
Special issue: Responsible writing in science

Biochemia Medica 2011;21(3):231–42

  231

Abstract

En dot he li ns (ET) are a group of en do ge nous pep ti des, whi ch ha ve a stro ng and lo ng-las ti ng va so con stric ti ve eff  e ct. Three iso for ms of en dot he li ns 
co ded by three diff  e re nt ge nes ha ve been iden ti fi ed to da te. En dot he li n-1 (ET-1) is the mo st po te nt va so con stric ti ve age nt cur ren tly iden ti fi ed, and 
it was ori gi nal ly iso la ted and cha rac te ri zed from the cul tu re me dia of aor tic en dot he lial cel ls. Two ot her iso for ms, named en dot he li n-2 (ET-2) and 
en dot he li n-3 (ET-3), we re sub sequen tly iden ti fi ed, alo ng wi th struc tu ral ho mo lo gues iso la ted from the ve nom of Ac trac ta pis en gad den sis known as 
the sa ra fo toxi ns. The bio lo gi cal eff  ec ts of en dot he lin pro duc tion are de ter mi ned via ac ti va tion of one or two G-pro tein coup led re cep to rs, en dot he-
lin re cep to rs A (ETRA) and B (ET R B1 and ET R B2). Re cen tly en dot he lin re cep tor C (ETRC) was dis co ve red, howe ver, its fun ctio ns and dis tri bu tion sti ll 
re main un clear. The eff  ec ts me dia ted by ET-1 via ETRA are va so con stric tion, bron cho con stric tion and sec re tion of al dos te ro ne. Ago nis ts re la ted to 
the ET R B1 ac ti va tion cau se va so di la ta tion by sti mu la ti ng NO, PGI2 and en dot he liu m-de ri ved hyper po la ri zi ng fac tor (EDHF). In con tra st, coup li ng to 
ET R B2 causes va so con stric tion. In vol ve me nt of ET has been de mon stra ted in the pat hop hysio lo gy of cer tain di sor de rs. In this re view, we dis cu ss the 
physio lo gi cal and pat hop hysio lo gi cal ro le of en dot he liu m-de ri ved ET-1, the phar ma co lo gy of its two re cep to rs, fo cu si ng on the ro le of ET-1 in the de-
ve lop me nt of so me pat hop hysio lo gi cal con di tio ns.
Key wor ds: en dot he lin 1; en dot he lin re cep tor; en dot he lin re cep tor an ta go ni st; en dot he lin con ver ti ng en zyme
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Review

In tro duc tion

En dot he li ns we re fi r st iden ti fi ed in a pa per by Ya-
nagisawa et al. as po te nt va soac ti ve pep ti des, re-
gu la ti ng vas cu lar to ne, blood pres su re, ce ll pro li fe-
ra tion and hor mo ne pro duc tion (1). Di ver si ty in 
bio lo gi cal fun ction be ca me ra pid ly ap pa re nt wi th 
ma ny ot her ro les for the se pep ti des now des cri-
bed (2,3). To date, three iso for ms of en dot he li ns 
(ET-1, ET-2 and ET-3) co ded by three diff  e re nt ge-
nes ha ve been iden ti fi ed (2). The hu man ge ne for 
ET-1 is lo ca ted on chro mo so me 6, the ET-2 ge ne is 
on the fi r st chro mo so me, and ET-3 ge ne is on chro-
mo so me 20 (2). The pla sma con cen tra tion of ET-1 
in adul ts is nor mal ly be tween 0.4–8.1 pg/mL (4). 
Ea ch iso fo rm, howe ver, shows a tis sue type-de-
pen de nt pat te rn of expres sion. ET-1 is wi de ly 
expres sed in en dot he lial cel ls, vas cu lar smoo th 
mus cles, cen tral ner vous system (CNS), and repro-

duc ti ve tis sues. Le ve ls of ET-2 are hi gh in the in tes-
ti ne and kid ney, whe reas ET-3 is main ly expres sed 
in the brain (5,6).

En dot he lin bio synthe sis star ts from the pre cur sor 
mo le cu le cal led pre-pro-en dot he lin (pre-pro-ET), 
whi ch in hu ma ns con sis ts of 212 ami no aci ds. Pre-
pro-ET hydro lyzes to “big ET” or pro-en dot he lin 
(pro-ET). Fur ther mo re, en dot he lin con ver ti ng en-
zymes (ECE) in the sec re tion of pro-en dot he lin con-
ver ts pro-en dot he lin to ma tu re en dot he lin (ET).

En dot he lin con ver ti ng en zymes (ECE)

En dothe lin con ver ti ng en zymes are atypi cal en do-
pep ti da ses (me tal lop ro tea ses), pre do mi nan tly fou-
nd in the sa me, or in clo se proxi mi ty to, tho se cel ls 
expres si ng ea ch en dot he lin (7,8). Three for ms of 
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ECE ha ve been des cri bed: ECE-1 (9), ECE-2 (10), and 
ECE-3 (11), wi th diff  e re nt spe ci fi  ci ties for the iso for-
ms of big ET. ECE-1 spe ci fi  cal ly hydro lyzes the Tr-
p21-Val/Ile22 bon ds of bi g-E Ts to pro duce bio lo gi-
cal ly ac ti ve ETs (12,13). Four iso for ms of hu man 
ECE-1 (1a, 1b, 1c and 1d) ha ve been iden ti fi ed to 
da te (12,14). The four pro tei ns are en co ded by one 
ge ne, but ea ch is expres sed from a dis tin ct pro mo-
ter that re gu la tes the expres sion of the four unique 
ami no ter mi ni (12). Si mi lar ly to ECE-1, four diff  e re nt 
iso for ms of ECE-2 ha ve been iden ti fi ed: ECE-2a-1, 
ECE-2a-b, ECE-2b-1 and ECE-2b-2 (15), al so wi th dif-
fe re nt sub cel lu lar lo ca li za tio ns (16). ECE-3 is spe ci-
fi c for big ET-3 (11). Pre vious stu dies in di ca te that 
ECE-1 is the main en zyme res pon sib le for the tran-
sfor ma tion of big ET in to ET (16). Se ve ral stu dies 
ha ve shown that ECE-1 effi    cien tly hydro lyzes a 
num ber of pep ti de hor mo nes ot her than ETs, the-
se inclu de bra dyki nin, sub stan ce P and neu ro ten-
sin (12,14). An exci ti ng no vel sub stra te for ECE-1 is 
the be ta-a myloid pep ti de that is im pli ca ted in the 
pat ho ge ne sis of Al zheimer di sea se (12). In hi bi to rs 
of ECE-1 are con si de red to be va luab le the ra peu tic 
agen ts and we re de ve lo ped for the treat me nt of 
va rious di sor de rs li nked to ele va ted ET-1 le ve ls 
(12,14). Nu me rous pep ti des or no n-pep ti dyl ECE-1 
in hi bi to rs ha ve al rea dy been pro du ced, but neit-
her is cur ren tly used for the ra peu tic pur po ses, per-
ha ps be cau se of in suffi    cie nt knowled ge of the ECE-1 
fa mi ly of pro tei ns in na tu ral ly expres si ng cel ls.

