
Biol Res 31: 199-208 (1998) 199 

Endothelin: role in hypertension 
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Endothelins (ET) are 21 -aminoacid peptides produced ubiquitously, which were 
discovered originally as endothelial products. These peptides may play important 
roles in cardiovascular physiology and pathophysiology. As the pathophysiologic 
roles of endothelins in cardiovascular disease become increasingly apparent, the 
potential therapeutic use of endothelin antagonists or endothelin converting 
enzyme inhibitors is recognized. The main endothelin produced by the endothelium 
is ET-1. Endothelin-1 is overexpressed in the vascular wall of salt-dependent 
models of hypertension, such as DOCA-salt hypertensive rats, DOCA-salt-treated 
spontaneously hypertensive rats (SHR) and Dahl salt-sensitive rats, and in stroke-
prone SHR, angiotensin 11-infused rats and 1-kidney 1 clip Goldblatt hypertensive 
rats, but not in SHR, 2-K 1C hypertensive rats or L-NAME-treated rats. The 
vasoconstrictor effect of ET-1 may contribute to blood pressure elevation and its 
growth-promoting action to vascular hypertrophy in the hypertensive models 
which overexpress ET-1 in blood vessels. In rats without generalized activation of 
the endothelin system, expression of ET-1 is often enhanced in coronary arteries, 
which suggests a role for ET-1 in myocardial ischemia in hypertension. In rats 
overexpressing ET-1, ET^g and ET ^-selective antagonists lowered blood pressure 
slightly, and significantly reduced vascular growth, particularly of small arteries, 
suggesting that ET-1 has a direct effect on growth. Protection from renal injury 
and from stroke has also been demonstrated in hypertensive rats treated with 
endothelin antagonists. In normotensive human subjects endothelin-dependent 
tone can be shown in the forearm. In a study of mild hypertensive patients, the 
ETMB antagonist bosentan reduced blood pressure similarly to an ACE inhibitor. 
Moderate to severe hypertensive patients presented enhanced expression of ET-1 
mRNA in the endothelium of subcutaneous resistance arteries. In blacks with 
familial hypertension increased plasma levels of endothelin have been found. Thus, 
ET-1 may play a role in some experimental hypertensive models and in human 
hypertension. In summary, endothelial ET-1 may be overexpressed in the more 
severe forms of hypertension, and in certain special populations which may 
respond particularly well to endothelin antagonism. Endothelin antagonists may 
prove to be effective disease-modifying agents if in future clinical trials they are 
shown clinically to blunt vascular growth and endothelial dysfunction, reduce 
stroke and exert the cardioprotective and renal protective effects already reported 
in experimental hypertension. These agents could contribute to reduce the long-
term complications of hypertension, which remains to be demonstrated in humans. 
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INTRODUCTION 

E n d o t h e l i n s ( E T ) a r e 2 1 - a m i n o a c i d 
p e p t i d e s p r o d u c e d in m a n y d i f f e r e n t 
t i ssues . They were d i scovered as a p roduc t 
of vascu la r endothe l ia l cel ls (69) , but have 
s i n c e b e e n s h o w n to b e p r o d u c e d b y 
v a s c u l a r s m o o t h m u s c l e ce l l s in c u l t u r e 
(19) , and by m a n y cel ls in different o rgans . 
Al though init ial ly thought to be essent ia l ly 
a c a r d i o v a s c u l a r h o r m o n e b e c a u s e of i ts 
po ten t vasocons t r i c to r effects and its origin 
in the vascu la tu re , it is n o w apparen t that 
endo the l ins are impor tan t regula tors of non 
ca rd iovascu la r funct ions , inc lud ing those of 
a i rway smooth musc l e , the d iges t ive tract, 
e n d o c r i n e g l a n d s , t h e r e n a l a n d 
g e n i t o u r i n a r y s y s t e m a n d t h e n e r v o u s 
sys tem. They may par t ic ipa te as impor tan t 
m e d i a t o r s in n u m e r o u s p a t h o l o g i c a l 
p rocesses , and play as well an impor tan t 
r o l e in d e v e l o p m e n t . T h e r o l e of t h e 
endothe l in sys t em in d e v e l o p m e n t has been 
e m p h a s i z e d b y t h e r e s u l t s of g e n e 
d i s rup t ion e x p e r i m e n t s (30) of the ET-1 
and E T - 3 genes , and of the genes of the 
e n d o t h e l i n E T A and E T B r e cep to r s (22 ) . 
Inact iva t ion in mice of the ET-1 or the E T A 

