 1.25 E 4]

R e s u l t s  a r e  ex p ressed  as  nmoles o f  SM r e l e a s e d  p e r  mg p r o t e i n  p e r  min. 
Data a r e  mean v a lu e s  o f  2-4 d e t e r m in a t i o n s .  Numbers in b r a c k e t s  
r e p r e s e n t  r e l a t i v e  r a t e s ,  with  th e  a c t i v i t y  in  k idney  homogenates 
a r b i t r a r i l y  s e t  as 1 0 0 .
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a c t i v i t y  o f  Y - g l u t a m y l  t r a n s p e p t i d a s e .

T issu e  c o n c e n t r a t i o n  o f  SM a f t e r  a d m i n i s t r a t i o n  o f  i t s  g lu tamyl  

d e r i v a t i v e s  In vivo

The kidney s e l e c t i v e  r e l e a s e  of  SM from i t s  glutamyl  d e r i v a t i v e s  In 

v i t r o  prompted s t u d i e s  on th e  t i s s u e  d i s t r i b u t i o n  o f  SM a f t e r  a d m i n i s t r a ­

t i o n  o f  t h e s e  compounds in v i v o . The c o n c e n t r a t i o n  o f  SM in  v a r io u s  

t i s s u e s  were de termined  in  mice a f t e r  SM and i t s  glutamyl d e r i v a t i v e s  

( 0 .5  Mmole/g i . p . ) .  The animals  were k i l l e d  20 m1n a f t e r  t h e  drug 

i n j e c t i o n  s in c e  t h e  peak c o n c e n t r a t i o n  o f  SM in  t h e  kidney was a t t a i n e d  

a t  t h i s  t im e .  The r e s u l t s  a r e  summarized in  Table  1 2 . The c o n c e n t r a t i o n  

in  t h e  kidney was h ig h e r  than  t h a t  in any o f  t h e  t i s s u e s  s t u d i e d ,  

n e v e r t h e l e s s  w i th  t h e  e x c e p t io n  o f  t h e  b r a i n  c o n s i d e r a b l e  accum ula t ion  

o f  SM was found 1n a l l  t i s s u e s .  In a b s o l u t e  terms t h e  c o n c e n t r a t i o n  o f  

SM in  th e  kidney a f t e r  L- Y-glutamyl-SM was s i m i l a r  t o  t h a t  ob ta in ed  

a f t e r  f r e e  SM. The c o n c e n t r a t i o n s  a f t e r  t h e  o t h e r  two glutamyl d e r i v a ­

t i v e s  were s i g n i f i c a n t l y  lower  than  t h a t  a f t e r  f r e e  SM. In r e l a t i v e  

t e r m s ,  t h e r e  was o n ly  a small p r e f e r e n t i a l  accum ula t ion  o f  SM in t h e  

k idney with  r e s p e c t  t o  o t h e r  t i s s u e s  a f t e r  t h e  Y-glu tamyl prodrugs  

compared with  t h a t  a f t e r  f r e e  SM. Although t h i s  k i d n e y - s p e c i f i c  

accum ula t ion  o f  SM was g r e a t e r  a f t e r  D- Y-glutamyl-SM th a n  a f t e r  th e  

L-1somer, i t  was accompanied by a c o n s id e r a b l e  r e d u c t i o n  o f  t h e  a b s o l u t e  

c o n c e n t r a t i o n  o f  SM 1n t h e  k idney .  No k i d n e y - s p e c i f i c  accum ula t ion  of  

SM was observed  a f t e r  L- o -g lu tam yl-S M .  Indeed t h e  d i s t r i b u t i o n  o f  SM 

among d i f f e r e n t  t i s s u e s  a f t e r  t h i s  d e r i v a t i v e  was even more uniform th an  

a f t e r  f r e e  SM.
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T a b le  12

C o n c e n t r a t io n s  o f  SM i n  severa l  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  o f  SM and i t s  glutamyl d e r i v a t i v e s

SM L - y  -G lu ta -  D- y  -G lu ta -  L- a  -G lu ta -
________ myl -SM________ myl-SM______  myl-SM_____

Kidney 108+9 [ 1 0 0 ] 97+8 [ 1 0 0 ] 72+4^ [ 1 0 0 ] 66+5c [ 1 0 0 ]

Pancreas 51+4 [ 47] 66+4 [ 69] 43+7 [ 60] 46+8 [ 69]

Smal1 I n t e s t i n e 54+2 [ 50] 35+2e [ 36] 18+ie [ 25] 45+3a [ 69]

L iv e r 78+4 [ 73] 55+4C [ 57] 34+2e [ 48] 55+2d [ 85]

Spleen 51+3 [  47] 32+4C [ 33] 18+1 e [ 25] 43+3 [ 67]

Lung 58+3 [ 55] 47+3a [ 50] 24+ie [ 33] 42+2d [ 64]

Hear t 57+3 [ 54] 47+4 [ 49] 24+2e [ 33] 38+ld [ 59]

Brain 1 1 + 1 [ 1 0 ] 5+1 [ 5] 3 + 0 .3d [ 4] 4 + lc [ 7]

The dose o f  each drug  was 0.5 u n o le /g .  Data a r e  mean c o n c e n t r a t i o n s  
{expressed  in  pg/g t i s s u e )  +_ S.E .  o b ta in e d  in  4 t o  5 e x p e r im e n ts .  
Values 1n b r a c k e t s  r e p r e s e n t  r e l a t i v e  c o n c e n t r a t i o n s ,  with t h o s e  
i n  t h e  kidney a r b i t r a r i l y  s e t  as  100. S t a t i s t i c a l  s i g n i f i c a n c e  of  
c o n c e n t r a t i o n  d i f f e r e n c e s  a f t e r  glutamyl d e r i v a t i v e s  o f  SM a r e  compared

K1 th  th o se  a f t e r  a d m i n i s t r a t i o n  o f  SM us ing  th e  t - t e s t :  a p<0.05, 
p<0.025, c p<0.01, d p<0.005, e p<o.001.
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Rate o f  r e l e a s e  of  SM from i t s  N - a c y l - L- y -g lu tam yl  d e r i v a t i v e s  in  v i t r o

S ince  on ly  a small p r e f e r e n t i a l  accum ula t ion  o f  SM was found 1n th e  

k idney a f t e r  a d m i n i s t r a t i o n  o f  y -g lu tamyl  d e r i v a t i v e s  o f  SM, a chemical 

m o d i f i c a t i o n  o f  t h e  prodrugs became d e s i r a b l e  so as  t o  o b t a i n  more k idney-  

s p e c i f i c  d e r i v a t i v e s .  A cy la t io n  o f  L- y-glutamyl-SM was th u s  c a r r i e d  

ou t  1n o r d e r  t o  make th e  r e l e a s e  o f  SM dependent  on th e  a c t i o n s  o f  bo th  

a c y l a s e  and y -g lu ta m y l  t r a n s p e p t i d a s e ,  two k i d n e y - s p e c i f i c  enzymes. 

Severa l  N-acyl d e r i v a t i v e s  o f  y -g lu tam yl-SM  in c lu d in g  N - a c e t y l - L - y - 

glutamyl-SM, N - c h lo r o a c e ty l - L - y - g lu t a m y l - S M  and N - b u t y r y l - L - y - g l u t a m y l - 

SM were s y n t h e s i z e d .  G ly c y l -L -y -g lu ta m y l -S M  was a l s o  s y n th e s iz e d  by 

ammonolysls o f  N - c h l o ro a c e ty l - L - y - g lu t a m y l - S M .

Enzymatic r e l e a s e  o f  SM from t h e  N - a c y l -L -y  -g lu tamyl  d e r i v a t i v e s  

was s tu d i e d  as  d e s c r ib e d  b e fo re  w ith  glutamyl d e r i v a t i v e s  o f  SM. The 

r e l e a s e  o f  SM from t h e  N - a c y l - y  -glu tamyl d e r i v a t i v e s  p roceeds  in  a two 

s t e p  r e a c t i o n  c a t a l y z e d  in sequence by a c y l a s e  and y - g lu t a m y l  t r a n s ­

p e p t i d a s e .  With N - a c e t y l - L - y  -glutamyl-SM, t h e  r e a c t i o n  proceeds  as 

fo l lo w s  ( r e a c t i o n  8  and 9 ) .

N-Acety l-L-  T-glutamyl-SM

________a c y la s e _________ »

a c e t a t e  + L -y  -glutamyl-SM (8 )

L- y-Glutamyl-SM + H2 O

y-glutamyl  t r a n s p e p t i d a s e  y

L -g lu tam a te  + SM (9)
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Enzymatic h y d r o l y s i s  o f  g l y c y l - L -  y-g lu tamyl-SM a l s o  r e q u i r e s  two s t e p s ,  

t h e  f i r s t  o f  which 1 s c a t a l y z e d  by one o r  more ami n o p e p t id a s e s  and t h e  

second by y -g lu tam y l  t r a n s p e p t i d a s e .  Thus t h e  r a t e s  o f  SM r e l e a s e  

from N-acyl-  y-g lu tamyl-SM and g l y c y l -  y-glu tamyl-SM measure th e  r e l e a s e  

caused  by th e  p re sen ce  o f  deacyl a t i n g  enzyme and y -g lu tam yl  t r a n s p e p t i ­

dase  1 n a g iven  t i s s u e  homogenate.

The r a t e  o f  r e l e a s e  of  SM from i t s  N-acyl-L-  y -g lu tam y l  d e r i v a t i v e s  

by s ev e ra l  organ homogenates i s  summarized in Table  13. Aside from 

g ly c y l -L -  y-g lu tamyl-SM which was r e l a t i v e l y  r a p i d l y  hydro lyzed  in th e  

k idney by t h e  combined a c t i o n  o f  s e v e ra l  ami n o p e p t id a se s  and y -g lu tam y l  

t r a n s p e p t i d a s e ,  o t h e r  N-acyl-  y -g lu tam y l  d e r i v a t i v e s  o f  SM were 

hydro lyzed  a t  a small f r a c t i o n  o f  th e  r a t e  observed  with e i t h e r  t h e  y -  

o r  a -g lu ta m y l  d e r i v a t i v e s  o f  SM (Tab le  11) .  The h y d r o ly s i s  o f  t h e s e  

N-acy l-L -  y -g lu ta m y l  d e r i v a t i v e s  shows high kidney s p e c i f i c i t y ,  p roceed ­

ing only ex t r e m e ly  s low ly  in  o t h e r  t i s s u e s .  The N-acety l  d e r i v a t i v e  of  

r -g lu tam y l-S M  was hydro lyzed  almost  e x c l u s i v e l y  in  t h e  k idney .  The 

r a t e s  o f  h y d r o l y s i s  o f  t h e  N-butyryl  and N -ch lo roace ty l  d e r i v a t i v e s  were 

s e v e ra l  t im es  h ig h e r  than  t h a t  o f  th e  N-ace ty l  d e r i v a t i v e s ,  n e v e r t h e l e s s  

t h e s e  d e r i v a t i v e s  were hydrolyzed  1 n a lmost  a l l  t i s s u e s  a t  a much s low er

r a t e  th an  t h e  glutamyl d e r i v a t i v e s  o f  SM.

Rate o f  d e a c y l a t i o n  o f  N-acy l-L -  Y-glutamyl-SM in  v i t r o

Under t h e  a s say  c o n d i t i o n s  used p r e v io u s ly  t o  measure t h e  r e l e a s e

o f  SM from i t s  N-acy l-L -  y -g lu ta m y l  d e r i v a t i v e s ,  e i t h e r  d e a c y l a t l n g  

enzyme o r  Y-glutamyl t r a n s p e p t i d a s e  cou ld  have been r a t e - 1 1 m i t i n g .  In 

t h e  p r e s e n t  s tu d y ,  t h e  r e l e a s e  o f  SM from t h e s e  compounds was measured 

in  t h e  p re sen ce  o f  excess  sheep kidney Y-glutamyl t r a n s p e p t i d a s e .
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Table  13

Rate  o f  r e l e a s e  o f  SM from i t s  N-acy l-L-  y -g lu tamyl  d e r i v a t i v e s  by 
s e v e ra l  organ homogenates

N -a c e ty l -L -  N -b u ty ry l -L -  N -c h lo ro a c e t -  Glycyl L-
y  - g lu t a m y l -  y - g l u t a m y l -  y l - L -  y - g l u t a -  y - g lu t a m y l -  

SM____________  SM____________  myl-SM_________  SM___________

Kidney 0.46 [ 1 0 0 ] 1.76 [ 1 0 0 ] 2 .79 [ 1 0 0 ] 42 .0 [ 1 0 0 ]

Pancreas 0 . 0 0 1 C <0 . 2 ] 0 .19 [ 113 0 .35 [ 13] 3 .8 [ 9]

Small I n t e s t i n e 0 . 0 0 1 [<0 .23 0 . 1 1 [ 6 ] 0.17 [ 6 ] 0.77 [ 2 ]

L ive r 0 . 0 0 2 [ 0 . 4 ] 0 .014 f—
1

o » CD U
J 0.051 [ 2 ] 0 . 2 1 [ 0 . 5 ]

Spleen 0 . 0 0 1 [ < 0 . 2 ] 0.024 [ 1 ] 0.065 [ 2 ] 0 .39 [ 0 . 9 ]

Lung 0 . 0 0 1 [<0 . 2 ] 0.016 [ 0 . 9 ] 0 .034 C 1 ] 0.41 [ 1 ]

Heart 0 . 0 0 1 [ < 0 . 2 ] 0.003 [ 0 . 2 ] 0 .005 [ 0 . 2 ] 0.055 [ 0 . 1 ]

Brain 0 . 0 0 1 [<0 . 2 ] 0.067 [ 4] 0 .055 [ 2 ] 0 .27 [ 0 . 6 ]

R e s u l t s  a r e  e x p res sed  as  nmole o f  SM r e l e a s e d  per  mg p r o t e i n  per  min. 
Data a r e  mean v a lu e s  o f  2-4 d e te rm in a t io n s *  Numbers in b r a c k e t s  
r e p r e s e n t  r e l a t i v e  r a t e s ,  with t h e  a c t i v i t y  in  k idney  homogenates 
a r b i t r a r i l y  s e t  a s  1 0 0 .
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Under t h e s e  c o n d i t i o n s ,  t h e  r e a c t i o n  c a t a l y z e d  by d e a c y l a t i n g  enzymes 

becomes r a te -1 1 m i t1 n g  t h e r e f o r e  t h e  r a t e  o f  r e l e a s e  o f  SM measures  th e  

a c t i v i t y  o f  d e a c y l a t i n g  enzymes.

