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Chapter  8 .  A n t i h y p e r t e n s i v e  Agents 

W .  Les l ey  Matier and William T .  Comer, Mead Johnson ti Company 
E v a n s v i l l e ,  I n d i a n a  

I n t r o d u c t i o n  - T h i s  review c o v e r s  advances i n  t h e  unde r s t and ing  and d rug  
t r ea tmen t  of  h y p e r t e n s i o n  d u r i n g  t h e  p a s t  y e a r .  D i u r e t i c s  remain t h e  most 
widely used c l a s s  of  a n t i h y p e r t e n s i v e s ,  and t h e  f i r s t  a g e n t  s e l e c t e d  f o r  
mild h y p e r t e n s i v e s  i s  u s u a l l y  a d i u r e t i c ;  t h e s e  a g e n t s  a r e  d i s c u s s e d  i n  
Chapter  7 .  A new mechan i s t i c  approach t o  t r e a t i n g  h y p e r t e n s i o n  w i t h  
a n g i o t e n s i n  c o n v e r t i n g  enzyme i n h i b i t o r s  is covered s e p a r a t e l y  i n  
Chapter  9 .  The s t r u c t u r e s  of d r u g s  d i s c u s s e d  i n  t h i s  c h a p t e r  are shown o r  
may be found i n  r e c e n t  volumes of "Annual Repor t s  i n  Med ic ina l  Chemistry."  

General  - The c l i n i c a l  pharmacology1 of a n t i h y p e r t e n s i v e  d r u g s ,  t h e i r  u s e  
i n  h y p e r t e n s i v e  e m e r g e n c i e s Y 2  and i n  r a t i o n a l  combina t ions ,  have been re- 
viewed. I n  t h e  U . S . A . ,  t h e  J o i n t  N a t i o n a l  Committee on D e t e c t i o n ,  Evalua- 
t i o n  and Treatment  of High Blood P r e s s u r e  recommends a s t e p w i s e  approach t o  
t r e a t i n g  h y p e r t e n s i o n  s t a r t i n g  w i t h  a d i ~ r e t i c . ~  The c a u s e s  of hemodynamic 
changes i n  e s s e n t i a l  h y p e r t e n s i o n  and t h e i r  n o r m a l i z a t i o n  by d rug  t r e a t m e n t  
was t h e  t o p i c  of  a symposiumY5 as was t h e  impor t an t  r o l e  of t h e  sympa the t i c  
nervous system i n  t h e  e t i o l o g y  and maintenance of h y p e r t e n s i o n . 6  
r e n i n  l e v e l s ,  subgroups of p a t i e n t s  w i t h  e l e v a t e d  plasma ca t echo lamine  
l e v e l s  have now been i d e r ~ t i f i e d . ~  The v a s c u l a r  damage a s s o c i a t e d  w i t h  
h y p e r t e n s i o n  may be due t o  i n c r e a s e d  s y n t h e s i s  and d e p o s i t i o n  of c o l l a g e n  
i n  a r te r ies  r e s u l t i n g  i n  f i b r o s i s .  * Vascu la r  damage i n  h y p e r t e n s i v e s  may 
a l s o  be r e l a t e d  t o  blood v e l o c i t y ;  p r o p r a n o l o l  and c l o n i d i n e  d e c r e a s e  
blood v e l o c i t y  and may t h e r e f o r e  be p r e f e r r e d  o v e r  methyldopa and h y d r a l a -  
z i n e  which i n c r e a s e  blood v e l o c i t y .  

A s  w i t h  

C e n t r a l l y  Act ing A n t i h y p e r t e n s i v e s  - The c e n t r a l l y  a c t i n g  d r u g s ,  cl-methyl- 
dopa and c l o n i d i n e ,  c o n t i n u e  t o  be wide ly  used.  
or  c l o n i d i n e  i s  n o t  dependent on p a t i e n t s '  r e n i n  s ta tes  a l t h o u g h  t h e s e  
d r u g s  do lower r e n i n  l e v e l s .  l o  A deca rboxy lase  i n h i b i t o r  f a i l e d  t o  
block me thy ldopa ' s  hypo tens ive  a c t i o n ,  l 2  and i t s  a c t i v e  m e t a b o l i t e ,  a- 
methy lnorep inephr ine ,  w a s  found more p o t e n t  t han  n o r e p i n e p h r i n e  i n  i m  a i r -  
i n g  sympa the t i c  t r a n s m i s s i o n  by p r e s y n a p t i c  a - r e c e p t o r  s t i m u l a t i o n .  
Methyldopa, l 4  b u t  no t  c l o n i d i n e ,  l 5  allowed s t a b l e  blood p r e s s u r e  c o n t r o l  
when g iven  once d a i l y  in h i g h  dose .  

