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Oxidative stress (OS), an imbalance between free radical generation and antioxidant 

defence, is recognized as a key factor in the pathogenesis of adverse pregnancy out-

comes.	Although	OS	is	a	common	future	of	normal	pregnancy,	persistent,	overwhelm-

ing OS leads to consumption and decline of antioxidants, affecting placental antioxidant 

capacity and reducing systems. The accumulation of OS causes damage to lipids, pro-

teins	 and	 DNA	 in	 the	 placental	 tissue	 that	 induces	 a	 form	 of	 accelerated	 ageing.	
Premature ageing of the placenta is associated with placental insufficiency that pre-

vents the organ meeting the needs of the foetus, and as a consequence, the viability 

of the foetus is compromised. This review summarizes the literature regarding the role 

of OS and premature placental ageing in the pathophysiology of pregnancy 

complications.
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1  | INTRODUCTION

All	living	organisms	have	limited	life	cycles,	and	ageing	is	part	of	that	
life cycle. Each organ within an organism also exhibits ageing- related 

changes; the placenta is no exception. The placenta, a specialized 

organ formed during pregnancy, grows throughout gestation, per-

forms multiple functions, including endocrine regulation and nour-

ishment of the foetus,1 but also ages and is discarded at the end of 

pregnancy, while the foetus may live for another hundred years. So 

placental ageing is a normal physiologic phenomenon.2 However, 

there are likely to be some placentas which show signs of ageing ear-

lier than others, in the same way as some individuals age more quickly 

than others. Premature ageing and degenerative changes in the pla-

centa may reduce the functional capacity of the placenta and lead to 

abnormal pregnancy outcomes. The placenta is the primary organ for 

transferring nutrients from the mother to the foetus, so growth and 

function of the placenta are precisely regulated and coordinated to en-

sure the optimal growth and development of the foetus. The placenta 

exchanges nutrients, for example oxygen, amino acids, carbohydrates, 

minerals and waste products, for example carbon dioxide between the 

maternal and foetal circulatory systems.3 It releases hormones into 

both the maternal and foetal circulations to affect uterine function, 

maternal metabolism, foetal growth and development. Moreover, it 

metabolizes some substances and can release metabolic products into 

both foetal and maternal circulations. The placenta can help to protect 

the foetus against certain xenobiotic molecules, infections and mater-

nal diseases. Therefore, the adequate function of this organ is crucial 

for a normal physiologic gestational process and a healthy baby as a 

final outcome.

In this review, we focus on the role of OS in the pathophysiology 

of pregnancy complications, beginning with a brief overview of pla-

cental development at different stages of gestation. We then discuss 

the biochemical markers of ageing and OS- induced placental ageing. 

Finally, we discuss the studies indicating that OS and placental ageing 

play a role in the pathophysiology of abnormal pregnancies, with a par-

ticular emphasis on pregnancy complicated by spontaneous preterm 

birth, intrauterine growth restriction, pre- eclampsia, pregnancy loss 

and stillbirth.
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2  | HUMAN PLACENTAL DEVELOPMENT

In human embryonic development, the blastocyst is formed by 5- 6 

days after fertilization and is composed of the outer trophectoderm 

layer and the inner cell mass.4 The blastocyst makes contact with the 

endometrium and invades into the decidua of the endometrium at ap-

proximately 6- 7 days after fertilization.5 Immediately after attachment 

to the endometrium, the trophectoderm layer proliferates rapidly and 

differentiates into an inner layer of mononuclear cytotrophoblasts and 

a multinucleated outer epithelial layer known as the syncytiotropho-

blast.3 The syncytiotrophoblast is a terminally differentiated cell layer 

which is formed by the fusion of multiple cytotrophoblasts, a process 

called syncytialization. The combination of inner cytotrophoblasts and 

outer syncytiotrophoblast forms finger- like structures called primary 

chorionic villi.3	 At	 the	 initial	 phase	 of	 differentiation,	 these	 villi	 are	
distributed	symmetrically	over	the	chorion.	As	gestation	progresses,	
the chorionic villi grow like branches of a tree (arborization) and accu-