The r e s u l t s  summarized 1 n Table 14 show t h a t  t h e  most r a p i d l y  

hydro lyzed  d e r i v a t i v e  i s  g ly c y l - L -  y-glutamyl-SM. The h y d r o ly s i s  of  

t h i s  compound a l th o u g h  most r a p id  in t h e  kidney n e v e r t h e l e s s  proceeded 

a t  a h igh r a t e  in  a l l  o t h e r  t i s s u e s .  This  f in d in g  s u g g e s t s  t h a t  amino- 

p e p t i d a s e s  c a p a b le  o f  h y d ro ly s in g  th e  g l y c y l -  Y-glutamyl bond a r e  

w ide ly  d i s t r i b u t e d ,  and e x h i b i t  h igh a c t i v i t y  in  a l l  t i s s u e s .  By 

c o n t r a s t  d e a c y l a t i o n  o f  th e  o t h e r  N-acyl-L-  Y-glutamyl d e r i v a t i v e s  of  

SM proceeded by two o r d e r s  o f  magni tude s lower  th a n  t h a t  o f  t h e  g ly cy l  

d e r i v a t i v e .  Among t h e  t h r e e  compounds t e s t e d  th e  r e l e a s e  o f  Y -g lu tam yl-  

SM was s low es t  from i t s  N -ace ty l  d e r i v a t i v e ,  however,  t h e  d e a c y l a t i o n  

o f  t h i s  d e r i v a t i v e  showed t h e  h i g h e s t  k i d n e y - s p e c i f i c i t y  s in c e  i t s  

d e a c y l a t i o n  in  o t h e r  t i s s u e s  was ex t rem ely  slow. Higher d e a c y l a t i o n  

r a t e s  were o b ta in e d  w i th  th e  N-butyryl  and N -ch lo ro ace ty l  d e r i v a t i v e s ,  

with  t h e  k idney again  showing t h e  h ig h e s t  r a t e .  The d e a c y l a t i o n  r a t e  o f  

N-acy l-  y -g lu ta m y l  d e r i v a t i v e s  o f  SM in  v a r io u s  t i s s u e s  r e f l e c t s  th e  

a c t i v i t y  o f  d e a c y l a t i n g  enzymes. The d i s t r i b u t i o n  o f  a c t i v i t y  o f  t h e s e  

enzymes seems t o  be more uniform th an  t h a t  o f  Y-glutamyl t r a n s p e p t i d a s e ,  

n e v e r t h e l e s s  a c o n s id e r a b l e  k idney s p e c i f i c i t y  i s  c l e a r l y  n o t i c e a b l e .

T is su e  c o n c e n t r a t i o n s  o f  SM a f t e r  a d m i n i s t r a t i o n  o f  i t s  N-acyl-L-y - 

glutamyl d e r i v a t i v e s  in  vivo

S t u d i e s  o f  t h e  SM r e l e a s e  from N-acyl-L-  Y-glutamyl-SM in  v i t r o  

have shown t h a t  a c y l a t i o n  o f  Y-glu tamyl  d e r i v a t i v e s  o f  SM s i g n i f i c a n t l y  

slows th e  r a t e  o f  r e l e a s e  o f  t h e  SM moiety  from t h e s e  d e r i v a t i v e s .  In
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T a b l e  14

Enzymatic r e l e a s e  o f  Y-glutamyl-SM from i t s  N-acyl d e r i v a t i v e s

N - a c e ty l -L -  N -b u ty ry l -L -  N - c h l o r o a c e ty l - G lycy l-L-
y - g l u t a m y l -  y - g l u t a m y l -  L- y - g lu t a m y l -  y - g l u t a m y l -

SM SM SM SM

Kidney 0.74 1.85 3.14 239
[ 1 0 0 ] [ 1 0 0 ] [ 1 0 0 ] [ 1 0 0 ]

Pancreas 0.031 0.24 0.24 24 .2
[4 ] [13 ] [ 8 ] [ 1 0 ]

Smal 1 0 . 0 0 2 0.28 0 . 2 0 73.5
I n t e s t i n e [ 0 . 3 ] [15 ] [ 6 ] [31]

Li ver 0.045 0.40 1.70 69 .7
[ 6 ] [ 2 2 ] [54] [29]

Spleen <0 . 0 0 1 0.38 0.36 54 .6
[ < o . i ] [ 2 1 ] [ 1 1 ] [23]

Lung <0 . 0 0 1 0.24 0 . 2 2 38 .4
[ < o . i 3 [13 ] [7 ] [16]

Heart <0 . 0 0 1 0.049 0.042 19.7
[<0 . 1 ] [3 ] [ 1 ] [ 8 ]

Brain <0 . 0 0 1 0.13 0 . 1 1 40 .5
[<0 . 1 ] [7 ] [4 ] [17]

A c t i v i t y  was measured in  a coupled  enzyme a s sa y  in  t h e  p re sen c e  o f  excess  
y - g lu ta m y l  t r a n s p e p t i d a s e .  Data a r e  exp ressed  in  nmole/mg p r o t e ln / m l n  

and r e p r e s e n t  mean v a lu e s  of  2-4 d e t e r m i n a t i o n s .  Numbers in  b r a c k e t s  
r e p r e s e n t  r e l a t i v e  a c t i v i t i e s  w i th  t h o se  in t h e  k idney a r b i t r a r i l y  s e t  as  
100.
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a d d i t i o n  i t  makes t h e  r e a c t i o n  dependent on t h e  a c t i o n  o f  d e a c y l a t i n g  

enzymes and y -g lu tam y l  t r a n s p e p t i d a s e ,  bo th  having s i g n i f i c a n t  k idney-  

s p e c i f i d t y .  These f i n d i n g s  encouraged us t o  examine th e  t i s s u e  

d i s t r i b u t i o n  o f  SM a f t e r  N-acy l-L -  y -g lu tam y l  d e r i v a t i v e s  o f  SM in  v iv o .

In c o n t r a s t  t o  t h e  o b s e r v a t i o n s  made e a r l i e r  with  t h e  glutamyl  

d e r i v a t i v e s  o f  SM, a d m i n i s t r a t i o n  of  t h e  N - a c e ty l ,  N-butyryl  and 

N -c h lo ro ac e ty l  d e r i v a t i v e s  o f  y-glutamyl-SM (0 .25  v mole/g i . p . )  

r e s u l t e d  in  a h ig h ly  s p e c i f i c  accum ula t ion  o f  SM in  t h e  kidney (Table  

15) .  Among t h e  t h r e e  N-acyl d e r i v a t i v e s  t h e  r e s u l t s  with N - c h l o r o a c e ty l -  

L- y-glutamyl-SM were t h e  most s t r i k i n g  (F ig u re  8 ) .  A dose o f  t h i s  

prodrug equlm olar  with  SM r e s u l t e d  in  2 .2  t im es  h ig h e r  c o n c e n t r a t i o n  o f  

SM in  th e  mouse k idney .  At t h e  same t ime t h e  c o n c e n t r a t i o n  o f  SM in  

o t h e r  t i s s u e s  was o n ly  a small f r a c t i o n  o f  t h a t  observed  a f t e r  f r e e  SM.

As a r e s u l t  t h e  c o n c e n t r a t i o n  o f  SM 1n th e s e  t i s s u e s  was on ly  about  2% 

o f  t h a t  in  t h e  kidney with  somewhat h ig h e r  c o n c e n t r a t i o n s  o c c u r r in g  in  

t h e  l i v e r .  A d m in i s t r a t io n  o f  N - c h lo ro a c e ty l - L - y  -glutamyl-SM (0 .25  

un o le /g  I . p . )  t o  r a t s  and gu inea  pigs  a l s o  led  t o  a h ig h ly  kidney 

s e l e c t i v e  accum ula t ion  o f  SM (Table  16) .  The k idney c o n c e n t r a t i o n  o f  SM 

a f t e r  t h e  prodrug was t h r e e  t im es  h ig h e r  1 n guinea p igs  and almost  two 

t im es  h ig h e r  1n r a t s  th a n  t h a t  a f t e r  an equ lm olar  dose of SM. As in 

m ice ,  only  small amounts o f  SM were found 1n t h e  l i v e r  and pancreas  

a f t e r  t h i s  p rodrug .

S i m i l a r  r e s u l t s  were o b ta in ed  a f t e r  N - a c e t y l - L - y  -glutamyl-SM in  

mice (Table  15, F ig u re  8 ) .  The c o n c e n t r a t i o n  o f  SM in  t h e  kidney a f t e r  

t h i s  prodrug was about  50% h ig h e r  th an  t h a t  a f t e r  an equ im olar  c o n c e n t r a ­

t i o n  o f  f r e e  SM, with o n ly  small c o n c e n t r a t i o n s  o f  SM p r e s e n t  1n o t h e r  

t i s s u e s  s t u d i e d .  A k i d n e y - s p e c i f i c  accum ula t ion  o f  SM was a l s o  observed
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T a b l e  15

C o n c e n t r a t i o n s  o f  SM 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  o f  SM and 
i t s  N -a cy l -  y -g lu tam y l  d e r i v a t i v e s

SM N-Acetyl-  
L - y - 
glutamyl-  
SM

N-Chloro-
acety l-L -
Y -g lu ta -

myl-SM

N-Butyryl- 
L- y - 
glutam yl-  
SM

Gl ycyl - 
L- y -  
glutamyl 
SM

Kidney 62+4 91+93 137+11e 33+6 37+5c
a m [1 7 0 ] [170] [170] [1 7 0 ]

Pancreas 29+3 5+ le 3+le 1+0.13 20+4
[4 7 ] [51 [ 2 1 [41 [51]

Smal 1 19+2 4 + l e 3+0.38 1+0.13 12+lb
In tes t in e [31] [41 [ 2 1 [41 [3 7 ]

Li ver 43+5 11+18 9+0.4e 7+0.13 19+ld
z m [1 7 ] [7 1 [ 2 1 ] [5T]

Spleen 23+6 4 + l c 3 + 0 .2 b 1+0.33 11+1
[37] [4 1 [ 2 1 [ 2 1 [3 7 ]

Lung 30+1 4+ le 4+ie 1+13 14+18
i m [41 [31 [41 [37]

Heart 37+3 5 + le 3+0.43 0 .4 + 0 .3 3 14+23
[67] [51 [ 2 1 [1 ]  “ [37]

Brain 5+2
[8 1

2 + 1
[ 2 1

0 . 3 + 0 . l b 
[ 0 . 2 1

0 2 +0 . 1
[51

The d o se  o f  each  drug was 0 .2 5  umole /g w i th  t h e  e x c e p t i o n  o f  N - b u ty ry l -  
L- y  -g lu tam yl-SM  which was g iv en  a t  a dose  o f  0 .5  w n o le /g .  S t a t i s t i c a l  
d i f f e r e n c e s  a f t e r  t h i s  d e r i v a t i v e  were compared w i th  SM l e v e l s  g i v e n  1n 
Table  12. O ther  e x p l a n a t i o n s  a r e  t h e  same a s  i n  l egend  t o  Table  12.
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Figure 8

T is su e  d i s t r i b u t i o n  o f  su l fam e th o x azo le  a f t e r  N - c h l o r o a c e ty l -  
L- y - g l u t a m y l - s u l f a m e th o x a z o le ,  N -a c e ty l -L -  y - g lu ta m y l - 
su l f a m e th o x az o le  and su l fam e thoxazo1e (0 .25  um ole /g  i . p . )



T I S S U E  DISTRIBUTION OF S U L F A M E T H O X A Z O L E
160

o»
\
o»
*

UJ
_lo
Nl
<
Xo
X
t -
Ll I
5
<
Ll
_l
=>
CO

140

120 

100 

8 0 -  

60  

4 0  

20 

0

i
P  

1 1 
Pin
KIDNEY

I
i

-  Sulfam ethoxazo le
_  N-Acetyl-L-y-glutamybsulfo-  

methoxazole
-  N -C hlorace tyhL-y-gfu tam yl-  

su lfam ethoxazo le
I00O'I

c E B t

J L ,l a &

PANCREAS SMALL- 
INTESTINE

k

I

LIVER



- 8 6 -

Table  16

C o n c e n t r a t i o n s  o f  SM in  t i s s u e s  a f t e r  SM and N -c h lo ro a c e ty l -L -y  - 
glutamyl-SM i n  r a t s  and guinea  pigs

________Guinea p ig  _________   Rat _________
SM N -C h lo ro a c e ty l - SM N -C h lo ro ace ty l -

L- y  - g lu t a m y l -  L- y  - g lu t a m y l -
SM SM

Kidney 40+4 122+18& 42+2 78+

Pancreas 88+18 5+1 b 54+6 H + l b

L iver 45+5 1 0 + l a 35+2 1 0 + l b

The dose  o f  each drug was 0 .25 pm ole /g .  Animals were k i l l e d  20 min 
a f t e r  t h e  drug i n j e c t i o n .  Data a r e  mean v a lu e s  (ex p re s se d  in  y g /g  t i s s u e )  
_+ S.E .  o b t a in e d  from 5 t o  7 a n im a l s .  S t a t i s t i c a l  s i g n i f i c a n c e  of  
c o n c e n t r a t i o n  d i f f e r e n c e s  a f t e r  N - c h lo ro a c e ty l - L -  y  -glutamyl-SM a r e  
compared t o  t h o s e  a f t e r  SM us ing  th e  t - t e s t :  a p<0.005,  kp<0.001.
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a f t e r  a d m i n i s t r a t i o n  o f  N -bu ty ry l -L -  Y-glutamyl-SM, however,  f o r  a s  y e t  

unknown rea so n s  t h e  a b s o lu t e  c o n c e n t r a t i o n  of  SM 1n t h e  k idney a f t e r  t h i s  

prodrug  was o n ly  50% o f  t h a t  a f t e r  SM g iven  a t  a dose on ly  h a l f  o f  t h a t  

o f  t h e  p rodrug .  No k i d n e y - s p e c i f i c  accum ula t ion  was observed  a f t e r  

a d m i n i s t r a t i o n  o f  g l y c y l - L -  Y-glutamyl-SM.