r e c e p t o r g e n e s r e s u l t s in b r a n c h i a l a rch 
abnormal i t i e s such as ma l fo rmat ions of the 
mand íbu la , uppe r a i rway , and aort ic arch, 
which r e semble the P ier re Rob in synd rome , 
with a s soc ia t ed h y p o x i a and h y p e r c a p n i a 
(30) . Su rp r i s ing ly for the inac t iva t ion of 
g e n e s e n c o d i n g c o m p o n e n t s of a 
va socons t r i c to r sys t em, d i s rup t ion of the 
ET-1 gene resul ts in e leva t ion rather than 
r e d u c t i o n o f b l o o d p r e s s u r e . T h i s 
pa radox ica l resul t cou ld be exp la ined by 
the d i s appea rance of the re laxant effects of 
ET-1 (via endo the l i a l E T B r ecep to r s and 
re lease of ni t r ic ox ide and p ros t acyc l in ) , 
which will be descr ibed be low in grea ter 
detai l , but is more probably the resul t of 
t h e h y p o x i a a n d h y p e r c a p n i a , w h i c h 
t h r o u g h s y m p a t h e t i c a c t i v a t i o n e l e v a t e s 
b lood p re s su re . Indeed , cor rec t ion of the 
h y p o x i a n o r m a l i z e s b l o o d p r e s s u r e . T h e 
inact iva t ion of E T - 3 or the E T B r ecep tor 
gene resul t s in p i g m e n t a r y a b n o r m a l i t i e s 
a n d a g a n g l i o n i c m e g a c o l o n ( 2 2 ) , 
u n d e r l i n i n g t h e r o l e of E T - 3 a s a 
neuropep t ide , and its par t ic ipat ion th rough 

the E T B r ecep tor in the migra t ion of neural 
cres t cel ls (me lanocy te s and neu rons of the 
myen te r i c p lexus ) . In h u m a n s , mu ta t ions in 
t h e E T B r e c e p t o r g e n e h a v e b e e n 
d i scovered in s o m e of the familial and in 
sporadic forms of H i r s c h s p r u n g ' s d i sease 
(44) . T h e s e resul ts se rve to s h o w that ET-1 
is the m a i n l i gand of the E T A r e c e p t o r 
(which b inds it wi th grea ter affinity than 
f o r E T - 3 ) , w h e r e a s E T - 3 is t h e m a i n 
e n d o g e n o u s l igand of the E T B r ecep to r (this 
sub type b inds all i sopep t ides with s imilar 
affinity). T h e d i scuss ion in this r ev iew will 
a d d r e s s t h e p o t e n t i a l i n v o l v e m e n t of 
e n d o t h e l i n in h y p e r t e n s i o n , d i s o r d e r in 
wh ich the par t ic ipa t ion of endo the l in has 
been subjec t of c o n s i d e r a b l e con t rove r sy 
(39, 65) . Only recent ly has new ev idence 
( rev iewed in 4 9 , 51) p rov ided a bas is for 
unde r s t and ing the poss ib le cont r ibu t ion of 
ET-1 to the p a t h o p h y s i o l o g y of e l eva ted 
b lood p ressure . 

PHYSIOLOGY OF THE C A R D I O V A S C U L A R 
E N D O T H E L I N SYSTEM 

Endothel ial cells in b lood vessels produce 
e n d o t h e l i n , m a i n l y E T - 1 , in r e s p o n s e to 
p r e s s u r e , l o w s h e a r s t r e s s ( h i g h s h e a r 
inhibi t s ET-1 p r o d u c t i o n ) , ang io tens in II, 
vasopress in , ca techo lamines . Endothel in-1 is 
mainly secreted abluminal ly and acts in a 
p a r a c r i n e o r a u t o c r i n e f a s h i o n on ce l l s 
( e n d o t h e l i a l or s m o o t h m u s c l e ) in i ts 
i m m e d i a t e v i c i n i t y . I m m u n o r e a c t i ve 
endothel in in the circulat ion is the result of 
s p i l l o v e r f r o m t h e v a s c u l a r w a l l or is 
s e c r e t e d by t h e p i t u i t a r y . E n d o t h e l i n - 1 
secreted toward under ly ing smooth muscle 
ce l l s ac t s on E T A and E T B r e cep to r s to 
i nduce con t r ac t ion , p ro l i fe ra t ion and cell 
hyper t rophy (38) . Endothe l in-1 may also act 
on e n d o t h e l i a l E T B r e c e p t o r s , i n d u c i n g 
r e l ea se of n i t r ic o x i d e and p r o s t a c y c l i n , 
which explains that it is also a vasorelaxant . 
It is unknown whether the vasoconst r ic tor or 
the va so re l axan t ac t ion of endo the l i n s is 
their most impor tant physiological function, 
a l though this probably varies according to 
the vascular bed examined . In some vascular 
beds such as the coronary circulat ion, the 
virtual absence of endothel ia l E T B receptors 
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has the result that endothel ins act mainly as 
co rona ry va socons t r i c to r agen t s . In o ther 
vascular beds it is poss ib le that ET-1 acts on 
s m o o t h m u s c l e c e l l s as a p a r a c r i n e 
constr ictor and growth promotor only when 
it is overexpressed in endothel ial cells under 
pathological condi t ions , and that normally it 
is functioning predominant ly as an autocrine 
or paracr ine vasore laxant through its effect 
on e n d o t h e l i a l E T B r e c e p t o r s , and ni t r ic 
oxide or pros tacycl in release. 