mulate asymmetrically towards the uterine wall where the embryo is 

attached.3	After	the	invasion	of	mesenchymal	cells	into	the	centre	of	
the primary villi forming secondary villi, foeto- placental blood vessels 

arise inside the villi at the 5th week of gestation to form tertiary villi.6 

The placental vasculature system is essential for transferring nutri-

ents, gases and hormones to the growing foetus. The proper branch-

ing of placental blood vessels (angiogenesis) is part of a successful 

pregnancy. Inadequate placental development, trophoblast invasion 

and vascular remodelling, as well as abnormal placental angiogenesis, 

have been reported in pathological pregnancies such as intrauterine 

growth restriction and pre- eclampsia.5,7,8

In the first trimester, the chorionic villi of the placenta are large, and 

the blood vessels in the villi are not prominent. In addition to villous 

trophoblast, an additional set of mononuclear trophoblasts, termed 

the extravillous trophoblast, grows outside the villi and extends into 

the decidualized endometrium.3,9 During the first trimester of differ-

entiation (up to 11- 12 weeks), these extravillous trophoblasts erode 

into and plug the uterine spiral arteries and restrict the ability of the 

oxygenated maternal blood to access the placenta.10 Consequently, 

the early stages of human embryonic development occur in an envi-

ronment of low oxygen tension.11 The hypoxic environment is thought 

to be necessary for the initial differentiation of the trophoblasts; in 

fact, miscarriage has been reported in cases of the early arrival of ox-

ygenated blood in the intervillous space.12	As	 the	placenta	matures	
and increases in size in the second trimester, the villi become smaller 

and more vascular. The syncytiotrophoblast cell layer draws up into 

“syncytial knots” which are small clusters of nuclei, leaving a single 

cytotrophoblast layer. Later the extravillous trophoblasts replace the 

endothelial layer covering the smooth muscle of the spiral arteries and 

render them flaccid and non- contractile.13 The trophoblast plugs are 

gradually dislodged from the spiral arteries after 11- 12 weeks of ges-

tation, and maternal blood invades from the maternal spiral arteries 

into the intervillous spaces.11,14 This process is associated with a sharp 

rise in oxygen tension, increased free radical generation and a burst of 

OS within the placental tissues; however, this OS returns to baseline 

upon a surge of antioxidant activity, as placental cells gradually accli-

mate to the new oxidative surroundings.15 The nutrients, gases and 

growth factors carried by maternal blood are readily taken up by the 

large surface of the syncytiotrophoblast allowing the foetus to grow 

in	 an	 oxygen-		 and	 nutrient-	rich	 environment.	A	mature	 placenta	 in	
the third trimester has small and highly vascularized chorionic villi to 

support the blood gas and nutrient exchange of the maternal- foetal 

circulation required by the growing foetus approaching term gesta-

tion. Syncytial knots are prominent in the third- trimester chorionic 

villi. Figure 1 illustrates the development of human placental chorionic 

villi at different stages of gestation.

3  | APOPTOSIS AND ITS ROLE IN THE 
TROPHOBLAST FUNCTION

Apoptosis,	or	programmed	cell	death,	 is	crucial	 to	 the	development	
and homoeostasis of all multicellular organisms and for many organs 

including	 the	placenta.	Apoptosis	 is	known	to	occur	 in	a	number	of	
biological processes, both physiologic and pathologic. Trophoblast 

apoptosis is a physiologic event in normal pregnancy, increases with 

advancing gestational age and is higher in post- term pregnancies and 

therefore is considered as a normal process in the development and 

ageing of the placenta.16,17	Apoptosis	is	proposed	to	occur	as	a	nor-
mal event during the formation of the villous trophoblast bilayer and 

syncytiotrophoblast formation from cytotrophoblasts (trophoblast 

differentiation).18 However, it is likely that placental insults can alter 

the regulation of apoptosis in the trophoblasts, possibly by modu-

lating trophoblast cell turnover.18 Cultured trophoblasts exposed to 

hypoxia show marked upregulation of activity of tumour suppressor 

protein p53, enhanced expression of the pro- apoptotic Mtd- 1 and 

decreased expression of the anti- apoptotic Bcl- 2, all of which pro-

mote apoptosis,19–21 and the apoptosis is more marked in hypoxia/

re- oxygenation.22	 Additionally,	 an	 upregulated	 p53	 and	 decreased	
Bcl- 2- mediated increased apoptosis in placental syncytiotrophoblast 

