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Abstract: Pre-eclampsia is defined as new onset hypertension with proteinuria during  pregnancy. 

Pre-eclampsia is also characterized by endothelial cell activation and dysfunction and intrauterine 

growth restriction. Preeclamptic women display a chronic inflammatory response characterized 

by elevated inflammatory cytokines, circulating monocytes, neutrophils, and T and B  lymphocytes 

secreting autoantibodies that activate the angiotensin II type I receptor (AT1-AA). Although 

the pathophysiology of pre-eclampsia is becoming more defined, the genesis of the disease 

is still largely unknown. Furthermore, the only treatment for extreme forms of the disease is 

bed rest and administration of magnesium sulfate to sustain the pregnancy a few days prior to 

early delivery of the fetus, which can lead to devastating neurological and physical effects for 

the newborn. Administration of magnesium sulfate is routinely given without adverse effects. 

The focus of this review is to discuss the cascade of events leading to cytokines, specifically 

interleukin-6 (IL-6), in stimulating vasoactive substances such as AT1-AA (Figure 1) and to 

examine the mechanism whereby administration of magnesium sulfate can be beneficial  during 

pre-eclampsia. One area is to decrease vascular resistance index parameters determined by 

 Doppler velocimetry. Another potential area of benefit with magnesium sulfate administration 

may be to decrease inflammatory responses or decrease cardiovascular mechanisms stimulated 

by overexpression of inflammatory cytokines in response to placental ischemia or animal 

models of elevated IL-6 during pregnancy. Further studies identifying IL-6-driven mechanisms 

playing a role in the development of hypertension during pregnancy and how administration of 

magnesium sulfate can suppress them are critical to improve decisions affecting patient care in 

women with pre-eclampsia. The results of these types of studies will be advantageous to further 

our knowledge of the pathophysiological ramifications associated with pre-eclampsia and to 

further therapeutic development for this disease.
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Introduction
Pre-eclampsia is a disorder that occurs in 4%–8% of pregnancies and is characterized 

by new-onset proteinuria and hypertension after 20 weeks gestation. Some patients will 

develop more severe consequences of pre-eclampsia such as renal failure,  disseminated 

intravascular coagulation, pulmonary edema, HELLP (hemolysis, elevated liver 

enzymes, low platelet count) syndrome, and placental abruption.1–16 When seizures 

occur in the setting of pre-eclampsia, the disorder is referred to as eclampsia. This 

occurs in about 0.5% of patients with mild pre-eclampsia and up to 2%–3% of those 

with severe disease.1–16 Much obstetric research has been directed at avoiding these 

consequences, specifically the occurrence of eclamptic seizures and exacerbation of 

the disease into pulmonary edema and HELLP syndrome.
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Pre-eclampsia has long been considered a disease of 

immunological origin, characterized by elevated inflam-

matory cytokines, activation of various immune cells and 

production of autoantibodies that activate the angiotensin II 

type 1 receptor (AT1-AA).16–30 Many inflammatory cells 

are activated in the circulation and infiltrate into renal and 

placental tissues. Macrophages, neutrophils, and T lympho-

cytes of the T helper (Th)-1 subset are the predominant cell 

types mediating the inflammatory cascade in preeclamptic 

women.16–30 Furthermore, the cytokine profile of women with 

pre-eclampsia is consistent with a cell-mediated immune 

response that utilizes neutrophils, macrophages, and a cluster 

of differentiation (CD)4+Th-1 cells as a defense mechanism 

against microbial infections. As a result, elevated inflam-

matory cytokines and the oxidative burst of phagocytic 

cells persist, resulting in vascular oxidative stress during 

pre-eclampsia.16–33 In addition, women with pre-eclampsia 

exhibit abnormal ratios of Foxp3(+) (forkhead box p3) 

Treg to interleukin (IL)-17-expressing CD4+ T cells.34 The 

percentage of CD4+IL-17-producing T cells is decreased 

significantly in normal pregnant women compared with those 

with evidence of pre-eclampsia. Moreover, IL-17 and IFN-γ 

(interferon gamma) is increased while IL-10 is decreased 

with pre-eclampsia compared with those with normal 

 gestation. AT1-AA has been shown to be produced by all 

women with reductions in placental blood flow examined thus 

far, and production of the autoantibody is not terminated upon 

delivery of the fetus and placenta.35,36 It is unknown how long 

or to what extent these women continue to produce AT1-AA 

or whether it plays a role in the development of cardiovascu-

lar disease, which is prevalent later in life for preeclamptic 

women. Defining the pathway of AT1-AA production will aid 

in understanding its reoccurrence in preeclamptic women. 