Plasma c o n c e n t r a t i o n  o f  SM a f t e r  N -c h lo ro a c e ty l - L -  Y-glutamyl-SM

A f te r  d em o n s t ra t io n  of  t h e  high o r g a n - s e l e c t i v e  accum ula t ion  o f  SM 

in  t h e  kidney fo l low ing  a d m i n i s t r a t i o n  o f  N-chl o r o a c e t y l - L -  y - g l u t a m y l - 

SM, i t  was o f  i n t e r e s t  t o  d e te rm ine  th e  plasma c o n c e n t r a t i o n  o f  f r e e  SM 

a f t e r  t h i s  p ro d ru g .  The plasma l e v e l s  o f  SM 20 min 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  o f  N-chl o r o a c e ty l  -L- y -glutamyl-SM (0 .2 5  y m o le /g )  were 

measured in  r a t s  and guinea p i g s .  Control animals  were i n j e c t e d  w i th  an 

e q u i v a l e n t  dose  o f  f r e e  SM (Table  17) .  A f te r  t h e  a d m i n i s t r a t i o n  o f  t h e  

p ro d ru g ,  o n ly  a small amount o f  f r e e  SM was d e t e c t e d  in plasma of  t h e s e  

a n im a ls .  The plasma l e v e l s  o f  SM a f t e r  t h e  prodrug were 8  and 12% o f  

t h o s e  found a f t e r  SM in  gu inea  p igs  and r a t s  r e s p e c t i v e l y .

Time co u r se  o f  t i s s u e  accum ula t ion  o f  SM a f t e r  N -c h lo ro a c e ty l  and N-acety l  

d e r i v a t i v e s  o f  y - glutamyl-SM

Since  t h e  a d m i n i s t r a t i o n  o f  t h e  N -ch lo ro a ce ty l  and N-acetyl  

d e r i v a t i v e s  o f  Y-glutamyl-SM r e s u l t e d  In a h ig h ly  s e l e c t i v e  accum ula t ion  

o f  SM in  t h e  k id n ey ,  i t  was im p o r tan t  t o  d e te rm in e  t h e  d u r a t i o n  o f  t h i s  

s e l e c t i v i t y .  Thus t h e  t i s s u e  d i s t r i b u t i o n  o f  SM was i n v e s t i g a t e d  as  a 

f u n c t io n  o f  t ime 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  o f  N -a c e ty l -L - y -  

glutamyl-SM (0 .25  Mmole/g)  and N -c h lo ro a c e ty l - L - Y - g lu ta m y l - S M  ( 0 .2 5  

u m o le /g )  i n t o  mice (Tab le  18) .  The k idney s p e c i f i c  accum ula t ion  o f  SM
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Table  17

Plasma c o n c e n t r a t i o n s  o f  SM a f t e r  SM and N - c h l o r o a c e t y l - L - y - g lu t a m y l -  
SM in  r a t s  and g u in e a  p ig s

Trea tment   SM c o n c e n t r a t i o n
____________________________Guinea p ig  Rat

N - C h lo r o a c e ty l -  8  +_ l a 15 1a
L- Y-glutamyl-SM

SM 104 + 10 129 + 6

The dose  o f  each drug  was 0 .2 5  y m o le /g .  Data a r e  mean v a l u e s  ( yg/ml 
o f  plasma) +_ S .E .  o b t a i n e d  from 5 t o  7 a n im a l s .  S t a t i s t i c a l  s i g n i f i c a n c e  
o f  c o n c e n t r a t i o n  d i f f e r e n c e s  a f t e r  N - c h l o r o a c e t y l - L -  y -g lu tam yl-SM  a r e  
compared t o  t h o s e  a f t e r  SM u s in g  t h e  t - t e s t :  a p<0.001.
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T a b l e  18

C o n c e n t ra t io n s  o f  SM one and two hours  a f t e r  a d m i n i s t r a t i o n  o f  
SM and i t s  N-acy l-L-  y -g lu tamyl  d e r i v a t i v e s

________________a f t e r  1 h o u r _______________  _______
N-Acety l-L-  N - C h lo ro ac e ty l -

SM y - g lu t a m y l -  L- y - g lu t a m y l -
SM SM

Kidney 51+5 Cl 0 0 ] 65+7 C1 0 0 ] 54+6 [ 1 0 0 ]

Pancreas 2 2 + 2 C 43] 7+1 [ 1 1 ] 6+ 1 [ 1 1 ]

Small I n t e s t i n e 18+2 [ 35] 7+1 [ 1 1 ] 5+1 [ 9]

L iver 33+2 C 65] 14+1 [ 2 2 ] 1 2 + 1 [ 2 2 ]

Spleen 2 0 + 2 [ 39] 7+1 [ 1 1 ] 5+1 [ 9]

Lung 28+2 C 55] 7+1 C 1 1 ] 6+0.3 C 11]

Heart 25+2 [ 49] 8 + 2 C 1 2 ] 7+1 [ 13]

Brain 5+1 [ 1 0 ] 2+ 1 [ 3] 1+0 . 2  [ 2 ]

The dose of  each drug was 0 .25  ^ m o le /g .  Other  e x p l a n a t i o n s  a r e  t h e  
same a s  g iven  in  legend to  Table 12.
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a f t e r  2  hours
N-Acetyl-L- N -C h io ro a c e ty l -

SM Y -g lu tam y l - L - y - g lu ta m y l -
SM SM

25+4 [ 1 0 0 ] 14+1 [ 1 0 0 ] 2 2 + 2 [ 1 0 0 ]

1 1 + 2 [ 44] 7+1 C 50] 7+1 [ 32]

1 0 + 2 C 40] 5+1 [ 36] 7+2 [ 32]

23+4 [ 92] 1 2 + 2 [  8 6 ] 1 2 + 1 [ 55]

1 1 + 2 [ 44] 6+1 [  43] 6 + 1 [ 27]

14+3 [ 56] 7+1 [ 50] 8 + 1 [ 36]

18+3 [ 72] 7+1 [ 50] 8 + 1 [ 36]

4+1 [  16] 2 +o.:1 [  14] 3+1 [ 14]
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was m a in ta in e d  1 hour a f t e r  a d m i n i s t r a t i o n  o f  t h e  p ro d ru g s .  Abso lu te  

c o n c e n t r a t i o n s  o f  SM in  t h e  k id n e y ,  however ,  d e c l i n e d  c o n s id e r a b l y  by 

t h i s  t im e ,  so t h a t  t h e  d eg ree  o f  accum ula t ion  was not s i g n i f i c a n t l y  

d i f f e r e n t  from t h a t  a f t e r  f r e e  SM. A f u r t h e r  d e c l i n e  in SM c o n c e n t r a ­

t i o n s  in t h e  kidney was observed  a f t e r  2 h o u r s .  The c o n c e n t r a t i o n s  o f  

SM in  o t h e r  t i s s u e s  a f t e r  th e  two prodrugs  remained a t  about  t h e  same 

l e v e l s  a f t e r  1 and 2 hou rs .  Because,  however,  o f  t h e  marked d e c l i n e  in  

k idney  l e v e l s  o f  SM a f t e r  2 h o u r s ,  t h e r e  was a d e c l i n e  in  t h e  r e l a t i v e  

k i d n e y - s p e c i f i c  accum ula t ion  o f  SM a t  t h a t  t im e .  I t  1 s ,  however,  o f  

i n t e r e s t  to  no te  t h a t  even 2  hours  a f t e r  a d m i n i s t r a t i o n  of  t h e  prodrugs  

a l l  t i s s u e  c o n c e n t r a t i o n s  of  SM o t h e r  t h a n  t h o s e  in  t h e  kidney remained 

d i s t i n c t l y  lower  th an  th o se  a f t e r  f r e e  SM.

P o s s i b l e  r e l a t i o n s h i p  between t h e  r a t e  o f  SM r e l e a s e  from N - c h l o r o a c e ty l - 

L- y  -glu tamyl-SM by k idney homogenates and t h e  k idney  c o n c e n t r a t i o n  o f  

SM a f t e r  N - c h lo ro a c e ty l - L - y - q lu t a m y l - S M

P rev ious  s t u d i e s  showed t h a t  t h e r e  a r e  d i f f e r e n c e s  in  t h e  e x t e n t  o f  

SM accum ula t ion  in t h e  kidney among d i f f e r e n t  s p e c i e s  a f t e r  a d m i n i s t r a ­

t i o n  o f  N - c h l o r o a c e t y l - L - > -glutamyl-SM. I t  was found t h a t  w hi le  t h e  

c o n c e n t r a t i o n s  o f  SM 1n mouse and guinea p ig  k idney a f t e r  t h e  prodrug 

were s i m i l a r ,  c o n s id e r a b l y  l e s s  SM was found in  t h e  r a t  k idney .  The 

kidney c o n c e n t r a t i o n  o f  SM in  r a t s  was on ly  57% of  t h a t  found 1n mice .

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e s e  d i f f e r e n c e s  i s  t h a t  t h e  r a t e s  o f  SM 

r e l e a s e  from t h e  prodrug 1 n t h e  k idney  d i f f e r  among d i f f e r e n t  s p e c i e s .

In Table 19,  t h e  r a t e s  o f  SM r e l e a s e  by kidney homogenates o f  mouse, 

r a t  and gu inea  pig a r e  l i s t e d  t o g e t h e r  with  t h e  k idney  c o n c e n t r a t i o n s  o f  

SM a f t e r  N-chl o r o a c e t y l - L - r - g l u t a m y l - S M  (0 .2 5  y m o l e / g  1 - p . ) in t h e s e
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Table  19

Rate o f  SM r e l e a s e  from N -c h lo ro a c e ty l - L -  y  -glutamyl-SM by kidney 
homogenates and kidney c o n c e n t r a t i o n s  o f  SM a f t e r  N - c h lo ro a c e ty l - L - y  - 
glutamyl-SM in  mice» guinea  p ig s  and r a t s

Rate o f  SM r e l e a s e  from 
N -c h lo ro a c e ty l - L -  Y - 
glutamyl-SM by kidney 
homogenate
[nmole/min/mg p r o t e i n ]

C o n c e n t r a t io n  o f  SM 
in  t h e  kidney a f t e r  
N - c h lo ro a c e ty l - L -  y 
glutamyl-SMa

- L - U - f l Z a ] _ _ _ _ _ _ _ _ _ _ _ _

Mice 2.79C 137 + l l b

Guinea p igs 3.83 1 2 2  + 18

Rats 0.85 7 8 + 7

a N -C h lo ro ace ty l -L -  y -glutamyl-SM ( 0 .2 5  umole/g i . p . )  was a d m in i s t e r e d ,  
b Data a r e  mean v a lu e s  + S.E. o b ta in e d  from 5 t o  7 a n im a ls .  
c Data a r e  mean v a lu e s  o b ta in e d  from 3 an im a ls .



- 9 3 -

a n im a l s .  The s low es t  r a t e  o f  SM r e l e a s e  from t h e  prodrug was found in  

r a t s .  Compared to  t h e  r a t  k idney homogenate,  t h e  r a t e s  o f  SM r e l e a s e  

by guinea  pig  and mouse kidney homogenates were more th an  3 t o  4 t im es  

f a s t e r .  I t  t h e r e f o r e  seems t h a t  t h e  slow r a t e  o f  SM r e l e a s e  in  t h e  r a t  

k idney  may a t  l e a s t  p a r t i a l l y  be r e s p o n s i b l e  f o r  t h e  low accum ula t ion  o f  

SM in  th e  kidney a f t e r  a d m i n i s t r a t i o n  o f  N -c h lo ro a c e ty l - L -  Y-glutamyl-SM.

E f f e c t  o f  sodium p e n t o b a r b i t a l  on kidney c o n c e n t r a t i o n  o f  SM a f t e r  

N -a ce ty l -L -  Y-glutamyl-SM

In t h e  co u rse  o f  t h e s e  s t u d i e s ,  i t  was noted t h a t  t h e  c o n c e n t r a ­

t i o n s  of  SM in  t h e  k idney o f  sodium p e n t o b a r b i t a l - a n e s t h e t i z e d  r a t s  

a f t e r  a d m in i s t e r in g  N-acyl-L-  Y-glu tamyl d e r i v a t i v e s  o f  SM were 

c o n s id e r a b l y  lower  than  in  n o n - a n e s th e t i z e d  r a t s .  The p o s s i b l e  e f f e c t  

o f  sodium p e n t o b a r b i t a l  on th e  kidney c o n c e n t r a t i o n  of  SM was t h e r e f o r e  

s t u d i e d .  Rats were p r e t r e a t e d  w i th  sodium p e n t o b a r b i t a l  (50 mg/kg i . p . )  

in  0.9% s a l i n e .  A f t e r  10 min, N -a c e ty l -L -  Y-glutamyl-SM ( 0 .5  umole /g 

1 . p . )  was i n j e c t e d .  In c o n t r o l  a n im a l s ,  s a l i n e  s o l u t i o n s  were i n j e c t e d  

p r i o r  to  t h e  prodrug a d m i n i s t r a t i o n .  S ix ty  m inu tes  a f t e r  t h e  i n j e c t i o n  

o f  N -a c e ty l -L -  Y-glutamyl-SM, t h e  animals  were d e c a p i t a t e d  and t h e  

k idneys  were removed. As shown in  Table  20,  t h e r e  was an average  

r e d u c t io n  1n SM c o n c e n t r a t i o n  by 48% 1n t h e  k idneys  o f  r a t s  p r e t r e a t e d  

w i th  sodium p e n t o b a r b i t a l .

