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INTRODUCTION

Preeclampsia (PE) is a multisystem disorder, affects 2-5% of 
pregnancies in the Occident, but complicates up to 10% of 
pregnancies in the developing countries, where emergency 
care is often inadequate or lacking. It is still the second most 
common cause of maternal mortality as reported by the 
confidential enquiry into Maternal and Child Health for the 
triennium of 2006-2008 [1].

Although the precise etiology of the disease is unclear, 
accumulating evidence suggests that the disease results from 
complex interaction between a poorly perfused placenta, 
because of defective remodeling of the uteroplacental arteries 
in early pregnancy, and a maternal response to placental derived 
triggers, which results in a widespread vascular endothelial cell 
dysfunction [2,3].

PE can have an early- or late- onset starting before or after 
34 weeks of gestation respectively; with systolic/diastolic 
blood pressure ≥160/≥110 mmHg respectively in previously 
normotensive women, proteinuria >5 g/24 h, hemolysis, elevated 
liver enzymes, and low platelet counts syndrome (HELLP), and 
can evolve in eclampsia in the most severe cases [4].

Clinicians have traditionally relied on maternal risk factors, 
such as increased maternal age, family history, and preexisting 
diseases, for determining women who are at increased risk. The 
problem is millions of women worldwide have these factors but 
do not develop PE [5].

Widespread plasma alterations precede the clinical onset of 
PE, and numerous candidate biomarkers have been proposed 
for prediction such as placental hormones, angiogenic factors, 
and lipids. Until date, none (nor any combination of them) has 
emerged with the requisite specificity and sensitivity to be of 
clinical use [5-8].

Uteroplacental Doppler ultrasound has so far been the most 
widely used for predicting PE. However, it is limited for 
predicting early and intermediate PE and has a much lower 
performance for late onset PE [9]. Consequently, clinicians 
are unable to offer either targeted surveillance or potential 
preventative therapies especially to nulliparous women at 
greatest risk [10].

Bioinformatics analysis indicated differentially expressed 
proteins correlating with several specific cellular processes, 
which occur during pathological changes of preeclamptic 
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placenta [11]. It is likely that this line of investigations will 
open new avenues for potential biomarker discovery for novel 
diagnostic and preventative measures.

In this review, we will look at novel biomarkers at the molecular 
level ‘omic technologies’ “genomic, proteomic, metabolomic, 
and metagenomic” that have characteristic fingerprints 
“signature” profiles, hoping it will offer a great prospective for 
creating new insights into PE pathophysiology.

GENOMICS

A number of gene polymorphisms have been associated with 
the risk of developing PE, the following are some examples. 
The finding of an association with maternal carriage of the 
plasminogen activator inhibitor Type 1 (PAI-1) (2675 4G/5G) 
promoter polymorphism suggests that plasminogen activation 
and inhibition pathways may be involved in the etiopathogenesis 
of PE [12]. Belo et al. demonstrated higher plasma levels of 
PAI-1 in women with PE compared with gestation-matched 
normotensive pregnant [13]. Excessive release promotes 
thrombosis, reduces placental perfusion, and triggers the release 
of factors that culminates the clinical entity of PE [13]. Rahimi 
et al. indicated that methylenetetrahydrofolate reductase 
C677T polymorphism through effects on triacylglycerol level, 
lipid peroxidation and oxidative stress might be involved in 
the pathogenesis of severe PE [14]. However, systematic review 
and meta-analysis performed by Zhao et al. did not support 
AGTR1 +1166A>C as a susceptibility locus for PE, and 
they recommended other AGTR1 SNPs to be investigated. In 
randomized clinical trials, genetic associations might contribute 
to the complex molecular mechanisms underlying PE, and 
inform researchers to develop novel interventions [15].

PROTEOMICS

Development of PE involves several different pathophysiological 
mechanisms, as evidenced by the diversity of the peptides that 
have been studied to date [16,17].

