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Volume of Parenchyma and Non-parenchyma in Human
Placenta in Gestational Diabetes and Eclampsia
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ABSTRACT

Background: Eclampsia and gestational diabetes mellitus are metabolic conditions linked to pregnancy that have
significant effects on the structure and function of the placenta. The goal of this study was to examine the relative
and absolute volumes of the human placenta's parenchymal and non-parenchymal components in cases of
eclampsia and gestational diabetes mellitus.

Materials and methods: A total of sixty placentae from the control, gestational diabetes mellitus and eclampsia
groups (n = 20 each) were analysed. The point counting approach was used to estimate the volume of placental
components.

Results: Without appreciable proportional alterations, placentae from gestational diabetes mellitus showed higher
absolute volumes of both parenchyma and non-parenchyma. On the other hand, placentae from eclampsia
displayed a proportionate rise in non-parenchymal components together with a considerable /significant decrease in
absolute parenchymal volume.

Conclusion: Different patterns of placental remodelling are seen in gestational diabetes mellitus and eclampsia, with
the former showing primarily adaptive modifications and the latter showing pathogenic abnormalities.
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Materials and methods

This cross-sectional study was conducted at
Bangladesh Medical University (Former Bangabandhu
Sheikh Mujib Medical University) Department of
Anatomy. Analysis was done on 60 placentae samples
from Bangladeshi mothers who underwent caesarean
sections and gave delivery between 37 to 41 weeks of
gestation. The study population consisted of three
groups: Control (Non-diabetic, non-hypertensive)
Gestational diabetes mellitus and eclampsia (n=20
each) which were determined according to World
Health Organization criteria.'®!® Placentae were
retrieved immediately after delivery, trimmed, weighed
and kept at 10% formalin. The mass determination of
parenchymal and non-parenchymal components was
performed by a point-counting method provided by
Aherne and Dunnill.! Parenchyma was defined as
villous or intervillous space participating in
maternofetal exchange, whereas based on Teasdale,
non-parenchyma comprised chorionic and basal plates,
massive fetal vessels, septa and pathological entities."
Statistical analyses were based on comparisons of
variance with post-hoc comparison of groups.

The methodological robustness of this method has been
confirmed in subsequent stereological reviews.!?

Results

A summary of the mean proportional and absolute
volumes of the placental parenchymal and non-
parenchymal components in the groups with eclampsia,
gestational diabetes mellitus and control is provided in
Table I. Placentaec from Gestational Diabetes Mellitus
had higher mean proportional and absolute
parenchymal volumes than the Control group; however,
these differences were not statistically significant. The
proportional volume of non-parenchyma decreased
slightly while its absolute volume increased.

The Eclampsia group, on the other hand, showed
reduced proportional and absolute volumes of
parenchyma along with a greater proportionate volume
of non-parenchyma,
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Figure 1A Photograph showing the internal surface of a
slice of placenta. Arrowheads indicate the non-
parenchymal components, while the remaining area
represents the parenchyma. The red arrowheads above
and below indicate the chorionic plate andbasal plate,
respectively.

Figure 1B Photograph of a placental section overlaid
with atransparent grid used for estimating the
proportional volumes of different gross placental
components by the point-counting method. Arrow a
indicates a point on the parenchyma, while arrows b
and c indicate points on non-parenchymal components
(The chorionic plate and an infarct, respectively)

which was a significant difference from the Control
group in all evaluated variables. The bar diagram of
proportionate volumes in Figure 2 likewise shows these
disparate trends amongst groups. The Gestational
Diabetes Mellitus group
proportional amount of non-parenchymal tissue and
significantly larger proportional
parenchymal volumes when directly compared to the

showed a decreased
and absolute

Eclampsia group.

