
O R I G I N A L A R T I C L E
Histological Evaluation of Placenta in Relation with Maternal Age in
Normal Uncomplicated Pregnancy
Eman Ghanim Sheet
Department of Anatomy, College ofMedicine, University of Ninevah,Mosul, Iraq.

Corresponding author email: eman.sheet@uoninevah.edu.iq

Received: 24 January 2024
Accepted: 19 March 2024
First published online: 01 April 2024

DOI: 10.32894/kjms.2024.146338.1090.

ABSTRACT
Background: The placenta is a fetomaternal structure that determines normal fetal growth and maturation, the functionof the placenta depends on the normal differentiation of the villous trophocytoblast and the thickness of the placentalbarrier. Placental insufficiency associated with abnormal neonatal outcome. The aim of this study is to evaluate thehistological structure of the placenta according to maternal age.
Methods: A case control prospective study is done on sixty placentae from women delivered normally at Al-Khansaaobstetric Hospital, the samples of placentae are classified into three groups according to the maternal age: group A:mother age (20-34) years considered as control group, group B: mother age (19-15) years while group C: maternal age35-50. The placentae are weighted and their diameters include thickness, are measured then pieces from placentae aretaken to asses oxidative stress biomarker and other pieces are fixed in formalin solution then processed and prepared forlight microscopic examination.
Results: The mean weight and surface area of placentae of mothers over 35 years were decreased while their thicknessincreased as compared to that of control and young age group, the oxidative stress biomarker increased in this groupwhereas the histological study revealed thickening of placental barrier, decreased of villus vascularity, increased villusstroma with fibrinoid deposition and increased syncytial knot.
Conclusion: Pregnancies, in advanced maternal age rather than youth, can negatively impact the structure of theplacenta due to increased oxidative stress. To potentially help support function in this age group adding antioxidantscould be beneficial.
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INTRODUCTIONThe placenta is the chief organ for the existence
of the fetal body. Normal and regular placental
function is considered a major factor in control-
ling intrauterine fetal growth, as nutrient and

oxygen supply to the embryo throughout gestation is achieved
mainly through the placenta [1, 2].
The function of the placenta depends on the normal differ-
entiation of the villous trophocytoblast and the thickness of
the placental barrier [3]. The foetal growth is affected by the
quantity and quality of maternal blood poured in the placental
intervillus region [4]. The placenta, as any other developing
tissue, undergoes remolding and apoptosis of cells [5]. Abnor-
mal cell development leads to placental insufficiency, which
has a direct association with abnormal neonatal outcomes
such as respiratory distress, growth restriction, and long-
term deterioration of health [6, 7]. One of the most common
factors that affect the structure and function of the placenta
is maternal age [8, 9].
The most suitable age for pregnancy in women is between 20
and 34 years; however, pregnancy with maternal age below
20 (teenager) or above 35 (advanced age) is associated with
high risk of complication [10]. Previous research showed that
advanced maternal age, as well as teenage mothers, have been
associated with a high risk of intrauterine growth retardation,
small infants, and prenatal death [11–13].
The exact mechanism by which maternal age affects fetal
growth is unclear, but it may be related to the placenta, so
in this study we assess the placental weight and structure in
different age groups of the mother.

MATERIALS AND METHODS
• Placental collection: Sixty full term placentae from nor-
mal pregnant women were collected. The inclusion criteria
for mothers include maternal weight (60-70 kg), gestational
age ( 38-42 weeks), male baby, normal vaginal delivery, un-
complicated pregnancy (the mothers were normotensive, not
diabetic, and had no other endocrine or systemic disorder)
and had no previous history of any disease. The placentae
are classified into three groups according to the age of the
mothers:
Group A: 20 placentae from women aged 20 to 34 years at

the time of delivery considered control group. Group B: 20
placentas of pregnant women with a 15-19 year age. Group C:
20 placentas from pregnant women aged 35 -50 years.
All samples of this prospective study of case and control