Placental Mitochondrial Proteome

Nadamuni reported the use of quantitative mitochondrial 
proteomic analysis to demonstrate that PE is primarily a disorder 
involving an altered placental mitochondrial proteome [18]. 
Jiang and Wang have identified decreased expression of some 
placental mitochondrial proteins such as peroxiredoxin III 
and HSPA4/HSP70 and increased expression of cytochrome 
C correlated with the increased caspase 3 in preeclamptic 
placentae as compared with normals [19]. Shi et al. found 
increased expression of 4 proteins and decreased expression of 
22 in preeclamptic placentae compared with normal ones [20]. 
Bioinformatics analysis revealed critical role of these proteins in 
apoptosis, fatty acid oxidation, Krebs’ cycle, respiratory chain, 
cellular reactive oxygen species generation and secondary 
mtDNA mutations [20]. These results suggested that the 
insufficient energy production in the preeclamptic placenta 
might prevent invasion of the trophoblast. The degenerative 

and apoptotic changes in preeclamptic mitochondrial 
syncytiotrophoblast may be a primary pathologic event or a 
secondary effect of altered placental oxygenation in PE [18,20].

Urinary Proteomics

Fibrinogen α-chain, collagen α-chain, and uromodulin 
fragments are among the pregnancy-specific urinary proteomic 
biomarkers to predict PE at gestational week 28 with good 
confidence but not reliably at earlier time points from those with 
an uncomplicated pregnancy. Although there is a limited role 
for late screening, this set of biomarkers prove a helpful aid for 
PE diagnosis [21]. Their performance is similar or better than 
that reported with serum first trimester soluble-like tyrosine 
kinase-1 and placental growth factor in the second trimester 
for early-onset PE [22]. Padmanabhan et al. have demonstrated 
that rs13333226 in the promoter region of uromodulin UMOD 
gene locus is associated with hypertension independently of 
renal function [23]. Differential urinary expression of UMOD 
fragments could point toward subclinical vascular and renal 
damage in the early stage that warrant further investigation [21].

Maternal Blood or Placental Tissue Proteome

Rasanen et al. reported that placental and anti-angiogenic 
proteins are abundant in clinical PE, meanwhile in preclinical PE, 
proteomic profile is distinct and different from that in clinical 
PE [24]. In all studies analyzed by Khan et al. 192 proteomic 
biomarkers were catalogued for PE [25]. Another systematic 
review showed that the pregnant women who are known to have 
polycystic ovary syndrome (PCOS) were 4 times more likely 
to develop PE when compared with controls [26]. Proteomic 
studies in PE and in PCOS discovered a panel of 5 biomarkers 
including annexin 2, fibrinogen, transferrin, kininogen-1, and 
peroxiredoxin 2 common for both disorders possibly due to 
the role of immune regulation/inflammation and antioxidants 
in their pathogenesis [27,28]. Annexin 2 and fibrinogen are 
central in regulating fibrinolysis and thrombosis and their 
altered expression might represent changes in permeability of 
the vasculature of the various tissues, including ovaries, causing 
fibrinolysis and abnormal thrombosis in PCOS. Annexin 2 is 
key physiological receptor for plasminogen on the extracellular 
surface of endothelial cells, is down-regulated in PE which 
tilts the coagulation/fibrinolysis balance towards enhanced 
coagulation and thrombosis [29]. Khan et al. postulated that 
since annexin 2 is down-regulated in both diseases, it could be 
a strong candidate biomarker for the detection of PE in women 
with PCOS [25]. Transferrin is expressed significantly in the 
villous syncytiotrophoblasts and found to be up-regulated in sera 
of both women compared with those with normal pregnancies. 
Its upsurge could be explained on the basis of the inflammatory 
constituent of the two conditions; it is a stress/acute phase 
response molecule [25]. Kininogen-1 inhibits plasmin and was 
found to be up-regulated both in women with PE and PCOS 
in plasma and omental biopsy, respectively [25,30]. In view of 
the essential role of peroxiredoxin in protecting cells against 
H2O2-induced cell damage and apoptosis emphasizes the role 
of oxidative stress as an important factor in the development of 
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PE [29]. It was found to be down-regulated in both conditions 
in placental and omental biopsy, respectively [25].