are associated with some pregnancy pathologies, including intrauter-

ine growth restriction (IUGR) and pre- eclampsia.23,24 Syncytial knots, 

a characteristic feature of syncytiotrophoblast apoptosis, increase in 

placentas associated with pre- eclampsia and IUGR.24,25 In contrast, 

apoptosis decreases in extravillous trophoblasts in pregnancies com-

plicated by pre- eclampsia and is associated with reduced trophoblast 

invasion.26 Thus, apoptosis is differently regulated in villous and ex-

travillous trophoblasts in normal placental development.

4  | AGEING, OS AND PLACENTAL AGEING

4.1 | Cellular senescence and ageing

Ageing	can	be	defined	as	an	age-	dependent	decline	and	deterioration	
of functional properties at the cellular, tissue and organ level, lead-

ing to a decreased adaptability to internal and external stress and an 

increased vulnerability to disease and mortality.27	 Age-	related	 dis-
eases and premature ageing syndromes are often characterized by 
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short telomeres and reduced or complete loss of telomerase activ-

ity.28 Telomeres are nucleoprotein structures comprised of double- 

stranded	DNA	 region	 of	 TTAGGG	 repeats	which	 is	 typically	 10-	15	
kb long in humans, located at the termini of the chromosomes and 

are essential for chromosomal stability and cell survival.29 Telomeres 

protect	DNA	ends	from	breaks,	end-	to-	end	fusion	and	degradation	by	
forming a protective cap with a 150-  to 200- nucleotide- long  G- rich 

single- stranded telomere overhang and telomere- binding protein 

complexes.28 Telomeres are progressively shortened with each cell 

division, and shortening is accelerated as a consequence of environ-

mental stressors and insults, such as hyperglycaemia, hypoxia and 

OS.30–33 Once a critical shortening of telomeres is attained, cells enter 

a state of irreversible metabolic arrest known as senescence, which 

leads to a process of cellular or tissue ageing.29,34 Cell senescence is 

distinct from apoptotic cell death. Senescence is a biological ageing 

process in which cells change morphologically, in gene and protein 

expression, and in the activation of key signalling constituents (such 

as p38 and p53) that determine the fate of a tissue.35 Cellular senes-

cence has been associated with a gradual deterioration of functional 

characteristic of the cell, although there is no evidence that senescent 

cells undergo a cell death pathway. Senescent cells are resistant to 

apoptosis or programmed cell death through the overexpression of 

Bcl- 2 protein, leading to the accumulation of these cells within tis-

sues.36 The accumulation of senescent cells within tissues contributes 

to the ageing process and generates age- related phenotypes by alter-

ing metabolic function, degrading structural components, reducing tis-

sue renewal and repair, changing the behaviour of neighbouring cells 

or the extracellular environment, and reducing the pool of growth- 

competent mitotic cells.37 Premature senescence can also occur, in-

dependent	of	 telomere	 size,	 as	 a	 consequence	of	 progressive	DNA	
damage, telomere uncapping and telomere dysfunction caused by 

extrinsic or intrinsic stressors including OS, resulting in end- to- end 

F IGURE  1 Development of human 

placental chorionic villi. Cross sections of 

(A)	primary	villi	arborization,	(B)	first-	
trimester, (C) second- trimester and (D) 

third- trimester villi. The chorionic villi in 

the first trimester (B) are large, covered 

by two layers of cells, cytotrophoblasts 

and syncytiotrophoblasts, and the blood 

vessels in the villi are not prominent. 