Chronic overexpression of the AT1-AA via activated T cell 

dependent mechanisms could contribute to a decline in 

renal function leading to increased blood pressure among 

preeclamptics.

Many investigators believe that pre-eclampsia origi-

nates with shallow cytotrophoblast invasion and incomplete 

endovascular invasion thereby inhibiting essential morpho-

logical changes of the maternal uterine vasculature from 

occurring.16,17 During normal pregnancy, tumor necrosis 

 factor (TNF)-α promotes expression of adhesion molecules 

in maternal endothelial cells and activates phagocytic cells 

that are important mediators of morphological changes in the 

uterine arteries. Under normal conditions the cytotrophoblasts 

undergo endovascular invasion, allowing their replacement of 

the endothelial and muscular linings of the uterine arterioles. 

As a result of this invasion, the spiral arteriolar vessel 

diameter increases allowing enhanced perfusion to meet 

the metabolic needs of the growing uteroplacental unit. By 

the end of the second trimester, the cytotrophoblasts line the 

decidua, and endothelial cells are no longer visible. However, 

during pre-eclampsia, cytotrophoblast invasion of the uterus 

is shallow, resulting in the mean arterial diameter of the first 

third of myometrial vessels being approximately half of that 

of vessels isolated from normal pregnant placentas.16,17 As 

a result, the spiral arteries become high resistance vessels. 

Furthermore, the endothelial lining of the maternal vascu-

lature remains, allowing interactions with activated immune 

cells and proinflammatory cytokines to persist, leading to 

characteristics of a chronic inflammatory condition.16–19

Doppler velocimetric parameters have recently become 

established as the state-of-the-art mechanism to examine 

resistance index, pulsatility index, and systolic/diastolic ratio 

of the maternal–fetal circulation. Women developing pre-

eclampsia have significantly altered velocimetric parameters, 

indicative of high vascular resistive index, compared with 

women with normal uterine perfusion.29 Recently, Souza 

and colleagues examined the effect of magnesium sulfate, 

a therapeutic used for prevention of seizures during eclamptic 

events, on parameters measured by Doppler flow velocity in 

the uterine, umbilical, and middle cerebral arteries in severely 

preeclamptic women.20 Resistance and pulsatility indices and 

systolic/diastolic ratios were examined in preeclamptic women 

before and 20 minutes after administration of magnesium 

sulfate. The authors found that administration of magnesium 

sulfate significantly decreased systolic, diastolic, and maternal 

blood pressure, as well as decreased resistance index in uterine 

arteries.20 The authors conclude that magnesium sulfate 

could potentially improve the resistance index within the 

uteroplacental circulation. Therefore, the objectives of this 

review are to discuss IL-6-induced pathophysiology during 

pregnancy, more specifically pre-eclampsia, and the potential 

therapeutic role for magnesium sulfate.

IL-6 secretion during 
pathophysiological events  
of pregnancy
While several groups have suggested a potential role for 

inflammatory cytokines in the etiology of pre-eclampsia and 

preterm labor, much remains unknown concerning factors 

stimulating the increase of these cytokines.18,19,21–30 Freeman 

and colleagues recently examined changes in inflammatory 

markers prospectively during pregnancy and the current 

inflammatory status of women who had a pregnancy 
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complicated by pre-eclampsia 20 years previously against 