U r ina ry  e x c r e t i o n  o f  SM a f t e r  SM and i t s  N-acyl-L-  Y-glutamyl 

d e r i v a t i v e s  in  gu inea  p igs  and r a t s

S ince  t h e  N-acyl-L-  Y-glutamyl d e r i v a t i v e s  o f  SM were found to  

promote a kidney s e l e c t i v e  accum ula t ion  o f  SM, i t  was a l s o  o f  i n t e r e s t
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Table 20

E f fe c t  o f  sodium p e n t o b a r b i t a l  on kidney c o n c e n t r a t i o n  o f  SM a f t e r  
N -ac e ty l -L -  Y -glutamyl-SM

Treatment SM concen t ra t ion ! !  y g / g ]

N -ac e ty l -L -  Y -glutamyl-SM [ 8 ] 29 +_ 3
al one

Sodium p e n t o b a r b i t a l  p re -  [9 ]  15 _+ 3a
t r e a tm e n t  fo l lowed  by 
N -ac e ty l -L -  Y-glutamyl-SM

N-Acetyl-L- Y-glutamyl-SM ( 0 .5  y g /g  i . p . )  was a d m in i s t e r e d .
Data a r e  mean v a lu e s  +_ S.E. The number o f  an imals  i s  given in  b r a c k e t s .  
S t a t i s t i c a l  s i g n i f i c a n c e  of  c o n c e n t r a t i o n  d i f f e r e n c e  a f t e r  a d m i n i s t r a t i o n  
o f  N -a c e ty l -L -  y-g lu tamyl-SM a lo n e  and a f t e r  th e  prodrug fo l lo w in g  t h e  
sodium p e n t o b a r b i t a l  p r e t r e a t m e n t  was de termined  us ing  t h e  t - t e s t  : 
a p<0.005.
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t o  I n v e s t i g a t e  t h e  u r i n a r y  e x c r e t i o n  o f  SM a f t e r  t h e s e  p ro d ru g s .  The 

u r i n a r y  e x c r e t i o n  o f  SM 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  o f  N -a c e ty l -L -  

•y-glutamyl-SM (0 .25  u m o le /g ) ,  N -b u ty ry l -L -  y-glu tamyl-SM (0 .25  

um ole /g)  and N - c h lo ro a c e ty l - L -  v-glutamyl-SM {0 .25 Mmole/g) 1n gu inea  

p ig s  and r a t s  i s  shown in  Table 21.  During th e  f i r s t  24 h o u r s ,  t h e  

amount of  SM e x c r e t e d  a f t e r  a l l  t h e  prodrugs  was about  60% of  t h a t  found 

a f t e r  an e q u i v a l e n t  dose  o f  SM in  guinea  p ig s .  In r a t s ,  c o n s id e r a b l y  

l e s s  SM was e x c re te d  in  t h e  u r in e  a f t e r  t h e  prodrugs  (15 - 20% of  t h e  

amount a f t e r  f r e e  SM). By t h e  second 24 h o u r s ,  t h e  u r in a r y  e x c r e t i o n  o f  

SM was s i m i l a r  r e g a r d l e s s  o f  p rev io u s  drug t r e a t m e n t .
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Table  21

U rinary  e x c r e t i o n  o f  SM a f t e r  SM and I t s  N-acyl-L-  Y -g lu tam yl  d e r i v a t i v e s  
in  r a t s  and guinea p igs

Treatment  Guinea pig   Rat___________
[0 .2 5  ^m o le /g ]________ 0-24 h r  24-48 h r________ 0-24 h r  24-48 hr

SM 13 .8+0 .9  5 .7+0 .8  25 .3+1 .6  2 .8+0 .4

N-Acetyl-L-  y -  8 . 5+0 .2  6 .9+0 .9  3 .6+0 .4  3 .0+0 . 6
glutamyl-SM

N-Butyry1-L - y - 7 .5+0 . 6  5 .3+0 . 6  5 .2+1 .2  4 .3+0 . 6
glutamyl-SM

N -C h lo ro ace ty l -L -  8 . 3 + 1 .0  4 .9+0 .2  4 .5 + 0 .5  3 .3+0 .5
y-glutamyl-SM

Data a r e  mean v a lu e s  o b ta in ed  from 4 t o  5 an im als  (ex p re s se d  in 
ym ole /24  hr)  + S.E.
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DISCUSSION

One o f  t h e  g o a l s  o f  a r a t i o n a l  th e r a p y  1s t o  In c re a s e  drug 

s p e c i f i c i t y  by d i r e c t i n g  drug a c t i o n  toward a d e s i r e d  organ  o r  t i s s u e  

w i th  t h e  p o s s i b l e  e x c l u s io n  o f  o t h e r  s i t e s .  The work p r e s e n te d  h e re  

e x p lo r e s  t h e  p o s s i b i l i t y  o f  u t i l i z i n g  t h e  prodrug approach t o  promote 

t h e  organ s e l e c t i v e  d e l i v e r y  o f  a d rug .  As models o f  organ  s e l e c t i v e  

p ro d ru g s ,  we s y n th e s i z e d  y-glutamyl  d e r i v a t i v e s  o f  DA, DOPA and SM.

The r e l e a s e  o f  t h e  a c t i v e  drug from t h e s e  prodrugs r e q u i r e s  t h e  a c t i o n  

o f  y-glutamyl t r a n s p e p t i d a s e ,  a k idney s p e c i f i c  enzyme, e i t h e r  a lo n e  

o r  in  c o n ju n c t io n  w i th  a rom at ic  L-amino ac id  d e ca rb o x y la se  o r  a c y l a s e .

In a d d i t i o n ,  a prodrug r e q u i r i n g  th e  a c t i o n  o f  ami n o p e p t id a se  A was 

s y n th e s i z e d .  Since  t h e s e  enzymes e x h i b i t  g r e a t e r  a c t i v i t y  in  th e  

k idney  compared to  o t h e r  t i s s u e s ,  t h e  r e l e a s e  o f  DA and SM from t h e  

prodrugs  was expec ted  to  take  p la ce  p r e f e r e n t i a l l y  in  t h e  k idney .

The r e l e a s e  o f  DA from y -glutamyl-DA in v o lv e s  a s i n g l e  enzymatic  

r e a c t i o n  c a t a ly z e d  by y -g lu tamyl  t r a n s p e p t i d a s e .  The s i t e s  of  DA 

g e n e r a t i o n  from t h i s  prodrug in  th e  k idney a r e  l i k e l y  t o  be 1 n t h e  

proximal t u b u l e s ,  lo o p s  of  Henle a n d /o r  m edu l la ry  v a s c u l a r  bund les  where 

t h e  enzyme has  been l o c a l i z e d  (A lb e r t  e t  a l . ,  1961,1964; Glenner  e t  a l . ,  

1962a ) .  By c o n t r a s t  co n v e r s io n  o f  Y -glutamyl-DOPA to  DA r e q u i r e s  t h e  

a c t i o n  o f  two enzymes, Y -g lu tamyl  t r a n s p e p t i d a s e  and a rom at ic  L-am1no 

a d d  d e c a r b o x y la s e .  The l o c a l i z a t i o n  o f  t h e  d ec a rb o x y la se  and I t s  

r e l a t i o n s h i p  t o  Y -g lu tam yl  t r a n s p e p t i d a s e  1 s th u s  an a d d i t i o n a l  f a c t o r  

1n t h e  organ s p e c i f i c i t y  o f  Y -glutamyl-DOPA.

D e s p i te  t h e  d i f f e r e n c e  1n th e  mechanisms o f  DA r e l e a s e  from 

Y-glutamyl-DOPA and Y -glu tamyl-DA, t h e  a d m i n i s t r a t i o n  o f  t h e s e  

Y-glutamyl d e r i v a t i v e s  t o  mice r e s u l t e d  1n a s i m i l a r  s e l e c t i v e
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accum ula t ion  o f  DA 1n t h e  k idney .  Such s e l e c t i v e  accum ula t ion  of  DA 

from i t s  prodrugs i s  c o n s i s t e n t  w ith  p rev io u s  f i n d i n g s ,  showing t h a t  

t h e  metabolism o f  ^ -g lu ta m y l  d e r i v a t i v e s  o f  amino a c i d s  and p e p t id e s  

o cc u r s  p r e f e r e n t i a l l y  in  t h e  kidney {Orlowski and Wilk,  1976,1978^) .  

Furthermore  t h e  r e s u l t s  show t h a t  bo th  y -g lu tam yl  t r a n s p e p t i d a s e  

and a rom at ic  L-amino a c id  de c a rb o x y la se  a r e  f u n c t i o n a l l y  a c t i v e  in 

t h e  k idney .  The k idney  c o n c e n t r a t i o n  o f  DA a f t e r  i n j e c t i o n  o f  L-Y - 

glutamyl-DOPA and L- Y-glutamyl-DA was f i v e  and t h r e e  t im es  g r e a t e r ,  

r e s p e c t i v e l y ,  than  t h a t  a f t e r  an equ im olar  dose  o f  L-DOPA. This  

f i n d i n g  i n d i c a t e s  t h a t  th e  p re se n c e  o f  a Y -g lu tam yl  moie ty  in  t h e s e  

prodrugs promotes  no t  o n ly  g r e a t e r  organ s e l e c t i v i t y  but a l s o  d e l i v e r y  

o f  a l a r g e r  amount o f  DA t o  th e  k idney .  The o b s e r v a t i o n  t h a t  a h ig h e r  

k idney  c o n c e n t r a t i o n  o f  DA was a t t a i n e d  a f t e r  a d m i n i s t r a t i o n  o f  L-Y - 

glutamyl-DOPA compared to  t h a t  a f t e r  L- Y-glutamyl-DA may be r e l a t e d  

t o  t h e  d i f f e r e n c e  in  t h e  r a t e  o f  c l e a v a g e  o f  t h e  Y -g lu tam yl  bond in 

t h e s e  two d e r i v a t i v e s .  Thus Y-glutamyl t r a n s p e p t i d a s e  1s known to  

c l e a v e  a Y-glutamyl bond in  Y -g lu tamyl  amino a c i d s  (as  in  Y -g lu tam yl  - 

DOPA) f a s t e r  th an  Y-glutamyl amides in  which t h e  amino component 

r e p r e s e n t s  a pr imary a l i p h a t i c  amine (such  as  t h e  e th y l  amine moiety o f  

DA). Another  p o s s i b l e  e x p l a n a t i o n  i s  t h a t  Y -glutamyl-DOPA i s  more 

r e a d i l y  t a k e n  up by t h e  kidney th a n  Y -g lu tamyl-DA.

S ince  DA has  been shown to  Induce renal  v a s o d i l a t i o n  by i n t e r a c t i n g  

with  DA r e c e p t o r s  1n rena l  v e s s e l s  (G oldberg ,  1972) ,  DA r e l e a s e d  from 

I t s  p r e c u r s o r s  may a l s o  cause  renal  v a s o d i l a t i o n  and an In c re a s e  1n RBF. 

The e f f e c t  on RPF by DA and i t s  p r e c u r s o r s  was t h e r e f o r e  de te rm ined  in  

r a t s  under  e t h e r  a n e s t h e s i a .  The low es t  e f f e c t i v e  dose  o f  L-Y -g lu t a m y l - 

DOPA was 10 nmole/g/30 min. By c o n t r a s t ,  an eq u im o la r  dose  o f  e i t h e r
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L-DOPA or  L- Y-glutamyl-DA was wi thou t  e f f e c t .  The o b s e r v a t i o n  t h a t  

o f  t h e  t h r e e  DA p r e c u r s o r s ,  L- y-glutamyl-DOPA r e q u i r e d  t h e  s m a l l e s t  

dose t o  e l e v a t e  RPF i s  c o n s i s t e n t  with p rev io u s  f i n d i n g s  t h a t  t h e  

h i g h e s t  DA c o n c e n t r a t i o n  was a t t a i n e d  in t h e  kidney a f t e r  a d m i n i s t r a t i o n  

o f  L- y-glutamyl-DOPA. The a b i l i t y  o f  L-y -glutamyl-DA t o  e l e v a t e  RPF 

conf i rm s  t h e  i n c r e a s e  in  RBF seen a f t e r  i t s  i n j e c t i o n  t o  dogs (Kyncl 

e t  a l . ,  1975, 1976).  A s i g n i f i c a n t  i n c r e a s e  1n RPF was a l s o  observed  

a f t e r  a d m i n i s t r a t i o n  o f  L-DOPA. Such an in c r e a s e  in  RBF induced by 

L-DOPA has been r e p o r t e d  In man by F in lay  e t  a l . (1971) .  Comparison 

o f  a b i l i t y  o f  L- y-glutamyl-DA and L-DOPA t o  i n c r e a s e  RPF showed t h a t  

a l a r g e r  dose  o f  L- y-glutamyl-DA was r e q u i r e d  t o  produce a s i g n i f i c a n t  

i n c r e a s e  in RPF. This  was not expected s in c e  a d m i n i s t r a t i o n  o f  L- y -  

glutamyl-DA has been shown p r e v io u s ly  t o  r e s u l t  in  a g r e a t e r  kidney 

c o n c e n t r a t i o n  o f  DA th a n  an equ im olar  dose o f  L-DOPA. I t  i s  p o s s i b l e  

t h a t  t h i s  a p p a re n t  d i s c r e p a n c y  i s  due to  a d i f f e r e n c e  in  t h e  i n t r a - r e n a l  

s i t e  o f  DA r e l e a s e  from y-glutamyl-DA and L-DOPA.