Second- trimester placental villi (C) are 

more vascular with a single cytotrophoblast 

layer. The third trimester (D) has highly 

vascularized chorionic villi, and syncytial 

knots are prominent

(A)(B)

(C)

(D)
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fusion	 and	 aggregation	 of	 telomeric	 DNA.1,38,39 Telomere length is 

regulated by the enzyme telomerase, a specific reverse transcriptase, 

capable of adding telomeric repeats to the ends of the chromosome.40 

Telomerase consists of a catalytic protein component, telomerase 

reverse	 transcriptase	 (TERT)	 and	 an	RNA	 template	 component,	 tel-
omerase	 RNA	 component	 (TERC).	 TERC	 is	 widely	 expressed,	 but	
TERT expression is tightly regulated and is considered to be the rate- 

limiting factor in telomerase activity.41 The absence of functional tel-

omerase or loss of telomerase activity leads to progressive telomere 

shortening during cell division.34,40 Telomere shortening may also be 

associated with a lack of adequate damage repair mechanisms that 

protect	 against	DNA	damage.39 Due to their high oxidation poten-

tial, the guanine- rich residues in telomeres are extremely susceptible 

to free radical attack.42 There is a clear relationship between OS and 

telomere length and telomerase activity, the indicators of cellular se-

nescence and ageing.43 Therefore, measurement of telomere length 

and telomerase  activity can be used as biological markers for tissues 

suffering OS and age.43–45

4.2 | OS and placental ageing

OS is an important contributing factor in the pathophysiology of 

complicated pregnancies. OS is described as an imbalance in the gen-

eration of reactive oxygen species (ROS) and the ability of antioxi-

dant defences to scavenge them. OS can arise from increased ROS 

production and/or defects in antioxidant defence mechanisms.46 

These ROS are oxygen free radicals that contain one or more un-

paired electrons, produced from the reduction in molecular oxygen 

and generated as by- products of aerobic respiration and metabolism. 

These molecules have diverse chemical properties and are capable 

of activating and modulating various signalling pathways, including 

those involved in cell growth, differentiation and metabolism.47 They 

can	also	 induce	cellular	oxidative	damage	by	 interacting	with	DNA	
and intracellular macromolecules such as proteins and membrane 

lipids, leading to cellular malfunction that may initiate pathological 

processes. The free radical theory of ageing48 postulates that ageing 

and degenerative diseases associated with ageing are due to the oxi-

dative damage by ROS on cellular components. Moreover, the mito-

chondrial free radical theory of ageing49 proposes that ROS damage 

mitochondrial	 DNA	 (mtDNA),	 proteins	 and	 other	 macromolecules	
that	lead	to	respiratory	chain	dysfunction.	Mutant	mtDNA	induces	an	
increased	production	of	ROS,	further	facilitating	mtDNA	damage	and	
creates a self- amplifying deterioration.49 The increased generation of 

ROS can cause lipid peroxidation, protein damage and several types 

of	DNA	lesions	in	cells,	which	may	result	in	altered	or	complete	loss	of	
cellular function, compromised tissue and organ function, and ageing. 

Mechanistically, OS induces activation of processes, including repair 

pathways, inhibition of cell proliferation (transient cell- cycle arrest 

or senescence) or apoptosis.50 OS activates a specific p53 transcrip-

tional response, mediated by p44/p53 and p66, which regulates the 

cellular	response	to	DNA	damage,	leading	to	a	halt	in	proliferation	via	
senescence or apoptosis and contributes to ageing.51 To counterbal-

ance the ROS, cells have endogenous antioxidant systems, including 

non- enzymes, for example vitamin C and E, and glutathione (GSH), 

enzymes, for example superoxide dismutase (SOD), glutathione per-

oxidases (GSH- Ps), glutathione S- transferase (GSH- T) and catalase 

(CAT),	and	trace	elements,	for	example	copper,	zinc,	manganese	and	
selenium.52

Pregnancy itself is a state of OS, arising from the increased 

metabolic activity in placental mitochondria and an increased ROS 

production due to the higher metabolic demand of the growing 

foetus.53,54 Superoxide anions produced by placental mitochon-

dria appear to be a major source of ROS and lipid peroxidation that 

contribute to the OS in the placenta.55	Although	a	physiologic	bal-
ance between ROS and antioxidant activity is maintained in normal 