matched controls and found that pre-eclampsia was associated 

with short- and long-term changes in inflammatory status.23 

Pre-eclampsia is characterized by compromised vascular 

remodeling, which results in decreased placental perfusion 

and creates an hypoxic environment for placental and fetal 

tissues. Under hypoxic conditions, placental explants from 

preeclamptic women exhibit a two-fold increase in TNF-α 

compared with explants from normal pregnant women.21 

Preeclamptic women have a two-fold elevation in placental 

and plasma TNF-α protein levels.21 Circulating levels of other 

pro-inflammatory cytokines, such as IL-8 and IL-6, are also 

significantly elevated in preeclamptic women. Interestingly, 

circulating IL-10, an anti-inflammatory cytokine, is decreased 

in this same patient population.18

We now know that pre-eclampsia is associated with 

increased IL-6 and CD4+ T cells and Th-17 cells and 

decreased T regulatory mechanisms; however, it is unknown 

whether placental ischemia is a stimulus for the imbalance 

among Th cells.33–35 T cells divide and secrete ILs and cytok-

ines, such as IL-6, and assist other immune cells, such as B 

lymphocytes, in production of immunoglobulin.30,36,39 IL-6 

is known to be a major stimulus for B-cell proliferation 

and serves as a regulator of many T-cell signaling 

processes.30,36,37

Previous studies show that in rodents and humans, 

polarization and differentiation of autoimmune  associated 

Th-17 cells from naïve Th-0 cells is dependent upon a 

few cytokines, one being IL-6.31–39 For full activation of 

B lymphocytes, interaction with activated T lymphocyte 

via the CD4 receptor and several costimulatory molecules 

occurs. The pathway of antibody production, referred to 

as the T cell dependent pathway, is the route for immu-

nological memory that results in a more robust antibody 

response to the same antigen. This pathway is mediated 

through macrophages, dendritic cells, and T lymphocytes 

of the Th-1 lineage, which secrete cytokines such as 

TNF-α, IL-1, IL-6, and IL-8, all of which are elevated in 

preeclamptic women.22,23,29,30,31–39 Therefore, elevated IL-6 

could be one mechanism facilitating B lymphocyte produc-

tion of AT1-AA in response to placental ischemia during 

pre-eclampsia.

IL-6 mediates hypertension  
during pregnancy
While inflammatory cytokines such as IL-6 have been 

reported by some laboratories to be elevated in preeclamp-

tic women, it has been uncertain whether moderate and 

long-term increases in cytokines during pregnancy could 

result in elevations in blood pressure. We previously reported 

that chronic reductions in uterine perfusion pressure (RUPP) 

in the pregnant rat increases arterial pressure and impairs 

endothelial function.40,41 We have previously reported that 

RUPP in pregnant rats results in a chronic inflammatory 

response, characterized by elevated circulating TNF-α, IL-6, 

and immune infiltrates in the placenta.25,26,30,35,36 In addition, 

we previously reported that a reduction in placental perfusion 

(RUPP) is an important stimulus for AT1-AA production in 

pregnant rats42,43 (Figure 1).

While AT1-AAs are elevated in response to placental 

ischemia, the mechanisms linking placental ischemia and 

AT1-AA production have yet to be fully elucidated. Our 

previous data show that elevated AT1-AA leads to activation 

of endothelin-1, oxidative stress, antiangiogenic factors, 

and increased sensitivity to angiotensin II (Figure 1).35,36,42,43 

However, it is possible that the generation of AT1-AA in 

response to RUPP is secondary to the increased maternal 

inflammatory response that is associated with placental 

ischemia in pregnant rats. We recently reported that serum 

levels of IL-6 were elevated in RUPP rats, and chronic infu-

sion of IL-6 into pregnant rats increased arterial pressure 

and decreased renal plasma flow and glomerular filtration 

rate.30 Furthermore, our recent data showed that IL-6-treated 

pregnant rats had significantly higher plasma renin activity 

Reduced uterine perfusion pressure

TNF-α and IL-6

Pressure natriuresis

Hypertension

Endothelin-1

Angiotensintype 1 receptor autoantibodies(AT1-AA)