Fac to rs aff  ec ti ng the sec re tion of 
en dot he lin

ET-1 is the mo st po te nt va so con strictor in the ET 
fa mi ly, exhi bi ti ng a lo ng du ra tion of ac tion. This 
pep ti de is pro du ced by vas cu lar en dot he lial cel ls 
and is the ma jor fo rm of ET in the cir cu la tion. Sti-
mu li for ET synthe sis are the me dia to rs which can 
be di vi ded in to three grou ps:

Lo cal facto rs (ac ti va ted pla te le ts, en do toxi ns, • 
throm bin, cyto ki nes (IL-1), growth fac to rs, oxi di-
zed LDL);
Hor mo nes (an ti diu re tic hor mo ne, ad re na li ne, • 
in su lin, an gio ten sin II); and
Physi cal fac to rs (hypoxia, hypo vo le mia, slig htly • 
tan gen tial strain the ar te ries) (17-21).

Inhi bi to rs of en dot he lin synthe sis are: nit ric oxi de 
(NO), at rial nat riu re tic pep ti de (ANP), pros tag lan-
din E2 (PGE2), pros tag lan din E1 (PGE1), he pa rin, 
he pa to cyte growth fac tor (HGF), epi der mal growth 
fac tor (EGF) and stro ng shear stre ss (in creased blo-
od fl ow) (17,22). Re ce nt stu dies ha ve shown that 
the ge ne ra ted ET-1 may be sto red in en dot he lial 
cel ls, whi ch are the main bio lo gi cal sour ce of ET-1 
(17). Nor mal plas ma le vel of ET-1 is low (0.4–8.1 pg/
mL), whi ch is in suffi    cie nt to ac ti va te en dot he lin re-
cep to rs. It is be lie ved that the ET-1 le ve ls are hig-
her in the in ter cel lu lar spa ce be tween en dot he lial 
cel ls and vas cu lar smoo th mus cle cel ls (4,17).

En dot he li ns are sec re ted in two ways: the con sti-
tu ti ve and the re gu la to ry. Con sti tu ti ve sec re tion is 
the mo st com mon type of su per vi sion and in vol-
ves ge ne tran scrip tion and in crea sed sta bi li ty of 
mR NA for pre-pro-ET. In this way the sec re tion af-
ter ap prop ria te sti mu lus is ve ry slow. In the re gu la-
to ry mo de, sti mu la tion lea ds to ra pid sec re tion of 
ET. ET-1 ha lf-li fe is le ss than 5 mi nu tes, yet it ma ni-
fes ts its eff  e ct mu ch lon ger (23) (Fi gu re 1.).

En dot he lin re cep to rs

The bio lo gi cal eff  ec ts of ET pro duc tion are de ter-
mi ned via ac ti va tion of one of two G-pro tein coup-
led re cep to rs, en dot he lin re cep to rs A (ETRA) and B 
(ET R B1 and ET R B2). Re cen tly en dot he lin re cep tor C 
(ETRC) was dis co ve red, but it ś  fun ctio ns and dis-
tri bu tion are sti ll un clear (24). En dot he lin re cep to rs 
sub types are al so dis tin cti ve in their lo ca li za tion, 
wi th co lo ca li za tion to va rious tis sues sig ni fyi ng the 
pre sen ce of au toc ri ne and pa rac ri ne fun ctio ns. 
ETRA can be fou nd in ma ny hu man tis sues (vas cu-
lar smoo th mus cle, hea rt, lu ng and kid ney) whi le 
expres sion in the en dot he lium does not exi st. 
ETRB is pri ma ry expres sed in the brain (ce reb ral 
cortex and ce re bel lum), mo de ra te in the aor ta, 
hea rt, lu ng, kid ney and ad re nal gla nd. Re cen tly, 
sub types of ETRB ha ve been des cri bed (25). ETRB 
is hig hly expres sed in the en dot he lium (ET (B1)), as 
we ll as in vas cu lar smoo th mus cle (ET(B2)). Se lec ti-
vi ty of these re cep to rs for cer tain iso for ms of en-
dot he lin was al so pro ved. ETRA has a hi gh affi    ni ty 
for bo th ET-1 and ET-2 (a nd low affi    ni ty for ET-3) 
whe reas ETRB has a si mi lar affi    ni ty for all the iso-
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for ms (25). Upon ac ti va tion by li ga nd bin di ng, 
ETRA and ETRB often eli ct op po si te physio lo gi cal 
res pon ses in their tar get tis sues. Ac ti va tion of ETRA 
lea ds to va so con stric tion, bron cho con stric tion and 
sec re tion of al dos te ro ne. Ac ti va tion of ET R B1 sti-
mu la tes the for ma tion of NO, PGI2 and en dot he-
liu m-de ri ved hyper po la ri zing fac tor (EDHF) and 
cau ses va so di la ta tion. In con tra st, ac ti va tion of ET-
R B2 re cep tor cau ses va so con stric ti ve res pon se. It 
is sti ll un clear whet her the va rious bio lo gi cal eff  ec-
ts of en dot he lin are me dia ted by ac ti va tion of dif-
fe re nt sig na li ng pat hways, which pro bab ly con tri-
bu te to diff  e re nt res pon ses to sti mu li. Bin di ng of 
ET-1 to ce ll sur fa ce of ETR re sul ts in the ge ne ra tion 
of a num ber of se co nd mes sen ge rs; the se mes sen-
ge rs ac ti va te ki na ses or phos pha ta ses, whi ch in tu-
rn phos pho ryla te or dep hos pho ryla te downstream 
sig na li ng mo le cu les, lea di ng to a di ver se ran ge of 

bio lo gi cal res pon ses. ET-sti mu la ted eff  ec ts can be 
clas si fi ed in to sho r t-te rm and lo ng-te rm res pon-
ses, whi ch are re gu la ted trou gh diff  e re nt sig na li ng 
pat hways. In sho rt te rm res pon ses, ET-in du ced 
phos pho li pa se C (PLC) ac ti va tion lea ds to the Ca2+ 
ge ne ra tion of ino si to l-1,4,5-triphosphatase (IP3) re-
sul ti ng in in fl ux, and of dia cylglyce rol (DAG), re sul-
ti ng in pro tein ki na se C (PKC) ac ti va tion. ET-1 sti-
mu la tes the tran slo ca tion of cyto so lic PKC to the 
plas ma mem bra ne, and PKC sub sequen tly phos-
pho ryla tes spe ci fi c cel lu lar pro tei ns, re sul ti ng in 
mul tip le bio lo gi cal eff  ec ts (ET-> E TR-> PLC-> PKC). 
In so me tis sues ET-1 al so ac ti va tes phos pho li pa se 
A2 (PLA2) and lea ds to the for ma tion of arac hi do-
nic acid meta bo li tes, in clu di ng leu kot rie nes, pros-
tag lan di ns, and throm boxa nes (ET-> E TR-> PLA2). 
In lo ng-te rm res pon ses, ET-1 plays a sig ni fi  ca nt ro-
le in the chro nic mo du la tion of ce ll pro li fe ra tion 
and diff  e ren tia tion, and MAPK (mi to ge n-ac ti va ted 
pro tein ki na se) may ser ve as the key re gu la tor in 
the se nuc lear and cytop las mic even ts (25-27).