The frequency curves in Figures 3 and 4 indicate how
the absolute parenchymal and non-parenchymal
placental component volumes differ by study group.
For Gestational Diabetes Mellitus both curves are
located along larger volume ranges in comparison to the
Control group. [Indicating that total absolute placental
component volumes are]



Table I Volumes of parenchymal and non-parenchymal
components of placenta (n=60)

Variable[" Control 7T~ GDMC Eclampsia”  Significant
I 0 0 0 Differences
Parenchyma (%) 74352630 75.55:2410  70.74£3900  CvsE;GwsE

Parenchyma (ml)T  280.2367.81C 312.26+70.497 167.54£28.60C CvsE; GvsE
Non-parenchyma (%) 25.652.62  2445£2467 29263761 CvsE;GvsE
Non-parenchyma (ml) 95.47£19.23C 100.72¢23.300 69.80£13.64° CvsE;GvsE
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Figure 2 The proportional distribution of parenchyma
and non-parenchyma (n=60)

Moreover, the distributions within this group are
comparatively wider, suggesting greater variability
based on case types. In contrast, the parenchymal and
non-parenchymal frequency curves of the Eclampsia
group move almost exclusively to the left and the
distributions are smaller, and the dispersion of the
distributions is less. These results indicate reduced
inter-individual variance and smaller absolute units for
both sustaining and functional placental components.
The Control group is characterized by modest volume
ranges and variability, sitting in a middle position for
both components.
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Figure 3 Frequency curves of absolute parenchymal
volume in different groups
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Figure 4 Frequency curves of absolute non-
parenchymal volume in different groups (n=60)

To enhance graphical clarity while maintaining the
original data patterns, frequency curves were rebuilt
from the original observed class wise distributions.

Discussion

This study found different patterns of placental
remodelling in gestational diabetes mellitus and
eclampsia, encompassing both parenchymal and non-
parenchymal components. Gestational diabetes mellitus
leads to increased placental parenchyma while
preserving proportionate architecture, indicating an
adaptive response to retain enough maternal-fetal
interaction.»® Increased non-parenchymal volume
without  corresponding  expansion  suggests
compensatory growth rather than severe distortion of
placental anatomy. These findings are consistent with
past histomorphometric research.

Diabetic pregnancies are characterized by villous
proliferation, enlargement of the intervillous gap and
increased villous surface area.*”!® Stereological
investigations show that these structural alterations
sustain placental efficiency and are a natural adaptation
to changing metabolic load, not excessive or abnormal
growth, 12

In this study, placentae from eclamptic pregnancies
showed a considerable decrease in absolute
parenchymal volume and a corresponding rise in non-
parenchymal components, indicating loss of
functioning villous tissue. These findings align with
previous reports of placental ischemia, infarction, and
stromal fibrosis linked to eclampsia and severe
hypertension diseases during pregnancy.®!” Both
parenchymal and non-parenchymal frequency
distributions show a concordant leftward shift and
reduced dispersion, indicating that placental expansion
is restricted globally rather than selectively affecting
individual components.



Comparable observations have been reported in both
regional and international studies, where reduced
villous volume and expansion of non-parenchymal
structures were attributed to uteroplacental
insufficiency and maternal vascular malperfusion.”!%!3
More recent morphometric investigations have
reinforced these conclusions, demonstrating that
eclampsia-associated placental injury reflects structural
loss and impaired perfusion rather than adaptive
remodeling.'*

Although methodological emphasis in placental
morphometry has evolved toward refined stereological
and microstructural analyses since the early 2000s,
these approaches continue to evaluate the same
biological compartments examined in gross volumetric
studies. The results of this study remain physiologically
coherent and compatible with subsequent peer-
reviewed evidence when analysed within this modern
pathophysiological framework. All of these findings
lend credence to the idea that while eclampsia causes
pathological placental impairment with possible
negative effects on fetal outcome, gestational diabetes
mellitus causes mostly adaptive placental responses.

Limitations

The results of this study may not be as broadly
applicable as they could be due to the relatively very
small sample size that was collected from two
institutions. Without the use of supplementary micro-
stereological or imaging-based approaches, volumetric
assessment relied on gross stereological procedures.
Furthermore, variables that might have affected
placental morphology, such as the degree of glycemic
control in gestational diabetes mellitus and the severity
of hypertensive illness in eclampsia, could not be
stratified.

Conclusion

In gestational diabetes and eclampsia, distinct placental
changes are revealed by quantitative volumetric
analysis. Gestational diabetes is characterized by
adaptive development of placental components,
whereas eclampsia has a significant loss of functional
parenchyma. The examination of parenchymal and non-
parenchymal volumes sheds light on placental disease
and its possible negative consequences for the health of
the fetus.