T helper and B lymphocyte activation

Oxidative stress Increased ANGII sensitivity sFlt-1

Figure 1 Potential role for immune activation in mediating the pathophysiology 
of hypertension during pre-eclampsia. Inflammatory cytokines, TNF-α, and IL-6, 
stimulated in response to placental ischemia play an important role in the generation 
of reactive oxygen species, production of sFlt-1, and enhanced eT-1 and ANGII 
sensitivity. One potential mechanism is stimulation of T helper 1 and B lymphocyte 
maturation and secretion of AT1-AA. AT1-AA has been shown by our and other 
laboratories to mediate activation of eT-1, oxidative stress pathways, sFlt-1, and most 
recently increased sensitivity to ANGII, thereby contributing to the development of 
hypertension during pregnancy.
Abbreviations: ANGII, angiotensin II; AT1-AA, angiotensin II type I receptor 
antibodies; eT-1, endothelin-1; IL, interleukin; sFlt-1, fms-like tyrosine kinase-1; 
TNF, tumor necrosis factor.
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(PRA) when compared with control pregnant animals.30 Our 

laboratory has recently reported that in addition to increased 

PRA, infusion of IL-6 during pregnancy stimulates pro-

duction of AT1-AA, which does not occur in virgin rats.43 

Furthermore, hypertension in response to IL-6 is attenuated 

with an AT1 receptor antagonist, losartan, indicating the 

importance of IL-6 to stimulate B lymphocyte secretion of 

the AT1-AA as a mechanism leading to increases in blood 

pressure during pregnancy.43 Although this effect of IL-6 

could potentially lead to enhanced vasoconstriction, reduced 

sodium excretory function, and hypertension via activation 

of the renin-angiotensin system and AT1-AAs, the quantita-

tive importance of magnesium sulfate to reduce the in-vivo 

effects of IL-6 during pregnancy is unknown and remains to 

be an important area of investigation.

The potential beneficial effects  
of magnesium sulfate to normalize 
IL-6 actions and secretion
Over the years, many medications have been touted as both 

therapeutic and prophylactic agents for convulsions.  Multiple 

studies were carried out to discern which medication was 

the most effective and safe in this patient population. One 

of the largest of these trials was the Magnesium Sulfate 

for Prevention of Eclampsia or Magpie Trial.44 This trial 

randomized women with pre-eclampsia to either magnesium 

sulfate or placebo for seizure prophylaxis. The results showed 

that treatment with magnesium sulfate lowered the number 

of patients who developed eclampsia by about half, without 

any serious harmful effects on either the mother or fetus.44 

There have since been other studies which have come to 

the same conclusion that magnesium sulfate is the drug of 

choice for both the prevention and treatment of eclamptic 

seizures.45–48

In 2004, Holcberg et al examined the effects of magne-

sium sulfate on angiotensin II (ANGII)-stimulated cytokine 

secretion from the perfused placenta.49 The authors examined 

the effect of magnesium sulfate on bolus ANGII perfusion 

of maternal versus fetal side of placental tissue.  Increasing 

concentrations of ANGII increased vasoconstriction of 

the human placental vasculature which was attenuated by 

addition of magnesium sulfate (7 mg%; constant infusion). 

Subsequently, the authors measured magnesium sulfate 

effects on TNF-α and IL-6 secretion from maternal and fetal 

sides of the placenta in response to bolus ANGII. The authors 

obtained conflicting results, giving no conclusive evidence 

on the effect of magnesium sulfate to reduce ANGII-induced 

cytokine secretion. Although these authors demonstrate 

a role for magnesium sulfate to abolish ANGII-induced 

 placental vasoconstriction, the effects of magnesium sulfate 

to attenuate ANGII inflammation and/or AT1-AA heightened 

sensitivity to ANGII is unknown, thereby leaving this an 

important area of investigation.