Another inter-study comparison identified two proteins with time-
dependent changes in expression [11]. Serum complement 4 (C4) 
was up-regulated at week 12, and down-regulated immediately 
before delivery; alternatively, the opposite was noticed for 
apolipoprotein E (apoE) expression. Mao et al. mentioned that 
elevated lipid metabolism and inflammatory/apoptosis parameters 
suggest a potentially significant role of apoE in PE pathology. 
During pregnancy, apoE4 promotes atherosclerosis by elevating 
low density lipoprotein cholesterol levels as well as promoting 
thrombosis [31]. While apoE has been pursued as promising 
clinical biomarkers; C4 requires further studies using larger patient 
cohorts and more targeted quantitative approaches [11]. However, 
Atkinson et al. suggested that apoE levels are unaffected by PE, 
but polymorphisms result in misrepresentation of glycosylated 
isoforms in affected women [32]. This is a possible explanation 
for the conflicted reports of apoE levels in women with PE as 
these studies could detect different isoforms [32]. In a population 
with Kurdish ethnic background, Ahmadi et al. indicated a 
protective role for apoE2 allele against severe PE because of its 
high antioxidant capacity [33].

The proteoglycan Lumican, the glycoprotein Vitronectin and 
CLIC3 are detected as up-regulated in placenta and serum 
studies, indicating a possible link between production by 
the placenta and deposition into serum [34]. Epiney et al. 
acknowledged that syncytial trophoblasts, not cytotrophoblast 
directly exchange materials with the maternal circulation, 
these different cell types may explain why there is differential 
significance between serum studies and the cytotrophoblast 
sectromone [35].

A total of 171 proteins were differentially identified in human 
placental proteome profile between control and preeclamptic 
placentas, of which 147 were down-regulated while 24 were 
up-regulated [36]. Through comparative proteome analysis, 
Wang et al. constructed a protein expression profile, including 
circulating soluble form of endoglin (sEng) an anti-angiogenic 
factor, ceruloplasmin (CP), superoxide dismutase (SOD), 
transforming growth factor (TGF-β), etc., which play key roles in 
the incidence and development of PE [36]. Immunolocalization 
studies characterize matrix metalloproteinases-14 to contribute 
sEng shedding in severe early-onset preeclamptic placenta. 
Plasma levels of sEng is increased in women with PE correlated 
with disease severity, and is a promising accurate marker allowing 
for early diagnosis, and preventive therapy [37,38]. It blocks 
the effects of TGF-β on endothelial nitric oxide-mediated 
vasorelaxation through binding with high affinity to BMP9, 
which stimulates secretion of the vascoconstrictor endothelin-1 
from endothelial cells. It remains to be determined if scavenging 
of circulating BMP9 by sEng is important in PE and regulation 
of hypertension [39]. On the contrary, the syncytial CP induced 
by severe PE, is an important endogenous cellular program to 
mitigate the damaging effects of subsequent reperfusion injury 
by enhancing ferro-oxidative activity oxidizing excess Fe2+ to 
the less toxic Fe3+ form [40]. Down-regulation of SOD, uridine 
diphosphate-glucose 6-dehydrogenase and prenylcysteine 

oxidase 1 proteins are associated with oxidative stress explaining 
the maternal vascular disease and placental dysfunction [41]. In 
addition, 21 immunoregulatory proteins were down expressed 
in PE patients, including interleukin-27 subunit beta, and 
hemoglobin subunit zeta (about 4.9 fold) [36,42]. Therefore, 
disruption of metabolic pathways in placenta is of particular 
relevance to the incidence and development of PE [36].

