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In recent times there has been considerable speculati on 

.s to the mediators of vascul ar spasm and endotheli al 

injury in pregnancy induced hypertension. These two 

factors compounded with platelet aggregati on aggravate 

the situation ulti mately resulting in the syndrome known 

as Pregnancy Induced Hypertension (PIH). PIH has many 

features common w ith conditi ons lik e Di sseminated 

Intravascular Coagul ati on (DIC). Hemolyti c Uremic 

Syndrome (HUS) and Thromboti c Thrombocytopenic 

Purpura (TTP). A ll these four conditi ons have two 

pathological features in common. These are retardati on 

of the blood f low with reducti on of ti ssue perf usion and 

endotheli al inj ury leading to mi gration of coll oids into 

the tissue spaces. 

The final resul t 111 PIH is alm ost certainl y on the 

endothelial cell s. It would be interesting and to some 

extent challenging also to speculate on the medi ators of 

endothelial inj ury. The various medi ators investi gated 

till recently have been f ibronectin (Stubbs et al 1986) 

and (Lazarchick et al 1996), antithrombin-III (Weiner and 

Brandt 1982), arachidoni c acid metaboliti es (Walsh and 
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Pari si 1986) (M oddley and Reddi 1984) (Brown et al 

1987), N itri c Oxide (Neri et al 1995), lipid peroxide and 

finall y endothelin (Taylor et al 1990). These are the 

vari ous circul ating factors which show considerable 

changes in PIH. As for example the level of f ibronectin 

keeps on mounting in PIH and has been used as a marker 

fo r predi cting the onset of PIH and has been used as a 

maker fo r predicti ng the onset of PIH in late pregnancy. 

However the fibronectin appears to be a result rather than 

the cause of endoethelial injury. Similary antithrombin­

III shows a decl ine in PIH to keep a check on the 

progressive platelet aggregati on in a desperate attempt 

to maintain the cirul ati on. Reduction of prostacyclin and 

increase of thromboxane A" are probably the effect of 

endotheli al inj ury. M ost exciting factor amongst these 

mediators in recent ti mes has been the role and status of 

nit ri c oxide in PIH . It is postul ated that the endotheli al 

inj ury sustained primaril y due to the metaboli tes released 

f rom ischaemic placental bed leads to the reduction of 

nit ri c oxide in vascul ar system due to endothelial inj ury. 

It is now almost conf irmed that reduction of nitri c oxide 

is responsibl e fo r aggravation of the effects ofthromboxin 

A
2

, pl atelet aggregation and vasopasm due to lack of 

CGMP which is a most potent vasodi lator. Lastly it would 

be interesting to discuss the role of endothelin in PIH . 

Endothelins : In this presentation it is proposed to look 

at the biochemistry and genesis of endotheli al injury with 

its role in the liberation of endothelin . 

Bio-Chemistry of Endothelin : Endothelins are a fami ly 

of vasospasti c peptides. These are present in three 

isopeptide forms: 

endothelin-1 , endothelin -2 and endothelin -3. Each one 

is encoded by a separate gene (Inoue et al 1989). 

Sources of Endothelins: Endothelin s have been found in 
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a. Endometrium 

b. Endotheli al cell s 

c. Glomerul ar epithelial cell s. 
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subsequent vasodil ati on (L eppaluoto and Ruskoabo 

1992). 

Thi s observati on has raised an issue of utili sing the 

Characteristic Pt·operties of Different Types of endothelin level in earl y pregnancy for predicui on ofPTH. 

Endothelin-1: Some work ers have worked i n th is area and the 

Endothelin-1: Endothelin - 1 is formed in a stepw ise 

manner: Preproendothelin (23 amino acids) is cleaved to 

li berate proendothelin (39 amino acids). Proendothelin s 

or .. big endothelin - 1" are then cleaved by a membrane­

bound endothelin - converting enzyme (ECE) to f orm 

endothelin - 1 (21 amino acids) (Yanagisawa et al 1988). 

A lthough endothelin s are not produced by neutrophil s, 

neutrophil cathepsin can convert the 39 amino acid 

precursers to it s 2 amino acid acti ve fo rm (M e Mill en et 

al 1995) the ultimate medi ators of vasospasm (Fig. 1). 