Eff  ec ts of en dot he lin on or ga ns fun ction

En dot he lin gai ns its eff  ec ts main ly wi th pa rac ri ne 
and in mi nor pa rt wi th au toc ri ne mo de of ac tion, 
and that is sup por ted by the fa ct that the ET Rs we-
re usual ly pla ced on or near the mem bra nes of the 
ce ll whi ch pro du ces ET (28). Stu dies wi th en dot he-
li ns and spe ci fi c en dot he li n-re cep tor an ta go nis ts 
ha ve sug ges ted that the se pep ti des are im por ta nt 
in vas cu lar physio lo gy (29).

Eff  ec ts of ET-1 on or ga ns and or gan syste ms can 
be di vi ded, as men tio ned pre vious ly, in to sho r t-te-
rm (hor mo ne sec re tion, mus cle con trac tion, con-
trol of cel lu lar tran spo rt) and lo ng-te rm (con trol of 
ge ne expres sion, eff  e ct on ce ll hyper trop hy, mi to-
ge ne sis, etc.). ET is a pa rac ri ne me dia tor, whi ch sti-
mu la tes the re lea se of se ve ral hor mo nes in clu di ng 
ANP, al dos te ro ne, ad re na li ne and hypot ha la mus 
and pi tui ta ry hor mo nes. Hi gh con cen tra tion of 
ET-1 was ob ser ved in thyroid fol lic les and in the 
am nio tic fl uid, and the re fo re it cou ld be con si de-
red that the ET-1 par ti ci pa tes in the synthe sis of 
thyrog lo bu lin and in con trol li ng of ute rop la cen ta-
ry blood fl ow (28). Al so, ET-1 cau ses re nal and ce-
reb ral va sos pa sm, and has an im por ta nt ro le in the 

FI GU RE 1. Re gu la tion of ET-1 synthe sis, pat hway of ET ge ne ra-
tion and ET-re cep to r-me dia ted ac tio ns on smoo th mus cle cel ls. 
The pro du ct of ET1 tran scrip tion is prep ro-E T-1, whi ch is clea-
ved by a neut ral en do peptida se to fo rm the ac ti ve pre cur sor 
pro-E T-1 or big ET-1. Big ET-1 is con ver ted to the ma tu re pep ti-
de by the me tal lop ro tei na se en dot he li n-con ver ti ng en zyme-1 
(ECE-1). Two ET re cep to rs ha ve been iden ti fi ed in the vas cu la tu-
re: ET type-A re cep to rs (ETA) re side in vas cu lar smoo th mus cle 
cel ls and me dia te va so con stric tion and ce ll pro li fe ra tion, whe-
reas ETB re cep to rs re si de on en dot he lial cel ls and are main ly va-
so di la to ry throu gh NO (whi ch in tu rn can me dia te the an ti-a-
pop to tic eff  ec ts of ET-1), and re gu la te the synthe sis of ET-1. ETB 
re cep to rs on smoo th mus cle cel ls can eli cit ves sel con trac tion.
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de ve lop me nt of car dio res pi ra to ry syndrome (28). 
Stro ng expe ri men tal proo fs in di ca te the ro le of ET 
in the pat hop hysio lo gy of cer tain di sor de rs su ch 
as myo car dial in far ction, co ro na ry va sos pa sm, acu-
te re nal fai lu re, Raynau d’s di sea se, as thma, pri ma ry 
pul mo na ry hyper ten sion and fi b ro sis in li ver di sea-
se (2,3). The ro le of ET in es sen tial and re nal hyper-
ten sion, and in le ft ven tri cu lar hyper trop hy is not 
we ll sup por ted expe ri men tal ly (28) (Tab le 1).

Or ga ns and 
or gan syste ms Eff  ec ts of en dot he lin

Li ver

Con trac tion of he pa tic stel la te ce ll
Va so con striction of he pa tic blood 

ves se ls
Ac ti va tion of glyco ge no lysis

Cel lu lar re laxa tion

Cen tral ner vous 
system Va so con stric tion of ce reb ral ar te ries

Car dio vas cu lar 
system

Va so con stric tion of the co ro na ry ves se ls
Po si ti ve chro not hro pic eff  e ct

Po si ti ve inot ro pic eff e ct

Blood ves se ls The di re ct va so con stric ti ve eff  e ct

Cell cul tu res
(le vel) Mito ge nic eff  e ct

Kid ney

Va so con stric tion of aff  e re nt and eff  e re nt 
ar te rio les

Dec rea se in re nal plas ma fl ow
Re du ced glo me ru lar fi l tra tion

Res pi ra to ry
system

Va so con stric tion of lung and bron chial 
blood ves se ls

En doc ri ne
system

In crea sed sec re tion of re nin, al dos te ro ne 
and ad re na li ne
ANP sec re tion

TAB LE 1. Eff  ec ts of en dot he lin on the or ga ns and or gan syste ms

si zed in en dot he lial cel ls of si nu soi dal ca pil la ries, 
HSC cel ls and in epit he lial cel ls of bi le duc ts. Se ve-
ral stu dies re por ted a weak expres sion of ET-1 in 
the heal thy li ver cel ls, whi le in li ver cir r ho sis sig ni fi -
can tly hig her synthe sis of ET-1 was no ted. The se 
fi n din gs we re sup por ted by the in crea sed expres-
sion of mR NA for ET-1 iso la ted from HSC in the cir-
r ho tic rat liver biop sy (32,33). Se ve ral stu dies ha ve 
shown that ET-1 sti mu la tes the re ver sib le con trac-
tion of HSC in cul tu re, me dia ted by ele va ted in tra-
cel lu lar cal cium via the bo th ETRA and ETRB (32-
34). Ele va tion of in tra cel lu lar cal cium and sub-
seque nt HSC con trac tility was re du ced af ter ad mi-
nis tra tion of BQ-123 an ta go ni st of ETRA. Thus, it 
can be con clu ded that the HSC con trac ti li ty is pro-
bab ly me dia ted by ETRA and that in chro nic li ver 
di sea se ET-1 re gu la tes the fl ow throu gh the si nu-
soi ds by sti mu la ti ng con trac tion of HSC (32). The re 
is al so evi den ce that the re lea se of ET-1 pro mo tes 
va so con stric tion of the he pa tic vei ns (35). Fur ther-
mo re, it is con fi r med that hi gh con cen tra tio ns of 
ET-1 re du ce bi le fl ow, whi ch pro bab ly plays a ro le 
in the pat ho ge ne sis of cho les tatic li ver di sea se. 
Coup li ng of ET-1 wi th the ETRB on the mem bra ne 
of he pa to cytes ac ti va tes system of phos pho li pa se 
C lea di ng to the re lea se of cal cium from the in tra-
cel lu lar pool and bloc ks the effl   ux of cal cium from 
the cel ls whi ch re sul ts in lo ng las ti ng and stro ng 
ac ti va tion of glyco ge no lysis (36). Bin di ng of ET to 
re cep to rs in the li ver do not ha ve on ly va so con-
stric ti ve eff  ec ts. Bin di ng of ET-1 to ET R Bs on the 
ce ll mem bra ne of Kup ff er cel ls ac ti va tes PLA2, whi-
ch lea ds to the re lea se of pros tag lan din E2 and NO 
that me dia te va so di la tion (37,38).