METABOLOMIC/LIPIDOMIC ANALYSIS

First-trimester serum glycerol, carnitine, methylhistidine, and 
acetone appeared to be the most important metabolites for 
distinguishing late-onset preeclampetic patients compared to 
normal. Methylhistidine was also combined with glycine and 
carnitine to form a biochemistry-only algorithm. Glycerol, 
acetate, trimethylamine, and succinate appeared to be the 
most important metabolites for distinguishing the 2 types of 
PE [43]. Based on the metabolomic and proteomic analysis 
performed by the respected investigators [11,16,17,31,44], a 
picture of a central disturbance of lipid metabolism in late-
onset PE emerges. There is a well-documented relationship 
between maternal obesity and increased risk of late-onset PE. 
Inflammatory aspect characterizes the lipotoxicity of adipose 
tissues leads to maternal endothelial dysfunction, and decreases 
trophoblastic invasion [45]. Glycerol forms the backbone 
of lipids. Carnitine is responsible for the transport of fatty 
acids for energy metabolism, and prevents lipid peroxidation. 
It is synthesized in the liver and kidneys, which are both 
significantly affected in PE [43]. There was little overlap 
between the metabolites of significant diagnostic value in 
the other publications, which could be due to use of different 
metabolomic platforms for detection or whether the studies 
focused primarily on early- or late onset PE [10,44,45]. In the 
study by Odibo et al. the significant metabolites identified 
were primarily amino acids [44]. The diagnostic accuracy of 
the metabolites combined with race and/or weight appears 
higher than that reported for the widely available traditional 
clinical markers used [43]. The finding of a consistent plasma 
discriminatory metabolite signature as early as 15 weeks’ 
gestation preceding the onset of PE, would offer the tantalizing 
promise of a robust presymptomatic screening test that could 
provide insight into disease pathogenesis [10,43].

Korkes et al. and other investigators found significant increase of 
glycerophospho -serine (PS) and -choline (PC) and decrease of 
-ethanolamine (PEt), in plasma and placenta samples of women 
with early-onset PE compared to healthy pregnant [46-48]. PS 
representing the major lipid constituent of cell membranes 
and lipoproteins, acts as the signaling molecules involved in 
the processes of oxidative stress, apoptosis and coagulation, 
which are all exacerbated in PE [49]. PC is the precursors 
of several lipid second messengers and their increased levels 
have been associated with increased cell proliferation [50]. 
The reduction of PEt in the endoplasmic reticulum is 
associated with arachidonic acid release, which is the precursor 
of thromboxanes and prostacyclins that act in opposing 
mechanisms [51]. Sphingomyelin was found only in plasma 
samples of patients with PE [46]. It is involved in processes of 



 El-Desouki and Habib: Preeclampsia

AMR ● 2015 ● Vol 1 ● Issue 2  65 

endothelial dysfunction, increased production of angiotensin II 
and thromboxane A2 hence, hypertensive disorders [52] which 
could explain its exclusively occurrence in patients with PE [46].

Korkes et al. found flavonoids in plasma and placenta samples of 
PE and normal groups and macrolides polyketides-lactone-PK04 
in placenta samples of PE group only [46]. These lipid groups 
are not present in mammalian lipid composition, and probably 
their presence are derived from the diet for the former and from 
bacteria or fungi for the latter. They found an increase and a 
decrease of the flavonoids levels in plasma and placenta samples 
respectively in patients with PE when compared to controls [46]. 
Evidences support flavonoids as antioxidants and to operate in the 
signaling pathways both in promotion and inhibition of apoptotic 
processes [53]. Rapamycin “Sirolimus” is an important polyketide 
with many biological activities, including immunosuppressive, 
apoptotic activities and has been associated with the development 
or exacerbation of proteinuria [54]. It inhibits proliferation by 
interfering with the function of its mammalian target “mTOR 
signaling pathway,” which has key role as a regulator of invasive 
trophoblast differentiation/proliferation. In the mature placenta 
mTOR is expressed at the mRNA level, however, its cellular 
localization and the functional role after implantation and early 
placental development remains unknown [55]. Korkes et al. 
recommended further studies to clarify if lipid changes are specific 
as a cause or consequence of PE [46].