Preproendothelin l (203 Amino A cids) 

Proendothelin - (39 Amino Acid) 

1<0- Endothelin Conven ase Enzyme. 

Endothelin - 1 
J (2 1 Amino Acids) 

Receptor A 
ETA - Hi gh Specifi city 

�~� 
Vasa Constri ction 

Fig I 

Receptor B 
E TB 

,J; 
VasoDil atati on 

through NO 

Endothelin - 1 is the most potent vasoconstri ctor of 

vascul ar smooth muscles. This is brought about by the 

inf lux of extra cellul ar Calcium initi ating the smooth 

muscle contracti on. Nitri c Ox id e inhibits the 

vasoconstri ctive effect of endothelin -1. 

Endothelin Receptors : Two ty pes of endothelin 

receptors have been described, endothelin receptor-A 

(ETA) and endothelin receptor-B (ETB). ETA shows a 

hi gh specifi cit y fo r endothelin-1 and promotes the 

vasoconstri cti ve effect whereas ETB has less affinit y and 

perhaps modulates the release of nitri c oxide with 
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possibili ties of a predictive index appear to be strong. In 

thi s context it is relevant to note that the infusion of 

magnesium sulfate reduces the endothelin -1. However 

thi s effect was not observed in normotensive pregnant 

women. 

Mechanism of VasoSpasm due to Endothelin : 

As endothelin-1 levels increase phospholi pase C which 

i s acti vated and thi s inturn c leaves the i nositol 

triphosphate(IP3) whi ch causes calcium release from 

endoplasmic reti cular stores of calcium (McMi lli en et al 

1995). A fter release thi s influ x of calcium leads to smooth 

muscles activi ty and vasospasm (Fig-IJ.) 

Endothelin 

l 
Activated 

l 
Cleaves Inosti tol Triphosphate (IP3) .... 

1 
Calcium Release from Endoplasmic Reticulum 

l 
Vasospasm 

Fig II 

Effect of selective E T A Receptor Antagonist : 

Agents Binding with Di ffe rent Receptors 

ETB + Sarafotoxin - Vasodilatation 

(Agoni st) 

ETA & ETB -----1 Bosentan �~ �D�e�c�r�e�a�s�e�d� Mean 

Antagoni st Aort ic Pressure 

-1 
M ore Effect on ETA 

Fig III 
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BQ I 2 3 and lrig .ll! ) Sarafotoxin S6c agoni st of E T B 

�l�e�a�d�~� to a dose dependant increase in pulmonary bl ood 

flow and a decrease in peripheral vascul ar resistance. 

Stimulati on of E T B with Sarafotoxin S6c results in 

\asodilation. These findin gs lead to the conclusion that 

E T 8 oppo;,es the \'asodil ati on. E T B receptor probabl y 

act through nitnc o>.ide I cycli c GM P pathway acti vati on 

and causes the �,�,�~�;�,�o�d�i �l �a �t�i �o �n� ( h ) et al 1994). 

E ffects ofEndothelin on Peripheral Vascular System: 

In an exciting study the agent B osentan had been 

experimentall y used to observe the efl ects on endothelin s. 

Thi\ \Ub'.lance �h�a�~� got the propert) of binding with both 

r. T . .\ and E T B receptors as antagoni st to both the 

receptor l ) pes. But in between these two binding with 

ETA is more (Adachi et al 199-t). In experimental study 

th1s substance was in jected to th e healthy dogs 

simultaneously repeatin g the same procedures in 

nperimental hypertensi ve cl ogs. In the healthy 

normotensive clogs Bosenton deereased mean aorti c 

pressure b) 38mmHg indicatin g predominance of E T B 

b1nding. W hen Bosentan was admini stered to 

"';<perimental hypertensive clogs the animals registered 

mcrease ofenclothel in- 1 le,els with ri se of blood pressure 

(Donekier ct al 1995) 

Effects of Pwendothelin-1 in Men: Haynes and Webb 

1 199-t) 1nl'used proendothelin - 1 into the brachi al artery 

of 18 men. Contrar) to t he expectati on the 

'asoconstriction was absent w hen simultaneously a 

metalloprotease inhibit or of ECE, phophoramidon was 

used. Interestingly when infused alone, phophoramidon 

produced 37 percent increase in blood fl ow, but did not 

effect the response to endothelin - 1. 