The ro le of ETRA and NADPH oxi da se in 
the vas cu lar ab nor ma li ties

Nor mal vas cu lar ac ti vi ty is es sen tial for main tai ni-
ng nor mal fun ction of or ga ns de pen di ng on the 
ba lan ce of va so con stric ti ve and va so di la ti ve sub-
stances de ri ved from the vas cu lar en dot he lium. 
Sub stan ces main ly in clu de NO to di la te and ET-1 to 
con stri ct the vas cu lar smoo th mus cle. En dot he liu-
m-de pen de nt re laxa tion di rec tly re la tes to the bio-
synthe sis and re lea se of NO by the ac ti vi ty of en-
dot he lial NO syntha se (eNOS) (39,40). En dot he lial 

Ro le of en dot he lin on li ver fun ction

Dis tri bu tion of ET Rs on the mem bra nes of li ver cel-
ls va ries. A di ver si fi ed pre sen ce of ETRB has been 
con fi r med on en dot he lial cel ls of si nu soi dal ca pil-
la ries, he pa tic stel la te cel ls (HSC – He pa tic stel la te 
cel ls of fat sto re), por tal vein en dot he lial cel ls and 
epit he lial cel ls of the bi le duc ts. Pre vious stu dies 
have shown the hig he st expres sion of ETRA and 
ETRB on the mem bra nes of HSC cel ls and on the 
mem bra nes of he pa to cytes (30,31). ET-1 is synthe-
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dysfun ction cha rac te ri zed by im pai red en dot he-
liu m-de pen de nt va so di la ta tion has been lin ked to 
ea ch of the known ri sk con di tio ns (dia be tes mel li-
tus, hyper ten sion, dysli pi de mia, obe si ty, smo ki ng 
and agi ng). The mo re im paired vas cu lar en dot he-
lium, the mo re se ve re is the ri sk for car dio vas cu lar 
di sea ses, thus it is li ke ly to ta ke an im pai red vas cu-
lar en dot he lium as the ear ly sta ge of co ro na ry in-
far ction (39). In crea sed ac ti vi ty of NADPH oxi da se 
(NOX) in dia be tes mel li tus leads to in crea sed le ve ls 
of reac ti ve oxygen com poun ds (ROS). It has been 
wi de ly ac cep ted that ROS in du ced by hi per glyce-
mia con tri bu te to vas cu lar en dot he lium dysfun-
ction in dia be tes (27,39). Con cen tra tio ns of ET-1 are 
al so ele va ted in pa tien ts wi th dia be tes mel li tus, 
expres sion of ET Rs in blood ves se ls is in crea sed 
and bioa vai la bi li ty of NO is re du ced. NOX is sti mu-
la ted mos tly by ETRA via PKC ac ti vi ty (39). The va-
so con stric ti ve ac ti vi ty of ET-1 is me dia ted by the 
ac ti vi ty of NOX, and an ac ti va tion of L-type calci-
um chan ne ls by ET-1 cau ses an in fl ux of Ca2+ 
throu gh ac ti va ti ng NOX. An in te rac tion of ET-1 wi-
th ROS is known as ET-ROS sig na li ng pat hway, whi-
ch ac ti va tes ERK sig na li ng pat hway and AP-1 tran-
scrip tion fac tor (41). The im pai red va so di la ti ve res-
pon ses and the re du ced NO bioa vai la bi li ty may be 
ad dres sed by an exce ss of ET-1 re sul ti ng in up-re-
gu la tion of ETRA in the vas cu lar wa ll, due to dia be-
tes, hyper cho les te ro le mia, hyper ten sion and agi-
ng (41). Agen ts re du ci ng hyper glyce mia and hyper-
cho les te ro le mia may not be suffi    cie nt in re lie vi ng 
the en dot he lial in sul ts. A re ver sal of the ab nor mal 
en dot he lial sta tus can be ac hie ved by ce ll pro tec-
ti ve eff  ec ts throu gh sup pres si ng the ET-NOX-PKC 
pat hway. Agen ts may re lie ve the en dot he lium 
dysfun ction by sup pres si ng this pathway. Use of 
me di ca tio ns that sup pre ss ac ti va ted ET-NADPH 
oxi da se in the vas cu lar wa ll may di mi ni sh vas cu lar 
ab nor ma li ties. Tes ti ng of the ac ti vi ty of the se agen-
ts is va luab le for the fur ther po ten tial in re lie vi ng 
ab nor mal vas cu lar ac ti vi ty, re du ci ng the ri sk of 
mor bi di ty and mor ta li ty in pa tien ts at ri sk (39).

Ro le of en dot he lin in the 
pat hop hysio lo gy of ce reb ral va sos pa sm

Re ce nt stu dies ha ve shown that chan ges of the 
ETR expres sion and fun ction in the wa ll of ce reb ral 

ar te ries are a con si de rab le factor for de ve lop me nt 
of ce reb ral va sos pa sm (CVS) (42).

Un der physio lo gi cal con di tio ns, the do mi na nt va-
so con trac ti ve eff  e ct of ET-1 is me dia ted by ETRA 
on smoo th mus cle cel ls (SMC), whi ch is at te nua ted 
by an ETRB de pen de nt re lea se of NO from en dot-
he lial ce lls (EC). In the physio lo gi cal ce reb ro vas cu-
la tu re ECs expre ss exclu si ve ly ETRB and SMCs on ly 
ETRA. In the ca se of CVS an in crea sed expres sion 
of the ETRB cou ld be de tec ted in ce reb ral ves se ls. 
Howe ver, the lo ss of the va so di la ti ve and the mis si-
ng of a va socontrac ti le ETRB me dia ted eff  e ct was 
de mon stra ted (42). The re fo re, any ETRB me dia ted 
va soac ti vi ty see ms to be lo st in the ca se of CVS 
and the bio lo gi cal im pa ct of the in crea sed expres-
sion re mai ns un clear so far. The ETRA expres sion 
see ms not to be in crea sed duri ng the de ve lop me-
nt of CVS (42). The re fo re, the pro ven in crea se of 
the ET-de pen de nt va so con trac ti li ty see ms to be 
the re su lt of de fi  cien cy of ETRB me dia ted eff  e ct 
rat her than the re su lt of in crea sed ETRA ac ti vi ty. 
Des pi te of the mo re sig ni fi  ca nt chan ges of the 
ETRB expres sion, the pat hop hysio lo gi cal eff  e ct of 
ET, na me ly the va so con stric tion, see ms to be 
exclu si ve ly me dia ted by the ETRA (42). The re fo re, 
tai lo red ap proac hes for the treat me nt of CVS re-
main to be ETRA re cep tor se lec ti ve an ta go nis ts.

