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Abstract

Background—Preeclampsia is new onset hypertension during pregnancy with proteinuria. The
initiating event in preeclampsia has been postulated to involve reduce placental perfusion which
leads to widespread dysfunction of the maternal vascular endothelium.

Objective—The main objective of this brief review is to highlight some of the recent advances in
our understanding of mechanisms whereby the endothelin (ET) system, via endothelin type A
(ET ) receptor activation, modulates blood pressure in preeclamptic women and in animal models
of pregnancy related hypertension.

Methods—This review focuses on the role of ET and tumor necrosis factor (TNF-a) in
preeclampsia with emphasis on the pathophysiology of hypertension in response to placental
ischemia in animal models of pregnancy. The review covers recently published data from Pubmed
in addition to contributions from our laboratory.

Results—Studies in preeclamptic women indicate that the hypertension is associated with
increases in ET synthesis. Recent studies also indicate that the ET system is activated in response
to reductions in uterine perfusion pressure and in response to chronic elevations in serum levels of
TNF-a in pregnant rats. Results also suggest that ET a receptor activation plays a role in mediating
the hypertension in these two animal models.

Conclusions—Although recent studies in animal models implicate an important role for the ET
system in preeclampsia, the usefulness of selective ET 5 receptor antagonists for the treatment of
hypertension in women with preeclampsia remains unclear. This important question will not be
answered until well-controlled clinical studies, using specific ET a receptor antagonists are
performed in women with preeclampsia.
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Introduction

Hypertensive disorders of pregnancy such as preeclampsia occur in 6 to 8 percent of all
pregnancies (1-3). Despite being one of the leading causes of maternal death and a major
contributor of maternal and perinatal morbidity, the mechanisms responsible for the
pathogenesis of preeclampsia are unknown (1-5). The hypertension associated with
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preeclampsia develops during pregnancy and remits after delivery implicating the placenta
as a central culprit in this disease (1,5). The initiating event in preeclampsia has been
postulated to involve reduce placental perfusion which leads to widespread dysfunction of
the maternal vascular endothelium. While the mechanisms are not clear, they are likely to
involve a delicate balance of vasodilators such as nitric oxide and prostacylin and
vasoconstrictors of which the potent vasoactive peptide, endothelin may play an important
role (1-6). The focus of this brief review is to provide an up-to-date analysis of recent
evidence indicating a potential central role for endothelin in the pathophysiology of
hypertension in response to placental ischemia during pregnancy.

In 1988, Yanagsawa and colleagues characterized an endothelial-derived vasoconstrictor, a
21 amino acid peptide subsequently called endothelin (7). Endothelin -1 (ET-1) is derived
from a 203 amino acid peptide precursor, preproendothelin, which is cleaved after
translation to form proendothelin. In the presence of a converting enzyme located within the
endothelial cells, proendothelin or big endothelin is cleaved to produce the 21 amino acid
peptide, endothelin. Increased synthesis of ET-1 has been reported in various diseases
associated with cardiovascular abnormalities such as hypertension, diabetes, and chronic
renal failure (8-11). ET-1 receptor binding sites have been identified throughout the body
with the greatest numbers of receptors in the kidneys and lungs (8-11). Although the
biochemical and molecular nature of endothelin has been well characterized, the
physiological importance of endothelin in the regulation of renal and cardiovascular function
in disease processes such as preeclampsia has yet to be fully elucidated.

The main objective of this brief review is to highlight some of recent advances in our
understanding of the mechanisms whereby endothelin system, via endothelin type A (ETa)
receptor activation, modulate blood pressure regulation in preeclamptic women and in
several animal models of preeclampsia. Here, we highlight relevant data from the literature
as well as recently published data from our own laboratory.