The k idney s e l e c t i v e  accum ula t ion  o f  DA observed  a f t e r  i n j e c t i o n  o f  

L- Y-glutamyl d e r i v a t i v e s  o f  DOPA and DA prompted us t o  d e te rm in e  i f  

such s e l e c t i v i t y  1 s r e f l e c t e d  1 n t h e i r  a b i l i t y  to  induce s p e c i f i c  r en a l  

v a s o d i l a t i o n  w i thou t  caus ing  sys tem ic  s i d e  e f f e c t s .  S ince  DA 1s known 

to  e l e v a t e  b lood p r e s s u r e  by a c t i v a t i n g  p e r i p h e r a l  a - a d r e n e r g i c  

r e c e p t o r s ,  b lood p r e s s u r e  e l e v a t i o n  produced by DA and I t s  p r e c u r s o r s  

was used as  a measure o f  a sys tem ic  s i d e  e f f e c t .  The r a t i o  o f  dose 

r e q u i r e d  to  e l e v a t e  sys tem ic  blood p r e s s u r e  t o  t h a t  r e q u i r e d  t o  e l e v a t e  

RPF was t a k e n  as  an index o f  re n a l  s p e c i f i c i t y .  Using t h i s  r a t i o ,

L- Y-glutamyl-DOPA and L- Y-glutamyl-DA were shown t o  have a g r e a t e r  

k i d n e y - s p e c i f i c  a c t i o n  as  compared t o  L-DOPA o r  DA. Such a k idney-
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spec 1f 1c a c t i o n  o f  t h e  Y-glutamyl d e r i v a t i v e s  o f  DOPA and DA 1s l i k e l y  

t o  be t h e  r e s u l t  o f  a kidney s e l e c t i v e  g e n e r a t i o n  o f  DA from t h e s e  

p r e c u r s o r s  cau s in g  ren a l  v a s o d i l a t i o n  w i th  on ly  minimal sys tem ic  e f f e c t s .

The e f f e c t  of  L- y-glutamyl-DOPA on RBF and some hemodynamic 

pa ram ete rs  was a l s o  s tu d i e d  1n sodium p e n t o b a r b i t a l  a n e s t h e t i z e d  dogs .

The o b s e r v a t i o n  t h a t  L- Y-glutamyl-DOPA in c r e a s e d  Cp^H in r a t s  w ithout  

c a u s in g  a s i g n i f i c a n t  i n c r e a s e  in  sys tem ic  blood p r e s s u r e  s u g g e s t s  t h a t  

t h i s  prodrug i s  cap a b le  o f  i n c r e a s in g  RBF w i thou t  a f f e c t i n g  t h e  sys tem ic  

hemodynamics. This c o n c lu s io n  i s  suppor ted  by th e  r e s u l t s  o f  our  

ex p e r im en ts  in  dogs ,  i n  which no in c r e a s e  in c a r d i a c  o u tp u t  was observed  

a f t e r  a d m i n i s t r a t i o n  o f  L- Y-glutamyl-DOPA. A s i m i l a r  d i s s o c i a t i o n  o f  

RBF e l e v a t i o n  from a p o s s i b l e  s t i m u l a t o r y  a c t i o n  on th e  h e a r t  has been 

shown with  L- Y-glutamyl-DA. Thus t h e  i n j e c t i o n  o f  t h i s  prodrug in  dogs 

in c re a se d  RBF w i th o u t  accompanying p o s i t i v e  i n o t r o p i c  o r  c h r o n o t ro p ic  

e f f e c t s  (Kyncl e t  a l . ,  1975).

In o r d e r  t o  f u r t h e r  exc lude  the  p o s s i b i l i t y  t h a t  t h e  e l e v a t i o n  of  

RBF a f t e r  L- Y-glutamyl-DOPA i s  secondary  to  sys tem ic  hemodynamic 

e f f e c t s ,  we a d m in i s t e r e d  th e  prodrug d i r e c t l y  i n t o  th e  rena l  a r t e r y .

Based on th e  p rev ious  s t u d i e s  in  r a t s  d e m o n s t r a t in g  th e  k idney s e l e c t i v e  

e l e v a t i o n  of RPF by L- Y-glutamyl-DOPA, I n t r a a r t e r i a l  i n f u s i o n  of  t h i s  

prodrug was expec ted  t o  produce an i p s i l a t e r a l  I n c r e a s e  1n CpAH* The 

i n f u s i o n  o f  t h e  prodrugs 1n d oses  up t o  1 u m o le /k g /m ln ,  however,  f a i l e d  

t o  produce any s i g n i f i c a n t  i n c r e a s e  1n Cpah on t h e  s id e  o f  i n f u s i o n ,  

a l though  a marked i n c r e a s e  1n u r in e  o u tp u t  was o bse rved .  There a r e  

s e v e ra l  l i n e s  o f  e v id e n c e ,  however,  su g g e s t in g  t h a t  L- y - glutamyl-DOPA 

and I t s  m e t a b o l i t e s  may I n h i b i t  t h e  t u b u l a r  s e c r e t i o n  o f  PAH (p .  6 7 ) .  

T h e re f o re ,  t h e  use o f  t h e  PAH c l e a r a n c e  method in t h e  above s tudy  might
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have g iven  e r r o n e o u s l y  low va lu es  f o r  e f f e c t i v e  RPF d u r in g  t h e  i n f u s i o n  

o f  L-y-g lu tamyl-DOPA. In o r d e r  t o  c i rcumvent  such c o m p l i c a t i o n ,  RBF 

was measured d i r e c t l y  us ing  an e l e c t r o m a g n e t i c  flow probe .  In t h e s e  

e x p e r im e n t s ,  a c l e a r  i n c r e a s e  1n RBF was recorded  a f t e r  in t r a v e n o u s  

I n j e c t i o n  o f  L- y-glutamyl-DOPA.

While t h e r e  i s  c o n s i d e r a b l e  ev idence  t h a t  t h e  y - g lu ta m y l  d e r i v a t i v e s  

o f  DOPA and DA a r e  c a p a b le  o f  i n c r e a s i n g  RBF, t h e  mechanism whereby 

t h e s e  compounds promote such an in c r e a s e  I s  not f u l l y  u n d e rs to o d .

The p resence  o f  a h igh c o n c e n t r a t i o n  o f  y -g lu tam yl  t r a n s p e p t i d a s e  in 

th e  brush  b o rd e r  membrane o f  t h e  proximal t u b u l e s  s u g g e s t s  t h a t  t h e s e  

y -g lu tam yl  compounds may be f i l t e r e d  and then  hydro lyzed  by th e  enzyme 

a t  t h i s  s i t e .  The e x a c t  f a t e ,  however ,  o f  DA a f t e r  i t s  r e l e a s e  from 

th e  prodrugs  i s  not known. Some o f  i t  i s  a p p a r e n t l y  e x c r e t e d  i n t o  t h e  

u r i n e  s in c e  a c o n s i d e r a b l e  e x c r e t i o n  o f  DA fo l lo w s  t h e  i n j e c t i o n  of  

L- y-glutamyl-DOPA. Some DA 1s probably  r e l e a s e d  i n t o  t h e  blood and 

e n t e r s  t h e  genera l  c i r c u l a t i o n .  The appearance  of  f r e e  DA in  t h e  u r in e  

o f  t h e  c o n t r a l a t e r a l  kidney a f t e r  d i r e c t  I n fu s io n  o f  DA i n t o  t h e  rena l  

a r t e r y  s u p p o r t s  t h i s  c o n c lu s io n .  DA may a l s o  be s to r e d  in  t h e  i n t r a ­

c e l l u l a r  space  o r  w i th in  nerve  t e r m i n a l s .

E l u c i d a t i o n  o f  how DA r e l e a s e d  from i t s  p rodrugs  reac h e s  t h e  DA 

r e c e p t o r  s i t e s  i s  hampered by a lack  o f  in fo rm a t io n  co ncern ing  th e  

l o c a l i z a t i o n  o f  th e  rena l  DA r e c e p t o r s .  R ecen t ly  D l n e r s t e i n  e t  a l .

(1979) have dem ons tra ted  t h e  p resence  o f  DA-containing neuronal  e lem en ts  

a t  th e  g lo m eru la r  v a s c u l a r  p o l e s .  I t  I s  p o s s i b l e  t h a t  t h e s e  neuronal 

e lements  r e p r e s e n t  t h e  DA nerve  t e r m i n a l s .  The r e l e a s e  o f  DA from 

t h e s e  nerve  t e r m i n a l s  could  th e n  r e s u l t  1n a c t i v a t i o n  of  DA r e c e p t o r s  

which cau ses  r t n a l  v a s o d i l a t i o n .  The ir  f i n d i n g s ,  however,  do not



- 1 0 2 -

e x c lu d e  t h e  p o s s i b i l i t y  t h a t  DA r e c e p t o r s  e x i s t  e l s e w h e re  1n t h e  k id n e y .  

U n t i l  more i n f o r m a t i o n  becomes a v a i l a b l e  on t h e  l o c a l i z a t i o n  o f  t h e  DA 

r e c e p t o r s  and t h e  d i s t r i b u t i o n  o f  DA a f t e r  a d m i n i s t r a t i o n  o f  t h e  

y - g lu t a m y l  p r o d r u g s ,  t h e  mechanism by which DA r e l e a s e d  from t h e  

y - g lu t a m y l  d e r i v a t i v e s  o f  DOPA and DA e l e v a t e  RBF, rem ains  s p e c u l a t i v e .

To f u r t h e r  c h a r a c t e r i z e  t h e  a c t i o n s  o f  t h e  DA p ro d ru g s  on rena l  

f u n c t i o n s ,  we examined t h e i r  e f f e c t s  on GFR, Na+ e x c r e t i o n  and u r i n e  

f low .  The e f f e c t s  o f  t h e  DA p ro d ru g s  on t h e s e  r e n a l  f u n c t i o n s  were 

p a r t i c u l a r l y  o f  i n t e r e s t  s i n c e  DA has  been shown t o  i n c r e a s e  GFR and 

induce  bo th  n a t r i u r e s l s  and d i u r e s i s  (G o ld b e rg ,  1972) .  I f  t h e  a c t i o n  

o f  t h e  DA p ro d ru g s  I s  m ed ia ted  by DA r e l e a s e d  in t h e  k id n e y ,  t h e n  t h e s e  

r e n a l  f u n c t i o n s  may a l s o  be i n f l u e n c e d  by a d m i n i s t r a t i o n  o f  t h e s e  

p r o d ru g s .  The y - g lu t a m y l  d e r i v a t i v e s  o f  DOPA and DA, and DA i t s e l f ,  

a l l  induced  n a t r l u r e s i s  and showed a t e n d e n c y  t o  i n c r e a s e  GFR and u r i n e  

f lo w .  These f i n d i n g s  a r e ,  t h e r e f o r e ,  c o n s i s t e n t  w i th  t h e  h y p o t h e s i s  

t h a t  t h e  a c t i o n  o f  t h e  DA p ro d ru g s  i s  m edia ted  by DA.

The mechanism whereby DA and i t s  p rodrugs  i n c r e a s e  GFR may be 

r e l a t e d  t o  t h e i r  e f f e c t  on R8F. An i n c r e a s e  in  RBF induced by t h e s e  

compounds c a u s e s  g r e a t e r  plasma f low i n t o  t h e  g lo m e ru lu s .  Consequen t ly  

t h e  d i f f e r e n c e  between t h e  c a p i l l a r y  p r e s s u r e  and t h e  sum o f  g l o m e r u l a r  

o n c o t i c  p r e s s u r e  and c a p s u l a r  p r e s s u r e  becomes z e ro  a t  a more d i s t a l  

p a r t  o f  t h e  g lo m e r u la r  c a p i l l a r y .  This  th e n  r e s u l t s  in  a l a r g e r  amount 

o f  plasma being  f i l t e r e d  a t  t h e  g lo m e ru lu s .  I t  i s  a l s o  p o s s i b l e  f o r  

an i n c r e a s e  in  t h e  g lo m e r u la r  f i l t r a t i o n  p r e s s u r e ,  produced by t h e  

d i l a t i o n  o f  t h e  a f f e r e n t  a r t e r i o l e  a n d / o r  c o n s t r i c t i o n  o f  t h e  e f f e r e n t  

a r t e r i o l e ,  t o  r e s u l t  in  a g r e a t e r  GFR.
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The n a t r i u r e t i c  a c t i o n  o f  OA appears  to  Invo lve  a d i r e c t  a c t i o n  

on t h e  kidney s i n c e  t h e  1 n t r a a r t e r 1 a l  I n f u s i o n  o f  DA cau ses  an 

I p s l l a t e r a l  I n c r e a s e  1n Na+ e x c r e t i o n  (Meyer e t  a l . ,  1967).  I t  i s  a l so  

I n t e r e s t i n g  t o  no te  t h a t  DA has  been p o s t u l a t e d  to  a c t  as  an 1 n t r a - r e n a l  

n a t r i u r e t i c  hormone (Bal l  and Lee, 1977; Kuchel e t  a l . ,  1978) .  A S im i la r  

d i r e c t  a c t i o n  on t h e  kidney 1s sugges ted  f o r  t h e  n a t r i u r e t i c  a c t i o n  of  

L- y  -glutamyl-DOPA. Thus a d m i n i s t r a t i o n  o f  t h i s  DA prodrug In to  a rena l  

a r t e r y  produces  a m odera te  i n c r e a s e  in  Na+ e x c r e t i o n  from t h e  in fused  

k idney .  I t  t h e r e f o r e  seems l i k e l y  t h a t  t h e  n a t r i u r e t i c  a c t i o n  o f  t h e  DA 

prodrugs i s  mediated  by DA r e l e a s e d  from i t s  p rodrugs  in  t h e  k idney .