The a c t i o n  of methyldopa 

,$ 

Clon id ine  c a u s e s  p h y s i o l o g i c a l  changes i n  p a t i e n t s  s imilar  t o  pro-  
p r a n o l o l ,  bu t  by a n  e n t i r e l y  d i f f e r e n t  mechanism. It h a s  been used i n  
p l a c e  of a B-blocker16 and i n  combination w i t h  t h e  v a s o d i l a t o r  
d i l .  l 7  C l o n i d i n e  h a s  been r e p o r t e d  t o  induce d i u r e s i s  i n  h y p e r t e n s i v e  
p a t i e n t s  b e i n g  t r e a t e d  w i t h  m i n o x i d i l  and p r o p r a n o l o l .  l 7  

minoxi- 
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c e n t r a l  sympa the t i c  o u t f l o w  a s  i t s  major  hypo tens ive  mechanism. ’ * 
l y ,  i n  t e t r a p l e g i c  p a t i e n t s  w i t h  c e r v i c a l  s p i n a l  cord t r a n s e c t i o n ,  c l o n i -  
d i n e  d i d  no t  lower blood p r e s s u r e ,  i n d i c a t i n g  t h a t  i n  man, as i n  a n i m a l s ,  
i n t a c t  b u l b o s p i n a l  pathways are needed.  S t i m u l a t i o n  of p e r i p h e r a l  pre-  
s y n a p t i c  a - r e c e p t o r s  may c o n t r i b u t e  t o  t h e  r e d u c t i o n  of c a t e c h o l a m i n e s  and 
blood p r e s s u r e  caused by c l o n i d i n e , ”  whereas s t i m u l a t i o n  of p o s t s y n a p t i c  
a - r e c e p t o r s  may account  f o r  dec reased  hypo tens ive  a c t i o n s  of c l o n i d i n e  a t  
h i g h e r  d o s e s  i n  cats1* and p a t i e n t s . 2 1  
p r e s y n a p t i c  a - r e c e p t o r s  be c l a s s i f i e d  as a2 based on t h e  r e sponse  t o  v a r i -  
ous a - a g o n i s t s .  Alpha r e c e p t o r s  i n  t h e  b r a i n  med ia t ing  hypo tens ive  
e f f e c t s ,  i n  t h e  kidney med ia t ing  r e n i n  release and r e c e p t o r s  i n h i b i t o r y  t o  
me lanocy te - s t imu la t ing  hormone, a l s o  appear  t o  be 0.2; p o s t s y n a p t i c  v a s c u l a r  
a - r e c e p t o r s  , involved i n  v a s o c o n s t r i c t o r  r e s p o n s e s ,  are “1. 22 

S i m i l a r -  

It h a s  been proposed t h a t  t h e s e  

The involvement of c e n t r a l  h i s t a m i n e  r e c e p t o r s  i n  t h e  hypo tens ive  
a c t i o n  of c l o n i d i n e  remains u n c e r t a i n .  The a c t i o n  of t h i s  d rug  i s  an tago-  
n i z e d  by i. c. v. a d m i n i s t e r e d  metiamide,  a s p e c i f i c  h i s t a m i n e  H2-antagonis t  , 
bu t  t h e  s e l e c t i v e  h i s t a m i n e  H2-st imulant ,  d i m a p r i t  ( 4 - m e t h y l h i ~ t a r n i n e ) ~  
raises blood p r e s s u r e . 2 3  A h i s t a m i n e  m e t a b o l i t e ,  imidazo le  a c e t i c  a c i d ,  
e x e r t s  a s t r o n g ,  c e n t r a l ,  hypo tens ive  a c t i o n  an tagon ized  by metiamide and 
may p o s s i b l y  be an  i n h i b i t o r y  n e u r o t r a n s m i t t e r .  24 

S e d a t i o n  and d r y  mouth remain t h e  most bothersome s i d e  e f f e c t s  a s so -  
c i a t e d  w i t h  c l o n i d i n e  t h e r a p y ,  whereas  rebound h y p e r t e n s i o n  i s  p o t e n t i a l l y  
t h e  most dangerous.  Repor t s  of h y p e r t e n s i v e  c r i ses  a s s o c i a t e d  w i t h  wi th -  
d rawa l  of t h i s  d rug  c o n t i n u e  t o  a ~ p e a r . ~ ” ~ ~  The h y p e r t e n s i v e  r e s p o n s e  
a p p e a r s  t o  b e  due t o  a sudden r e v e r s a l  of t h e  c e n t r a l  i n h i b i t o r  a c t i o n  of 
c l o n i d i n e  r e s u l t i n g  i n  i n c r e a s e d  plasma n o r e p i n e p h r i n e  l e v e l s .  2 y  Seda- 
t i o n L 8  and p a r a d o x i c a l  s l e e p 2 ’  a p p e a r  t o  be mediated by c e n t r a l  u2-recep- 
t o r s  and n o t  by h i s t a m i n e  H ~ - r e c e p t o r s Y S o  so s e p a r a t i o n  of s e d a t i o n  from 
c l o n i d i n e ’ s  a n t i h y p e r t e n s i v e  e f f e c t s  may n o t  be p o s s i b l e .  Both c l o n i d i n e  
and methyldopa i n h i b i t  c o n d i t i o n e d  s a l i v a t i o n  i n  c o n s c i o u s  dogs which i s  
a u s e f u l  an ima l  model t h a t  c o r r e l a t e s  w i t h  t h e  e f f e c t  i n  man.31 

1 - - 2 l o f e x i d i n e  3 - 

S e v e r a l  groups have r e p o r t e d  QSAR s t u d i e s  of a r o m a t i c  s u b s t i t u t e d  
a n a l o g s  of c l o n i d i n e .  3 2 , 3 3  
g a t e d  c l i n i c a l l y .  
a re  c l i n i c a l l y  e f f e c t i v e  a g e n t s  b u t  are n o t  f ree  of c l o n i d i n e - t y p e  s i d e  
e f f e c t s .  
i s  r e p o r t e d  t o  no t  c a u s e  spon taneous  rebound h y p e r t e n s i o n .  37 Guanabenz3* 
and t h e  s t r u c t u r a l l y  s imilar  FLA-13639 (1) r educe  n o r e p i n e p h r i n e  t u r n o v e r  
i n  t h e  r a t  b r a i n .  The l a t t e r  a p p e a r s  t o  s e l e c t i v e l y  s t i m u l a t e  p r e s y n a p t i c  
a - r e c e p t o r s  w i t h o u t  a f f e c t i n g  c e n t r a l  o r  p e r i p h e r a l  p o s t s y n a p t i c  r ecep -  