pregnancies,56 an imbalance may increase OS. The placenta expe-

riences a heightened level of OS in certain pathologic pregnancies, 

especially those that are complicated by maternal smoking, gesta-

tional diabetes, foetal growth restriction, pre- eclampsia and miscar-

riage.42,57,58 Often antioxidant activity is upregulated in response to 

OS. However, persistent, overwhelming OS leads to consumption 

and decline of antioxidants, and affects placental antioxidant capac-

ity and reducing systems.54 In the post- mature placenta, the accu-

mulation	of	OS	damage	to	lipids,	proteins	and	DNA	in	the	placental	
tissue may induce a form of advanced ageing.42 Premature ageing 

can occur when the intrauterine environment is affected by con-

ditions that increase OS, causing irreversible changes in placental 

tissue.8,59 It has been hypothesized that ageing of the placenta is 

usually associated with placental insufficiency, preventing this organ 

from meeting the needs of the foetus, and as a consequence, the via-

bility of the foetus is compromised.42 Figure 2 summarizes the effect 

of oxidative stress on placental function and pathological events at 

different stages during pregnancy.

5  | OS, PLACENTAL AGEING AND ADVERSE 
PREGNANCY OUTCOMES

5.1 | OS and spontaneous preterm birth

Preterm birth is defined as birth before 37 weeks of gestation, affects 

5%- 18% of pregnancies and is a leading cause of infant morbidity and 

mortality. Most of the preterm births occur after the spontaneous 

onset of labour (with or without preterm premature rupture of the 

membrane, pPROM), but the precise mechanisms of onset of preterm 

labour remain unclear.60 Labour induces changes of gene expression 

in chorioamniotic membranes that are consistent with the localized 

acute inflammatory response, despite the absence of histologically 

detectable inflammation.61 It has been hypothesized that cellular ap-

optosis transmits an inflammatory signal that stimulates parturition.62 

Although	they	are	resistant	to	apoptosis,	senescent	cells	may	trans-
mit both inflammatory and senescence- promoting signals to induce 

labour.35 It has also been suggested that labour is associated with 

senescence- associated changes in the placental membranes mediated 

by	the	p38	MAPK	pathway,	including	telomere	shortening,	p38	MAPK	
activation	and	increased	expression	of	p21	and	SA-	β- galactosidase.63 

OS	 at	 term	 induces	 DNA	 damage	 and	 telomere	 shortening,	 which	
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accelerates telomere- dependent senescence of the foetal mem-

branes, resulting in senescence- associated inflammatory activation 

that may contribute to parturition.64 It has long been thought both 

term and preterm labour have similar processes that occur through a 

“common pathway”. The activation of this common pathway through 

physiologic signals results in term labour, while preterm labour is a 

“syndrome,” which occurs from spontaneous activation of one or 

more of the components of the common pathway induced by multiple 

pathologic processes or risk factors.60 Spontaneous preterm labour or 

pPROM is likely to be triggered by premature placental ageing caused 

by OS- induced damage and premature senescence of the intrauter-

ine tissues, especially the foetal membranes of the placenta,65–67 and 

vascular, endocrine or immune system dysfunction.68 ROS activates 

NF- kappa B, which stimulates COX- 2 expression and systemic in-

flammation. Infection, inflammation or exogenous factors (eg lead) 

upregulate ROS, resulting in OS- induced tissue injury, and the conse-

quent decrease in antioxidant defences is likely to increase the risk of 

preterm birth.69 Preterm birth is also associated with ROS- mediated 

redox imbalance (balance between pro-  and antioxidants). In pre-

term birth, increased placental and maternal serum levels of oxidized 

metabolites (malondialdehyde) with reduced levels of antioxidant 

(GSH, selenium, GSH- T) are observed compared to term labour.70–73 

However, the expression of Mn- SOD in foetal membranes of women 

in preterm labour is increased, likely to constrain the inflammatory 

processes and OS.74

5.2 | OS and IUGR

IUGR, also known as foetal growth retardation, is a failure of a foetus 

to reach its genetic growth potential. IUGR is a leading cause of foetal, 

neonatal and perinatal morbidity and mortality.75 IUGR is defined as 

an estimated foetal weight of less than the 10th percentile for ges-

tational age.18 Most intrauterine deaths, in particular, those that are 

classified	as	unexplained,	are	associated	with	 IUGR.	Around	76%	of	
intrauterine deaths are associated with IUGR.76,77 IUGR also strongly 

