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Targeting inflammation to reduce seizure severity
in an experimental model of eclampsia
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Eclampsia, which refers to new-onset seizures in pregnant
women without a history of seizure disorder, is associated
with high maternal and fetal morbidity and mortality.
Most commonly, eclampsia occurs as a progression from
preeclampsia (PE), a disorder of new-onset hypertension
and cardiovascular, renal, visual, and brain disturbances in
the latter half of pregnancy. The incidence rate of PE ranges
from 2 to 5% in developed countries and up to 18% in parts
of Africa [1]. If PE is severe enough and left untreated,
neurological problems can result. The brain can be affected,
resulting in abnormal cerebral vascular function, blood
brain barrier leakage, and edema that can cause the con-
vulsive seizures that define eclampsia; this can ultimately
result in death from hemorrhagic stroke. The rate of
eclampsia is ~0.05%, but can reach 0.8% in developing
countries, and eclampsia contributes to 7% of maternal
deaths and 18% of fetal deaths [2]. Therefore, research on
this area of maternal health is important for identifying
mechanistic targets that translate to cost-effective treatments
for PE and eclampsia.

Currently, magnesium sulfate (MgSO4) is the primary
treatment and it is administered prophylactically to women
with severe PE who are at risk of developing eclampsia.
While MgSO4 is effective in preventing seizures, it is not as
effective in reducing hypertension or proteinuria in PE
patients. Thus, finding a therapeutic agent that improves
multiple PE symptoms is necessary. This issue of Hyper-
tension Research includes a study conducted by Huang
et al. entitled ‘Cyclosporin A ameliorates eclampsia seizure
through reducing systemic inflammation in an eclampsia-
like rat model’. By utilizing an experimental animal model,
this study provides some important information about the

mechanistic basis of the onset of eclamptic seizures. The
purpose of this editorial is to summarize this original
manuscript and to review the strengths and limitations of
this study in which the authors examined the mechanisms
that mediate the dangerous progression of PE to eclamptic
seizures.

PE and eclampsia develop suddenly in humans, but there
are no experimental research models to date that sponta-
neously develop these maternal disorders. Thus, investiga-
tors rely upon pharmacological and/or surgical models. This
study by Huang and colleagues used a model of PE gen-
erated by injecting an ultralow dose of lipopolysaccharide
(LPS) endotoxin on gestational day 14 followed by the I.P.
injection of pentylenetetrazol (PTZ, a GABA receptor
antagonist) at the end of gestation on day 20 to induce
seizures. This paradigm was based on previous studies by
the investigators in which LPS-induced preeclamptic rats,
compared with normal pregnant rats, exhibited increased
susceptibility to PTZ-induced seizures. In addition, the
authors showed in earlier studies that the LPS model of PE
exhibits the shortest latency to develop PTZ-induced sei-
zures, the longest seizure duration, and the highest recorded
EEG amplitudes along with neuronal loss in the hippo-
campus [3]. Neuronal hyperactivity in this brain region is
linked to the onset of seizures [4]. While the observed
functional and morphological changes are associated with
central and systemic inflammation, the previous studies did
not examine whether the increased susceptibility to seizures
is mediated by pro-inflammatory pathways. The novelty of
the current study is that the authors examined the causative
pathways, whereby PE increases the risk for eclampsia.

The present study confirmed that LPS-induced pre-
eclamptic rats have increased blood pressure (as determined
by tail cuff plethysmography), albuminuria, seizure sever-
ity, and systemic inflammation by day 19/20 (Fig. 1). The
pro-inflammatory markers included elevations in the levels
of interleukin (IL)-1β, tumor necrosis factor (TNF)-α,
and IL-17 in the circulation. To begin examining the role
of pro-inflammatory pathways in mediating increased
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PTZ-induced seizure susceptibility in PE, rats were treated
I.V. with the immunosuppressive agent cyclosporin A
(CsA, a calcineurin inhibitor) from gestational day 16–18
according to the following three experimental groups: the
normal pregnant (P) group, PE group, and PE+ CsA group.
By day 16, the PE rats developed hypertension and albu-
minuria. The initiation of CsA administration on day 16
lowered blood pressure and albuminuria in the PE rats to
similar levels as those in the P rats when measured on day
19. The authors then used the three following groups to
examine whether the increased susceptibility to seizures in
the PE+ PTZ rats was mediated by inflammation: the P+
PTZ group, PE+ PTZ group, and PE+ PTZ+CsA group.
Again, CsA administration was started on gestational day
16, PTZ was injected I.P. on day 20 and then the rats were
immediately monitored for seizure severity. The elevated
seizure scores and shortened latency to seizure in the PE+
PTZ group compared with the P+ PTZ group were sig-
nificantly improved by CsA. CsA also abolished the ele-
vation of IL-1β, TNF-α, and IL-17 levels in the PE model,
which is not too surprising because of its known anti-
inflammatory action. This implicates circulating immune
factors as contributors to exaggerated seizure susceptibility
in PE.