C l o n i d i n e - l i k e  a g e n t s  c o n t i n u e  t o  be i n v e s t i -  
F l u t o n i d i n e ,  34 guanabenz , j 5  and g u a n f a c i n e j 6  (BS 100-141) 

Tiamenidine,  p r e s e n t l y  i n  c l i n i c a l  t r i a l s  i n  Europe and t h e  U.S. ,  
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t o r s . 4 0  
mals and man.'" Rebound h y p e r t e n s i o n  may n o t  be a problem w i t h  t h i s  d r u g  
s i n c e  u r i n a r y  c a t e c h o l a m i n e  e x c r e t i o n  changed v e r y  l i t t l e  a f t e r  i t s  w i t h -  
d rawa l .  B-HT933 ( 3 )  i s  a n  i n t e r e s t i n g  new s t r u c t u r e  showing t y p i c a l  c l o n i -  
d i n e - l i k e  e f f e c t s  i n  I t  h a s  been sugges t ed  t h a t  t h e  c e n t r a l l y  
a c t i n g  a n t i h y p e r t e n s i v e  a g e n t ,  R28935, i n h i b i t s  c e n t r a l  n o r a d r e n e r g i c  
n e u r o t r a n s m i s s i o n  by b l o c k i n g  c e n t r a l  p o s t s y n a p t i c  a - r e c e p t o r s  i n  c o n t r a s t  
t o  t h e  s t i m u l a t i o n  of p r e s y n a p t i c  a - r e c e p t o r s  by c l o n i d i n e  and r e l a t e d  
d r u g s .  39 

L o f e x i d i n e  (2) i s  a new c e n t r a l l y  a c t i n g  a n t i h y p e r t e n s i v e  i n  a n i -  

The h y p o t e n s i v e  and brady-  
c a r d i c  e f f e c t s  o f  A'-tetrahydro- 
c a n n a b i n o l ,  a p s y c h o a c t i v e  con- 
s t i t u e n t  of  mar ihuana ,  is a t  
l eas t  p a r t l y  med ia t ed  v i a  a c t i -  
v a t i o n  of c e n t r a l  n - r e ~ e p t o r s . ~ 3  
BRL-13776 ( 4 ) ,  r e s u l t i n g  from 

N' s t r u c t u r a l  m o d i f i c a t i o n  of t e t -  

H O  YH2a 
Br%? 

\ r a h y d r o c a n n a b i n o l s ,  i s  a n t i -  
CH3 

(CH2) q C H 3  
h y p e r t e n s i v e  i n  a n i m a l s ,  prob- 

bromazepam a b l y  as  a consequence  of c e n t r a l  
c a t e c h o l a m i n e  d e p l e t i o n .  44 The 

new benzod iazep ine  a n t i a n x i e t y  a g e n t ,  bromazepam ( 5 ) ,  lowered t h e  b lood  
p r e s s u r e  of a l a r g e  g roup  of h y p e r t e n s i v e s  w i t h o u t a f f e c t i n g  h e a r t  r a t e . l t 5  

CH3 
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A n t i h y p e r t e n s i v e  V a s o d i l a t o r s  - The c l i n i c a l  u s e  of h y d r a l a z i n e  h a s  been 
r ev iewed .4b  I t  i s  a v a l u a b l e  d r u g  when combined w i t h  B-blockers  and d i u -  
r e t i c s .  I t s  c a r d i a c  s t i m u l a t i n g  a c t i o n s  may be  due  t o  d i r e c t  e f f e c t  on 
t h e  myocardium i n  a d d i t i o n  t o  r e f l e x  a c t i v a t i o n  of c a r d i a c  s y m p a t h e t i c  
n e r v e s  secondary  t o  a d e c r e a s e  i n  b lood  p r e s ~ u r e . " ~  
enhances  h y d r a l a z i n e ' s  h y p o t e n s i v e  e f f e c t  by b l o c k i n g  t h e  v a s o c o n s t r i c t o r  
a c t i o n s  of r e f l . e x l y  r e l e a s e d  c a t e c h o l a m i n e s  whereas  p r o p r a n o l o l  d i d  n o t  
c a u s e  a s y n e r g i s t i c  e f f e c t . 4 8  
man ma in ly  by N - a c e t y l a t i o n  and c y c l i z a t i o n  t o  t r i a z o l o  d e r i v a t i v e s  and by 
hydrazone  f o r m a t i o n .  4 9  

v a s o d i l a t o r s  b u t  t h e  t r i a z o l e s  are i n a c t i v e .  5 0 - 5 2  
d e t e r m i n e s  t h e  r e s p o n s e  t o  h y d r a l a z i n e  and o t h e r  d r u g s  t h a t  are e x t e n s i v e -  
l y  a c e t y l a t e d  i n  Most of t h e  m e t a b o l i t e s  from t h e  a n t i h y p e r t e n s i v e  
hydrazone ,  b u d r a l a z i n e  (DJ1461, k ) ,  i n  rats ar ise  from i n i t i a l  f o r m a t i o n  
of h y d r a l a z i n e .  5 4  
(ISF2123, 7) and BQ22-70856 (8) show them t o  be e f f e c t i v e  h y p o t e n s i v e s  a t  
much lower  d o s e s  t h a n  h y d r a l a z i n e  and w i t h  t h e  expec ted  s i d e  e f f e c t s  of 
p o t e n t  v a s o d i l a t o r s .  H y d r a l a z i n e ,  ( I )  and a n a l o g s  w i t h  f r e e  h y d r a z i n e  
g roups  i n h i b i t  d i amine  o x i d a s e s  a t  h y p o t e n s i v e  d o s e s .  57 