affects the long- term health of survivors.78 Some potential risk fac-

tors for IUGR include maternal smoking, infection, obesity, malnutri-

tion and chromosomal abnormalities, but the majority of cases remain 

unexplained.79 The most common aetiology for IUGR is uteroplacental 

dysfunction, due to diminished maternal uteroplacental blood flow.80 

The placenta is the central organ for transporting nutrients and oxy-

gen from the mother to the foetus. Inadequate function of this organ 

limits the supply of critical substrates to support the normal aerobic 

growth of the foetus.81 Recently, it has been hypothesized that pla-

cental insufficiency originates in the early stage of gestation when 

the trophoblast invades spiral arteries in the placental bed.81 This pro-

cess requires high energy availability for cell growth, proliferation and 

metabolic activity that generates ROS and OS. Inadequate trophoblas-

tic invasion to the spiral arteries may occur when the chorioallantoic 

villi encounter an injury caused by stimuli or mediators.82	Among	the	
diverse number of stimuli or mediators, OS has the leading role.22 

F IGURE  2 Effect of oxidative stress on placental function and pathological events in pregnancy
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Consequently, incompletely developed spiral arteries cause ischae-

mia (hypoxia)- reperfusion that exacerbates the OS and contributes to 

damage of the placental tissue.18

Damage resulting from OS predominantly occurs to membrane 

lipids,	proteins	and	nuclear	and	mitochondrial	DNA.	Plasma	and	tis-
sue	levels	of	malondialdehyde	(MDA),	an	end	product	of	fatty	acid	
oxidation, are frequently measured as indicators of lipid peroxidation 

and	OS.	The	levels	of	MDA	and	xanthine	oxidase	(XO,	an	enzyme	that	
generates ROS) are higher in maternal plasma, umbilical cord plasma 

and placental tissues of the patients with IUGR pregnancy compared 

to healthy pregnancies,83 which suggest that OS has a role in IUGR. 

In	 nuclear	 and	 mitochondrial	 DNA,	 8-	hydroxy-	2’-	deoxyguanosine	
(8- OHdG, an oxidized derivative of deoxyguanosine) is one of the 

predominant forms of free radical- induced oxidative lesions, and 

has	 therefore	been	widely	used	as	a	biomarker	 for	oxidative	DNA	
damage, as well as OS. The levels of 8- OGdH and redox factor- 1 

(ref- 1) are significantly higher in placentas from IUGR compared to 

normal pregnancies.84–86 Ref- 1 is a redox regulator that repairs oxi-

dative	DNA	damage,	and	its	concentration	increases	in	response	to	
oxidative damage. Placental antioxidant levels and antioxidant ac-

tivity are also altered in pregnancies complicated by IUGR. In IUGR, 

the SOD and GSH- Px activities in maternal plasma, cord blood and 

placental	 tissues	 are	 increased,	while	 CAT	 activity	 is	 decreased.83 

The	mRNA	levels	of	the	reducing	systems,	glutaredoxin	and	thiore-

doxin, are also depleted in placentas with IUGR.87 Moreover, the 

IUGR placenta shows signs of ageing markers, including shortening 

of	telomere	 length	and	reduced	telomerase	activity.	A	significantly	
shorter telomere and/or an absent or reduced telomerase activity 

are observed in the placentas from IUGR pregnancies41,88–90 with 

a reduced expression of hTERT, which is the rate- limiting factor in 

the telomerase activity.41	Also,	the	expression	of	telomere-	induced	
senescence markers p21 and p16 is elevated, and anti- apoptotic 

protein Bcl- 2 is decreased in IUGR placentas.88 Together with in-

creased OS markers and reduced antioxidants capacity, the evidence 

of ageing markers supports the concept of the role of OS in placental 

ageing and IUGR.