Eff  e cts of en dot he lin on smoo th mus cle 
cel ls and car dio myo ci tes

It was be lie ved that smoo th mus cle cel ls expres ses 
on ly ETRA. Mo re re cen tly, ET R Bs ha ve al so been 
iden ti fi ed in vas cu lar smoo th mus cle cel ls, and the-
se two re cep to rs me dia te va so con stric tion (43). 
The pre sen ce of ETRB wi th the va ria tion of ETRA/
ETRB ra tio was de tec ted on en dot he lial cel ls and it 
is hig her in ar te ries than in vei ns. In te res tin gly, the 
le vel of ETRB expres sion in smoo th mus cle cel ls 
can al so be in crea sed in vas cu lar di sea se (44). The 
main ro le of ET is smoo th mus cle cel ls-me dia ted 
va so con stric tion. Howe ver, the pre ci se ro le of ET-1 
and ETRA in the main te nan ce of syste mic cir cu la-
tion and their con tri bu tion to the main te nan ce of 
blood pres su re is not clear ly un der stood. Un li ke 
the ETRB whi ch is explo red by ge ne tic mo de ls, 
knowled ge about the im pa ct of ETRA in the re gu-
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la tion of blood pres su re ari ses on ly from stu dies of 
phar ma co lo gi cal an ta go nis ts (45). Mo del of in ten-
tio nal ly in du ced hyper ten sion has shown that an-
ta go nis ts of ETRA sup press in crea se or even par-
tial ly re du ce mean ar te rial pres su re af ter in du ced 
hyper ten sion (45). The re fo re, it see ms that an ta go-
nis ts of ET-1 re cep to rs may play an im por ta nt ro le 
in trea ti ng so me for ms of hyper ten sion. Howe ver, 
in spi te of their an ti hyper ten sive eff  e ct, the usa ge 
of ETRA an ta go nis ts re mai ns a prob lem, main ly 
be cau se of po ten tial si de eff  ec ts and the avai la bi li-
ty of sa fer dru gs su ch as ACE in hi bi to rs (an gio ten-
si n-con ver ti ng en zyme in hi bi to rs) or an ta go nis ts 
of an gio ten sin II.

Eff  ec ts of en dot helin in pul mo na ry 
ar te rial hyper ten sion

Pul mo na ry ar te rial hyper ten sion (PAH) is on ly con-
di tion when ET re cep tor an ta go nis ts are eff  ec ti ve 
as an ti hyper ten si ve dru gs (44,45). Va rious stu dies 
ha ve shown that ET re cep tor an ta go nis ts pre ve nt 
the de ve lop me nt of PAH, bo th pul mo na ry va so-
con stric tion and hyper ten sion (44-46). It is sti ll un-
clear why the pul mo na ry cir cu la tion is es pe cial ly 
sen si ti ve to su ch ET-1 re gu la tion. The re fo re, the 
lun gs re main the tar get or gan for tes ti ng an ti-
hyper ten si ve eff  e ct of ET re ceptor an ta go nis ts 
(47,48). The re are two com mer cial ly avai lab le ET re-
cep tor an ta go nis ts for the treat me nt of PAH: am-
bri sen tan and bo sen tan. Sig ni fi  ca nt im pro ve me nt 
was des cri bed in sympto ms of pa tien ts trea ted wi-
th the se dru gs (48). Co ro na ry en dot he lial cel ls are 
a ma jor sour ce of ET-1. On car dio myo ci tes ETRA 
and ETRB we re fou nd, wi th pre do mi na nt ETRA. 
ET-1 cau ses a po si ti ve inot ro pic eff  e ct on car diac 
mus cle cel ls. It was al so ob ser ved that ET-1 aff  ec ts 
the con trac ti le abi li ty of myo cytes (48). Bin di ng of 
ET-1 on the ETRA sti mu la tes the for ma tion of IP3 
and dia cylglyce rol by PLC and ac ti va tion of PKC 
(ET-1-> ET RA-> PLC-> PKC). Ac ti va ted PKC sti mu la-
tes Na+/H+ exchan ge. In crea sed con trac ti le eff  e ct 
of myo cytes is a re su lt of cal cium re lea se from the 
en dop las mic reti cu lum (ER). The sen si ti vi ty of car-
diac myo fi  la men ts on en dot he lin bin di ng lea ds to 
al ka lo sis me dia ted by Na+/H+ exchan ge and in-
crea sed re lea se of cal cium lea ds to the ac cu mu la-

tion of Na+, me dia ted by Na+/H+ pu mp (49). It has 
been shown that ET-1 cau ses hyper trop hy in cul tu-
re of neo na tal rat car diac myo cytes, and it is con si-
de red that it lea ds to hyper trop hy of adu lt cel ls. 
Re ce nt stu dies ha ve shown that tran scrip tion fac-
tor ZFP 260 re du ces bloc ked ET-1 in du ced hyper-
trop hy of car dio myo cytes (49,50). In other wor ds, it 
was shown that in crea sed expres sion of that tran-
scrip tion fac to rs was in vol ved in the in duc tion of 
hyper trop hic res pon se (50).

Eff  ec ts of en dot he lin on fi b rob las ts

Fib rob las ts are lo ca ted in the extra cel lu lar mat rix 
(ECM) of con nec ti ve tis sue, whe re they ser ve as the 
main hel pe rs of ECM synthe sis, not on ly in the car-
dio vas cu lar system, but in the who le or ga ni sm. 
Fib rob las ts are nor mal ly pre se nt in tis sues, but 
they are al so ab le to mo di fy the phe no type (myo-
fi b rob las ts) du ri ng the re ge neration of tis sues. Du-
ri ng nor mal wou nd hea li ng, myo fi b rob las ts di sap-
pear and or gan fun ction is res to red. Howe ver, in 
ab nor mal wou nd hea li ng they are wit hhe ld in lo-
ca tio ns of tis sue da ma ge whi ch lea ds to de lay 
hyper con trac ti le ECM, whi ch is the main cha ra-
cteris tic of fi b ro tic con di tio ns su ch as idio pat hic 
pul mo na ry fi b ro sis (IPF) and scle ro der ma (SSc) 
(51,52). Fib rob las ts synthe si ze ET-1. So me stu dies 
ha ve de mon stra ted in crea sed le ve ls of ET-1 in the 
fi b ro tic con di tio ns (af ter lu ng biop sy in scle ro der-
ma) (52,53). In re ce nt yea rs, ET-1 is con si de red as a 
pro fi b ro tic fac tor and it’s sui tab le for re sear ch in 
the treat me nt of fi b ro tic con di tio ns. It has been al-
rea dy pro ven that bo sen tan (ET re cep tor an ta go-
ni st in PAH) pre ven ts the for ma tion of fi n ger ul ce rs 
in patien ts wi th scle ro der ma (54). Nu me rous stu-
dies ha ve des cri bed the ini tial pha se of the de ve-
lop me nt of fi b ro sis whi ch in vol ves the inju ry of en-
dot he lial cel ls of blood ves se ls when the re lea se of 
me dia to rs of in fl am ma tion oc cu rs (NO and ET-1) 
(53,54). The se fac to rs are mi to ge nic for en dot he lial 
cel ls sur roun di ng the inju ry. The re fo re, it is be lie-
ved that the inju ry of blood ves sel pre sen ts pat ho-
lo gi cal mec ha ni sm that lea ds to tis sue fi b ro sis. The 
pre sen ce of su ch vas cu lo pat hy is a fea tu re of SSc, 
whi ch is clinical ly ma ni fes ted as Raynau d’s Syndro-
me and ul ce ra tion of the fi n ge rs (55). Whet her ET-1 
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is key me dia tor of vas cu lo pat hy has not yet been 
ful ly cla ri fi ed. So far, stu dies ha ve shown a cor re la-
tion be tween Raynau d’s Syndro me and plas ma 
ET-1 con cen tra tio ns in pa tien ts wi th SSc. This the-
sis is sup por ted by cli ni cal use of bo sen tan in 
Raynau d’s Syndro me and ul ce ra tion of the fi n ge rs 
(55). There is al so evi den ce that car diac fi b ro sis, oc-
cur red as a con sequen ce of dia be tes mel li tus, is as-
so cia ted wi th ac cu mu la tion of car diac fi b rob las ts 
from en dot he lial cel ls. ET-1 has im por ta nt ro le in 
this pro ce ss (56).