Alpha b lockade  

H y d r a l a z i n e  is  e x t e n s i v e l y  m e t a b o l i z e d  i n  

S e v e r a l  of t h e s e  hydrazone  m e t a b o l i t e s  are p o t e n t  
A c e t y l a t o r  phenotype  

I n i t i a l  c l i n i c a l  e x p e r i e n c e s  w i t h  p r o p y l d a z i n e S 5  

NHN=CCH=C &J AH3 

- 6 b u d r a l a z  

CH3)2 NHNH2 

ne  - 7 p r o p y l d a z i n e  

NHNH? 

0 

8 - 
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The pharmacology and c l i n i c a l  u s e  of p r a z o s i n  h a s  been t h o r o u g h l y  re- 
~ i e w e d ~ ' - ~ "  and d i s c u s s e d  i n  sympos ia .61 ,62  
i t s  h y p o t e n s i v e  a c t i o n s .  A s  t h e  so l e  t h e r a p y ,  i t  w a s  found as  e f f e c t i v e  as 
m e t h y l d ~ p a ~ ~  b u t  less  t h a n  h y d r o c h l o r o t h i a ~ i d e . ~ ~  
f u n c t i o n ,  c a r d i a c  o u t p u t ,  o r  plasma r e n i n ,  b u t  i t  may c a u s e  f l u i d  r e t e n -  
t i o n b 5  and h a s  shown b e t t e r  e f f i c a c y  i n  combina t ion  w i t h  t h i a z i d e  d i u -  
r e t i c ~ . ~ ~ , ~ ~  The major  u s e  f o r  t h i s  d rug  may be  i n  combina t ion  w i t h  a 
d i u r e t i c  and 8-b locker  i n  p l a c e  of h y d r a l a z i n e .  The i n c i d e n c e  of f i r s t -  
d o s e  f a i n t i n g  and d i z z i n e s s  i s  q u i t e  h i g h  i n  some ~ t u d i e s ~ ~ , ~ '  and i s  more 
pronounced i n  p a t i e n t s  on a low sodium d i e t . 7 o  
p r a z o s i n  t o  be  a s e l e c t i v e  u -b locke r  w i t h  l i t t l e  d i r e c t  v a s c u l a r  r e l a x a n t  
a c t i o n .  7 1  y7' 
p r e s y n a p t i c  a - r e c e p t o r s  o p e r a t i o n a l  f o r  f eedback  i n h i b i t i o n  of  s y m p a t h e t i c  
n e u r o t r a n s m i t t e r  release. ' j 9  74 
i n  p o s t s y n a p t i c  t i s s u e .  75 
t i o n  and g l u c u r o n i d e  f o r m a t i o n 7 6  t o  weakly a c t i v e  d e r i v a t i ~ e s , ~ '  
p r a z o s i n  a n a l o g ,  t r i m a z o s i n ,  w a s  found as a c t i v e  as methyldopa  i n  mi ld  
h y p e r t e n s i v e s ' u  and f i r s t  r e p o r t s  on two new a n a l o g s ,  BL-5111A7' (9) and 
E 643'" (9, have  appea red .  

Many c l i n i c a l  s t u d i e s  c o n f i r m  

I t  d o e s  n o t  a l t e r  r e n a l  

Animal s t u d i e s  show 

It  b l o c k s  o n l y  p o s t s y n a p t i c  v a s c u l a r  u - r e c e p t o r s  l e a v i n g  

Both t y p e s  of u - r e c e p t o r s  may be  p r e s e n t  
P r a z o s i n  is  m e t a b o l i z e d  ma in ly  by O-demethyla- 

The 

t i o n  
t a n t  
w i t h  

9 1 0  - - 

More r e p o r t s  have appeared  on t h e  e f f i c a c y  of  m i n o x i d i l  i n  combina- 
w i t h  a 8-b locker  and d i u r e t i c  i n  t r e a t i n g  s e v e r e  h y p e r t e n s i o n  resis- 
t o  s t a n d a r d  It may induce  a n g i n a l  a t t a c k s  i n  p a t i e n t s  
co rona ry  a r t e r y  d i s e a s e e 3  b u t  conce rn  t h a t  i t  may c a u s e  pulmonary 

h y p e r t e n s i o n  seems unwarranted  .84, 8 5  Diazox ide  is  an  e x c e l l e n t  d r u g  f o r  
h y p e r t e n s i v e  c r i s e s .  86 T h i s  compound and a n a l o g s  b l o c k  v a s o c o n s t r i c t i o n  
i n  i s o l a t e d  a o r t i c  r i n g s  from h y p e r t e n s i v e  ra t s  much more t h a n  normoten- 
s i v e  r a t s .87  The c l i n i c a l l y  e f f e c t i v e 8 8  v a s o d i l a t o r ,  guancydine ,  b l o c k s  
v a s o c o n s t r i c t i o n  due  t o  a n g i o t e n s i n  I1 b u t  h a s  no e f f e c t  on r e n i n  secre- 
t i o n . "  D i h y d r o p y r i d i n e s ,  such  as n i f e d i p i n e  (z), YC-9390,9' (12) , a i d  

n i l u d i p i n e  (13) show p o t e n t  11: R l = R 2 = C H 3  (2-NO2) 
C H 3  v a s o d i l a t i n g  a c t i o n s .  N i -  
I f e d i p i n e  w a s  found e f f e c t i v e  