Microbiome/Metagenomic of Gut, Placenta, and Vagina

There is evidence that maternal microbiome complex changes 
naturally during pregnancy, increasing potentially pathogenic 
Gram-negative proteobacteria; this is likely related to reduced 
gastrointestinal motility caused by increased progesterone 
level [56]. Roger and Rosano recognized that women residing 
in low and middle income countries have greater environmental 
exposure to Gram-negative bacteria due to widespread fecal 
contamination of drinking water [57]. Koren et al. found that 
through pyrosequencing of fecal bacteria in 91 pregnant women 
from first to third trimester (T1, T3), the microbiota in T1 was 
similar to non-pregnant controls, by T3 there was a significant 
increase of proteobacteria, actinobacteria, and clostridia 
composition, so remarkable that it resembled a dysbiosis [56]. 
In pregnant lipopolysaccharide (LPS)-exposed rats, TNF-α 
mediated inflammation that resulted in deficient trophoblastic 
invasion, increased spiral artery resistance index, placental 
nitrosative stress, increased maternal mean arterial pressure, 
renal structural alterations, and significant elevation of protein: 
Creatinine ratios which are all characteristic of severe PE [58].

Aagaard et al. characterized a unique placental microbiome 
niche through comparative 16S ribosomal DNA-based and 
whole-genome shotgun “metagenomic studies” composed of 
nonpathogenic commensal microbiota such as Bacteroidetes 
phyla, which were most akin to the human oral microbiome 
from non-pregnant controls [59].

Pregnancy is characterized by a stable Lactobacillus dominated 
community species [60,61], which actively protect themselves 
and the vaginal environment from invaders by the production 

of lactic acid, which acidifies the vaginal pH as well as the 
production of H2O2 which prevents ascending infection [62]. 
A healthy vaginal microbiome may be a stronghold against 
potential microbial invaders [63].

Vaginal and placental microbiomes are also altered in pregnancy 
that together with gut microbiome could contribute to 
pregnancy complications [62,64]. 16S based operational 
taxonomic unit analyses revealed associations of the placental 
microbiome with a remote history of antenatal infection, such 
as urinary tract infection in the first trimester, as well as with 
preterm birth <37 weeks [59].

NEW INSIGHTS INTO PE PATHOPHYSIOLOGY

Placental Syncytiotrophoblast Microvesicles (STBM)

While shedding of apoptotic corpuscular structures from the 
syncytiotrophoblast is part of the normal turnover of villous 
trophoblast throughout pregnancy [65]. In PE this process is 
dysregulated by the release of placental STBM particularly in the 
2nd and 3rd trimester, which provoke the systemic inflammatory 
response and endothelial damage of the mother [66]. Over 
400 proteins identified in the STBM samples, 25 implicated 
in immune response, coagulation, oxidative stress, apoptosis 
as well as lipid metabolism pathways [49] were found to be 
differentially expressed in PE compared to healthy pregnant 
controls [67]. Their expressions possibly depict the syncytio-
trophoblast response at the maternal-fetal interface to the 
underlying pathology [67]. Anti-apoptosis annexin A4 was 
up-regulated to counteract pro-inflammatory molecules 
such that homeostasis is achieved [68]. Increased expression 
of glyceraldehyde-3-phosphate dehydrogenase an anaerobic 
enzyme in glycolysis could be associated with the oxidative 
stress that exists in PE [69]. Down-regulation of integrin may 
be associated with shallow trophoblast invasion and defective 
placental vasculature in PE [67,70]. While, down-regulation 
of histones may be suggestive of increased in DNA damage/
defective repair, and raised inflammatory response in adverse 
PE [67,71]. Baig et al. supported the currently emerging role of 
STBM as contributors to the pro-inflammatory state of PE [67].