have been collected from the obstetrics department of the
Al-Khansa Teaching Hospital in Mosul city during the period
of May 2023 to December 2023. The placentae were cleaned
with a towel, the umbilical cords were cut about 4 cm from
their insertion site, the diameters of the placentae were mea-
sured and recorded, they were weighted, and then the tissue
pieces ( not less than one gram ) were preserved in aluminium
foil and stored in the refrigerator to be used later to measure
the biomarker of oxidative stress according to the thiobar-
bituric acid (TBA) technique according to Gilbert et al. [14]
other pieces from various parts of each placenta are fixed in
10% formalin solution.
• Tissue Processing and Staining: After 24 hour fixation, the
tissues were dehydrated with an ascending grade of alcohol,
cleaned with xylene, embedded in paraffin, then 5 µ sections
were cut and stained with hematoxylin and eosin [15].
• Quantitative analysis: The thicknesses of the feto- mater-
nal membrane were measured at 200X magnification using
the colour USB 2.0 camera " A3950U" provided with image
processing software, which was calibrated to the objective
lens of the microscope by a 0.01 mm micrometre " ESM-11
Japan", the measurement was performed on ten randomly
chosen fields from each section.
•Measurement of oxidative stress biomarker: The gener-
ation of free radicles disturbs cell redox with increasing cell
damage and lipid peroxidation of the cell membrane, which
is associated with the production of toxic substances such as
malondialdehyde (MDA) that are considered as biomarkers of
oxidative stress [14].
To measure the level of MDA, the previously preserved pla-
cental tissues are homogenized by a special device and cen-
trifuged with a cold Tris-EDTA solution for 15 minute , 0.5
ml of homogenized solution treated with cooled peroxidizing
agent and placed in a 73 ° C water bath for half an hour, then
0.5 ml of sodium arsenate dissolved in thiobarbituric acid was
added and centrifuged for five minute at 3000 rpm to stop per-
oxidation after that one ml of filter was drowned and mixed
with 0.25 m of TBA and distilled water , shacked well , put for
15 minute in boiled water bath and finally spectrometer was
used to measure absorbent of each sample at wavelength of
532 nm and at 453 nm after 15 minute [14].
Regarding statistical analysis, the results of descriptive statis-
tics were expressed as mean ± standard error (SE). The sig-
nificance of variation was measured by GraphPad Prism (ver-
sion 8.0) using one-way ANOVA followed by Student’s t-new
man–Keuls multiple comparison test with a level of signifi-
cance at P ≤ 0.05.
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RESULTS
• Placental weight
Placental weight was measured in grams in all groups. The
mean placental weight in group A is approximately 463.68
±16.13, in group B it is 415.93±13.25 while in group C it is
378.12±.19.35 (Figure 1). There was a significant variation
(p < 0.001) in the mean placental weight in group C compared
to other groups; however, there were also significant differ-
ences (p < 0.05 ) differences between group A and B.
• Thickness and surface area of the placenta
The thickness of the placenta was measured in millimetres
by a graduated needle inserted near their centre, while the
surface area (SA) of the placenta has been calculated using
the following formula [16]:
SA =πD1D2

4 , (π = 3.14)
D1: Largest diameter (length),
D2: The lowest diameter (widths) perpendicular to the length
measured in centimeters (cm).
The mean values of the thickness and surface area of placentae
in group C were significantly (p< 0.01) differ compared to
other groups; however, there were non-significant (p>0.05)
variation in surface area between group A and B (Table 1)
• Placental Barrier Thickness
There is a significant (p <0.001) increase in the thickness
of the feto-maternal membrane in the group of mothers
aged 35-50 years, the mean thickness of the placental barrier
in this group is about 5.09±2.67m compared to the control
group (mother age 20-34) and the young mother (15-19) in
whom the thickness of the placental barrier are 2.02±3.45 and
1.98±3.55 m respectively and there is no significant change
between these two groups ( Figure 2).
•Histological evaluation
The histological study of placenta revealed that about 92% of
placenta from group A, 85% of group B and 10% of group C
revealed a normal structure, they had a random distribution
of chorionic villi with regular lumen capillaries and cuboidal
trophocytoblasts with rounded nuclei , the basement mem-
brane between capillary and trophopblast is thin (Figure 3).
However, 90% of placenta from group C and 8%, 15% of group
A and B respectively showed different histological changes

Figure 1. Histogram showing placental weight (wt in gram) in different groups ofmothers.