- 12 :  R1=CH3 ,R2=PhCH2N(CH2)2for h y p e r t e n s i v e  emergenc ie s  

- 

R102C b u t  n o t  f o r  m i l d  h y p e r t e n -  
(3-NO2) s i o n . 9 : , 9 3  

- 13 : R i = R * = C H 3  (CH,) 20 (CH2) 2 

CH 2 8::: 
H ( 2-NO2 ) 

Beta-Adrenerg ic  Blocking  Agents - I n  t h e  U.S.A., FDA a p p r o v a l  f o r  6- 
b l o c k e r s  o t h e r  t h a n  p r o p r a n o l o l  h a s  been de layed  because  of  t h e  p o s s i b l e  
c a r c i n o g e n i c i t y  of t h e s e  agents."'  ,95 Metopro lo l  and a t  l eas t  s i x  o t h e r  
8 -b locke r s  have comple ted  t h e  r e q u i r e d  two-year c a r c i n o g e n i c i t y  t e s t i n g  
and may now be used i n  long-term c l i n i c a l  t r i a l s .  However, t o l a m o l o l ,  
b u n o l o l ,  and p o s s i b l y  t i m o l o l  caused  an  i n c r e a s e d  i n c i d e n c e  of tumors  i n  
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a n i m a l s ,  and t o l a m o l o l  h a s  been withdrawn from U.S.  c l i n i c a l  t r i a l s . q 5  

The growing importance of B-blockers i n  t h e  t r e a t m e n t  of h y p e r t e n s i o n  

9’and metoprolo19* 

A V e t e r a n ’ s  Admini- 

i s  i n d i c a t e d  by t h e  p r o l i f e r a t i o n  o f  p u b l i c a t i o n s  on t h i s  s u b j e c t  as  w e l l  
as t h e  marked i n c r e a s e  i n  p r o p r a n o l o l  u s e .  Reviews and s p o s i a  proceed- 
i n g s  have appeared on t h e  u s e  of a t e n o l 0 1 , ~ ~  p i n d o l o l ,  
i n  h y p e r t e n s i o n .  
o r  as  t h e  “ s t e p  2 ”  d r u g s  of c h o i c e  a f t e r  d i u r e t i c s . l o l  
s t r a t i o n  s t u d y  of p r o p r a n o l o l  i n  a l a r g e  group of mild h y p e r t e n s i v e s  found 
t h a t  i t  normalized t h e  blood p r e s s u r e  i n  a b o u t  h a l f  t h e  p a t i e n t s  and w a s  
more e f f e c t i v e  i n  combinat ion w i t h  a d i u r e t i c  and w i t h  h y d r a l a z i n e .  lo ’  
O the r  B-blockers compare w e l l  w i t h  p r o p r a n o l o l  o r  methyldopa f o r  t r e a t i n g  
h y p e r t e n s i o n .  However, B-blockers w i t h  i n t r i n s i c  sympathomimetic a c t i v i t y  
( i . s . a . >  may be less e f f e c t i v e  a t  h i g h  d o s e s  t h a n  t h o s e  w i t h o u t  i . s . a .  
s i n c e  they  show a f l a t  dose - re sponse  c u r v e  f o r  b lock ing  e x e r c i s e - i n d u c e d  
t a c h y c a r d i a  a t  h i g h e r  d o s e s .  l o 3  

B-blockers a r e  recommended as f i r s t  c h o i c e  d r u g s q 9 )  l o o  

C a r d i o s e l e c t i v e  6 -b locke r s ,  such  as m e t o p r o l o l  and a t e n o l o l ,  and 
d r u g s  w i t h  i . s . a .  such a s  p i n d ~ l o l , ’ ’ ~  a re  less  l i k e l y  t o  c a u s e  broncho- 
spasm t h a n  n o n - s e l e c t i v e  a g e n t s  such as p r o p r a n o l o l ,  b u t  a l l  t h e s e  d r u g s  
may cause  b r o n c h o c o n s t r i c t i o n  a t  h i g h e r  d o s e s  i n  a s t h m a t i c s  and are c o n t r a -  
i n d i c a t e d .  ’’ S u r p r i s i n g l y ,  d -p roprano lo l  i n c r e a s e s  a i rway  r e s i s t a n c e  i n  
r a t s  and gu inea  p i g s  as  much as d t - p r o p r a n o l o l  s u g g e s t i n g  t h a t  $-blockade 
i s  n o t  t h e  o n l y  f a c t o r  r e s p o n s i b l e  f o r  t h e  b r o n c h o c o n s t r i c t i o n .  l o 6  
e f f e c t  of @-b locke r s  on blood l i p i d s  remains c o n t r o v e r s i a l ,  and any advan- 
t a g e  f o r  B 1  o r  n o n - s e l e c t i v e  d r u g s  i s  u n c e r t a i n . ” ’  
d r u g s  may be s a f e r  i n  d i a b e t i c  p a t i e n t s . l o 8  O f  conce rn  w i t h  a l l  $ -b locke r s  
i s  t h e i r  p o t e n t i a l  t o  c a u s e  t h e  oculomucocutaneous syndrome a s s o c i a t e d  w i t h  
p r a c t o l o l ,  b u t  such an  e f f e c t  h a s  no t  so f a r  been seen  w i t h  B-blockers 
o t h e r  t h a n  p r a c t o l o l .  l o ’  