Placental Danger Signal or Alarmin

STBM proteins also include endogenous danger molecules or 
alarmins such as extracellular free actins, tubulins, and heat shock 
proteins, which have intensely pro-inflammatory properties [67]. 
Normally, serum placental protein 13 (PP13) slowly increases 
during pregnancy and shows double-to-triple values close to 
delivery, after which it disappears from maternal blood. In 
contrast, in the first trimester at 5-7 weeks of gestation in women 
developing PE later in pregnancy, it is significantly lower than 
normal. The sharper the increase of PP13 from first to third 
trimester, the more severe the anticipated PE symptoms [65]. 
Colocalization of PP13 with annexin 2, PLAP and CD71 in the 
syncytiotrophoblast brush border membrane of control placentas, 
suggested an equal distribution of PP13 in lipid raft and nonlipid 
raft regions [72]. However, Balogh et al. observed that the apical, 
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nonlipid raft localization of PP13 in the syncytiotrophoblast brush 
border is reduced, and its association with the juxtamembrane 
cortical actin network and lipid raft domains is enhanced in 
preterm PE and HELLP syndrome. Possibly, this leads to its 
elevation in the maternal circulation through facilitating secretion 
and/or shedding of STBM [73]. These findings were consistent 
with reports showing similar changes in placental pathology and 
global transcriptome in both disorders [74].

Women with low PP13 levels in the first trimester may lack 
the necessary amount to enable immune tolerance and to 
prepare the maternal vasculature for the increased blood flow 
needed to supply the fetus during the second half of pregnancy. 
Its increased release from the aponecrotic trophoblast upon 
ischemic stress may contribute to the exaggerated activation 
of the maternal immune system in preterm PE and HELLP 
syndrome [73]. They proposed that PP13 can function as an 
endogenous danger “alarmin” of the syncytiotrophoblast [73]. 
Replenishing PP13 early in pregnancy for keeping its levels 
within a ‘therapeutic window’ is a new direction to transfer 
individualized risk to personalized prevention requires further 
safety studies, considering that not all patients with low PP13 
will develop PE [75].

INTRA ABDOMINAL HYPERTENSION IN 
PREGNANCY

In 2011, Sugerman published a hypothesis that PE is a venous 
disease secondary to increased intra-abdominal pressure (IAP) in 
pregnancy >12 mmHg [76], that when sustained or increasing, 
leads to hemodynamic shifts, intestinal ischemia-reperfusion 
injury causing mucosal epithelial injury, translocation of 
LPS endotoxin to the liver, systemic cytotoxic immune 
response, multi-organ dysfunction, and poly-compartment 
syndrome [77-79].

Evidence based sequence demonstrated that the threshold 
for LPS translocation depends on the magnitude of IAP, the 
intestinal microbiome complex, and the degree of intestinal 
permeability [79]. Sawchuck and Wittmann speculated that 
delivery cures PE through the mechanism of abdominal 
decompression [79].

Zonulin (Zot) protein is a biomarker for gut permeability [80]. 
Epithelial integrity can be compromised by Zot dysregulation due 
to exposure to pathogenic bacteria leading to loss of intestinal 
barrier function [81]. Studies showed that the presence of 
lactobacillus plantarum and probiotic escherichia coli Nissle 
1917 in the small intestine mediates Zot upregulation and 
confers protection of the epithelial barrier [82]. Zhang et al. 
suggested that alterations of gut permeability may play a role in 
the pathophysiology of PCOS [83]. The increase in serum Zot 
levels and its correlation with insulin resistance and severity of 
menstrual disorders allowing it to be a useful biomarker for both 
risk stratification and therapeutic outcomes in PCOS women [83].

Little is known about changes in intestinal permeability during 
normal pregnancy, and it appears to never have been thoroughly 

investigated [83]. The high incidence of PE in pregnant women 
with PCOS has to be considered here. Sawchuck and Wittmann 
suggested that the bowel has truly been the forgotten organ 
during pregnancy, and its potential role in the etiology of PE 
warrants investigation [79].