Eff  ec ts of en dot he lin on the 
car dio vas cu lar system

ET-1 cau ses con trac tion of ar te ries and vei ns, whi-
ch re sul ts in to tal pe rip he ral re sis tan ce and mean 
ar terial pres su re in crea se. Con trac tion is of ten pre-
ce ded by tran sie nt va so di la ta tion. The se pro per-
ties ma ke ET-1 an im por ta nt me dia tor in ma ny ce-
reb ro vas cu lar com pli ca tio ns, in clu di ng co ro na ry 
ar te ry di sea ses. Mea su red le ve ls of ET-1, to get her 
wi th co ro na ry magne tic re so nan ce (CMR), ha ve 
pro ved to be a use ful prog nos tic pa ra me ter in mic-
ro vas cu lar ob struc tion (57). In crea sed le ve ls of ET-1 
can ac ce le ra te CMR mic ro vas cu lar ob struc tion and 
myo car dial re co ve ry as ses sme nt. Hi gh le ve ls of this 
mar ker ha ve pro ved to be as so cia ted wi th poor 
prog no sis af ter myo car dial in far ction. Al so, the 
con cen tra tio ns of ET-1 can be used to iden ti fy pa-
tien ts who may yet de ve lop mic ro vas cu lar ob-
struc tion. The re fo re an ti-en dot he lin the ra py in is-
che mic hea rt di sea se treat me nt may off  er addi tio-
nal be ne fi  ts and eff  ec ti ve ly mo di fy the prog res-
sion of hea rt di sea se. The re sul ts of the se stu dies 
in di ca te the va lue of mea su ri ng ET-1 con cen tra tion 
in pa tien ts wi th is che mic hea rt di sea ses (44,57). 
Fu tu re stu dies wi ll show if in crea sed con cen tra-
tions of ET-1 lead to the de ve lop me nt of mic ro vas-
cu lar ob struc tion, or it is ju st a se con da ry con-
sequen ce of car diac da ma ge.

The ro le of en dot he lin in the treat me nt 
of hyper ten sion

Ma ny stu dies ha ve shown that en dot he lin can be a 
phar ma co lo gi cal tar get for the hyper ten sion treat-

me nt (58-65). ET re cep tor an ta go nis ts cou ld be 
used as po ten tial dru gs for the hyper ten sion treat-
me nt. Howe ver, ET re cep tor an ta go nis ts are in cli-
ni cal use on ly for treat me nt of pa tien ts wi th pul-
mo na ry ar te rial hyper ten sion (PAH). The rea son for 
that are ma ny pos sib le si de eff  ec ts as so cia ted wi th 
ET re cep tor an ta go nis ts, as we ll as the exis ten ce of 
sa fer dru gs for al le via ti ng sympto ms and for trea ti-
ng syste mic hyper ten sion. Ad ver se eff  ec ts of ET 
re cep tor an ta go nis ts in cli ni cal trials are com mon. 
The mo st frequen tly re por ted cli ni cal ad ver se 
even ts are hea dac he, pe rip he ral ede ma, diz zi ne ss, 
nau sea, na sal con ges tion, and dyspnea (58,59,62, 
66). The se ap pear to be a cla ss eff  e ct, li ke ly re la te 
to va so di la tion, and do not of ten lead to treat me-
nt wit hdrawal (66). Am bri sen tan, an oral ly ac ti ve, 
hig hly se lec ti ve an ta go ni st of the ETRA, is in di ca-
ted for the treat me nt of pul mo na ry ar te rial hyper-
ten sion (PAH). It has a low po ten tial for dru g-to-
drug in te rac tio ns and requi res on ly on ce-dai ly 
adminis tra tion. Am bri sen tan was as so cia ted wi th 
a low ri sk of cli ni cal wor se ni ng and of dea th (60). 
Bo sen tan, a dual en dot he lin re cep tor an ta go ni st, 
is an eff  ec ti ve and we ll-to le ra ted oral the ra py for 
the ma na ge me nt of pul mo na ry ar te rial hyper ten-
sion (PAH; WHO group 1 pul mo na ry hyper ten sion). 
Bo sen tan im pro ves car dio pul mo na ry he mo dyna-
mi cs, exer ci se ca pa ci ty, WHO fun ctio nal cla ss and 
qua li ty of li fe, as we ll as de layi ng ti me to cli ni cal 
wor se ni ng in pa tien ts wi th PAH (58,64). Re ce nt stu-
dies ha ve ope ned new po ssibi li ties for cli ni cal use 
of ET re cep tor an ta go nis ts in the treat me nt of cer-
tain for ms of dru g-re sis ta nt hyper ten sion (67,68).

The cour se of the di sea se and dec rea se of the 
sympto ms we re stu died in a group of pa tien ts that 
showed re sis tan ce to the clas sic com bi na tion of 
three an ti hyper ten si ve dru gs (in clu di ng diu re tic), 
and un de rwe nt treat me nt wi th da ru sen tan (se lec-
ti ve ETRA an ta go ni st) com pa red to the pla ce bo 
group. Sig ni fi  ca nt re duc tion of blood pres su re was 
shown in the group that used da ru sen tan when 
com pa red wi th the con trol group (67,68). Fu tu re 
stu dies shou ld de ter mi ne the eff  ec ti ve ne ss of da-
ru sen tan for ea ch pa tie nt wi th re sis ta nt hyper ten-
sion (67).
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The ro le of en dot he lin in the 
pat hop hysio lo gy of at he ros cle ro sis

It was shown that ET-1 is a key fac tor in the en dot-
he lial dysfun ction de ve lop me nt in va rious car dio-
vas cu lar di sea ses in clu di ng at he ros cle ro sis. En dot-
he lial dysfun ction in clu des va so con stric tion, in-
fl am ma tion, throm bo sis, blood ves sel wal ls ce ll 
pro li fe ra tion and fi b ro sis, thus lea di ng to blood 
ves se ls clog gi ng (mic ro vas cu lar ob struc tion). ET-1 
is lo cal ly ele va ted in at he ros cle ro tic plaques and 
cir cu la ti ng le ve ls in the vas cu lar tis sue cor re la te wi-
th at he ros cle ro tic le sio ns (69,70). Ele va ted le ve ls of 
ET-1 in du ce ge ne expres sion for li pid meta bo li sm 
pro duc ts and thus lead to at he ros cle ro sis de ve lop-
me nt. Fur ther mo re, in crea sed expres sion of ET-1 
ag gra va tes at he ros cle ro sis in Apo E-de fi  cie nt mi ce 
(wi de ly used hyper li pi de mia mo del), and plaque 
for ma tion and en dot he lial dysfun ction can be re-
stored in su ch at he ros cle ro tic mo del usi ng ETRA 
and even ETRB an ta go nis ts (71,72).