In t h e h e a r t , E T - 1 is p r o d u c e d by 
va r ious cel l t y p e s , i n c l u d i n g e n d o t h e l i a l 
cel ls , smoo th m u s c l e ce l l s , f ibroblasts and 
c a r d i o m y o c y t e s (5 , 16, 2 3 , 24 , 68) . In these 
ce l ls , up regu la t ion of the ET-1 gene may 
occur in r e sponse to angio tens in II (16 , 24) , 
wall stretch (68) , and i schemia (23) . T h e 
E T A sub type is the p r e d o m i n a n t r ecep to r 
present in cu l tu red neonata l (63) and adul t 
c a r d i o m y o c y t e s (15) . A mixed popula t ion 
of E T A a n d E T B r e c e p t o r s is f o u n d in 
c u l t u r e d c a r d i a c f i b r o b l a s t s ( 1 5 , 2 8 ) . 
E n d o t h e l i n s h a v e c h r o n o t r o p i c a n d 
i n o t r o p i c e f f e c t s o n c a r d i a c m u s c l e . 
Fo l lowing recep to r ac t iva t ion , endo the l ins 
i n f l u e n c e n o t o n l y c o n t r a c t i o n of 
c a r d i o m y o c y t e s b u t m a y a l s o s t i m u l a t e 
express ion of fetal genes , prote in synthes is 
and g rowth (2 , 16, 56 , 68) . 

P A T H O P H Y S I O L O G Y OF THE CARDIOVASCULAR 

ENDOTHELIN SYSTEM IN E X P E R I M E N T A L 

H Y P E R T E N S I O N 

The endothel in sys tem is act ivated in salt-
dependent mode l s of hyper tens ion, such as 
the D O C A - s a l t h y p e r t e n s i v e rat and the 
DOCA-sa l t - t rea ted spontaneously hyper ten­
sive rat ( S H R ) . T h e s e mode l s ove rexpress 
ET-1 in the vascu la r endo the l i um (9, 53) , 
and ET-1 secre t ion is enhanced in cul tured 
e n d o t h e l i a l c e l l s f r o m D O C A - s a l t 
h y p e r t e n s i v e r a t s ( 6 1 ) . T h e s e m o d e l s 
r e s p o n d to e n d o t h e l i n a n t a g o n i s m w i t h 
blood p ressu re lower ing (34 , 54) . In Dahl 
s a l t - s e n s i t i v e ra t s a c u t e (12) or c h r o n i c 
admin is t ra t ion of endothe l in an tagonis t s (7) 
resul ted a l so in b lood p re s su re lower ing . In 
con t ras t , the e ndo the l i n sy s t em appea red 
not to be ac t iva ted in S H R (35) . Vascu la r 
h y p e r t r o p h y m a y h a v e an e n d o t h e l i n -