In 2010, Amash et al demonstrated that preeclamptic 

 placentas secreted significantly greater IL-6 from both 

maternal and fetal sides 6 hours following perfusion of control 

cell culture medium.50 However, addition of magnesium 

sulfate to the perfusion medium resulted in a tendency 

toward lower IL-6 secretion on the fetal side throughout the 

perfusion period; unfortunately this tendency did not reach 

statistical significance. IL-6 levels in the maternal circulation 

of preeclamptic placentas were significantly lower in the 

presence of magnesium sulfate, when compared with IL-6 

levels in the maternal circulation of the preeclamptic control 

group, at the end of perfusion. These data support a potential 

anti-inflammatory role for magnesium sulfate within the 

ischemic placenta.

The mechanisms of action for magnesium sulfate are 

incompletely understood. There are many theories to explain 

why it seems to work. Magnesium has been shown to act as 

a peripheral vasodilator and thereby lower systemic blood 

pressure. It has also been shown to protect the blood–brain 

barrier and limit cerebral edema. Finally, it is thought to raise 

the seizure threshold through its interaction with the cell 

membrane.46–50 The recent work showing that magnesium 

sulfate may also play a role in altering the inflammatory 

response is exciting because it suggests that magnesium 

sulfate may be able to alter some of the proinflammatory 

mediators of endothelial dysfunction and hypertension during 

pre-eclampsia.46–51

In addition to pre-eclampsia, elevated IL-6 in umbilical 

cord blood was demonstrated to be associated with 

histological chorioamnionitis.28 Elevated IL-6 has been 

notoriously linked to preterm labor and infant neurological 

impairment.27,28

Studies from Tam Tam et al demonstrated that administra-

tion of magnesium sulfate pre- and post-lipopolysaccharide 

(LPS) treatment in a pregnant rat model of preterm labor 

significantly decreased maternal circulating LPS-induced 

TNF-α and IL-6 levels.51 No significant reductions in 

serum inflammatory concentrations were observed when 

magnesium sulfate was administered only before or only 

after LPS treatment. Furthermore, these investigators dem-

onstrated significant decreases in TNF-α, IL-6, and monocyte 
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chemotactic protein (MCP)-1 levels in the amniotic fluid 

in response to antenatal magnesium sulfate therapy when 

administered pre- and post-LPS. In addition, maternal mag-

nesium sulfate treatment pre- and post-LPS injection reduced 

fetal brain cytokine MCP-1 levels. The authors conclude that 

maternal administration of magnesium sulfate significantly 

reduces proinflammatory cytokines in maternal and fetal 

compartments therefore indicating that maternal magnesium 

sulfate administration during maternal infection could sup-

press damaging inflammation and improve birth outcome.

Future directions and conclusions
Previous studies demonstrated that IL-6 is produced 

by placental trophoblasts and decidual cells, epithelial 

cells, and immune cells. Maternal infection and/or 

placental ischemia and reduced uterine blood flow are all 

pathophysiological events of pregnancy that are associated 

with many inflammatory cytokines, such as IL-1, IL-6, IL-8, 

and TNF-α. This inflammatory response may contribute 

to cerebral lesions and fetal programming of disease 

diagnosed following birth. Magnesium sulfate is speculated 

to have neuroprotective effects and exhibits a decrease in 

cerebral inflammatory cytokines in LPS animal models 

of infection during pregnancy. Therefore, if magnesium 

sulfate alters cytokine production in infants born to infected 

or placental ischemic mothers, it could lend explanation to 

neuroprotective properties.

Although these studies have shown efficacy of magnesium 

sulfate to decrease inflammation during pregnancy in 

response to LPS, studies indicating a role for magnesium 

sulfate to decrease inflammation in response to placental 

ischemia are lacking. Furthermore, a role for magnesium 

sulfate to decrease immune cell activation leading to tissue 

infiltrates or AT1-AA in response to chronic IL-6 still 

needs to be demonstrated. In addition, a protective role for 

magnesium sulfate to blunt activation of renin-angiotensin 

system has yet to be illustrated. Therefore, we must conclude 

that although data exist supporting an anti-inflammatory 

role for magnesium sulfate from ex-vivo placental perfusion 

models and models of LPS-induced infection, appropriate 

studies illustrating a clinically important role for magnesium 

sulfate to reduce inflammation in animal models of placental 

ischemia are still needed, thus leaving an important 

preeclamptic research question unanswered.
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