_,umma1·y of Experimental Evidences ·with Regm-ds 

w Endothelin-1: 

Endothelin - 1 may initi ate the pathogenesi s of 

�'�a�~�o�c�o �n �~�t �n �c�t �i �o �n� in pregnancy induced hypertension a 

l'undamental basi s o f PIH. H owever the other 

confounding ractors are that infusion of endothelin - 1 
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resulted in onl y moderate increase of blood �p �r �e�~�s �u�r �e� 

( Vi erhapper 1990). Al so the neutralising antibodi es to 

the endothelin do not lower the blood pressure (Takagi 

et al 1991 ). Bel fort et al ( 1996) observed increase in the 

tone of omental arteri es in nonnotensive nonpregnant 

pati ents, normal pregnant pati ents and patients with PIH. 

The degree of increase in' ascular tone fo ll owing infusion 

of endothelin-1 was some in all these groups. 

Nitric Oxide and Endothelin-1: 

A . Jnspite of the fact that nitri c oxide and endothelin - 1 

have opposin g effe ts it is interesting to note that nitri c 

ox ide exerts it s relaxing effect on vascul ar �~ �m�o�o �t�h� 

muscles through binding with ETB fir st before the 

eff ect ofCGMP dil atati on of blood vessels. However 

it is understandable that ETB receptor has an opposing 

effect to the ETA receptor binding for endothelin - 1. 

B . N itri c ox id e has been show n to suppress the 

bi osynthesis of endothelin - 1 (K ourembancs et a! 

1993). 

C. Endothelin - 1 and nitri c ox ide may play a very 

important role in the f inal common pathway for 

preeclampsia I eclampsia I He li p syndrome as well as 

sepsis with DJC, H US, TTP. 

Endothelial injury by endothelin-1: 

Jt has been known that the trophoblasti c in vasion �o�c�c �u�r �~� 

after normal inpl antati on of embryo in two waves. In 

incomplete in vasion pati ents are destined to develop PLH 

in late pregnancy. The marker of trophoblasti c in vasion 

is the expression of different c lasses of surface adhesion 

receptors for extra cellul ar (Fig.IV ) matrix proteins whi ch 

form the component part s of trophobl asti c cellul ar 

antigen. Thi s new anti gen fr om father and exposure to 

trophobl asti c cell s expressed by the conceptus would 

possibl y alter the immune response of the mother. The 

effect is accentuated by the augmented release of the 

endotheli al cell s into the maternal circul ati on foll owing 

parti al in vasion of myometri al arterio les. Thi s type of 

release of endothelial cell s is known as the residual 

endothelial shedding . 
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Sequence of Events Foll owing incomplete trophoblasti c 

in vasion 

liberati on of extracellular matri x protein 
J... 

Bindin g with surface adhesion receptor J. �~� 

Plus 

C J., . ::,. I onceptus Anll gen 7 A ters 

Immune Response 

No Suppression Effect 

Rejecti on of A ll ograft 

Release of Endotheli al Cell s 

Fig IV 

Effects of Endothelial Shedding : 

lt has been �~ �h �o�w �n� that there is a coloni zati on of decidual 

basal is by macrophages and nonl ymphoid granulated 

lymphocytes of CD-56 and CD-1 6 variety. These cell s 

secrete tumour growth factor-S (TGF-B ) whi ch has an 

immune suppressive effect protectin g the trophoblasts 

against the effect of natural k ill er (N K ) cell s through 

recognition and tolerance of the paternal component of 

foetal HLA fracti on (Clark ct al 199-J. ). A ny suboptimal 

trophoblasti c in vasion o f \ ascul ar endothelium may lead 

to disrupll on of thi s protecti \'e sequence. 

The se:<-ual relati on bdore concepti on is associated w ith 
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the paternal anti gen may fo ll ow f requent exposure of the 

maternal system to the seminal plasma after frequent 

sexual intercourse. Thi s is confirmed by the fact that 

bl ocking the exposure of vaginal mucosa to seminal 

pl asma by condom may result in increased incidence of 

PIH in the concepti on fo ll owin g the discontinuati on of 

the barri er method of contracepti ve procedure (Ki onoff 

et a! 1989). 