dependen t c o m p o n e n t in s o m e hyper t ens ive 
m o d e l s , a s d e m o n s t r a t e d b y g r e a t e r 
r e g r e s s i o n of s m a l l a r t e r y h y p e r t r o p h i c 
r emode l ing than lower ing of b lood pressure 
after chron ic admin i s t ra t ion of endothe l in 
an tagonis t s (7 , 34 , 52) . Endo the l i n effects 
in the k idney of t h e s e h y p e r t e n s i v e rats 
m a y c o n t r i b u t e t o w a t e r a n d s o d i u m 
r e t en t i on and rena l v a s o c o n s t r i c t i o n and 
h y p e r t e n s i o n in t h i s m o d e l , a n d a r e 
m e d i a t e d b y E T A r e c e p t o r s ( 1 8 ) . 
T ransgen ic rats ove rexp re s s ing h u m a n E T -
2 h a v e i n c r e a s e d c i r c u l a t i n g E T - 2 ( 2 1 ) . 
U n d e r l i n i n g t h e p a r a c r i n e r o l e of 
endo the l ins , b lood p ressu re did not r ise in 
spi te of i nc reased c i r cu l a t i ng endo the l i n . 
H o w e v e r , a recent s tudy d e m o n s t r a t e d that 
h e p a t i c o v e r e x p r e s s i o n of h u m a n 
p r e p r o E T - 1 in r a t s r e s u l t e d in s o m e 
e l e v a t i o n of b l o o d p r e s s u r e , w h i c h was 
reduced by the E T A an tagon i s t F R 1 3 9 3 1 7 
(42) . In s t roke-prone S H R (4, 57 ) , in rats 
in fused wi th a n g i o t e n s i n II ( w h i c h is a 
k n o w n s t imulan t of ET-1 exp re s s ion ) (8 , 
4 0 , 4 5 ) c h r o n i c a d m i n i s t r a t i o n of 
e n d o t h e l i n a n t a g o n i s t s l o w e r e d b l o o d 
p r e s s u r e a n d r e d u c e d c a r d i a c o r s m a l l 
artery hyper t roph ic r emode l i ng . In contras t , 
a gene t ic ma l ignan t mode l of hyper tens ion 
d i d n o t s h o w e v i d e n c e o f e n d o t h e l i n 
ac t ivat ion (67) . In 2 -k idney 1 c l ip Goldbla t t 
hyper tens ion (high renin and angio tens in II 
m o d e l r e s e m b l i n g t r u e r e n o v a s c u l a r 
h y p e r t e n s i o n in h u m a n s ) t h e e n d o t h e l i n 
s y s t e m is no t a c t i v a t e d ( 5 9 ) , and b l o o d 
p r e s s u r e d o e s n o t d e c r e a s e u n d e r 
endothe l in an t agon i sm (33) . In 1-kidney 1 
c l i p G o l d b l a t t h y p e r t e n s i o n ( l o w r e n i n 
m o d e l ) t h e r e w a s s o m e a c t i v a t i o n of 
v a s c u l a r ET-1 g e n e e x p r e s s i o n ( 5 9 ) , but 
endothel in antagonis ts failed to lower blood 
pressure (33) , suggest ing that an important 
degree of vascular overexpress ion of ET-1 is 
n e c e s s a r y fo r t h e s y s t e m to p l a y a 
demons t r ab l e ro le . In m a n y of these mode l s 
r e s p o n d i n g to e n d o t h e l i n a n t a g o n i s m , 
p l a s m a l eve l s of e n d o t h e l i n a re n o r m a l , 
e v e n w h e n s i g n i f i c a n t i n c r e a s e in ET-1 
p r o d u c t i o n by e n d o t h e l i u m is p r e s e n t , 
which under l ines the ab lumina l charac te r of 
e n d o t h e l i n s e c r e t i o n f r o m v a s c u l a r 
endo the l ium, and its pa rac r ine effects . Thus 
the endothe l in sys tem seems to be ac t ivated 
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more often in low-ren in , sa l t -sens i t ive , and 
severe forms of hyper tens ion . A m o n g o ther 
hyper t ens ive m o d e l s , cyc lospor ine - induced 
h y p e r t e n s i o n m a y exh ib i t an e n d o t h e l i n -
d e p e n d e n t c o m p o n e n t , and b o s e n t a n , the 
E T A / E T B e n d o t h e l i n a n t a g o n i s t , l o w e r s 
b lood p re s su re in this mode l in rats and 
pr imates (1) . Endo the l in may a lso play a 
role in the fructose-fed hyper tens ive rat, a 
hyper t ens ive mode l wi th hype r insu l inemia 
and i n s u l i n r e s i s t a n c e in w h i c h c h r o n i c 
endothe l in b lockade with bosen tan reduces 
b lood p re s su re (66) . 