It is important to note that both the levels of inflamma-
tory cytokines and blood pressure were significantly
reduced by CsA treatment in this study; therefore, at this
time point, the relative contributions of elevated blood
pressure and inflammation to these outcomes are unclear. It
is likely that hypertension and circulating pro-inflammatory
factors work together to increase the risk for the onset of
eclamptic seizures. In women with PE and eclampsia, blood
pressure values are significantly correlated with brain
edema [5]. It has been shown in normal late-term pregnant

rats that acute and dramatic increases in blood pressure to
~180 mmHg result in autoregulatory breakthrough, leading
to edema formation, as measured by whole brain water
content [6]. In regards to PE, Warrington et al. used a
surgical model of PE, specifically the reduced uterine per-
fusion pressure (RUPP) model of placental ischemia, which
presents with hypertension, a vast pro-inflammatory circu-
lating milieu not limited to elevated TNF-α and IL-17
levels, reduced autoregulatory breakthrough threshold and
increased cerebral blood flow, blood brain barrier perme-
ability, and edema in the anterior cerebrum [7]. It was
shown that RUPP rats have increased PTZ-induced seizure
susceptibility and levels of cerebrospinal fluid cytokines,
including IL-17 [7]. When IL-17 was infused into normal
pregnant rats, blood brain barrier permeability and cortical
brain water content increased [8]. However, whether cyto-
kine blockade attenuates pressure-driven autoregulatory
breakthrough and edema to mediate seizure susceptibility in
these preeclamptic models (RUPP, LPS, cytokine infusion)
has not been examined.

The aquaporin (AQP) water channels are potential
molecular mechanisms downstream of the systemic
inflammation in PE that have been shown to regulate brain
water content, neuronal excitability, and seizures [9]. Huang
et al. previously described that PTZ administration from
gestational day 16–18 in their LPS-induced PE model
results in neuronal death likely due to hyperexcitability
resulting from greater AQP-4 and AQP-9 levels in the
hippocampus [10]. Inflammation in the hippocampus pro-
motes neuronal excitability, as demonstrated in acute
experiments using rat hippocampal sections in which LPS
was shown to directly promote neuronal hyperexcitability
via TLR4 [11]. That study did not examine AQPs; however,
in other studies, LPS was shown to induce AQP-4 in glial
cells [12], and others have shown that AQP-4 itself is
capable of eliciting hippocampal inflammation [13]. Future
studies should determine whether LPS alone or PE-related
systemic cytokines regulate AQPs to potentiate neuroin-
flammation, neuronal hyperexcitability, and the develop-
ment of eclamptic seizures in an LPS-induced PE model.

Experimental animal studies, such as the present study,
have suggested that PE-related inflammation is a target for
preventing eclamptic seizures. In addition to inflammatory
factors, PE is accompanied by elevated levels of other cir-
culating factors, including the antiangiogenic molecule
soluble fms-like tyrosine kinase-1 (sFlt-1); this factor tar-
gets vascular endothelial growth factor and placental growth
factor, and reduces their bioavailability and vasoprotective
actions, leading to increased blood pressure [14]. Although
the objective of the Huang study was to utilize LPS to
promote inflammation during pregnancy, in vitro studies
have shown that LPS induces sFlt-1 production in human
monocytes [15]. Others have shown that T lymphocytes are

Fig. 1 Summary of findings from the Huang et al. study. LPS elicited
preeclampsia-like symptoms and PTZ-induced seizure susceptibility in
pregnant rats, which were attenuated by the immunosuppressant CsA
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a source of sFlt-1 in response to placental ischemia in the
RUPP model [16]. It is unknown how the antiangiogenic
mechanisms of hypertension and vascular dysfunction
were impacted by CsA-mediated immunosuppression in
this study.

The Huang study involved treating PE rats with the
immunosuppressant CsA for several days prior to the
induction of PTZ-induced seizures. Although this afforded
important mechanistic insight into how PE sensitizes rats to
the onset of seizures, this treatment timing may not be
clinically possible. Clinically, eclampsia can occur without
warning signs and requires immediate treatment after the
onset of high blood pressure and seizures [17]. At this point,
experiments designed to examine whether immunosup-
pressant treatment can reverse eclamptic seizures and pre-
vent neuronal damage in experimental models of PE have
not yet been performed.

A treatment that is currently clinically approved for
seizure prophylaxis in PE and for preventing the recurrence
of seizures in eclampsia is MgSO4. In a previous study by
the research team of the Huang study, MgSO4 was admi-
nistered to LPS-induced PE models for several days before
PTZ-induced seizures were examined. MgSO4 protected
against astrocyte and microglial activation, promoted neu-
ronal survival in the hippocampus, and prevented rises in
the levels of cytokines in the cerebrospinal fluid, AQP-4
protein expression in the cortex, brain edema, and seizure
susceptibility [3, 10, 18, 19]. However, they did not
examine whether MgSO4 has an impact on other symptoms
of PE, such as maternal blood pressure. MgSO4 might not
significantly impact the pathogenesis of hypertension in PE,
as its administration did not affect the development of
placental ischemia-induced hypertension in the RUPP rat
model [20]. However, the present study found that CsA
reduced maternal blood pressure and albuminuria and
attenuated seizure susceptibility during PE. These basic
research findings might be translatable to humans. The
American College of Obstetrics and Gynecology’s opinion
is that CsA is safe in pregnancy [21]. Future studies should
examine whether the immunosuppressants provided in the
clinic are suitable for prophylaxis for blood pressure reg-
ulation in PE and eclampsia.
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