Figure 2. Histogram shows placental barrier thickness in different groups ofmothers.

which include irregular, few capillaries with thickness of base-
ment membrane between the capillaries and trophopblast,
increase of stromal thickness of tertiary villi , deposition of
fibrinoid between the villi and increase frequency of syncytial
knots (Figure 4, 5 and 6).
•Malondialdehyde Analysis
The mean level of MDA in placentae of mothers of advanced
age was 1.89 ± 1.07 nmol / gm, which is significantly (p < 0.01)
higher than that of the control (0. 68 ± 1.23) and that of the
mothers of adolescents (0. 65 ± 1.56) in whom there was no
significant variation (p > 0.05) between them (Figure 7).

Table 1. Comparison of different parameters between HS and CT techniques.
Parameters Group A (Mean± SE) Group B (Mean± SE) Group C (Mean± SE)
Placental surface area (cm2) 221.72±31.26* 221.68±41.36* 173.27±65.17*Placental thickness (mm) 22.36±4.12* 22.31±2.2* 23.12±5.31*

* Significant differences (p<0.01).
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Figure 3. Photomicrographs of the normal placenta show the tertiary villi (arrows) floating in the intervillous space (IV), the thin placental barrier (black lines) , regularthin wall vessels (v), HE , A;100X, B; 400X

Figure 4. Photomicrograph of the placenta show thickening of placental barrier (green lines), decrease vascularity (curved arrow), increase stromal thickness (biheadarrow) H E , 400X

Figure 5. Photomicrographs of placental tissue show intervillous fibroid deposition (bihead arrow), increase the syncytial knot (arrows). HE, 400X.

Figure 6. Photomicrograph of placental tissue showing terminal villi (arrows), intervillous space (iv), intervillous fibroid deposition (bihead arrow). H E, 400X.
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Figure 7. Histogram showing MDA levels of different age groups mothers.

DISCUSSION
Pathological changes in the placenta can affect the utero-
placental circulation, resulting in a restriction of the growth
of the fetus [17]. The placenta is exposed to the effect of
cytokines, many hormones, and other factors present in
the circulation of both the mother and fetus and can induce
molecules that affect both of them independently [18]. The
placenta undergoes structural changes throughout pregnancy,
particularly in blood vessels, to accommodate the need for the
embryo [19]. These physiological changes may be affected
by some factors that may interrupt the growth of their cells
and, accordingly, their function. Maternal age may affect
placental function, this belief was based on previous studies
that indicated a relationship between mother’s age and the
health of the fetus. Some researchers indicated that teenage
pregnancy is associated with high risk of abortion, premature
labor, small for date baby and congenital anomaly [20–22].
while others consider that advanced maternal age is a cause of
abnormal fetal outcome [23, 24]. The present study showed
that placental weight is significantly reduced in advanced age
mothers and teenage mothers compared to control with more
reduction in advanced age mothers and this result was con-
comitant with that obtained by Asgharnia etal who observed
that placental weight in mothers less than 18 years was re-
duced compared to those with 25 years [25]; however, our
result disagreed with that reported by other researchers who
said that placental weight increased with advanced mater-
nal age (over 35 years ) [26, 27] this differences in the result
may be attributed to the method of delivery and the placen-
tal weight procedure. The surface area of the advanced-age
mother placentae decreased, while the thickness increased
significantly compared to other groups. Elchalal et al. sug-
gested that increased placental thickness may be related to
macrosomia, small for date infant, and increased perinatal