In t h e s a l t - s e n s i t i v e , s e v e r e o r 
exogenous angio tens in II- infused mode l s of 
hyper tens ion in which ET-1 express ion is 
ac t iva t ed to s o m e d e g r e e , there is often 
severe vascu la r hyper t rophy , par t icular ly of 
smal l a r t e r i es . Th i s is in con t ras t to the 
hyper t ens ive mode l s in which ET-1 gene 
express ion is not enhanced , such as S H R 
(53) , 2 -k idney 1 c l ip Go ldb la t t ra ts (59) 
a n d n i t r i c o x i d e - d e f i c i e n t , L - N A M E 
i n d u c e d - h y p e r t e n s i o n ( 4 1 , 6 0 ) . W h e n 
overexpress ion of ET-1 occurs , such as in 
the D O C A - s a l t hype r t ens ive rat, endothe l in 
a n t a g o n i s t s r e d u c e b l o o d p r e s s u r e a n d 
h y p e r t r o p h i c r e m o d e l i n g . A s w e l l , 
a n t i h y p e r t e n s i v e t r e a t m e n t wi th c a l c i u m 
c h a n n e l a n t a g o n i s t s m a y r e d u c e t i s s u e 
o v e r e x p r e s s i o n a n d r e g r e s s v a s c u l a r 
hyper t rophy (36) . In s o m e mode l s such as 
the D O C A - s a l t - t r e a t e d S H R , a mode l of 
mal ignan t hyper tens ion , overexpress ion of 
endothe l in in ar ter ies and g lomeru l i (10) 
could play a ro l e in f ibr inoid necros i s and 
in r e n a l f a i l u r e o c c u r r i n g in m a l i g n a n t 
nephroang iosc l e ros i s (37) . In the absence 
of e n d o t h e l i n t i s sue o v e r e x p r e s s i o n , the 
e n d o t h e l i n s y s t e m m a y p l a y a r o l e in 
p e r i v a s c u l a r f ib ros i s of the hear t and in 
de ter iora t ion of renal funct ion, as shown by 
t h e r e s p o n s e t o c h r o n i c e n d o t h e l i n 
an tagonis t t r ea tmen t in S H R (26) . In s o m e 
exper imen ta l mode l s of hyper tens ion such 
as L - N A M E - t r e a t e d S H R , ove rexpres s ion 
of endothe l in may be regional (32, 58) . In 
L - N A M E - t r e a t e d r a t s , p r e g l o m e r u l a r 
sudanophi l i c les ions have been at t r ibuted to 
nitric ox ide synthes is inhibi t ion resul t ing in 
enhanced endothe l in secret ion (3) . Us ing in 
situ h y b r i d i z a t i o n r a d i o a u t o g r a p h y it has 
been poss ib le to demons t r a t e that even in 

h y p e r t e n s i v e m o d e l s n o t p r e s e n t i n g 
genera l i zed ove rexp re s s ion of p r ep roET-1 
m R N A , s u c h as t h e 2 - k i d n e y 1 c l i p 
G o l d b l a t t h y p e r t e n s i v e r a t , g l o m e r u l a r 
ove rexp re s s ion o c c u r r e d in the u n d i p p e d 
k idney but not in the c l ipped k idney (11) , 
s u g g e s t i n g a ro le for local i n t r a v a s c u l a r 
p r e s s u r e in t h e t r i g g e r i n g of i n c r e a s e d 
produc t ion of E T - 1 . In a s imi lar way , 1-
k i d n e y 1 c l i p h y p e r t e n s i v e r a t s , w h i c h 
exhibi t genera l i zed vascu la r overexpress ion 
of the ET-1 gene , did not p resen t enhanced 
e x p r e s s i o n of E T - 1 in r e n a l a r t e r i e s o r 
g l o m e r u l i of t h e r e m a i n i n g , c l i p p e d , 
k i d n e y . L - N A M E - t r e a t e d S H R o n l y 
o v e r e x p r e s s e d E T - 1 in e n d o t h e l i u m of 
aor ta and in g lomeru l i , wh ich sugges ts that 
r e n a l o v e r p r o d u c t i o n of E T - 1 m a y 
c o n t r i b u t e to t h e p r o g r e s s i o n of r e n a l 
failure in these ra ts . L - N A M E - t r e a t e d S H R 
a n d 2 - k i d n e y 1 c l i p h y p e r t e n s i v e r a t s , 
m o d e l s w i t h o u t g e n e r a l i z e d v a s c u l a r 
ove rexpress ion of E T - 1 , never the les s had 
i n c r e a s e d p r e p r o E T - 1 m R N A in t h e 
endo the l i um of co ronary ar ter ies (11) , l ike 
m o d e l s w h i c h do h a v e gene ra l i z ed ET-1 
o v e r e x p r e s s i o n ( 3 1 ) . T h i s f i n d i n g m a y 
p o i n t to a r o l e of E T - 1 in m y o c a r d i a l 
i s chemia in hyper t ens ion . Th i s possibi l i ty 
is suppor ted by the demons t r a t i on that only 
vasocons t r i c to r ( smoo th musc le ) endothe l in 
recep tors are de tec ted in coronary ar ter ies , 
and no endothe l ia l vasore laxan t recep tors 
c a n b e f o u n d ( 4 6 ) . T h u s , e n h a n c e d 
p r o d u c t i o n w i t h o u t c o m p e n s a t o r y 
vasodi la ta t ion med ia t ed by endothe l ia l E T B 