The Endothelin System in Preeclamptic Women

Clinical evidence from human studies indicates that endothelin may play an important role
in mediating pathophysiological changes that occur during preeclampsia (12-14). Plasma
concentration of ET-1 has been measured in normal pregnant and preeclamptic women (12).
Some, but not all, investigators have found higher ET-1 plasma concentrations of
approximately two- to threefold in women with preeclampsia (12,15) Typically, plasma
levels of ET-1 are highest during the latter stage of the disease, suggesting that ET-1 may
not be involved in the initiation of preeclampsia, but rather in the progression of disease into
a malignant phase. Although the elevation in plasma levels of ET-1 during preeclampsia is
only two or threefold above normal, previous studies have reported that this level of plasma
ET-1 can have significant long-term effects on systemic hemodynamics and arterial pressure
regulation (16) Thus long-term elevations in plasma levels of ET-1 comparable to those
measured in women with preeclampsia could play a role in mediating the reductions in renal
function and elevations in arterial pressure observed in women with preeclampsia.

While some studies have reported no significant changes in circulating levels of ET-1 during
moderate forms of preeclampsia, a possible role for ET-1 as a paracrine or autocrine agent in
preeclampsia remains worthy of consideration. Since ET-1 is released towards the vascular
smooth muscle in a paracrine fashion, changes in plasma levels of ET during may not reflect
the local production of ET. Indeed, this is one of the reasons why it has been difficult to
ascertain whether preeclampsia is associated with altered ET production. Local synthesis of
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ET has been assessed in preeclamptic women and investigators have found preproendothelin
MRNA to be elevated in a variety of tissues (17-19). Because of the limitations of clinical
studies utilizing selective ET type A receptor antagonists in pregnant women, the
importance of locally produced ET in the pathophysiology of preeclampsia remains unclear.

Placental Ischemia-Induced Hypertension During Pregnancy: Role of
Endothelin

Experimental induction of chronic uteroplacental ischemia appears to be the most promising
animal model to study potential mechanisms of preeclampsia since reductions in
uteroplacental blood flow in a variety of animal models causes hypertension similar to what
is observed in preeclamptic women (6,20-22). Recently, we have developed a model of
placental ischemia in the rat in order to examine potential pathophysiological mechanisms
that mediate hypertension during chronic reductions in uteroplacental perfusion pressure
(20,21). We found that reducing uteroplacental perfusion pressure (RUPP) results in
significant and consistent elevation in arterial pressure of 20-30 mmHg as compared to
control pregnant rats at day 19 of gestation (equivalent to the end of the third trimester). We
also reported that reducing uteroplacental perfusion pressure in non-pregnant rats had no
effect on blood pressure. In addition to hypertension, there are several findings in the RUPP
model that are consistent with preeclampsia in women. First, our data indicate that the
RUPP-induced hypertension is accompanied by proteinuria, reductions in renal plasma flow
and glomerular filtration rate, and a hypertensive shift in the pressure natriuresis relationship
(20,21). Second, vascular endothelial function is significantly impaired in the RUPP
hypertensive rat (20). This is based on evidence that relaxation responses to acetylcholine in
aortic strips isolated from RUPP hypertensive rats were significantly attenuated compared to
normal pregnant rats (21). This impairment was likely due to a reduced production of nitric
oxide in vascular tissue from RUPP hypertensive rats as well as an increase in the synthesis
of thromboxane, ET-1, and 8-isoprostane, a marker of oxidative stress (22-27). Third, the
inflammatory cytokines, tumor necrosis factor alpha (TNFa) and Interluken-6 (IL-6) are
significantly increased in plasma from RUPP hypertensive rats (28,29). This data is
consistent with reports that preeclamptic women have increase circulating levels of
inflammatory cytokines (4,21,32-38). Fourth, we have recently reported that circulating
sFIt-1 concentration is increased and both plasma free VEGF and PIGF are decreased in
RUPP hypertensive rats (30), again consistent with what has been reported in preeclamptic
women (31). Finally, we have found that intrauterine growth restriction is prevalent in pups
born to RUPP hypertensive rats (20-27). Taken together, these characteristics make the
model of RUPP-induced hypertension in the pregnant an ideal experimental tool to
investigate the pathophysiological mechanisms that contribute to hypertension in
preeclampsia.

