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PERSPECTIVE

The rat model of placental ischemia 
as a model of postpartum posterior 
cortical atrophy?

Potential link between preeclampsia (PE) and posterior cortical 
atrophy (PCA): PCA is a neurodegenerative disorder affecting the 
parietal, occipital, and occipital-temporal brain regions, often man-
ifesting as a decline in visual processing and perception skills in af-
fected individuals. The most common underlying pathology of PCA 
is Alzheimer’s disease (Crutch et al., 2012), which disproportionally 
affects women. Indeed, approximately two-thirds of Alzheimer’s 
disease patients are women and some studies suggest that PCA is 
more common among women than men, although other studies 
report no sex differences in PCA incidence (Crutch et al., 2012). 
Taken together, these findings point to the potential involvement 
of sex-specific factors such as pregnancy and pregnancy disorders 
like PE, in driving the increased risk of neurodegenerative diseases 
in women. While there are no studies showing a direct link between 
PE and PCA, a recent study reported decreased gray matter volume 
in the posterior brain region of women with a history of PE and 
subsequent late-life hypertension (Raman et al., 2017). Importantly, 
during pregnancy, not only do PE patients often present with visual 
symptoms but abnormal brain imaging findings are consistent most 
commonly with posterior cerebral or occipital lobe abnormalities, 
suggesting that PE-induced abnormalities occur most frequently 
in the posterior cerebrum. These findings support the hypothesis 
that women with a history of PE may be more likely to present with 
PCA later in life; however, no studies have specifically addressed this 
question. Furthermore, because of low awareness of the disorder, 
not much is known regarding the underlying pathophysiological 
mechanisms, and prevention and treatment strategies are lacking. A 
recent publication provided evidence that reduced utero-placental 
blood flow and resulting placental ischemia during pregnancy, led 
to neuroinflammation and increased water content in the posterior 
cortex at two months postpartum while other brain regions such as 
anterior cerebrum, striatum, and hippocampus were spared (Clayton 
et al., 2018). Herein, we present that the rat model of placental isch-
emia may be a suitable tool to assess the underlying mechanisms of 
postpartum posterior cortical abnormalities.

PE is a hypertensive disorder of pregnancy affecting 3–8% of 
pregnancies in the United States and results in significant morbid-
ity and mortality risks for both the mother and offspring. Placental 
abnormalities are thought to initiate and mediate the characteristic 
symptoms of the disorder and babies born to PE patients tend to be 
intrauterine growth restricted or small for gestational age. Because 
PE symptoms remit after delivery of the fetus and placenta for most 
patients, delivery has been considered the only “cure” for PE; how-
ever, emerging evidence suggests that this is not the case since wom-
en with a history of PE have increased risk of long-term postpartum 
complications. For example, prior PE patients were shown to have 
increased risk of mortality from Alzheimer’s disease and stroke years 
after index pregnancy (Theilen et al., 2016). Additionally, a recent 
meta-analysis showed that women with a history of (pre)eclampsia 
had an 80% increased risk of stroke compared to those who had nor-
mal, healthy pregnancies (Wu et al., 2017). Moreover, women with a 
history of PE performed worse on cognitive tasks and reported high-
er cognitive difficulties in their daily lives (Postma et al., 2014; Miel-
ke et al., 2016) and were more likely to have white matter lesions 
(Siepmann et al., 2017)  when compared to women with history of 
normal pregnancies. White matter lesions, hyper-intense areas ob-
served on brain imaging, are also prevalent in brains of Alzheimer’s 
diseases patients, supporting a link between PE and Alzheimer’s dis-
ease. An important question is whether hypertension (not associated 
with pregnancy) in women, contributes to increased neurodegen-
erative disorders. As reviewed by Nagai et al. (2010), hypertensive 
patients have an increased risk of developing dementia and cognitive 
impairments later in life, without an increased risk for Alzheimer’s 

disease, suggesting that hypertension alone does not contribute 
to Alzheimer’s disease risk. Whether hypertensive women have a 
higher risk of developing Alzheimer’s disease compared to normo-
tensive women is mostly unexplored. Thus, an important question 
to be addressed is whether hypertensive women with or without a 
history of hypertensive disorders of pregnancy, have increased risk 
of dementia and/or Alzheimer’s disease compared to normotensive 
women and hypertensive men. Furthermore, the underlying patho-
physiological mechanisms contributing to the increased risk of prior 
PE patients developing white matter lesions, Alzheimer’s disease, 
and other cerebrovascular complications, are not known.