r e c e p t o r s c o u l d r e s u l t in u n o p p o s e d 
e n d o t h e l i n - d e p e n d e n t v a s o c o n s t r i c t i o n of 
the coronary c i rcu la t ion . 

E n d o t h e l i n - 1 , toge the r wi th angio tens in 
II and o the r fac tors , m a y pa r t i c ipa te not 
o n l y in m y o c a r d i a l i s c h e m i a in 
hyper tens ion but a lso in the d e v e l o p m e n t of 
c a r d i a c h y p e r t r o p h y . C a r d i a c e n d o t h e l i n 
express ion increases in an imal mode l s of 
c a r d i a c h y p e r t r o p h y , a n d c h r o n i c 
admin i s t r a t ion of e i ther se lec t ive E T A or 
m i x e d a n t a g o n i s t s m a y r e d u c e t h e 
d e v e l o p m e n t of l e f t v e n t r i c u l a r 
h y p e r t r o p h y . C a t e c h o l a m i n e s i n d u c e 
g r o w t h of c u l t u r e d n e o n a t a l c a r d i a c 
m y o c y t e s and increased express ion of E T -
1. N o r e p i n e p h r i n e admin i s t e red for 7 days 
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increased express ion of E T - 1 in the hear t in 
r a t s , m a i n l y in c a r d i o m y o c y t e s a n d in 
endo the l i a l ce l l s ( 2 5 ) . B o s e n t a n b l o c k e d 
s o m e of the p h e n o t y p i c mani fes ta t ions of 
card iac hyper t rophy , sugges t ing that ET-1 
m a y p lay a r o l e in t h e d e v e l o p m e n t of 
hyper t rophy of the hear t . In the D O C A - s a l t 
h y p e r t e n s i v e r a t , p r e p r o E T - 1 m R N A 
overexpress ion occur s , as shown by in situ 
hybr id iza t ion , ma in ly in endothe l ia l cel ls of 
b l o o d ves se l s and a reas of e n d o c a r d i u m 
(31) . E T A r ecep to rs in c a r d i o m y o c y t e s and 
f ibroblasts are down- r egu l a t ed and there is 
d e c r e a s e d r e s p o n s i v e n e s s of i n t r ace l lu l a r 
C a 2 + to ET-1 (14) , wh ich is not found in 
o t h e r m o d e l s of c a r d i a c h y p e r t r o p h y 
wi thout ac t iva t ion of the endothe l in sys tem 
( S H R a n d a o r t o - c a v a l s h u n t ) ( 1 5 , 6 4 ) . 
A d m i n i s t r a t i o n of b o s e n t a n ( 2 7 , 34 ) or 
F R 1 3 9 3 3 1 7 ( 1 7 ) r e d u c e d v a s c u l a r 
h y p e r t r o p h y ( 1 7 , 3 4 ) a n d c a r d i a c 
hyper t rophy in one s tudy (27) but not in 
another (34) . A l though S H R do not appear 
t o p r e s e n t e n d o t h e l i n - d e p e n d e n t 
c a r d i o v a s c u l a r h y p e r t r o p h y , t r e a t m e n t of 
t h e s e r a t s w i t h b o s e n t a n r e d u c e d 
per ivascu la r f ibrosis of the heart , a l though 
cardiac hyper t rophy was not s ignif icantly 
affected (26) . 