mortality [28].
In this work, microscopical examination reveals several
histopathological changes, particularly among placentae of
mothers aged over 35 years; these include increased thicken-
ing of the feto-maternal membrane, increased frequency of
syncytial knots, and hypovascular chorionic villi that contain
small, contracted blood vessels and thick stroma, these find-
ings were consistent with other authors [29, 30]. Huppertz et
al. considered the increase of the syncytial knot as the adop-
tive response of placenta [31]. While Sankar et al. correlate
the thickening of the placental membrane with the reduction
of placental circulation and the accretion of the syncytial knot
[32]. Some authors considered the syncytial knot as a degen-
erative change and related its formation to the age process
[33]. Napso et al. denoted that placental phenotybe, as a gene
and protein expression for placental growth, had been mod-
ified in advanced maternal age and this may alter placental
function [34]. Furthermore, the elevation of the oxidative
stress biomarker observed in this study may be responsible
for the pathological changes of placentae in mothers over 35
years age. Other workers observed the association of increased
oxidative stress and apoptotic changes in the placenta with in-
creased maternal age [35, 36], and another said that oxidative
stress and increased lipid peroxidation are related to many
pathological changes in the placenta [37].
The present study showed structural and morphological
changes in the placenta of older mothers than in adolescents,
indicating that abnormal outcomes of the fetus observed by
other researchers in these two groups may be related to the
nutrition and society of teenage women, while in advanced
age they may be related to structural changes and increased
oxidative stress, which may explain the method of perinatal
care to improve the fetus’ health.

CONCLUSION
Pregnancies, in advanced maternal age rather than youth,
can negatively impact the structure of the placenta due to in-
creased oxidative stress. To potentially help support function
in this age group adding antioxidants could be beneficial.

ETHICAL DECLARATIONS
• Acknowledgements

I would like to extend my sincere thanks to the doctors and
staff of the obstetrics department of Al-Khansa Teaching
Hospital in Mosul City and to the histopathological depart-
ment of the medical college for their help and immense



Placenta & Maternal Age in Normal Pregnancy | 33

support during this work.
• Ethics Approval and Consent to Participate

The study was carried out according to the ethical com-
mittee of the medical college of the University of Ninevah,
informed consent was obtained from all mothers who en-
rolled in the study.

• Consent for Publication
Non.

• Availability of Data and Material
The datasets are available from the corresponding author
upon reasonable request.

• Competing Interests
The author declares that there is no conflict of interest.

• Funding
Self funded.

• Authors’ Contributions
Eman Ghanim Sheet contributed significantly, directly,
and intellectually to the work and consented it to be pub-
lished.

REFERENCES
[1] Association AP, The Fetal Light-Support Sys-

tem; 2021. https://americanpregnancy.org/

healthy-pregnancy/pregnancy-health-wellness/

fetal-life-support-system/, accessed November 15,
2021.

[2] Sibley CP, Brownbill P, Glazier JD, Greenwood SL. Knowl-
edge needed about the exchange physiology of the pla-
centa. Placenta 2018;64:S9–S15. https://doi.org/10.

1016/j.placenta.2018.01.006.
[3] Burton GJ, Fowden AL. The placenta: a multifaceted,

transient organ. Philosophical Transactions of the Royal
Society B: Biological Sciences 2015;370(1663):20140066.
https://doi.org/10.1098/rstb.2014.0066.

[4] Freedman AA, Hogue CJ, Marsit CJ, Rajakumar A, Smith
AK, Goldenberg RL, et al. Associations between the fea-
tures of gross placental morphology and birthweight.

Pediatric and Developmental Pathology 2019;22(3):194–
204. https://doi.org/10.1177/1093526618789310.

[5] Maître JL. Mechanics of blastocyst morphogenesis. Biol-
ogy of the Cell 2017;109(9):323–338. https://doi.org/

10.1111/boc.201700029.
[6] Labarrere CA, DiCarlo HL, Bammerlin E, Hardin JW, Kim

YM, Chaemsaithong P, et al. Failure of physiologic trans-
formation of spiral arteries, endothelial and trophoblast
cell activation, and acute atherosis in the basal plate of
the placenta. American journal of obstetrics and gyne-
cology 2017;216(3):287–e1. https://doi.org/10.1016/

j.ajog.2016.12.029.
[7] Corroenne R, Yepez M, Barth J, Pan E, Whitehead W,

Espinoza J, et al. Chorioamniotic membrane separation
following fetal myelomeningocele repair: incidence, risk
factors and impact on perinatal outcome. Ultrasound in
Obstetrics & Gynecology 2020;56(5):684–693. https:

//doi.org/10.1002/uog.21947.
[8] Rathbun K, Hildebrand J, Placenta Abnormalities; 2022.