5.3 | OS and pre- eclampsia

Pre- eclampsia is a hypertensive disorder of human pregnancy, and 

it frequently occurs in association with IUGR. Pre- eclampsia af-

fects 5%- 7% of all pregnancies worldwide and remains a leading 

cause of foetal growth retardation, premature delivery and mater-

nal death.54,91,92 The main features of pre- eclampsia are new- onset 

maternal	 hypertension	 (blood	 pressure	 ≥140/90	mmHg),	 reduced	
uteroplacental	blood	flow,	proteinuria	(≥300	mg/24	h),	oedema	and	
occurrence primarily in nulliparous women in their third trimester.54 

Among	the	two	distinct	subtypes,	early-	onset	pre-	eclampsia	(occurs	
before 34 weeks) confers a higher risk of life- threatening maternal 

complications and foetal and perinatal death, than the late- onset 

(occurs at 34 weeks or later), and early delivery is the only treat-

ment.93 This disorder develops during pregnancy, and the rapid and 

complete recovery after childbirth indicates that the placenta has a 

pivotal role in the pathogenesis of this disease.94	Although	the	aeti-
ology of pre- eclampsia is still subject to debate, the basic pathologic 

event in pre- eclampsia is an injury to the vascular endothelium95 that 

is mediated by OS from increased placental ROS or decreased anti-

oxidant activity.96 Consequently, trophoblastic invasion to the spiral 

arteries is inhibited that limits the spiral artery remodelling to the de-

cidual portions and the myometrial segments of the arteries remain 

narrow and contractile.97 Therefore, in pre- eclampsia, increased 

vascular resistance in the placenta leads to reduced uteroplacental 

perfusion.97,98 The resultant hypoxia or ischaemia, together with in-

termittent perfusion, is associated with the conversion of xanthine 

dehydrogenase to XO and the increased XO activity provokes ROS 

synthesis in the placenta.99,100 Both pre- eclampsia and IUGR share 

similar pathophysiology that is associated with defective placenta-

tion, but pre- eclampsia (with or without IUGR) is distinguished from 

IUGR (without pre- eclampsia) by extension of disturbances into the 

maternal vasculature.97,101

In pre- eclampsia, both the circulating and placental tissue levels 

of markers of OS are elevated and antioxidant capacities are compro-

mised.100,102 Polyunsaturated fatty acids, which are found in abun-

dance in the cell membrane and in circulating lipoproteins, are highly 

susceptible to oxidation by free radicals to form lipid peroxides, and 

the process is called lipid peroxidation.103 When lipid peroxidation 

is initiated, it becomes self- propagating and continues until it is in-

terrupted by an antioxidant. Normal pregnancy is associated with in-

creased free radical production, lipid peroxidation and OS; however, 

antioxidant activity is also upregulated56 that counterbalances free 

radical generation and oxidative damage. In contrast, pre- eclampsia 

is associated with increased lipid peroxidation in the maternal cir-

culation and the placenta and decreased antioxidant activity.103–105 

Superoxide anions produced by the enzyme XO in the placental mi-

tochondria appear to be a major source of OS and contribute to an 

overall increase in maternal blood and placental lipid peroxidation 

in pre- eclamptic women.55,104 Two major end- products of lipid per-

oxidation,	MDA	and	4-	hydroxynonenal	(4-	HNE),	are	frequently	mea-
sured as indicators of lipid peroxidation and OS. Increased placental 

and	 serum	 levels	 of	MDA	 and	 4-	HNE	 and	 placental	 XO	 expression	
of pre- eclamptic women are observed compared with normotensive 

subjects,55,99,103,106,107 whereas maternal circulating and placental lev-

els	of	antioxidants,	for	example,	CAT,	GPX	and	SOD,	are	decreased	in	
pre- eclampsia compared to healthy pregnancy.103,105,106,108	Also,	 the	
expression of 8- OHdG is increased in both maternal blood and the 

placental trophoblast in pregnancy complicated by pre- eclampsia with 

or without IUGR.84–86	The	 level	of	 ref-	1	 that	 repairs	oxidative	DNA	
damage is also higher in the pre- eclamptic placenta.84–86 Serum levels 

of derivatives of reactive oxygen metabolites (d- ROMs), for example, 

organic hyper oxides, are also increased in pre- eclamptic women,85,86 

indicating increased ROS in maternal circulation from which they are 

produced. The increased ROS in the maternal circulation may origi-

nate from the placenta, as the d- ROMs decrease following delivery.85 

Additionally,	 in	 pre-	eclamptic	 placentas	with	or	without	 IUGR,	 telo-

meres are shorter, and telomerase activity is reduced compared to 

healthy placentas.38,41
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5.4 | OS and early pregnancy loss