T h e e n d o t h e l i n s y s t e m is ac t iva t ed in 
heart failure in rats (6 , 62 ) . After coronary 
artery l igat ion in rats , infusion of the E T A 

an tagon i s t B Q - 1 2 3 for a shor t pe r iod of 
t i m e d e c r e a s e d t h e r a t e a n d f o r c e of 
c o n t r a c t i o n of t h e h e a r t , i n d i c a t i n g an 
inot ropic ac t ion of the ac t ivated endothe l in 
s y s t e m in t h i s m o d e l ( 4 8 ) . A 1 2 - w e e k 
infusion of B Q - 1 2 3 in the s a m e rat mode l 
r e d u c e d m o r t a l i t y b y a b o u t 5 0 % , a n d 
improved ca rd iac r emode l ing and function 
( 4 7 ) . B e n e f i c i a l e f fec t s of b o s e n t a n on 
v e n t r i c u l a r p e r f o r m a n c e a n d v a s c u l a r 
r e s i s t ance h a v e a l so been o b s e r v e d in a 
can ine mode l of hear t fai lure (55) . Thus , 
act ivat ion of the endo the l in sys tem in the 
h e a r t m a y h a v e p a t h o p h y s i o l o g i c a l 
c o n s e q u e n c e s , c o n t r i b u t i n g i n i t i a l l y t o 
i m p r o v e c a r d i a c f u n c t i o n , a n d l a t e r t o 
cardiac hype r t rophy and hear t fai lure. Part 
of the la t ter is the resu l t of e n d o t h e l i n -
d e p e n d e n t va socons t r i c t i on and increased 
af ter load, ra ther than of d i rec t effects of 
e n d o t h e l i n s o n t h e h e a r t . E n d o t h e l i n 

recep tor an t agon i sm m a y i m p r o v e card iac 
func t ion in the l a t e r p e r i o d s of c a r d i a c 
fai lure, as a l ready demons t r a t ed in h u m a n s , 
as b l o c k a d e of t h e a c t i v a t e d e n d o t h e l i n 
s y s t e m r e d u c e s v a s o c o n s t r i c t i o n a n d 
afterload (29) . 

P A T H O P H Y S I O L O G Y O F T H E C A R D I O V A S C U L A R 

E N D O T H E L I N S Y S T E M IN H U M A N 

H Y P E R T E N S I O N 

Endothelin p lasma levels have been reported 
to be usually normal in human hypertension, 
although some severely hypertensive patients 
m a y p r e s e n t w i t h e l e v a t e d e n d o t h e l i n 
immunoreact ivi ty in p lasma (see references 
c i t ed in ref 4 9 ) . T h e a c u t e i n t r a v e n o u s 
administration of T A K - 0 4 4 , a balanced E T A / 
E T B endothelin receptor antagonist , increased 
forearm blood flow (20) and slightly lowered 
blood pressure in heal thy subjects , which 
suggests that there may be an endothel in-
d e p e n d e n t v a s c u l a r t o n e . N o r m o t e n s i v e 
offspr ing of h y p e r t e n s i v e pa ren t s s h o w e d 
e n h a n c e d p l a s m a endo the l in r e sponses to 
m e n t a l s t r ess ( 4 3 ) . T h u s , a g e n e t i c a l l y -
d e t e r m i n e d e n d o t h e l i a l d y s f u n c t i o n m a y 
a l r e a d y be p r e s e n t in ea r l y s t a g e s . T h e 
expression of preproET-1 m R N A in small 
arteries obtained from gluteal subcutaneous 
b i o p s i e s , and d e m o n s t r a t e d u s i n g in situ 
hybridization radioautography, was shown to 
be s ignif icant ly e n h a n c e d in m o d e r a t e to 
s eve re h y p e r t e n s i v e p a t i e n t s , w h e r e a s in 
c o n t r o l s u b j e c t s a n d u n t r e a t e d m i l d 
hypertensive patients expression was lower 
than in the former (fig 1) (50). Increased ET-
1 product ion by endothel ium of small arteries 
could thus play a role not only in elevated 
blood pressure but also in accentuat ing small 
artery hyper t rophic r emode l ing in pat ients 
w i t h m o d e r a t e to s e v e r e h y p e r t e n s i o n . 
Certain populat ions of hypertensive patients, 
such as African Amer icans , in w h o m a severe 
and salt-sensitive form hypertension is often 
f o u n d , m a y p r e s e n t a c t i v a t i o n of t h e 
endothe l in sys tem (13) . Sever i ty of b lood 
pressure elevation and salt-sensitivity appear 
to be common denominators for activation of 
t h e e n d o t h e l i n s y s t e m in h u m a n s a n d 
e x p e r i m e n t a l a n i m a l s . O t h e r f o r m s of 
hypertension in which endothel ins may be 
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Fig 1. Representative microphotographs of in situ hybridization of gluteal subcutaneous fat biopsies from normotensivc 
subjects, and mild and severe hypertensive patients, using human endothelin-1 cRNA probes. Original magnification of 
microphotographs shown was xlOO, bar in A corresponds to 30 u.m for all panels, except for panels H and I, for which 
original magnification was x50 and bar in A represents 60 n.m. Panels A and B show a small artery from gluteal 
subcutaneous fat from a normotensive subject (A) and a mild hypertensive patient (B). Small arteries of these subjects 
exhibit scant labeling when using the antisense endothelin-l cRNA probe, similar to labeling found with the sense 
cndothelin-1 cRNA probe (not shown). Panels C, D, F, H show small arteries from subcutaneous fat in biopsy material 
from severe hypertensive patients, hybridized with the endothelin-1 antisense probe, demonstrating increased density of 
labeling of the endothelium by specific grains, not found with the sense endothelin-1 cRNA probe on adjacent sections of 
the same vessels (panels E, G and I). (From ref 50, with permission of the publisher). 