[Updated 2022 Oct 17]. In: StatPearls [Internet]. Trea-
sure Island (FL): StatPearls Publishing; 2024 Jan-.
Available from: https://www.ncbi.nlm.nih.gov/books/

NBK45935.
[9] Woods L, Perez-Garcia V, Kieckbusch J, Wang X, De-

Mayo F, Colucci F, et al. Decidualisation and placen-
tation defects are a major cause of age-related repro-
ductive decline. Nature communications 2017;8(1):352.
https://doi.org/10.1038/s41467-017-00308-x.

[10] Mehari Ma, Maeruf H, Robles CC, Woldemariam S, Ad-
hena T, Mulugeta M, et al. Advanced maternal age preg-
nancy and its adverse obstetrical and perinatal outcomes
in Ayder comprehensive specialized hospital, North-
ern Ethiopia, 2017: a comparative cross-sectional study.
BMC pregnancy and childbirth 2020;20:1–10. https:

//doi.org/10.1186/s12884-020-2740-6.
[11] Glick I, Kadish E, Rottenstreich M. Management of preg-

nancy in women of advanced maternal age: Improving
outcomes for mother and baby. International journal of
women’s health 2021;p. 751–759. https://doi.org/10.

2147/IJWH.S283216.
[12] Correa-de Araujo R, Yoon SS. Clinical outcomes in high-

risk pregnancies due to advanced maternal age. Journal
of Women’s Health 2021;30(2):160–167. https://doi.

org/10.1089/jwh.2020.8860.
[13] Hayward CE, Greenwood SL, Sibley CP, Baker PN, Chal-

lis JR, Jones RL. Effect of maternal age and growth on
placental nutrient transport: potential mechanisms for
teenagers’ predisposition to small-for-gestational-age

https://americanpregnancy.org/healthy-pregnancy/pregnancy-health-wellness/fetal-life-support-system/
https://americanpregnancy.org/healthy-pregnancy/pregnancy-health-wellness/fetal-life-support-system/
https://americanpregnancy.org/healthy-pregnancy/pregnancy-health-wellness/fetal-life-support-system/
https://doi.org/10.1016/j.placenta.2018.01.006
https://doi.org/10.1016/j.placenta.2018.01.006
https://doi.org/10.1098/rstb.2014.0066
https://doi.org/10.1177/1093526618789310
https://doi.org/10.1111/boc.201700029
https://doi.org/10.1111/boc.201700029
https://doi.org/10.1016/j.ajog.2016.12.029
https://doi.org/10.1016/j.ajog.2016.12.029
https://doi.org/10.1002/uog.21947
https://doi.org/10.1002/uog.21947
https://www.ncbi.nlm.nih.gov/books/NBK45935
https://www.ncbi.nlm.nih.gov/books/NBK45935
https://doi.org/10.1038/s41467-017-00308-x
https://doi.org/10.1186/s12884-020-2740-6
https://doi.org/10.1186/s12884-020-2740-6
https://doi.org/10.2147/IJWH.S283216
https://doi.org/10.2147/IJWH.S283216
https://doi.org/10.1089/jwh.2020.8860
https://doi.org/10.1089/jwh.2020.8860


34 | KJMS, 2024, Vol. 12, No. 1 Eman Ghanim Sheet

birth? American Journal of Physiology-Endocrinology
and Metabolism 2012;302(2):E233–E242. https://doi.

org/10.1152/ajpendo.00192.
[14] Gilbert HS, Stump DD, Roth Jr EF. A method to correct for

errors caused by generation of interfering compounds
during erythrocyte lipid peroxidation. Analytical bio-
chemistry 1984;137(2):282–286. https://doi.org/10.

1016/0003-2697(84)90086-1.
[15] Hegazy R. Hegazy’simplified method of tissue process-

ing (consuming time and chemicals). Ann Int Med Dent
Res 2015;1(2):57–61.

[16] Nascente LMdP, Grandi C, Aragon DC, Cardoso VC. Pla-
cental measurements and their association with birth
weight in a Brazilian cohort. Revista Brasileira de
Epidemiologia 2020;23:e200004. https://doi.org/10.