The ro le of en dot he lin in con trol li ng 
ut he rop la cen ta ry blood fl ow -oc cur ren ce 
of preec lam psia

Re du ced ute rop la cen tal per fu sion is the ini tial eve-
nt in pre-ec lam psia, a disorder of preg nan cy cha-
rac te ri zed by preg nan cy-in du ced hyper ten sion (≥ 
140 mmHg systo lic and/or ≥ 90 mmHg dias to lic 
blood pres su re), new on-set pro tei nu ria (≥ 300 mg 
pro tein/day), and ede ma oc cur ri ng in the se co nd 
ha lf of preg nan cy (73). It is con si de red to be as so-
cia ted wi th in crea sed synthe sis of ET-1 whi ch lea ds 
to va so con stric tion of ute ri ne ar te ries and con-
sequen tly to in crea sed blood pres su re. By mo ni to-
ri ng the eff  e ct of an ti hyper ten si ve dru gs and ET-1 
re cep tor an ta go nis ts it was pro ven that dru gs that 
are cur ren tly used to treat pre-ec lam psia, wi ll not 
res to re ET-1 in du ced con trac tion of the ute ri ne ar-
te ries (74). Pre vious con clu sion shows that they are 
not ve ry eff  ec ti ve. On ly di hydro pyri di nes par tial ly 
re laxed pre vious ly con trac ted ute ri ne ar te ry. Thus, 
di hydro pyri di nes cou ld off  er an in te res ti ng per-
spec ti ve for im pro vi ng pla cen tal per fu sion in pre-
ec lam psia (74).

Eff  ec ts of en dot he lin on tu mor 
de ve lop me nt

ET-1 is the mo st po te nt cel lu lar mi to gen. Mo st of 
the pa tien ts wi th ad van ced blad der can cer deve-
lop let hal lu ng me tas ta ses. ET-1 has been im pli ca-
ted in this pro ce ss, even thou gh the mec ha ni sm(s) 
by whi ch it pro mo tes me tas ta sis re mai ns un clear. 
Eva lua tion of ET-1 mR NA and pro tein expres sion in 
four pa tie nt co hor ts re vea led that le ve ls of ET-1 are 
hig her in pa tien ts wi th mus cle-in va si ve blad der 
can ce rs, whi ch are as so cia ted wi th hig her in ci den-
ce of me tas ta sis, and that hi gh ET-1 le ve ls are as so-
cia ted wi th dec rea sed di sea se-spe ci fi c sur vi val 
(75). Con sis te nt wi th its proin fl am ma to ry ac ti vi ty, 
tu mo r-deri ved ET-1 ac ts throu gh ETRA to en han ce 
mig ra tion of mac rop ha ges and in du ces expres sion 
of in fl am ma to ry cyto ki nes. Tu mor ET-1 expres sion 
and ETRA ac ti vi ty are ne ces sa ry for me tas ta tic lu-
ng co lo ni za tion and this pro ce ss is pre ce ded by 
and de pen de nt on macropha ge in fi l tra tion of the 
lu ng. In con tra st, tu mor ET-1 expres sion and ETRA 
ac ti vi ty are le ss im por ta nt in es tab lis hed pri ma ry 
or me tas ta tic tu mor growth. The se fi n din gs stron-
gly sug ge st that ETRA in hi bi to rs mig ht be mo re ef-
fec ti ve as ad ju va nt the ra peu tic agen ts than as ini-
tial treat me nt for ad van ced pri ma ry or me tas ta tic 
di sea se (75).

Pros ta te can cer (PCA) is the mo st diag no sed can-
cer in men. The ini tial ap proa ch to ad van ced PCA 
is me di cal or sur gi cal an dro gen dep ri va tion the ra-
py (ADT) or an tian dro ge ns. Novel the ra pies com-
ple me nt the mo de st suc ce ss that che mot he ra py 
has de mon stra ted in re ce nt yea rs (76,77). The se in-
clu de agen ts tar ge ti ng the epi der mal growth fac-
tor re cep tor, en dot he lin re cep tor an ta go nis ts, an-
gio ge ne sis in hi bi to rs, im mu no mo du la to ry age nts, 
im mu not he ra py, no vel an tian dro ge ns, and de li ve-
ry of cyto toxic agen ts via the ra peu tic an ti bo dies (76).

En dot he li ns are im por ta nt re gu la to rs of an gio ge-
ne sis and sig nal tran sduc tion. Ge ne ral ly, bin di ng 
ET-1 to ETRA in du ces a sur vi val pat hway, whe reas 
bin ding to ETRB pro mo tes apop to sis. In PCA, 
hyper met hyla tion of the ETRB pro mo ter eli mi na-
tes the ne ga ti ve growth res pon se ac ti va ti ng the 
ETRA pat hway exclu si ve ly (76).



Unic A. et al. En dot he li ns - cli ni cal per spec ti ves

Biochemia Medica 2011;21(3):231–42

  239

At ra sen tan is an ETRA an ta go ni st that pro lon ged 
ti me to PSA (pros ta te-spe ci fi c an ti gen) progres sion 
when com pa red to pla ce bo in a stu dy con duc ted 
in asympto ma tic men wi th PCA (75). ETRA in du ces 
a sur vi val pat hway, whe reas bin di ng to ETRB pro-
mo tes apop to sis. Fur ther mo re, com bi ni ng at ra-
sen tan wi th do ce taxel pro ved sa fe and eff  ec ti ve 
wi th pro mi si ng re sul ts (75,76).