Alexander et al. examined the role of ET-1 in mediating the hypertension in this placental
ischemic model of preeclampsia (32). Using an RNase protection assay, they found that
renal expression of preproendothelin was significantly elevated in both the medulla and the
cortex of pregnant rats with chronic RUPP compared with control pregnant rats. Moreover,
they reported that chronic administration of the selective ET 5 receptor antagonist, ABT627
markedly attenuated the increase in mean arterial pressure in pregnant rats with RUPP. In
contrast, ET a receptor blockade had no significant effect on blood pressure in the normal
pregnant animal. These findings suggest that ET-1 plays a major role in mediating the
hypertension produced by chronic reductions in uterine perfusion pressure in pregnant rats.
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Role of Endothelin in Tumor Necrosis Factor-Induced Hypertension During
Pregnancy

Summary

Several lines of evidence support the hypothesis that the ischemic placenta contributes to
endothelial cell activation/dysfunction of the maternal circulation by enhancing the synthesis
of cytokines such as tumor necrosis factor alpha (TNFa) (33-38). Inflammatory cytokines
such as TNFa have been shown to induced structural as well as functional alterations in
endothelial cells(33-35). Also supporting a potential role of TNFa in preeclampsia are
findings that plasma levels of TNFa are significantly elevated in women with preeclampsia
by approximately two-fold (36-38).

Sera from pregnant rats exposed to chronic RUPP increases ET-1 production by cultured
endothelial cells (39). The exact mechanism linking enhanced renal production of ET-1 to
placental ischemia in pregnant rats or in preeclamptic women is unknown. One potential
mechanism for enhanced ET-1 production is via transcriptional regulation of the ET-1 gene
by TNF-a. TNF-a is elevated in preeclamptic women and has been implicated in the disease
processes (40). LaMarca and colleagues recently reported that chronic infusion of TNF-a in
pregnant rats, at a rate to mimic plasma levels (2-3 fold increase) observed in women with
preeclampsia significantly increases in blood pressure (41). The increase in arterial pressure
produced by a 2-3 fold elevation in plasma levels of TNF-a in pregnant rats is associated
with significant increases in local production of ET-1 in the Kidney, placenta, and
vasculature (41). Moreover, the increase in mean arterial pressure in response to TNF-a. is
completely abolished in pregnant rats treated with an ET a receptor antagonist (41).
Collectively, these findings suggest that endothlelin, via ET a receptor activation, plays an
important role in mediating TNF-a - induced hypertension in pregnant rats.

Preeclampsia is defined as new onset hypertension with proteinuria during pregnancy. The
initiating event in preeclampsia is postulated to be reduced uteroplacental perfusion which
leads to widespread dysfunction of the maternal vascular endothelium. Inflammatory
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF alpha) are
thought to be important links between placental ischemia and cardiovascular and renal
dysfunction (See Figure 1). Recent studies have indicated that chronic reductions in
placental perfusion in pregnant animals are associated with enhanced production of TNF
alpha and endothelin. In addition, chronic infusion of TNF alpha into normal pregnant rats
results in significant increases in arterial pressure and a decrease in renal hemodynamics.
TNF alpha activates the endothelin system in placenta, renal and vascular tissues. Moreover,
the increase in mean arterial pressure in response to placental ischemia or TNF-a is
completely abolished in pregnant rats pretreated with an ET 5 receptor antagonist.

Although recent studies indicate that the endothelin system plays an important role in
mediating the hypertension in response to reductions in uterine perfusion pressure and in
response to chronic elevations in serum levels of TNF-a. in pregnant rats, the usefulness of
selective endothelin type A receptor antagonists for the treatment of hypertension in women
with preeclampsia remains unclear. This important question will not be answered until well-
controlled clinical studies, using selective ET type A receptor antagonists, are performed in
women with preeclampsia
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