1590/1980-549720200004.
[17] Jadhav CR, Srinivasamurthy BC, Bhat RV, Agrawal V,

Kumar H. Placental pathology in low birth weight ba-
bies a prospective observational study. Indian J Pathol
Oncol 2018;5(2):178–83. https://doi.org/10.18231/

2394-6792.2018.0034.
[18] Keith L Moore MGT T V N Persaud. The Developing Hu-

man: Clinically Oriented Embryology. 8th ed. Elsevier;
2008.

[19] Neal D, More G. The role of mediated apoptosis in
preeclampsia,(2005). J Perinat med;33(6):471–7.

[20] Amjad S, MacDonald I, Chambers T, Osornio-Vargas
A, Chandra S, Voaklander D, et al. Social determi-
nants of health and adverse maternal and birth out-
comes in adolescent pregnancies: a systematic review
and meta-analysis. Paediatric and perinatal epidemi-
ology 2019;33(1):88–99. https://doi.org/10.1111/ppe.

12529.
[21] Vieira CL, Coeli CM, Pinheiro RS, Brandao ER, Ca-

margo Jr K, Aguiar FP. Modifying effect of prenatal care
on the association between young maternal age and ad-
verse birth outcomes. Journal of pediatric and adoles-
cent gynecology 2012;25(3):185–189. https://doi.org/

10.1016/j.jpag.2011.12.070.
[22] Chandra PC, Schiavello HJ, Ravi B, Weinstein AG, Hook F.

Pregnancy outcomes in urban teenagers. International
Journal of Gynecology & Obstetrics 2002;79(2):117–122.
https://doi.org/10.1016/S0020-7292(02)00240-0.

[23] Kahveci B, Melekoglu R, Evruke IC, Cetin C. The ef-
fect of advanced maternal age on perinatal outcomes
in nulliparous singleton pregnancies. BMC pregnancy
and childbirth 2018;18:1–7. https://doi.org/10.1186/

s12884-018-1984-x.

[24] Attali E, Yogev Y. The impact of advanced maternal age
on pregnancy outcome. Best Practice & Research Clinical
Obstetrics & Gynaecology 2021;70:2–9. https://doi.

org/10.1016/j.bpobgyn.2020.06.006.
[25] Asgharnia M, Esmailpour N, Poorghorban M, Atrkar-

Roshan Z. Placental weight and its association with ma-
ternal and neonatal characteristics. Acta Medica Iranica
2008;p. 467–472.

[26] Sathasivam R, Selliah P, Sivalingarajah R, Mayorathan U,
Munasinghe BM. Placental weight and its relationship
with the birth weight of term infants and body mass
index of the mothers. Journal of International Medical
Research 2023;51(5):03000605231172895. https://doi.

org/10.1177/03000605231172895.
[27] Haavaldsen C, Samuelsen S, Eskild A. The asso-

ciation of maternal age with placental weight: a
population-based study of 536 954 pregnancies. BJOG:
An International Journal of Obstetrics & Gynaecology
2011;118(12):1470–1476. https://doi.org/10.1111/j.

1471-0528.2011.03053.x.
[28] Elchalal U, Ezra Y, Levi Y, Bar-Oz B, Yanai N, Intrator

O, et al. Sonographically thick placenta: a marker for
increased perinatal risk—a prospective cross-sectional
study. Placenta 2000;21(2-3):268–272. https://doi.

org/10.1053/plac.1999.0466.
[29] Meteeb RL, Al-Dhalimy AMB. The relation between

maternal age with placental weight: Histological study.
EurAsian Journal of BioSciences 2020;14(1):529–533.

[30] Jawad HB. Influence of advanced maternal age on histol-
ogy of full term human placenta in Basrah. Al-Qadisiyah
Medical Journal 2014;10(18):78–85.