Eff  e ct of en dot he lin on bo nes

A growi ng num ber of li te ra tu re do cu men ts the 
pre sen ce and eff  ec ts of en dot he li ns in bo nes (77-
81). Bo th ETRA and ETRB ha ve been de mon stra ted 
in os teob las tic cel ls by li ga nd bin di ng. Ma jor sig nal 
tran sduc tion pat hways for en dot he lin in bo ne cel-
ls ap pear to be sti mu la tion of phos pho li pid tur no-
ver, ac ti va tion of A, C and D phos pho li pa ses, sti-
mu la tion of cal cium fl ux from in tra cel lu lar and 
extra cel lu lar sto res and ac ti va tion of tyro si ne ki na-
ses (78). En dot he lins al so mo du la te cal cium sig na-
li ng eli ci ted by ot her agen ts in os teob las tic cel ls. 
The pa rat hyroid hor mo ne-sti mu la ted cal cium 
tran sie nt in U MR-106 cel ls is en han ced by en dot-
he li ns, ac ti ng throu gh an ETBR, whe reas the pa rat-
hyroid hor mo ne-sti mu la ted in crea se in cA MP is in-
hi bi ted by en dot he li ns (78). Phe no typic res pon ses 
to en dot he li n-1 in clu de chan ges in al ka li ne phos-
pha ta se ac ti vi ty, sti mu la tion of os teo cal cin and os-
teo pon tin mes sa ge, sti mu la tion of col la gen and 
non col la ge nous pro tein synthe sis, in hi bi tion of os-
teoc la st mo ti li ty and sti mu la tion of pros tag lan di n-
de pen de nt re sor ption (78). It is pro ven that ET-1 in-
hi bi ts al ka li ne phos pha ta se in mou se os teob las tic 
cel ls and has bip ha sic eff  ec ts on al ka li ne phos pha-
ta se in hu man os teob las tic cel ls (78). Si mi lar to its 
eff  ec ts in ot her tis sues, ET-1 sti mu la tes cal cium/
phospholipid sig na li ng pat hways in bo nes. Treat-
me nt wi th ET-1 in crea ses cal cium and ino si tol tris-
phos pha te in the en dot he lial cel ls in hu man pa rat-
hyroid glan ds. En dot he lin was fou nd to in hi bit the 
se cretion of pa rat hyroid hor mo ne from hu man 
ade no ma cel ls and in an in vi vo pa rat hyroid gla nd 
per fu sion mo del (78). The se fi n din gs sug ge st that 
en dot he lin cou ld ha ve a re gu la to ry fun ction in pa-
rat hyroid hor mo ne sec re tion. En dot he li n-1 al so 

en han ces the in ter leukin-1-in du ced in crea se in in-
ter leu ki n-6 (78-81). In fl am ma to ry mar ke rs are key 
playe rs in bo ne bio lo gy and are in vol ved in the re-
gu la tion of os teo cytes; as a re su lt, the dyna mic ba-
lan ce of bo ne for ma tion and re sor ption are in-
fl uen ced by in fl am ma to ry mar kers (82). It has been 
shown that lo cal ad mi nis tra tion of en dot he lin re-
cep tor an ta go nis ts re du ces ede ma, neut rop hil in fi l-
tra tion and pro duc tion of in fl am ma to ry me dia to rs 
(83). En dot he li ns can al so po ten tial ly aff  e ct cal cium 
me ta bo li sm by in hi bi ti ng the sec retion of pa rat-
hyroid hor mo ne (78). The se ob ser va tio ns rai se the 
need for fur ther stu dies to elu ci da te the physio lo gic 
ro le of en dot he li ns as pos sib le en doc ri ne, pa rac ri ne 
or au toc ri ne fac to rs in cal cium me ta bo li sm and 
even the pos sib le the ra peu tic ap pli ca tions of re cep-
to r-se lec ti ve en dot he li ns and an ta go nis ts in di sor-
de rs of bo ne and cal cium me ta bo li sm.

Con clu sion

Wit hin 20 yea rs af ter its ini tial dis co ve ry it has be-
co me clear that en dot he lin is not me re ly a va so-
con stric tor but that it is a mul ti fun ctio nal pep ti de 
wi th cyto ki ne-li ke ac ti vi ty whi ch aff  ec ts al mo st all 
as pec ts of ce ll fun ction (84).

Ma ny stu dies poi nt towar ds a be ne fi  cial eff  e ct of 
the bloc ka de of ET re cep to rs on vas cu lar fun ction 
in the se di sea ses. Howe ver, des pi te of this enor-
mous expe ri mental wo rk, the cli ni cal use of ET re-
cep tor an ta go nis ts is li mi ted to pul mo na ry ar te rial 
hyper ten sion and di gi tal ul ce ra tion in SSc to da te. 
The fu tu re is not as pes si mis tic as a new era is bei-
ng un vei led wi th the ge ne ra tion of power ful ge-
ne tic mo de ls, whi ch wi ll al low the dis sec tion of the 
com plex physio lo gy of the ET-1 system, and al so 
wi th the re ce nt dis co ve ry of spe ci fi c ro les of ET-1. 
In or der to tran sla te this new knowled ge to the cli-
ni cal prac ti ce, mo re expe ri men tal stu dies to get her 
wi th the com mit ment of the phar ma ceu ti cal in-
dus try to de ve lop the cor res pon di ng prec li ni cal 
and cli ni cal tria ls are requi red.

Po ten tial con fl i ct of in te re st

No ne dec la red.
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En do te li ni – kli nička per spek ti va

Sažetak

En do te li ni (ET) su sku pi na en do ge nih pep ti da ko ji ima ju snažan i du got ra jan va zo kon strik ti van učinak. Do da nas su iden ti fi  ci ra na tri izoob li ka 
en do te li na ko di ra na s tri raz ličita ge na. En do te li n-1 (ET-1) je naj moćniji va zo kon srik tiv ni pep tid do sa da ot kri ven. Ori gi nal no je izo li ran i ka rak te ri-
zi ran iz hra nji vog me di ja en do tel nih sta ni ca aor te. Dru ga dva izoob li ka, en do te li n-2 (ET-2) i en do te li n-3 (ET-3) su iden ti fi  ci ra na kas ni je za jed no sa 
struk tu ral nim ho mo lo zi ma izo li ra nim iz zmij skog ot ro va poz na ti ma kao sa ra fo tok si ni. Bio loški učinci stva ra nja en do te li na od ređeni su ak ti va ci-
jom jed nog ili dvaju recep to ra ve za na za G pro tein (en gl. G-pro tein coup led re cep to rs), en do te lin ski re cep to ri ti pa A (ETRA) i ti pa B (ET R B1 i ET R B2). 
Ne dav no je ot kri ven i en do te lin ski re cep tor ti pa C (ETRC), no nje go va su dis tri bu ci ja i fun kci je još ne raz jašnje ne. Učin ci ko je stva ra ET-1 pre ko ETRA 
su va zo kon strik ci ja, bron ho kon struk ci ja i iz lučiva nje al dos te ro na. Ago nis ti ve za ni za ak ti va ci ju ET R B1 uz ro ku ju va zo di la ta ci ju sti mu li ra jući NO, 
PGI2 i hi per po la ri zi ra jući en do tel ni fak tor (en gl. en dot he liu m-de ri ved hyper po la ri zi ng fac tor, EDHF). Sup rot no to me spa ja nje s ET R B2 uz ro ku je va-
zo kon strik ci ju. Sud je lo va nje ET do ka za no je u pa to fi  zio lo gi ji od ređenih po re mećaja. U ovom preg le du ras prav lja mo o fi  zio loškoj i pa to fi  zio loškoj 
ulo zi en do tel nog ET-1, far ma ko lo gi ji nje go va dva re cep to ra, usre do točava jući se na ulo gu ET-1 u raz vo ju ne kih pa to fi  zio loških sta nja.
Ključne ri ječi: en do te lin 1; en do te lin ski re cep tor; an ta go ni st en do te lin skog re cep to ra; en do te li n-kon ver ti ra jući en zim