PE MISFOLDOME

Buhimschi et al. showed that PE shares pathophysiologic 
features with recognized protein misfolding disorders. These 
features include urine congophilia, affinity for conformational 
state-dependent antibodies, and placental up-regulation of 
prototype proteolytic enzymes involved in amyloid precursor 
protein processing. The urine congophilic material includes 
proteoforms of CP, immunoglobulin free light chains, 
SERPINA1, albumin, interferon-inducible protein 6-16, and 
Alzheimer’s β-amyloid, their assessment carries diagnostic and 
prognostic potential for PE. Conformational state-dependent 
antibodies usage demonstrate the presence of generic pre-
fibrillar oligomers and protofibrils, which vary in quantitative 
and qualitative representation with PE severity [84].

The role of hypoxia in inducing prion-like protein aggregation 
remains at present controversial, but cannot be excluded [85,86]. 
The presence of β-amyloid aggregates in preeclamptic placentas 
suggest that this condition could join the growing list of protein 
conformational disorders however, further investigations are 
necessary [84,86].

RETICULATED PLATELETS RP

RPs are immature platelets, newly released from the bone 
marrow into the circulation, and are more active in thrombus 
formation. PE is associated with increased platelet activation 
involved in its pathogenesis not only promoting coagulation, but 
also as an important inflammatory mediator [87]. However, PE 
is frequently associated with thrombocytopenia due to platelet 
consumption being trapped in the plug. In response, young 
platelets would be released into the peripheral circulation. 
Everett et al. demonstrated direct evidence that increased 
circulating RPs were useful for monitoring PE, which may reflect 
increased platelet consumption during the evolution of placenta 
thrombosis or contribute to PE pathology [87]. However, Dusse 
and Freitas recommended additional randomized and well-
controlled clinical studies to clearly establish the significance 
of circulating RPs [88].

PROBIOTICS/PREBIOTICS

Prenatal probiotics and prebiotics supplementation significantly 
regulate the unbalanced microflora composition, reduce the 
incidence of bacterial vaginosis, increase colonization with 
vaginal and intestinal Lactobacillus rhamnosus, reduce maternal 
fasting glucose, incidence of gestational diabetes, levels of 
C-reactive protein, and PE rates [89,90]. They were also 
associated with significantly higher counts of Bifidobacterium 
and Lactococcus lactis in maternal intestine and in neonatal 
stool [89,90]. Ekambaram et al. demonstrated that a diet rich in 
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yeast species Monascus purpureus and Saccharomyces cerevisiae 
could serve as a good natural antioxidant source and probiotic 
supplement to alleviate the stress status of preeclamptic patients 
and their babies. They had significant catalase activity, inhibited 
formation of lipid peroxide and nitrite/nitrate in cord blood red 
blood count of preeclamptic and normotensive subjects [91].

However, in obese women, Lindsay et al. reported that treatment 
of either a daily probiotic or a placebo capsule from 24th to 
28th week during pregnancy did not influence maternal fasting 
glucose, metabolic profile, or pregnancy outcomes [92]. Also, 
Parrish et al. stated that initiation of antioxidant/phytonutrient 
supplementation in the first trimester continued throughout 
the gestation did not decrease rates of PE [93]. Gomez 
Arango et al. recommended large, well-designed randomized 
controlled clinical trials along with metagenomic analysis to 
establish the role of probiotics in adverse pregnancy and infancy 
outcomes [64].

CONCLUSION

Although improvements in obstetric and neonatal care have 
led to a reduction in morbidity and mortality of PE. Our 
ability to predict this devastating condition has not improved 
significantly, clinicians currently rely on PE secondary 
prevention. The majority of women are only diagnosed once 
they have developed the full blown manifestations, by which 
time treatment options are limited. An increased understanding 
of the molecular mechanisms underlying PE has led to several 
potential areas of investigation. It is hoped that combining 
genomic, proteomic, metabolomic, metagenomic, etc. biological 
approaches will give us more comprehensive understanding 
about PE. Mechanistically, they will relate the genome to the 
expressed phenotype to develop biomarkers with high enough 
predictive and prognostic information, to be translated into 
clinical practice in the near future.
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