The mechanism whereby t h e  r e l e a s e d  DA promotes g r e a t e r  Na+ e x c r e t i o n  

has  not  been e s t a b l i s h e d .  I t  i s  p o s s i b l e  t h a t  an I n c r e a s e  in GFR 

produced by DA r e s u l t s  in  a g r e a t e r  f i l t e r e d  load of  Na+ , and consequen t ­

l y  g r e a t e r  Na+ e x c r e t i o n .  A l t e r n a t i v e l y ,  t h e  i n h i b i t o r y  a c t i o n  o f  DA on 

proximal t u b u l a r  Na+ r e a b s o r p t i o n  (See ly  and D i rk s ,  1967) may be r espon­

s i b l e  f o r  i t s  n a t r i u r e t i c  e f f e c t .  Another  p o s s i b l e  mechanism in v o lv e s  

DA-1nduced r e d i s t r i b u t i o n  o f  th e  i n t r a r e n a l  b lood flow. J u x ta g lo m e r u la r  

nephrons w i th  long loops  o f  Henle have h ig h e r  r e a b s o r p t i v e  c a p a c i t i e s  

than  s u p e r f i c i a l  c o r t i c a l  nephrons.  Since t h e  g lo m eru l i  o f  j u x t a ­

g lo m e ru la r  nephrons a r e  l o c a te d  1n th e  i n n e r  c o r t e x ,  t h e  r e d i s t r i b u t i o n  

o f  blood f low  away from th e  i n n e r  c o r t e x  cou ld  c o n c e iv a b ly  reduce t h e  

amount of  Na+ r e a b s o r p t i o n .  I n t e r f e r e n c e  w ith  t h e  a c t i o n  o f  a l d o s t e r o n e  

cou ld  a l s o  i n c r e a s e  Na+ e x c r e t i o n .  However i t  has  been r e p o r t e d  t h a t  

L-DOPA p o t e n t i a t e s  an a l d o s t e r o n e  Induced d e c r e a s e  In Na+ e x c r e t i o n .

This a c t i o n  o f  L-DOPA i s  b e l i e v e d  to  be media ted  by DA s i n c e  t h e  

observed p o t e n t i a t i o n  was i n h i b i t e d  by an a rom at ic  L-amino a d d  

d e ca rb o x y la se  i n h i b i t o r  and by h a l o p e r i d o l  (Adam, 1979).  T h e re fo re  i t
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seems u n l i k e l y  t h a t  t h e  I n t e r f e r e n c e  o f  a l d o s t e r o n e  a c t i o n  1s Involved  

in  t h e  n a t r i u r e s l s  induced by DA.

As in  t h e  c a se  w i th  t h e  n a t r i u r e t i c  a c t i o n ,  t h e  i n d u c t io n  of  

d i u r e s i s  by t h e  DA prodrugs  ap p ea rs  t o  Invo lve  d i r e c t  a c t i o n  on t h e  

k id n ey .  A u n i l a t e r a l  i n c r e a s e  in  u r in e  flow a f t e r  i n f u s i o n  o f  L- y -  

glutamyl-DOPA In to  a r e n a l  a r t e r y ,  p rov ides  ev id en ce  f o r  such d i r e c t  

a c t i o n .  Various  i n t r a r e n a l  mechanisms a r e  p o s s i b l e  f o r  i n d u c t io n  of  

d i u r e s i s .  S ince  a small change 1n GFR can promote a s i g n i f i c a n t  i n c r e a s e  

in  u r in e  f low ,  t h e  observed  d i u r e s i s  may be secondary  to  t h e  i n c r e a s e  in 

GFR by t h e  DA p ro d ru g s .  The d i u r e t i c  r e sponse  cou ld  a l s o  be a 

consequence o f  t h e  n a t r i u r e t i c  a c t i o n  o f  t h e  DA p ro d ru g s .  The p re sen ce  

o f  an ex cess  o f  an o s m o t i c a l l y  a c t i v e  s u b s t a n c e ,  l i k e  sodium, i s  expec ted  

to  r e t a r d  t h e  w ate r  r e a b s o r p t i o n  from th e  renal  t u b u l e s .  The d i u r e s i s  

may a l s o  o ccu r  from I n t e r f e r e n c e  with t h e  a c t i o n  o f  a n t i d i u r e t i c  hormone 

{ADH)» a hormone which I n c r e a s e s  t h e  p e r m e a b i l i t y  o f  t h e  t u b u l a r  membrane 

t o  w a te r .  In t h i s  r e s p e c t ,  i t  i s  o f  i n t e r e s t  t h a t  DA has been shown to  

r e v e r s e  th e  a n t i d i u r e t i c  reponse  to  ADH in  r a t s  {Deis and Alonso,  1970). 

The I n h i b i t o r y  e f f e c t  o f  DA on t h e  t u b u l a r  a c t i o n  o f  ADH was a l s o  

r e p o r t e d  to  occur  in  t h e  toad b l a d d e r  ( B e n t l e y ,  1972).  Thus, t h e  

I n h i b i t i o n  o f  t h e  a c t i o n  o f  ADH by DA r e l e a s e d  from i t s  prodrugs  may 

be r e s p o n s i b l e ,  a t  l e a s t  p a r t i a l l y ,  f o r  th e  d i u r e t i c  a c t i o n  o f  t h e  DA 

prod rugs .

In s t u d i e s  on t h e  sys tem ic  e f f e c t s  o f  t h e  DA p r e c u r s o r s ,  we 

d i r e c t e d  ou r  a t t e n t i o n  t o  t h e  p a n c re a s .  The p a n c reas  1s t h e  second 

r i c h e s t  organ 1n y - g l u t a m y l  t r a n s p e p t i d a s e  w i th  about  e i g h t  p e rc e n t  

o f  t h e  a c t i v i t y  1n t h e  k idney  (Orlowski and Szewczuk, 1961).  Moreover 

a rom at ic  L-amino a c id  dec a rb o x y la se  has  a l s o  been found in  t h i s  organ
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(West ,  1958).  I t  was t h e r e f o r e  no t  s u r p r i s i n g  t o  f in d  t h a t  a f t e r  

a d m i n i s t r a t i o n  of  T-g lu tam yl  d e r i v a t i v e s  o f  DOPA and DA, l e v e l s  o f  DA 

in  t h e  pancreas  were h ig h e r  than  in  a l l  o t h e r  o rgans  excep t  th e  k idney .

As DA has  been shown to  induce hyperglycemia by e i t h e r  s t i m u l a t i n g  

glucagon r e l e a s e  (Leblanc e t  a l . ,  1977; George and B a i l e y ,  1978) o r  

I n h i b i t i n g  i n s u l i n  r e l e a s e  (Hakanson e t  a l . ,  1967) ,  i t  was im por tan t  

t o  l e a r n  whether  t h e  DA p r e c u r s o r s  a l s o  produced hyperg lycem ia .  DA, 

L-DOPA and L- y-glutamyl-DA a l l  caused a s i g n i f i c a n t  i n c r e a s e  in plasma 

g lu c o se  l e v e l s .  The in c r e a s e  was h i g h e s t  and most p e r s i s t e n t l y  

m a in ta ined  a f t e r  a d m i n i s t r a t i o n  o f  L- T -glutamyl-DA. In c o n t r a s t ,

L- v-glutamyl-DOPA had no e f f e c t  on plasma g lu c o se  l e v e l s .

In o r d e r  to  examine i f  t h e  a b i l i t y  o f  th e  DA p r e c u r s o r s  to  induce 

hyperglycemia i s  r e l a t e d  t o  th e  p a n c r e a t i c  c o n t e n t  o f  DA o r  i t s  

m e t a b o l i t e s ,  t h e i r  c o n c e n t r a t i o n s  1n th e  pancreas  were d e te rm in e d .

The g r e a t e s t  c o n c e n t r a t i o n  o f  DA and DOPAC o ccu r red  fo l lo w in g  in f u s i o n  

o f  L- y - glutamyl-DOPA, a prodrug which f a i l e d  to  e l e v a t e  plasma g lu c o se  

l e v e l s .  Thus t h e  hyperglycemic e f f e c t  o f  t h e  DA p r e c u r s o r s  was not  

r e l a t e d  to  t h e  c o n c e n t r a t i o n  o f  DA o r  I t s  m e t a b o l i t e s  in  t h e  p a n c rea s .

The reason  f o r  t h e  d i f f e r e n c e  in t h e  hyperglycemic e f f e c t  between 

L - y -glutamyl-DA and L - y -glutamyl-DOPA i s  u n c l e a r .  The d i s t r i b u t i o n  o f  

DA In t h e  pan c reas  g e n e ra te d  by t h e  two prodrugs  1s not known. The 

a c t i o n  o f  Y -g lu tam yl  t r a n s p e p t i d a s e  on y -g lutamyl-DA r e l e a s e s  th e  

a c t i v e  p r i n c i p l e  d i r e c t l y  whereas t h e  fo rm a t io n  o f  DA from Y - g l utamy l -  

DOPA r e q u i r e s  two enzymatic  s t e p s .  I f  y - g lu t a m y l  t r a n s p e p t i d a s e  

and a ro m a t ic  L-amino a c id  d e c a rb o x y la se  a r e  l o c a l i z e d  in  d i f f e r e n t  

p a r t s  o f  t h e  pan c reas  o r  in d i f f e r e n t  c e l l  compartments ,  th e n  DA 

d e r i v e d  from th e  two prodrugs  may have a d i f f e r e n t i a l  d i s t r i b u t i o n ,
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whlch 1n t u r n  could  account  f o r  t h e  d i f f e r e n c e  in  t h e  hyperglycemic 

r e sp o n s e .  Such a p o s s i b i l i t y  i s  suppor ted  by t h e  f in d in g  t h a t  t h e  

DOPAC r a t i o s  in  t h e  pancreas  d i f f e r  markedly a f t e r  t h e  two p ro d ru g s .
~ m r
Other  p o s s i b i l i t i e s ,  however,  should  a l s o  be c o n s id e r e d .  Thus t h e  

hyperglycemic re sp o n se  might  be due not  o n ly  t o  changes  o f  i n s u l i n  and 

glucagon r e l e a s e  bu t  a l s o  to  s t i m u l a t i o n  o f  g ly c o g e n o ly s i s  in  l i v e r .

In a d d i t i o n  t o  promoting g r e a t e r  organ s e l e c t i v i t y ,  t h e  

i n c o r p o r a t i o n  o f  a t r a n s p o r t  group such as  a y -g lu tam yl  moiety  t o  a 

l a b i l e  drug may slow down t h e  r a t e  of  t h e  drug i n a c t i v a t i o n .  Rapid 

m e ta b o l ic  i n a c t i v a t i o n  and e x c r e t i o n  o f  f r e e  DA i s  ev idenced  by th e  

o b s e r v a t i o n  t h a t  i n j e c t i o n  o f  DA 1n dogs e l e v a t e s  RBF f o r  on ly  8 m inu tes  

(Kyncl e t  a l . ,  1975).  In our  dog e x p e r im e n ts ,  t h e  i n c r e a s e  in RBF a f t e r  

t h e  same dose o f  DA p e r s i s t e d  l o n g e r ,  but s t i l l  l a s t e d  on ly  18 m in u te s .

In c o n t r a s t ,  t h e  i n j e c t i o n  o f  L -  Y-glutamyl-DOPA r e s u l t e d  in  an 

immediate RBF e l e v a t i o n  l a s t i n g  f o r  about 40 m in u te s .  I n t e r e s t i n g l y  

t h e r e  was a second r i s e  in  RBF s t a r t i n g  a t  about  150 m inu tes  a f t e r  t h e  

prodrug i n j e c t i o n .  S i m i l a r l y ,  a bolus  i n j e c t i o n  o f  L-y -glutamyl-DOPA 

t o  r a t s  In c re a sed  RPF o v e r  a p e r io d  o f  80 m in u te s ,  a l th o u g h  only  t h e  

I n c r e a s e  observed  d u r in g  t h e  f i r s t  u r in e  c o l l e c t i o n  p e r io d  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 .  These f i n d i n g s  i n d i c a t e  t h a t  L-Y - g lu ta m y l -  

DOPA has a l o n g e r  d u r a t i o n  o f  a c t i o n  and c au s e s  a more prolonged 

I n c r e a s e  1n RBF th an  f r e e  DA.

The a b i l i t y  o f  L- Y-glutamyl-DOPA t o  a c t  as  a l o n g - a c t in g  renal  

v a s o d i l a t o r  I s  a p p a r e n t l y  r e l a t e d  t o  i t s  a b i l i t y  t o  a c t  a s  a s t o r e  of  

DA. The g e n e r a t i o n  o f  DA from such a s t o r e  o ccu rs  o ver  a prolonged 

p e r io d  o f  t im e .  C o n s i s t e n t  with  t h i s  i n t e r p r e t a t i o n  i s  t h e  o b s e r v a t i o n  

t h a t  th e  i n j e c t i o n  o f  L-Y -glutamyl-DOPA r e s u l t s  in  e x c r e t i o n  of  e l e v a t e d
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l e v e l s  of  f r e e  and co n ju g a ted  DA 1n t h e  u r in e  l a s t i n g  f o r  a t  l e a s t  150 

m in u te s .  In a d d i t i o n ,  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d i e s  d em ons t ra te  

t h e  p o s s i b i l i t y  of  u t i l i z i n g  t h e  prodrug approach to  prolong th e  pharma­

c o lo g ic a l  a c t i o n  o f  DA and o t h e r  l a b i l e  d rugs .