[31] Huppertz B. The anatomy of the normal placenta. Journal
of clinical pathology 2008;61(12):1296–1302. https://

doi.org/10.1136/jcp.2008.055277.
[32] Sankar KD, Bhanu PS, Kiran S, Ramakrishna B, Shan-

thi V. Vasculosyncytial membrane in relation to syn-
cytial knots complicates the placenta in preeclampsia:
a histomorphometrical study. Anatomy & cell biology
2012;45(2):86. https://doi.org/10.5115/acb.2012.45.

2.86.
[33] Huppertz B. Placental villous trophoblast: the al-

tered balance between proliferation and apoptosis trig-
gers pre-eclampsia. J Reproduktionsmed Endokrinol
2006;3(2):103–108.

[34] Napso T, Hung YP, Davidge ST, Care AS, Sferruzzi-Perri
AN. Advanced maternal age compromises fetal growth
and induces sex-specific changes in placental phenotype
in rats. Scientific reports 2019;9(1):16916. https://doi.

https://doi.org/10.1152/ajpendo.00192
https://doi.org/10.1152/ajpendo.00192
https://doi.org/10.1016/0003-2697(84)90086-1
https://doi.org/10.1016/0003-2697(84)90086-1
https://doi.org/10.1590/1980-549720200004
https://doi.org/10.1590/1980-549720200004
https://doi.org/10.18231/2394-6792.2018.0034
https://doi.org/10.18231/2394-6792.2018.0034
https://doi.org/10.1111/ppe.12529
https://doi.org/10.1111/ppe.12529
https://doi.org/10.1016/j.jpag.2011.12.070
https://doi.org/10.1016/j.jpag.2011.12.070
https://doi.org/10.1016/S0020-7292(02)00240-0
https://doi.org/10.1186/s12884-018-1984-x
https://doi.org/10.1186/s12884-018-1984-x
https://doi.org/10.1016/j.bpobgyn.2020.06.006
https://doi.org/10.1016/j.bpobgyn.2020.06.006
https://doi.org/10.1177/03000605231172895
https://doi.org/10.1177/03000605231172895
https://doi.org/10.1111/j.1471-0528.2011.03053.x
https://doi.org/10.1111/j.1471-0528.2011.03053.x
https://doi.org/10.1053/plac.1999.0466
https://doi.org/10.1053/plac.1999.0466
https://doi.org/10.1136/jcp.2008.055277
https://doi.org/10.1136/jcp.2008.055277
https://doi.org/10.5115/acb.2012.45.2.86
https://doi.org/10.5115/acb.2012.45.2.86
https://doi.org/10.1038/s41598-019-53199-x
https://doi.org/10.1038/s41598-019-53199-x


Placenta & Maternal Age in Normal Pregnancy | 35

org/10.1038/s41598-019-53199-x.
[35] Holland O, Nitert MD, Gallo LA, Vejzovic M, Fisher JJ,

Perkins AV. Placental mitochondrial function and struc-
ture in gestational disorders. Placenta 2017;54:2–9.
https://doi.org/10.1016/j.placenta.2016.12.012.

[36] Nuzzo AM, Camm EJ, Sferruzzi-Perri AN, Ashmore TJ,
Yung Hw, Cindrova-Davies T, et al. Placental adaptation
to early-onset hypoxic pregnancy and mitochondria-

targeted antioxidant therapy in a rodent model. The
American Journal of Pathology 2018;188(12):2704–2716.
https://doi.org/10.1016/j.ajpath.2018.07.027.

[37] Ali H, Al-Allaf L. Evaluation of the histology and the
oxidative stress status in the placentas of obese mothers.
Annals of the College of Medicine, Mosul 2021;43(1):60–
69.

https://doi.org/10.1038/s41598-019-53199-x
https://doi.org/10.1016/j.placenta.2016.12.012
https://doi.org/10.1016/j.ajpath.2018.07.027

	Received: 24 January 2024
	Accepted: 19 March 2024 
	First published online: 01 April 2024 
	=INTRODUCTION
	=MATERIALS AND METHODS
	=RESULTS
	=DISCUSSION
	=CONCLUSION
	=ETHICAL DECLARATIONS
	Acknowledgements
	Ethics Approval and Consent to Participate
	Consent for Publication
	Availability of Data and Material
	Competing Interests
	Funding
	Authors’ Contributions