The 

The 6 1 - s e l e c t i v e  

Most B-blockers,  w i t h  t h e  e x c e p t i o n  of s o t a l o l ’  l o  and n a d o l o l ,  have 
r e l a t i v e l y  s h o r t  plasma h a l f - l i v e s .  
are  e f f e c t i v e  on a once -da i ly  schedu le  s i n c e  t h e i r  h y p o t e n s i v e  a c t i o n  i n  
man las t s  f o r  many hour s  a f t e r  t h e i r  d i s a p p e a r a n c e  from plasma.  

However, s e v e r a l  of t h e s e  drugs5?7,111 

How B-blockers lower blood p r e s s u r e  i s  s t i l l  u n c l e a r .  Var ious  cen- 
t r a l  a c t i o n s  of some B-blockers have been d e m o n s t r a t e d ,  b u t  t h e r e  i s  l i t t l e  
d i r e c t  ev idence  t h a t  c e n t r a l l y  mediated blood p r e s s u r e  l o w e r i n g  o c c u r s  i n  
man. 1 1 2  Some of t h e  c e n t r a l  e f f e c t s  may be mediated by b lockade  of s e r o -  
t o n i n  up take .  The i n h i b i t i o n  of r e n i n  s e c r e t i o n  by t h e s e  d r u g s  c o n t i n u e s  
t o  a t t r a c t  many i n v e s t i g a t o r s .  However, e x c e p t  i n  a s m a l l  number of 
p a t i e n t s  w i t h  renin-dependent  forms o f  h y p e r t e n s i o n ,  r e n i n  lower ing  d o e s  
n o t  seem t o  be t h e  major  f a c t o r  i n  t h e  hypo tens ive  r e s p o n s e . l l 4  S o t a l o l  
d e c r e a s e s  n o r e p i n e p h r i n e  release from sympa the t i c  n e r v e  e n d i n g s  by i t s  
a c t i o n  on p r e s y n a p t i c  B - r e c e p t o r s , 2 0  bu t  t h e  p h y s i o l o g i c a l  s i g n i f i c a n c e  of 
t h i s  a c t i o n  remains u n c e r t a i n .  A new h y p o t h e s i s  conce rn ing  t h e  mechanism 
of B-blockers i n  h y p e r t e n s i o n  stresses t h e  importance of b l o c k i n g  v a s c u l a r  
6 2 - r e c e p t o r s  t h e r e b y  a l l o w i n g  adeny l  c y c l a s e  t o  r e g a i n  r e s p o n s i v e n e s s  t o  
p h y s i o l o g i c a l  v a s o d i l a t o r s  such as h i s t a m i n e  and PGE2. l 5  I n  agreement w i t h  
t h i s  c o n c e p t ,  i ndomethac in ,  a PG-synthesis  i n h i b i t o r ,  b l o c k s  t h e  hypoten- 
s i v e  a c t i o n  of $ -b locke r s  i n  r a b b i t s  and i n  p a t i e n t s . ’ l 6  
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OH The r ecogn ized  a b i l i t y  of @-b locke r s  t o  a c u t e l y  
d e c r e a s e  c a r d i a c  o u t p u t  and c h r o n i c a l l y  d e c r e a s e  

b u t i n g  mechanisms t o  t h e i r  l ower ing  of blood 
p r e s s u r e .  I n  f a c t ,  s e v e r a l  of t h e s e  mechanisms 
may s imultaneously c o n t r i b u t e  t o  t h e  hemodynamic 
p r o f i l e  of 8 -b locke r s ,  and B-adrenergic  b lockade  
i t se l f  remains t h e  s i n g l e  pharmacologic  pa rame te r  
most p r e d i c t i v e  of c l i n i c a l  u s e f u l n e s s  i n  lower-  
i n g  blood p r e s s u r e .  

I N - O C H 2 ~ H ~ H 2 N H ~ u - t  p e r i p h e r a l  r e s i s t a n c e  are s t i l l  impor t an t  c o n t r i -  

& 1 4  

- 

Two new a g e n t s ,  G I 1 '  (IPS-339) and 1 5 ,  '18 are  s e l e c t i v e  62 - recep to r  
b l o c k e r s .  The oxime e t h e r ,  14, is  a n  ex t r eme ly  p o t e n t  $2-blocker in v i t r o  
(62/B1=155) and in v i v o ;  however, i t  ra i sed  blood p r e s s u r e  i n  normotensive 
and h y p e r t e n s i v e  r a t s .  l 9  