An o r a l l y  e f f e c t i v e  rena l  v a s o d i l a t o r  would have a c l e a r  advantage  

o ver  drugs  e f f e c t i v e  on ly  v ia  an in t rav e n o u s  i n f u s i o n .  This  

c o n s i d e r a t i o n  prompted us t o  e x p lo re  t h e  o ra l  e f f i c a c y  o f  Y-glu tamyl 

d e r i v a t i v e s  o f  DOPA and DA. The D-isomers of  t h e s e  compounds were 

s y n th e s iz e d  and t h e i r  e f f i c a c y  as  o ra l  rena l  v a s o d i l a t o r s  was compared 

w i th  th o se  o f  th e  L-isomers  in  e t h e r  a n e s t h e t i z e d  r a t s .  RPF in c re a se d  

s i g n i f i c a n t l y  40 t o  80 m inutes  a f t e r  a d m i n i s t r a t i o n  o f  t h e  D- y -g lu ta m y l  

d e r i v a t i v e s  o f  bo th  DOPA and DA. During t h i s  p e r io d  th e  L-1somers had 

no e f f e c t .  Some s i g n i f i c a n t  i n c r e a s e  in  RPF a f t e r  a d m i n i s t r a t i o n  of  

t h e  L-1somers was, however,  seen 80 t o  120 m inu tes  fo l lo w in g  t h e i r  ora l 

a d m i n i s t r a t i o n .  The f a s t e r  o n s e t  o f  rena l  v a s o d i l a t i o n  a f t e r  t h e  D-y - 

glutamyl d e r i v a t i v e s  o f  DOPA and DA can probab ly  be ex p la in e d  by th e  

f a c t  t h a t  t h e s e  d e r i v a t i v e s  a r e  much more s lowly  c leav ed  by i n t e s t i n a l  

Y -g lu tam y l  t r a n s p e p t i d a s e ,  t h a n  t h e i r  L - c o u n t e r p a r t s .  I t  may be thus  

expected  t h a t  more o f  t h e  D-isomer  1s absorbed from th e  g a s t r o i n t e s t i n a l  

t r a c t  and e n t e r s  t h e  c i r c u l a t i o n  in  an i n t a c t  form. By c o n t r a s t ,  most 

o f  t h e  L- isomers  p robably  undergo d e g ra d a t io n  in  t h e  g a s t r o i n t e s t i n a l  

t r a c t ,  and more time 1s a p p a r e n t ly  r e q u i r e d  f o r  some of  t h e s e  Isomers 

to  reach  t h e  sy s tem ic  c i r c u l a t i o n .  The o ra l  d o se s  o f  t h e  Y -g lu tamyl  

d e r i v a t i v e s  (50 mg/kg) r e q u i r e d  f o r  producing renal  v a s o d i l a t i o n  a r e  

r a t h e r  h igh and in f a c t  a t  t h i s  d o s e ,  DA a l s o  in c r e a s e d  RPF. S im i l a r  

r e s u l t s  were r e p o r te d  by ^yncl e t  a l . (1976) .  They showed t h a t  o ra l  

a d m i n i s t r a t i o n  of  L-Y -glutamyl-DA (25 mg/kg) in  dogs in c r e a s e d  RBF
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b u t  a t  t h i s  d o s e ,  f r e e  DA was a l s o  c a p a b l e  o f  i n c r e a s i n g  RBF. These 

f i n d i n g s  i n d i c a t e  t h a t  y  -glutamyl-DOPA and y -g lu tamyl-DA have on ly  

l i m i t e d  o r a l  e f f i c a c y .  I t  seems however l i k e l y  t h a t  a f u r t h e r  chemical  

m o d i f i c a t i o n  o f  t h e  m o le c u le  in  a manner  which would a c c e l e r a t e  i t s  

a b s o r p t i o n  from th e  g a s t r o i n t e s t i n a l  t r a c t  and make i t  l e s s  s u s c e p t i b l e  

t o  m e ta b o l i c  i n a c t i v a t i o n ,  would make th e  o r a l  a d m i n i s t r a t i o n  o f  t h e s e  

p ro d ru g s  more p r a c t i c a l .  E s t e r i f i c a t i o n  o f  t h e  ca rboxy l  group o f  DOPA 

and a c y l a t i o n  o f  i t s  c a t e c h o l  grouping  might  a c h ie v e  t h i s  o b j e c t i v e .

The a b i l i t y  o f  DA t o  i n c r e a s e  bo th  RBF and c a r d i a c  o u tp u t  w h i le  

m a i n t a i n i n g  a d e q u a te  p e r i p h e r a l  r e s i s t a n c e  i s  unique among sympatho­

mimetic  am ines .  o t-Agonis ts  such a s  n o r e p i n e p h r i n e  and metaraminol  

i n c r e a s e  t h e  p e r i p h e r a l  r e s i s t a n c e ,  t h u s  c a u s in g  a d e c r e a s e  in  RBF. 

I s o p r o t e r e n o l ,  a B - a g o n i s t ,  i s  e f f e c t i v e  in  i n c r e a s i n g  c a r d i a c  o u t p u t ;  

however ,  t h e  s im u l t a n e o u s  lo w e r in g  o f  t h e  p e r i p h e r a l  r e s i s t a n c e  by t h i s  

drug t e n d s  t o  sh u n t  b lood away from t h e  k id n e y .

The o b s e r v a t i o n  t h a t  DA in d u ce s  r e n a l  v a s o d i l a t i o n  and s t i m u l a t e s  

c a r d i a c  pe r fo rm ance  has  l e d  t o  t h e  use  o f  t h i s  drug  in  t r e a t m e n t  o f  

r e f r a c t o r y  c o n g e s t i v e  h e a r t  f a i l u r e  (McDonald e t  a l . ,  1964; Rosenblum e t  

a l . ,  1972) ,  a c u t e  h e a r t  f a i l u r e  d u r in g  and a f t e r  c a r d i a c  s u r g e r y  

(Rosenblum and F r i e d e n ,  1972; H o lze r  e t  a l . ,  1973) ,  and s e p t i c  shock 

(Loeb e t  a l . ,  1971; Thompson e t  a l . ,  1975) .  The unusual  r e n a l  v a s o d i l a t ­

ing a c t i o n  o f  DA may a l s o  be u s e fu l  in  t r e a t m e n t  o f  o t h e r  c l i n i c a l  

c o n d i t i o n s  c h a r a c t e r i z e d  by reduced  RBF. However,  b ecau se  DA i s  c a p a b l e  

o f  a c t i v a t i n g  a - r e c e p t o r s ,  1 t  may c a u s e  h y p e r t e n s i v e  c r i s i s  a s  wel l  a s  

gangrene  as  a r e s u l t  o f  e x c e s s i v e  p e r i p h e r a l  v a s o c o n s t r i c t i o n  (A lex an d e r  

e t  a l . ,  1975; S t e t s o n  and Read ing ,  1977) .  While t h e  c a r d i o s t i m u l a t o r y  

e f f e c t  o f  DA 1s an im p o r ta n t  p h a rm aco lo g ica l  a c t i o n  o f  t h i s  d r u g ,  t h i s
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a c t i o n  may a l s o  Induce c a r d i a c  a r rhy thm ia  and p o s s i b l y  p r e c i p i t a t e  

ang ina  p e c t o r i s  {McDonald e t  a l . ,  1964; T a l l e y  e t  a l .» 1969) .  Thus 

a g e n t s  such as  t h e  y -g lu tam yl  d e r i v a t i v e s  o f  DOPA and DA which a r e  

c a p a b le  o f  i n c r e a s in g  RBF w i th  minimal sys tem ic  e f f e c t  a s s o c i a t e d  w ith  

DA, a r e  o f  c o n s id e r a b l e  t h e r a p e u t i c  i n t e r e s t .  I t  i s  p o s s i b l e  t h a t  such 

a g e n t s  co u ld  p lay  a r o l e  in t h e  t r e a t m e n t  o f  h y p e r t e n s i o n ,  a c u t e  renal  

f a i l u r e ,  p h e n o b a rb l ta l  i n t o x i c a t i o n  and o t h e r  c o n d i t i o n s  where g r e a t e r  

r en a l  p e r fu s io n  i s  d e s i r e d .

The p o s s i b i l i t y  o f  u t i l i z i n g  th e  prodrug approach to  t a r g e t i n g  

drug a c t i o n  was i n v e s t i g a t e d  f u r t h e r  us ing  y -g lu tam yl  d e r i v a t i v e s  o f  

a n t i b a c t e r i a l  ag e n ts  as  k idney d i r e c t e d  p ro d ru g s .  From p re v io u s  s t u d i e s  

in v o lv in g  t h e  y  -g lu tamyl  d e r i v a t i v e s  o f  DOPA and DA, y -g lu tam yl  

d e r i v a t i v e s  o f  a n t i b a c t e r i a l  a g en t s  were expected  to  be co n v e r ted  

s e l e c t i v e l y  t o  t h e  a c t i v e  drugs  in  t h e  k idney .  This was expec ted  t o  

r e s u l t  in a high c o n c e n t r a t i o n  o f  t h e  drugs  in t h e  k idney .  A k idney-  

s e l e c t i v e  accum ula t ion  o f  a n t i b a c t e r i a l  agen ts  would be o f  c o n s i d e r a b l e  

t h e r a p e u t i c  i n t e r e s t  in  t h e  t r e a tm e n t  o f  kidney and u r in a r y  t r a c t  

i n f e c t i o n .

As models o f  kidney d i r e c t e d  a n t i b a c t e r i a l  a g e n t s ,  Y - and a - 

glu tamyl  d e r i v a t i v e s  o f  SM were s y n th e s i z e d  i n i t i a l l y .  C o n s i s t e n t  with 

p rev io u s  f i n d i n g s  showing a high kidney s p e c i f i c i t y  o f  l o c a l i z a t i o n  o f  

Y-glutamyl  t r a n s p e p t i d a s e  (A lb e r t  e t  a l . ,  1961; Orlowskl and Szewczuk, 

1961) ,  we found t h a t  bo th  D- and L- Y-glutamyl d e r i v a t i v e s  o f  SM a r e  

c le a v e d  1n t h e  k idney t o  SM a t  a r a t e  o f  one t o  t h r e e  o r d e r s  o f  magnitude 

g r e a t e r  th a n  1n any o t h e r  t i s s u e  s t u d i e d .  However, t h e r e  was on ly  a 

small p r e f e r e n t i a l  accum ula t ion  o f  SM 1n t h e  k id n e y ,  with  r e s p e c t  t o  

o t h e r  t i s s u e s ,  a f t e r  i n t r a p e r l t o n e a l  a d m i n i s t r a t i o n  o f  t h e s e  Y -g lu tamyl
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compounds a s  compared w i th  t h a t  a f t e r  a d m i n i s t e r i n g  f r e e  SM, I t  i s  o f  

I n t e r e s t  t h a t  D- Y-g lu tam yl-SM , which was c l e a v e d  by mouse k idney  

homogenates a t  a r a t e  ab o u t  6 t im e s  s low er  th a n  t h e  L - i s o m e r f showed 

a more s e l e c t i v e  k idney  a c c u m u la t io n  th a n  t h e  L - i so m er .  S ince  

Y-glu tamyl-SM i s  an e x c e l l e n t  s u b s t r a t e  o f  y - g lu t a m y l  t r a n s p e p t i d a s e ,  

i t s  r a p id  h y d r o l y s i s  even in  t h o s e  t i s s u e s  having a low enzyme a c t i v i t y  

may have c o n t r i b u t e d  to  t h e  obse rved  l o s s  1n k idney  s e l e c t i v i t y .  No 

k i d n e y - s p e c i f i c  a c c u m u la t io n  o f  SM was o b se rv ed  a f t e r  a d m i n i s t r a t i o n  o f  

L - a - g l u t a m y l - S M .  This  f i n d i n g  i s  c o n s i s t e n t  w i th  t h e  more un iform  

t i s s u e  d i s t r i b u t i o n  o f  ami n o p e p t id a s e  A a c t i v i t y  compared t o  Y -g lu tam y l  

t r a n s p e p t i d a s e  a c t i v i t y .

In o r d e r  t o  i n c r e a s e  t h e  k i d n e y - s e l e c t i v i t y  o f  Y -g lu tam yl-S M ,  

a f u r t h e r  chemical  m o d i f i c a t i o n  o f  t h i s  prodrug  became d e s i r a b l e  so as  

t o  d e c r e a s e  t h e  r a t e  o f  i t s  c l e a v a g e ,  and make i t  dependen t  on t h e  

a c t i o n  o f  a second k idney  s p e c i f i c  enzyme. The k idney  i s  known to  have 

h igh  l e v e l s  o f  enzymes c a p a b le  o f  h y d ro ly z in g  N-acylamino a c i d s  and 

s e v e ra l  d e a c y l a t i n g  enzymes ,  d i f f e r i n g  in  s u b s t r a t e  s p e c i f i c i t y ,  have 

been d e s c r i b e d  (Birnbaum e t  a l . ,  1952; Fones  and Lee,  1953; Endo, 

1978a , b ) .  Our a t t e n t i o n  was t h e r e f o r e  d i r e c t e d  toward  N - a c y l - Y -g lu tam yl  

d e r i v a t i v e s  o f  SM, and s e v e ra l  o f  t h e s e  d e r i v a t i v e s  were s y n t h e s i z e d .