Immunological Effects of Residual Endothelium 

following incomplete invasion of trophoblast: (Fig. V J 

The residual endothelium after incomplete 1nvasion of 

myometrial vessels could tri gger the sequence of events 

in the pathogenesis of PIH. The vascular cell adhesion 

molecule-! (V CAN- I ) is produced through stimul ati on 

of endothelium by interl eukin-1 beta ([L - 1 8 ) tumour 

necrosis factor alpha (TNF alpha) and interferon (K ajin o 

et a! 1988). VCAM-1 promotes neutrophi I acti vati on 

and subsequent endotheli al injury as measured by the 

ri si ng concentration o f neutrophil e lastase. Thi s 

development leads to neutrophi l cathepsin whi ch ma) 

convert the endothelin - 1 f rom proendothelin and 

acti vati on o f end o the I i n- I . T hese events arc 

simultaneously associated w ith increase in the level of 

i nterl euki n-6 (TL -6) and fi bronecti n ( Kl onotl et al 1989 ). 

Immunological Response to Endothelial Shedding 
I 

C\posurc of the maternal genitali a to seminal pl asma Normal Abnormal 

which 1s immunogenic as proved by occasional postcoital 

anaphylaxis. Some of the seminal pl asma anti gens are 

similar to the antigens expressed by trophoblasts (K ajin o 

et al 1988). It is normall y expected that thi s phenomena 

of exposure to �~�e �m�i�n �a �l� pl asma proteins w ill lead to T 

cells �s�e �n �~ �i �t�i�z�a �t�i �o�n� and anti body formati on in w ife. 

Howe\ er thi s response may vary i n different indi v iduals. 

In the maternal system there are receptors fo r recogniti on 

or anti gens of MH C c lass-11. T he binding or the seminal 

plasma anti gens to these receptors on the maternal system 

and the antigen present in g cell or the female partner 

would mean the conrinnati on of HL A anti gens lacking 

i n human t rophoblast. Th is ultim atel y leads to 

immunosuppressi \e effect fo ll owin g the exposure of the 

vaginal mucosa and endometrium to paternal antigen 

present in the semen. Thi s suppression of response to 
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Exposure to seminal Plasma 

l 
Alt ered T Cell Behaviour 

1 
Tolerence to Foreign A ntigen 

S 
l . . �~� . 

. upress1on ot h..eJect Response 

Fi g V. 

-1 
No Supression 

l 
ReJect Response by 

St i mul ati on o f 

Endothelium by fL - 1 B . 

TNF -£ Interferon 

Effects of Endothelial Injury : Endothelin - 1 released 

aft er endotheli al injury acti vates the phospholi pase A,, 

C. and D stimulating the arachidoni c acid pathway and 

protein kinase C. However the subsequent developments 
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leading to PIH aft er the liberation of endothelin have not 

v2en proper! ) understood. But it is postulated that there 

is a lack of immune tolerance between the couples during 

concepti on foll owing short exposure to seminal plasma 

may set the stage for endothelial damage in the decidual 

bed as a result of incomplete trophoblastic replacement 

of nati ve endothelium in decidual arterioles. 

Conclusion: 

�~�~�e� extensive research work carried out to come to a 

conclusion w ith regards to the etiopathology of PIH has 

unfo rtunately not solved the problem yet. But one fact 

emerges clear out of these observations and that there 

are two sets of factors operative in the pregnant subject 

parti cul arl y primigravidae - one set attempting to bring 

about relaxati on of blood vessels, refractoriness to vaso­

pressor agents and increase of blood now to the placenta 

and foetus whil e the other set o f factors f o llo w ing 

inadequate trophoblasti c in vasion of decidual arterioles 

unable to cope w ith the increased demands for blood 

supply sets in ischaemic states tri ggering off abnormal 

metabolit e lik e lipid peroxide and free radicals which 

tend to damage the endothelium of blood vessels. In thi s 

sr<::nerio on the one hand nitri c ox ide and prost­

aC)C!in to keep the ti ssue perfu sion at an optimum state 

whereas the other factors lik e endothelin , serotonin and 
1 thromboxane A

2 
tend to produce vasospasm and 

aggravate peripheral resistance thereby elevating the 

blood pressure. Possibl y in near future the scientists and 

clini cians would be in possession of vascular relaxing 

factors ensuring survival and growth of the foetus in utero. 

In this presentation a relati vely detailed account of yet 

another vasoacti ve agent endothelin-1 has been presented. 
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