I n  a d d i t i o n  t o  t h e  18 8 -b locke r s  a l r e a d y  marketed somewhere i n  t h e  
w o r l d , 1 2 0  as  w e l l  as t h o s e  i n  advanced c l i n i c a l  t r i a l s ,  new a g e n t s  con- 
t i n u e  t o  be developed.  P r e c l i n i c a l  pharmacology on t h e  c a r d i o s e l e c t i v e  
a g e n t ,  bevan to lo1121  (g), and t h e  n o n - s e l e c t i v e ,  b u f u r o l o 1 1 2 2  ( l 7 ) ,  h a s  
appea red .  
b u t  h a s  less  i n o t r o p i c  e f f e c t  on t h e  h e a r t . 1 2 3  
p o t e n t  t han  1 5  well-known & b l o c k e r s  and h a s  a h i g h  t h e r a p e u t i c  i n d e x .  1 2 4  
S t r u c t u r a l  r equ i r emen t s  f o r  c a r d i o s e l e c t i v i t y  i n  u r e i d o  and acylamino 
a n a l o g s  of a t e n o l o l  and p r a c t o l o l  have been c l a r i f i e d .  
a l k y l  compounds of t h e  t o l a m o l o l  t y p e ,  t h e  oxygen of t h e  N s u b s t i t u e n t  
a p p e a r s  t o  p l a y  a major r o l e  i n  d e t e r m i n i n g  s e l e c t i v i t y . l Z 7  

Mepindolol (2-methylpindolol)  i s  even more p o t e n t  t h a r p i n d o l o l  
C a r a z o l o l  (18) is  more 

26 I n  N-oxy- 

Ar-X-CH (OH) CHzNH-R 

15 
16 
17 
18 
1 9  
20 
21 
22 
23  

- 
- 

- 
- 

- 
- 
- 
- 

A r  - 
4 -b enz imid a z  01 y 1 
3-me t h y l p h e n y l  
2- [ 7-e thy lbenzofu rany l ]  
4 -ca rbazo ly l  
4-hydroxy-3- [NH2CO] phenyl 
4- [4-CF3-imidazolyl] phenyl 
5-benzodioxolyl  
3,4-d ihydroxyphenyl  
3-HO-4-CH3S02NH-phenyl 

X - R - 
OCH2 i -P r  
OCH2 3,4-dimethoxyphenethyl 

OCH2 i -P r  
-- t -Bu 

-- 1-me  t hy1  -3-phenylpropyl 

-- t-Bu/ i -P r  
OCH2 t -Bu 

OCH2 t -Bu 
OCH2 t -Bu 

The s t a g e  h a s  now been reached where any new B-blocker needs  a unique 
c h a r a c t e r i s t i c  t o  j u s t i f y  i t s  development.  L a b e t a l o l  (AH 5138, 1 9 ) ,  a 
d r u g  w i t h  bo th  a- and @ - a n t a g o n i s t  a c t i o n s , 1 ' 8 , 1 z 9  h a s  been i n t r z u c e d  i n  
t h e  U . K .  T h i s  d r u g ,  g i v e n  i.~., l owers  blood p r e s s u r e  by d e c r e a s i n g  
v a s c u l a r  r e s i s t a n c e  and c a r d i a c  o u t p u t  w i t h  v e r y  l i t t l e  n e g a t i v e  ino-  
t r o p y .  130 
p. 0. 1 3 2  
a n t i h y p e r t e n s i v e  agen t  i n  some p a t i e n t s  n o t  w e l l  c o n t r o l l e d  by o t h e r  B- 
b l o c k e r s ;  1 3 4  i t  does n o t  induce b r o n c h o c o n s t r i c t i o n .  1 3 5  A s imi l a r  con- 
c e p t  t o  l a b e t a l o l  h a s  l e d  t o  t h e  development of an agen t  t h a t  combines 
B-blocking and d i r e c t  v a s o d i l a t i n g  a c t i o n s  i n  a s i n g l e  molecu le .  1 3 6  
pound 20 i s  as p o t e n t  as  h y d r a l a z i n e  i n  lower ing  blood p r e s s u r e  i n  SH r a t s ,  

P o s t u r a l  hypo tens ion  i s  common a f t e r  l a b e t a l o l  i . v . 1 3 1  b u t  n o t  
It i s  u s e f u l  f o r  h y p e r t e n s i v e  emergenc ie s133  and i s  an  e f f e c t i v e  

Com- 
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i t  c a u s e s  c a r d i o s e l e c t i v e  B-blockade i n  d o g s  and i n c r e a s e s  i l i a c  b lood  f low 
i n  t h e  dog  h i n d  l imb  by a d i r e c t  v a s o d i l a t o r  mechanism. The benzod i -  
o x o l e s 1 3 7  ( 2 1 ,  R=i-Pr  o r  t-Bu) may have  a n  a c t i o n  i n  a d d i t i o n  t o  @-bloc!tade 
s i n c e  t h e y  l o w e r  b lood  p r e s s u r e  i n  SH rats  a f t e r  s i n g l e  o r a l  d o s e s .  

S t r u c t u r a l  r e q u i r e m e n t s  f o r  good 6 - a d r e n e r g i c  r e c e p t o r  a f f i n i t y  have  
been  de te rmined  u s i n g  "adeny l  c y c l a s e  c o u p l e d "  R - r e c e p t o r s  on f r o g  e r y t h r o -  
c y t e  membranes l a b e l l e d  w i t h  (-)-[ 'HI a l p r e n o l o l  . 38 These  r e s u l t s  a g r e e  
w e l l  w i t h  SAR's e s t a b l i s h e d  i n  whole  o r g a n  sys t ems  and  s t r o n g l y  s u p p o r t  
t h e  e x i s t e n c e  of t h e  h y p o t h e t i c a l  6 - a d r e n e r g i c  r e c e p t o r s .  I n  membrane s y s -  
tems from r a b b i t  h e a r t ,  l u n g ,  and  u t e r u s ,  t h e  6 1 - s e l e c t i v i t y  o f  p r a c t o l o l  
and a t e n o l o l  compared t o  p r o p r a n o l o l  i s  m a i n t a i n e d  a t  t h e  E- recep to r -adeny l  
c y c l a s e  l e v e l ,  a l t h o u g h  t o  a lesser  d e g r e e .  
nolaniine s t r u c t u r e  i s  u s u a l l y  a s s o c i a t e d  w i t h  @-b lock ing  a c t i v i t y ,  22 and 
- 23 are p o t e n t  a g o n i s t s . 1 4 0  
hydrogen-bonded c o n f o r m a t i o n  may e x p l a i n  t h e  s i m i l a r i t y  o f  r e c e p t o r  b i n d i n g  
of t h e s e  a g e n t s  and  phene thano lamines .  S u r p r i s i n g l y ,  23 shows B 1  
s e l e c t i v i t y  as a n  a g o n i s t .  