The rodent model of placental ischemia: Placental ischemia is 
thought to occur as a result of incomplete remodeling of the mater-
nal uterine arteries that supply the developing utero-placental unit. 
The ischemic placenta then secretes numerous factors including 
pro-inflammatory and anti-angiogenic factors into the maternal cir-
culation, inducing hypertension and other characteristic symptoms 
of PE. To mimic the clinical condition, the placental ischemia model 
was developed in the rat. To do this, silver clips are surgically placed 
around the abdominal aorta and both branches of the uterine arter-
ies between the ovary and first pup (Granger et al., 2006), resulting 
in reduced blood flow to the utero-placental unit by approximately 
40%. Placental ischemic rats have increased placental and circulating 
levels of pro-inflammatory cytokines and anti-angiogenic factors, 
develop hypertension, and have smaller pups (Granger et al., 2006). 
Importantly, placental ischemia induces impaired cerebral blood 
flow autoregulation, increased blood-brain barrier permeability, and 
cerebral edema during pregnancy (Warrington et al., 2014), indi-
cating impaired cerebrovascular function and suggesting potential 
neuronal damage. Using this rodent model, a recent manuscript 
reported that following placental ischemia, rats present with neu-
roinflammation (increased posterior cortical tissue levels of pro-in-
flammatory cytokines (interleukin (IL)-17, IL-1α and β, leptin, and 
macrophage inflammatory protein 2, increased density of astrocytes, 
and increased activated microglia) at two months postpartum (Clay-
ton et al., 2018). These rats also had reduced blood-brain barrier-as-
sociated protein, occludin in the posterior cortex, indicating that po-
tentially blood-brain barrier integrity is lost. Thus, it is possible that 
the postpartum observations could be reflective of persistent damage 
that was unresolved after delivery. 

While the authors found features of neuroinflammation and ede-
ma in the posterior cortex, they did not determine whether neuro-
degeneration is increased within the posterior cortex of postpartum 
rats, or if these abnormalities result in functional changes such as 
learning and memory deficits or visuo-spatial differences, charac-
teristic of PCA patients. Because the analysis of neuroglia activation 
was performed in the retrosplenial, visual, and parietal cortex, the 
findings of increased astrocyte and microglia activation in those 
brain regions support the hypothesis that functional visual deficits 
would be present in these rats at two months postpartum. It should 
be noted that the regions assessed in the postpartum placental isch-
emia rat model correspond to similar regions affected by PCA. To 
further characterize the model, cortical thickness, neuronal density, 
and behavioral tasks will be performed in rats subjected to placental 
ischemia at different time-points during the postpartum period.

Link between neuroinflammation and neuronal damage: Neu-
roinflammation is generally characterized as either acute or chronic 
depending on the time of assessment after initial injury. Acute 
neuroinflammation occurs in response to tissue injury and usually 
serves a neuroprotective or neuro-reparative role. Chronic inflam-
mation on the other hand exists when persistent or recurring dam-
age creates a vicious cycle that ultimately leads to further neuronal 
and glial cell damage. In the postpartum placental ischemic rat 
model, reduced density of microglia was observed in the posterior 
cortex where pro-inflammatory cytokines were elevated (Clayton 
et al., 2018). Reduced density of microglia can be detrimental in the 
presence of ongoing and unresolved tissue damage since microglia 
act to restore homeostasis, functioning to phagocytose cell debris. As 
reviewed in Jellinger (2010), neuroinflammation and the contribu-
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tion of microglia to Alzheimer’s disease progression are important 
considerations as studies report increased activation of microglia, 
while others show reduced number or increased degeneration of 
microglia in the setting of Alzheimer’s disease. Interestingly, of the 
remaining microglia found in the postpartum placental ischemic rat 
posterior cortex, a higher percentage were in the activated, type 4 
category, suggesting chronic neuroinflammation and potential neu-
ronal damage. Thus, neuronal density, neurodegeneration markers, 
and cortical thickness can be assessed to determine whether neuro-
nal degeneration and damage occurs in this rat model.

Implications and perspectives: PE, often referred to as an inflam-
matory disorder of pregnancy, is often complicated by placental 
under-perfusion that results in placental ischemia. Several cytokines 
such as tumor necrosis factor α, IL-17, IL-6, and IL-1 (α and β) are 
elevated in the maternal circulation of PE patients and the placental 
ischemic rat (Figure 1). Pro-inflammatory cytokines such as IL-17 
causes decreased expression of blood-brain barrier-associated pro-
teins like occludin, allowing for infiltration of inflammatory factors 
into the brain parenchyma, activating microglia and astrocytes. 
Activated microglia then secrete more pro-inflammatory cytokines 
(IL-17 and IL-1), activating astrocytes, and contributing to further 
vascular damage (Figure 1). Chronic inflammation could then in-
duce rarefaction of the capillaries and weakening of the vessel wall, 
inducing micro-hemorrhages and cognitive impairment long-term. 
The rodent model of placental ischemia presents a useful model for 
assessing postpartum neurovascular complications after a pregnancy 
complicated by PE and placental under-perfusion and can be used 
to assess whether interventions during pregnancy can prevent these 
postpartum cerebrovascular complications and neuroinflammation. 
Whether the postpartum rodent placental ischemia model also has 
features of neurodegeneration in the posterior cortex and has vi-
suo-spatial abnormalities is to be determined.
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Figure 1 Summary and schematic of working 
hypothesis. 
Hypertension during pregnancy and associated systemic 
inflammation contributes to cerebrovascular injury. In-
complete repair of the neurovasculature and persistent, 
chronic inflammation lead to further injury including 
capillary rarefaction and neuronal death during the early 
postpartum period. Chronic inflammation and inade-
quate repair of damaged vessels and neurons, coupled 
with late-life hypertension exacerbate the neurovascular 
damage leading to cognitive impairments and visu-
al-spatial abnormalities. Scale bars: 20 µm. Astrocytes 
were identified with glial fibrillary acidic protein stain-
ing and microglia with Ionized calcium-binding adapter 
molecule staining. IL: Interleukin; TNFα: tumor necrosis 
factor α; BBB: blood-brain barrier.
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