As ex p e c te d  N - a c e t y l , N - c h lo ro a c e ty l  and N -bu ty ry l  d e r i v a t i v e s  o f  L- Y- 

glutamyl-SM were h ydro lyzed  a t  g r e a t l y  reduced  r a t e s  compared t o  t h e  

g lu tam yl  d e r i v a t i v e s  o f  SM. A p p l i c a t i o n  o f  a c o u p le d  enzyme a s s a y  

made p o s s i b l e  t h e  d e t e r m i n a t i o n  o f  t h e  r a t e  o f  d e a c y l a t l o n  o f  N -acy l -  

Y -g lu tam y l  d e r i v a t i v e s .  This  a s s a y  showed t h a t  t h e  d e a c y l a t l o n  o f  

t h e s e  d e r i v a t i v e s  p ro ceed s  w i th  t h e  h i g h e s t  r a t e  in  t h e  k id n e y .
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A d m in i s t r a t io n  o f  a l l  t h r e e  N-acy l-L -  y -g lu tam yl  d e r i v a t i v e s  

r e s u l t e d  in  a rem arkab le  k i d n e y - s p e c i f i c  accum ula t ion  o f  SM 1n mice .

With both N-acety l  and N -ch lo ro ac e ty l  d e r i v a t i v e s  o f  y-glu tamyl-SM,

SM c o n c e n t r a t i o n s  in  t h e  kidney g r e a t l y  exceeded th o s e  observed  a f t e r  

an equ im olar  dose o f  SM. A pparen t ly  by making t h e  r e l e a s e  o f  t h e  a c t i v e  

component from a prodrug dependent  on two o r g a n - s p e c i f i c  enzymes t h a t  

a r e  l o c a l i z e d  in  t h e  same t a r g e t  o rg a n ,  i t  i s  p o s s i b l e  t o  ach ie v e  a 

very  high c o n c e n t r a t i o n  o f  a drug in  t h a t  o rg an .  The high c o n c e n t r a t i o n  

o f  t h e  su lfonam ide  in  t h e  kidney was accompanied by a g r e a t  d e c r e a s e  

o f  t h e  drug c o n c e n t r a t i o n  in  o t h e r  t i s s u e s .  Thus t h e  l e v e l s  o f  SM 

a f t e r  N -acy l -  y -g lu tam yl-SM , in  t i s s u e s  o t h e r  t h an  t h e  k id n ey ,  were 

g r e a t l y  reduced  compared with  th o se  seen a f t e r  a d m i n i s t r a t i o n  of  f r e e  SM. 

This high k i d n e y - s e l e c t i v e  accum ula t ion  o f  SM was seen a f t e r  a l l  t h e  

N -acy l-  y - g lu ta m y l  d e r i v a t i v e s  o f  SM. When th e  d i s t r i b u t i o n  o f  f r e e  SM 

a f t e r  N -c h lo ro a c e ty l - L -  y -glutamyl-SM was measured in  r a t s  and gu inea  

p ig s  in  a d d i t i o n  t o  mice ,  a s i m i l a r  k i d n e y - s e l e c t i v e  accum ula t ion  o f  SM 

was found 1n a l l  t h e s e  s p e c i e s .  Moreover plasma c o n c e n t r a t i o n s  o f  SM 

1n t h e s e  an imals  were a l s o  very  low a f t e r  a d m i n i s t r a t i o n  o f  t h e  p rod rug .  

These f i n d i n g s ,  t h e r e f o r e ,  s u p p o r t  t h e  h y p o th e s i s  t h a t  a prodrug 

c i r c u l a t e s  in  an i n t a c t  form and i t s  c o n v e r s io n  to  t h e  a c t i v e  drug 

o c c u r s  1n t h e  t a r g e t  organ where t h e  enzymes r e q u i r e d  f o r  such co n v e r s io n  

a r e  p r e s e n t .

The observed  k idney s p e c i f i c i t y  o f  N - a c y l - y  -g lu tamyl  d e r i v a t i v e s  

o f  SM 1s l i k e l y  t o  be due t o  a t  l e a s t  two f a c t o r s .  The f i r s t  i s  t h e  

s low r e l e a s e  o f  SM from t h e  N - a c y l -y  -glu tamyl d e r i v a t i v e s  which 

e f f e c t i v e l y  p re v e n t s  SM r e l e a s e  1n t h e  t i s s u e s  having low a c t i v i t i e s  

o f  t h e  enzymes r e q u i r e d  f o r  th e  r e l e a s e .  The second f a c t o r  1s dependence
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o f  SM r e l e a s e  on t h e  a c t i v i t y  o f  t h e  two kidney s p e c i f i c  enzymes. This 

p o i n t  i s  o f  c o n s i d e r a b l e  importance p a r t i c u l a r l y  in  d e s ig n in g  new organ-  

s e l e c t i v e  p ro d ru g s .  Thus, an I n c r e a s e  in organ s e l e c t i v i t y  o f  a prodrug 

can  be ex pec ted  i f  i t s  c o n v e r s io n  to  t h e  a c t i v e  drug i s  made dependent  

on t h e  a c t i o n  o f  two o r g a n - s p e c i f i c  enzymes l o c a l i z e d  in  t h e  t a r g e t  

o rgan .

I t  was o f  i n t e r e s t  t o  d e te rm in e  th e  t ime p e r io d  du r ing  which th e  

o r g a n - s e l e c t 1 v i t y  o f  t h e  prodrug i s  m a in ta in e d .  We t h e r e f o r e  s t u d i e d  

th e  c o n c e n t r a t i o n  o f  SM i n  t h e  k idney a f t e r  v a r io u s  t ime i n t e r v a l s  

fo l lo w in g  a d m i n i s t r a t i o n  of  N-acy l-L -  Y-glutamyl d e r i v a t i v e s  o f  SM.

The f in d in g  t h a t  t h e  k i d n e y - s e l e c t i v e  accum ula t ion  o f  SM was m a in ta in e d  

f o r  1 hour a f t e r  t h e  prodrug a d m i n i s t r a t i o n  i n d i c a t e s  t h a t  t h e  obse rved  

o r g a n - s e l e c t i v i t y  1s not a t r a n s i e n t  phenomenon. Even a t  2 hours  

fo l lo w in g  i n j e c t i o n  o f  t h e  p ro d ru g s ,  t h e  t i s s u e  c o n c e n t r a t i o n  o f  SM, 

in  t i s s u e s  o t h e r  th a n  k idney ,  remained d i s t i n c t l y  lower  than  t h o s e  a f t e r  

i n j e c t i o n  o f  f r e e  SM. I t  seems t h a t  on ly  a minimal amount o f  SM e v e r  

e n t e r s  o rgans  o t h e r  than  th e  k idney a f t e r  a d m i n i s t r a t i o n  of t h e  p rod rugs .

In t h e  co u r se  o f  s t u d i e s  on t h e  c o n c e n t r a t i o n  o f  SM in t h e  k idney  

a f t e r  N - a c y l - L - y - glutamyl d e r i v a t i v e s ,  i t  was noted t h a t  o f  t h e  t h r e e  

s p e c i e s  s t u d i e d  ( r a t ,  gu inea  pig and mouse) t h e  low es t  accu m u la t io n  of  

f r e e  SM was seen 1n th e  r a t .  I t  was then  found t h a t  t h e  deacyl  a t  ion 

o f  N -c h lo ro a c e ty l - L -  Y-glutamyl-SM proceeded In t h e  r a t  k idney a t  a 

c o n s i d e r a b l y  lower  r a t e  than  in  t h e  o t h e r  s p e c i e s .  Thus t h e  r a t e  of  

prodrug h y d r o ly s i s  and t h e  k idney c o n c e n t r a t i o n  o f  t h e  a c t i v e  component 

ap p e a r  t o  be r e l a t e d .  Such a r e l a t i o n s h i p  1s o f  I n t e r e s t  s i n c e  i t  

o f f e r s  a p o s s i b i l i t y  o f  u t i l i z i n g  t h e  in  v i t r o  a s sa y  t o  p r e d i c t  t h e
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e f f e c t i v e n e s s  o f  a g iven  prodrug as  a p r e c u r s o r  f o r  t h e  t a r g e t e d  d e l i v e r y  

o f  t h e  a c t i v e  d rug .

In a d d i t i o n  t o  t h e  r a t e  o f  prodrug h y d r o l y s i s ,  t h e  r a t e  o f  uptake 

o f  t h e  prodrug by kidney c e l l s  may a f f e c t  t h e  k idney  accum ula t ion  o f  

t h e  a c t i v e  component.  In t h i s  r e s p e c t ,  i t  i s  o f  i n t e r e s t  t h a t  the  

k idney c o n c e n t r a t i o n  o f  SM a f t e r  a d m i n i s t r a t i o n  o f  N - a c e ty l -L -  y - g lu ta m y l -  

SM was s i g n i f i c a n t l y  lower  in  r a t s  p r e t r e a t e d  w i th  sodium p e n t o b a r b i t a l  

as  compared t o  u n t r e a t e d  r a t s .  A l i k e l y  e x p la n a t io n  f o r  t h i s  r e s u l t  

1s based on a p o s t u l a t e  t h a t  N -a c e ty l -L -  Y-glutamyl-SM i s  t ak en  up in to  

t h e  k idney c e l l s ,  a t  l e a s t  p a r t i a l l y ,  by t h e  ren a l  o rg an ic  a c id  t r a n s p o r t  

sys tem.  Since  b a r b i t u r a t e s  a r e  known to  i n h i b i t  t h e  renal  o rg a n ic  ac id  

t r a n s p o r t  (Harvey,  1975) ,  such i n h i b i t i o n  could  reduce  t h e  uptake o f  t h e  

p rodrug .  As a consequence o f  reduced u p ta k e ,  t h e  kidney c o n c e n t r a t i o n  

o f  t h e  a c t i v e  component i s  low ered .  Other  f a c t o r s  which can i n f l u e n c e  

t h e  accum ula t ion  o f  th e  a c t i v e  component a f t e r  a d m i n i s t r a t i o n  of  prodrugs  

In c lu d e  a cc e s s  t o  t h e  s i t e  o f  enzyme l o c a l i z a t i o n ,  plasma p r o t e i n  

b in d in g ,  and t h e  r a t e s  o f  e l i m i n a t i o n  i n t o  u r i n e .

The f i n d i n g  o f  a h igh k idney c o n c e n t r a t i o n  o f  SM a f t e r  a d m i n i s t r a ­

t i o n  o f  i t s  N - c h l o r o a c e t y l - L - y  -glu tamyl and N - a c e t y l - L - y - g l u t a m y l  

d e r i v a t i v e s ,  induced us t o  examine t h e  u r in a ry  e x c r e t i o n  o f  SM a f t e r  

t h e s e  d e r i v a t i v e s .  This  c o n c e n t r a t i o n  o f  SM i n  t h e  kidney cou ld  have 

r e s u l t e d  from i t s  accum ula t ion  e i t h e r  in  t h e  c e l l u l a r  e lem en ts  o f  t h e  

t u b u l e s  o r  in  t h e  u r i n a r y  s p ac e s .  I f  t h e  high kidney c o n c e n t r a t i o n  of  

SM i s  due t o  SM l o c a l i z e d  In t h e  u r in a r y  s p a c e s ,  then  c o r r e s p o n d in g ly  

high u r in a r y  e x c r e t i o n  o f  SM cou ld  have been e x p e c te d .  Compared t o  SM, 

a d m i n i s t r a t i o n  o f  i t s  N - c h lo ro a c e ty l - L -  y - g lu t a m y l  and N - a c e t y l - L - y  -  

glutamyl d e r i v a t i v e s  r e s u l t e d  in  a lower  u r in a r y  e x c r e t i o n  o f  f r e e  SM.
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This  o c c u r re d  even though t h e  c o n c e n t r a t i o n  o f  SM in  kidney homogenates 

was h ig h e r  a f t e r  t h e s e  d e r i v a t i v e s  than  a f t e r  f r e e  SM. This  f in d in g  

s u g g e s t s  t h a t  t h e  c o n c e n t r a t i o n  o f  SM 1s not  ev en ly  d i s t r i b u t e d  between 

t h e  c e l l u l a r  e lements  and u r i n a r y  spaces  and t h a t  t h e  su lfonam ide  i s  

p robab ly  more c o n c e n t r a t e d  1n t h e  c e l l u l a r  sp aces  o f  t h e  k idney th a n  in 

t h e  u r in e .

Although su lfonam ides  with  an a c t i v i t y  l i m i t e d  t o  th e  k idney and 

u r in a r y  t r a c t  would be o f  c o n s id e r a b l e  t h e r a p e u t i c  I n t e r e s t ,  e v a l u a t i o n  

o f  t h e  u s e fu ln e s s  o f  t h e  N-acyl-  •Y_9 ^utamy'l d e r i v a t i v e s  o f  su lfonam ides  

in  t h i s  r e s p e c t  would r e q u i r e  f u r t h e r  s t u d i e s .  F a c to r s  such as  t o x i c i t y ,  

r a t e  o f  i n t e s t i n a l  a b s o r p t i o n ,  i n t r a r e n a l  d i s t r i b u t i o n  o f  a su l fonam ide ,  

d u r a t i o n  o f  a c t i o n ,  and r a t e s  o f  e l i m i n a t i o n  and metabol ism would have 

to  be de termined  1n such e v a l u a t i o n .  A l a r g e  number of  su lfonam ides  

with  a wide spectrum of  p r o p e r t i e s  and r e l a t i v e l y  l i m i t e d  t o x i c i t y  a r e  

c u r r e n t l y  a v a i l a b l e .  Replacement of  t h e s e  drugs  w i th  d e r i v a t i v e s  

showing a c t i v i t y  l i m i t e d  to  a s i n g l e  organ may t h e r e f o r e  be c o n s id e re d  

o f  t h e r a p e u t i c  use on ly  in  s p e c i a l  s i t u a t i o n s .  N-acy l-  v -g lu tam yl  

d e r i v a t i v e s  o f  a v a r i e t y  o f  d rugs  may however be o f  genera l  I n t e r e s t  

when l i m i t a t i o n  of  a c t i o n  to  th e  kidney i s  a d e s i r e d  o b j e c t i v e .
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