P e r i p h e r a l  S y m p a t h e t i c  Nerve I n h i b i t o r s  - The i n t e r a c t i o n  o f  g u a n i d i n e  
a n t i h y p e r t e n s i v e s  w i t h  o t h e r  d r u g s  h a s  been  r ev iewed .  14' 
deve loped  i n  t h e  u s e  o f  g u a n e t h i d i n e  i n  mi ld  h y p e r t e n s i o n  i n  a d d i t i o n  t o  
i t s  t r a d i t i o n a l  u s e  i n  s e v e r e  h y p e r t e n s i o n .  I t  h a s  been  found t o  be  more 
e f f e c t i v e  t h a n  a t h i a z i d e  d i u r e t i c  and c a u s e d  few s i d e  e f f e c t s  i n  mi ld -  
modera t e  h y p e r t e n s i o n  when g i v e n  i n  s i n g l e ,  d a i l y ,  low d o s e s .  1 4 '  
s u p e r i o r  t o  b e t h a n i d i n e  i n  a l a r g e  g r o u p  o f  modera t e - seve re  h y p e r t e n -  
s i v e s .  l l t 3  

d o s e s  of  g u a n e t h i d i n e  d o e s  n o t  seem t o  be  r e l a t e d  t o  i t s  u s e f u l  pharma- 
c o l o g i c a l  a c t i o n s  and i s  p r o b a b l y  u n i m p o r t a n t  i n  normal  The wide  
v a r i a t i o n  i n  t h e  d o s e  of  d e b r i s o q u i n  needed  t o  c o n t r o l  b lood  p r e s s u r e  ap -  
pears due  t o  g e n e t i c  d i f f e r e n c e s  i n  p a t i e n t s '  a b i l i t y  t o  m e t a b o l i z e  i t  t o  
t h e  4-hydroxy d e r i v a t i v e .  1 4 5  
used  i n  h y p e r t e n s i v e  p a t i e n t s  p a r t i c u l a r l y  p r o n e  t o  e x e r t i o n a l  hypo ten -  
s i o n .  146 
and g u a n a z ~ d i n e ' ~ ~  (25) are b e i n g  t e s t e d  c l i n i c a l l y .  

j q  Al though t h e  phenoxypropa- 

T h e i r  a b i l i t y  t o  assume a r i g i d ,  b i c y c l i c ,  

N e w  i n t e r e s t  h a s  

I t  w a s  

S t r u c t u r a l  damage t o  n o r a d r e n e r g i c  n e u r o n e s  a f t e r  c h r o n i c  h i g h  

S y m p a t h e t i c  b l o c k i n g  d r u g s  s h o u l d  n o t  be  

S e v e r a l  new s y m p a t h e t i c  i n h i b i t o r s  i n c l u d i n g  EMD 21192147  (24) 

0 

- 24 - 25 guanazod ine  26 u r a p i d i l  - 

M i s c e l l a n e o u s  A n t i h y p e r t e n s i v e s  - The r e c e n t l y  r e p o r t e d  d r u g s ,  u r a p i d i l  14' 
(6) and p i p r o f u r a l " "  ( 2 7 ) ,  l ower  b lood  p r e s s u r e  by c e n t r a l  and complex 
p e r i p h e r a l  e f f e c t s  i n c l u d i n g  a -b lockade .  The l a t t e r  d r u g  a l s o  h a s  a n t i -  
a r r h y t h m i c  p r o p e r t i e s  and  i n h i b i t s  c a l c i u m  i n f l u x  i n t o  musc le  c e l l s .  The 
dopamine d e r i v a t i v e ,  Sandoz 27-403 (28) w a s  i d e n t i f i e d  from a s e a r c h  f o r  a 
s u b s t a n c e  t h a t  would s t i m u l a t e  v a s c u l a r  dopamine r e c e p t o r s  w i t h o u t  a f f e c t -  
i n g  u- and @ - a d r e n o c e p t o r s .  ''' It  l o w e r s  b lood  p r e s s u r e  i n  n o r m o t e n s i v e  
d o g s  a t  2 .5  pg/kg  L . v . ,  b u t  n o t  P . u . ,  by d i l a t i o n  of v e s s e l s  i n  t h e  m e s -  
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e n t e r i c  and r e n a l  v a s c u l a r  beds  w i t h o u t  r e f l e x  t a c h y c a r d i a .  I ts  hypotcn-  
s i v e  a c t i o n  i s  blocked by t h e  dopamine a n t a g o n i s t s ,  h a l o p e r i d o l  and ergome- 
t r i n e .  Bromocry t i n e ,  a n o t h e r  dopamine a g o n i s t ,  h a s  a n t i h y p e r t e n s i v e  
e f f e c t s  i n  man. 1 L 
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