involved in h u m a n s include rare cases of 
hemangioendothel ioma producing endothelin, 
c h r o n i c rena l f a i lu re , e r y t h r o p o i e t i n and 
c y c l o s p o r i n e - i n d u c e d h y p e r t e n s i o n , p h e o -
c h r o m o c y t o m a a n d p r e g n a n c y - i n d u c e d 
hypertension (reviewed in ref 49) . 

C O N C L U S I O N 

The defini t ive p lace of endothel ins in the 
p a t h o p h y s i o l o g y of h y p e r t e n s i o n is st i l l 
unclear. Figure 2 summarizes our current view 
of the potential implication of ET-1 in blood 
pressure elevation and vascular hypertrophy in 

moderate to severe hypertension, and probably 
in particular in salt-sensitive forms. As the 
p h y s i o l o g i c a l a n d p a t h o p h y s i o l o g i c a l 
i m p l i c a t i o n s of e n d o t h e l i n in the 
cardiovascular system have become clearer, it 
has been r e c o g n i z e d that i n v o l v e m e n t of 
endothelin is not primary, but secondary to 
altered cardiovascular pathophysiology. With 
worsening endothelial damage, expression of 
endothelin is accentuated. Stretch and pressure 
may act ivate the endothel in system in the 
heart. By contributing to thicken the walls of 
blood vessels and reducing wall stress, and 
t h r o u g h i n o t r o p i c e f f ec t s on t h e h e a r t , 
e n d o t h e l i n a c t i v a t i o n m a y b e i n i t i a l l y 
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Fig 2. Endothelin-1 may play either a vasorelaxant role or a vasoconstrictor role in different vascular beds in normotension 
and in mild hypertension (left hand side of figure). In moderate to severe hypertension, enhanced expression of endothelin-
1 produces a predominant vasoconstrictor effect associated with enhanced growth, resulting in a contribution to elevated 
blood pressure. Growth of the vascular wall is accentuated, and contributes both to further elevate blood pressure and to 
complications of hypertension. 

b e n e f i c i a l . H o w e v e r , as t h e p r o c e s s 
p rog res ses , endo the l in m a y start to exer t 
p a t h o p h y s i o l o g i c a l ^ significant deleter ious 
e f f e c t s on t h e c a r d i o v a s c u l a r s y s t e m . 
Endothel in antagonis ts may prove useful at 
this point . Modera te to severe hyper tension, 
par t icu lar ly in cer ta in subse ts of pa t ien t s 
such as sal t -sensi t ive hyper tens ive pat ients 
o r A f r i c a n - A m e r i c a n s , p r e v e n t i o n of 
p r o g r e s s i o n of n e p h r o a n g i o s c l e r o s i s and 
rena l fa i lu re in h y p e r t e n s i o n , p r o t e c t i o n 
from ischemic heart d isease and stroke, are 
some condi t ions in which there may be a 
role for endo the l in a n t a g o n i s m in h u m a n 
cardiovascular therapeut ics . To date , l imited 
p r e l i m i n a r y c l i n i c a l s t u d i e s h a v e b e e n 
performed, most ly in heart failure, and one 
in h y p e r t e n s i o n . A s t h e s e c l i n i ca l t r i a l s 
develop with the increasing number of anti-
endothel in agents , ei ther balanced E T A / E T B 

an t agon i s t s , se lec t ive E T A an t agon i s t s o r 
endothel in conver t ing e n z y m e inhibi tors , we 
wi l l n o t o n l y l e a r n m o r e a b o u t t h e 
therapeut ic utility of these agents , but also 
about the pa thophysio logica l implicat ion of 
the endothel in sys tem in human disease, and 
its role in the short and long- term regulat ion 
of card iovascular function. 
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