The validity of the initial findings is confirmed by the
incorporation of new peer-reviewed morphometric
studies.
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Recommendations

To confirm and expand on these results, more research
with larger, multicentred population is advised. The
structural and functional interactions of placental tissue
may be Dbetter understood by incorporating
contemporary stereological and placental imaging tools.
Additionally, longitudinal studies that look at placental
remodelling in connection to prenatal outcome and
disease severity are recommended.

Acknowledgement

The authors express their sincere gratitude to
Bangladesh Medical University's Department of
Anatomy for its laboratory facilities and technical
assistance. Appreciation is also extended to the
obstetric staff and volunteers whose collaboration made
this study feasible.

Disclosure
The authors declared no conflict of interest.

References
1.[Aherne W, Dunnill MS. Quantitative aspects of
placental structure. PatholMicrobiol. 1966;29:123-127.

2.[Teasdale F. The thickness of the human placenta in
normal and abnormal pregnancies. Am J Obstet
Gynecol. 1980;137(3):332-338.

3.[Teasdale F. Histomorphometry of the placenta of the
diabetic woman: Class A diabetes mellitus. Placenta.
1981;2:241-252.

4. Diamant YZ, Metzger BE, Freinkel N, Shafrir E.
Placental lipid and glycogen content in human and
experimental diabetes mellitus. Am J Obstet Gynecol.
1982;144:5-11.

5.[Fox H.Pathology of the placenta. Philadelphia: WB
Saunders. 1978.

6. Boyd PA, Scott A. Quantitative structural studies on
human placentas associated with preeclampsia,
essential hypertension and intrauterine growth
retardation. Br J ObstetGynaecol. 1985;92:714-721.

7.Bjork O, Persson B. Placental changes in relation to
the degree of metabolic control in diabetes mellitus.
Placenta. 1982;3:367-378.

8.[Clarson C, Tevaarwerk GJM, Harding PGR, Chance
GW, Haust MD. Placental weight in diabetic
pregnancies. Placenta. 1989;10:275-281.

9.[1Jones CJP, Fox H. An ultrastructural and
ultrahistochemical study of the human placenta in
maternal preeclampsia. Placenta. 1980;1:61-76.

10.0Soma H, Yoshida K, Mukaida T, Tabuchi Y.
Morphologic changes in the hypertensive placenta.
ContribGynecol Obstet. 1982;9:58-75.



11.[Mayhew TM, Sisley 1. Quantitative studies on the
villi, trophoblast and intervillous pores of placentae
from women with well-controlled diabetes mellitus.
Placenta. 1998;19:371-377.

12.Mayhew TM, Serensen FB, Klebe JG, Jackson MR.
Growth and maturation of villi in placentae from
diabetic women. Placenta. 2012;33:536-543.

13.Kishwara S, Nurunnabi ASM, Begum M, Ahmed R,
Ara S, ete al.Study of proportional and absolute volume
of placental parenchyma and non-parenchyma between

normal pregnant and preeclamptic women. J Dhaka
Med Coll. 2008;17(2):78-82.

14.[Rajendran D, Karthikeyan T, Johnson WMS,
Kavimani M. Morphology and morphometry of
placenta in gestational diabetes and pregnancy-induced
hypertension. Res J Pharm Biol Chem Sci.
2016;7(6):1128-1134.

15.[Teasdale F. Histomorphometry of the human
placenta in class B diabetes mellitus. Placenta.
1983;4:1-12.

IAHS Medical Journal
Volume 08 Issue 02 December 2025; 5-9

16.Teasdale F, Jacques GJ. Morphometry of the
microvillous membrane of the human placenta in
maternal diabetes mellitus. Placenta. 1986;7:81-88.

17.[Teasdale F. Histomorphometry of the human
placenta in preeclampsia associated with severe
intrauterine ~ growth  retardation. Placenta.
1987;8:119-128.

18.[World Health Organization.Definition, diagnosis
and classification of diabetes mellitus and its
complications. Geneva: WHO. 1999.

19.1World Health Organization Expert Committee on
the Diagnosis and Classification of Diabetes Mellitus.
Report of the expert committee on the diagnosis and
classification of diabetes mellitus. Diabetes Care.
2001;24(Suppl 1):S5-S20.