OS has been implicated in early pregnancy loss. There is a sharp in-

crease in oxygen tension when the maternal blood enters into the 

placenta, and this associated with a burst of OS.15 It is not until about 

11- 12 weeks of gestation that the maternal blood invades into the in-

tervillous space. The arrival of oxygenated blood before 10- 11 weeks 

leads to deterioration of the syncytiotrophoblast caused by OS, re-

sulting in loss of pregnancy, including spontaneous miscarriage and 

recurrent pregnancy loss.12,69 The high levels of OS markers, such as 

nitrotyrosine residues, 4- HNE adducts and heat shock protein 70 in 

the placentas from early pregnancy loss,15 suggest that increased ROS 

generation is due to premature establishment of maternal- placental 

perfusion, resulting in oxidative damage to the trophoblasts with 

subsequent termination of the pregnancy.46 The expression of these 

markers is induced in vitro by exposing early placental villi to 21% 

oxygen and is associated with increased ROS production.109 This OS 

in early stage of pregnancy can impair a number of cell functions, 

including matrix remodelling, angiogenesis, cytotrophoblast prolif-

eration, migration and fusion, and endocrine function,110 resulting in 

pregnancy loss.

5.5 | OS, placental ageing and stillbirth

Stillbirth, which is intrauterine foetal death at or after 20 weeks of 

gestation,	 is	 a	 major	 obstetric	 complication.	 Although	 a	 number	 of	
risk factors for stillbirth have been identified including advanced 

maternal age, obesity, smoking, late gestational age and IUGR,111,112 

most cases remain unexplained. Recently studies on stillbirth have 

postulated an association between stillbirth and placental pathol-

ogy, including infarction, vessel wall thickening and calcification and 

dysfunction.42,113–115	A	2016	study	shows	a	significant	 reduction	 in	
telomere length in placentas associated with unexplained stillbirth in-

dicating a telomere- dependent senescence in the placenta, suggesting 

that this may cause premature placental ageing and placental dysfunc-

tion leading to foetal death.113 We have hypothesized that OS causes 

changes	in	proteins,	lipids	and	DNA	in	the	placenta,	which	may	induce	
a form of advanced ageing, leading to placental insufficiency and an 

inability to meet the demands of the growing foetus that ultimately 

causes foetal demise.42

6  | SUMMARY

There is accumulating evidence that demonstrates an association 

between OS and placental ageing that contribute to poor preg-

nancy	outcomes.	Altered	 cellular	metabolism	 is	observed	 in	 several	
pathological situations, and these metabolic shifts that elevate ROS 

generation can increase telomere shortening or induce telomerase 

dysfunction leading to premature senescence and ageing. Conversely, 

dysfunctional telomerase may itself induce altered metabolic and mi-

tochondrial functions that may, in turn, cause further OS deregula-

tion. OS also activates processes or mediators that cause inhibition 

of cellular proliferation or increased apoptosis. Premature placental 

ageing is the consequence of OS- induced damage to lipids, proteins 

and	DNA	in	the	placental	tissue	that	may	cause	cellular	senescence	or	
cell death in the placenta, leading to placental dysfunction and insuffi-

ciency. OS- induced endothelial dysfunction contributes to the patho-

genesis of pregnancy complications, including pre- eclampsia, IUGR, 

preterm	birth	and	recurrent	pregnancy	loss.	Alteration	of	antioxidant	
capacity or changes apoptosis regulation in the placenta are also sig-

nificant factors that contribute to the pathophysiology of abnormal 

pregnancies.
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