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Mast cells (MCs) are multifunctional immune cells implicated in tissue remodeling and immune regulation.
Yet, their densities and distribution in human placental tissues, particularly in cases of abnormal placental
invasion such as placenta accreta spectrum (PAS), remain underexplored. While immunohistochemistry is
considered the gold standard for MCs identification, it is resource-intensive, requiring specialized skills, making
histochemical staining a practical alternative. Limited studies have provided conflicting results on the most
effective histochemical stains for identifying MCs in human placental tissues.

This study aimed to evaluate mast cell density and characterize their histochemical staining properties in
placental tissues from control and experimental groups. The control group comprised five normal full-term
placentas obtained from vaginal deliveries, while the experimental group included five placentas from cases of
placenta accreta spectrum (PAS) delivered by abdominal hysterectomy. Additionally, the study sought to identify
the most effective histochemical stain for mast cell identification and characterization

Five histochemical stains; Toluidine Blue, Periodic Acid-Schiff, Giemsa, Hematoxylin & Eosin (H&E), and Alcian
Blue with Safranin O were used to stain sections from each placental sample of the control and the experimental
groups. MCs were counted in 10 fields at ×400 magnification for each section, and their densities were compared
between the control and the PAS cases for all stains used. Statistical significance was set at p = 0.05.

Toluidine Blue enabled the highest mast cell counts, outperforming other stains in identifying and characterizing
mast cells. Morphologically, three types of mast cells were recognized according to their granular content.
Mast cell densities were significantly higher in placenta accreta cases compared to the control, suggesting a
potential role for MCs in the pathogenesis of PAS.

In conclusion, this study highlights the value of histochemical staining—particularly Toluidine Blue—in reliably
identifying mast cells within placental tissue. The findings suggest a possible involvement of mast cells in the
pathogenesis of placenta accreta, warranting further research into their underlying mechanisms and their
potential utility as diagnostic markers or therapeutic targets
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INTRODUCTION
surrounding tissues [10]. MCs’ mediators
include biogenic amines (histamine, serotonin,
dopamine), mucopolysaccharides (heparin,
chondroitin sulfate), proteoglycans (serglycin),
proteases (tryptases, chymases, carboxypep-
tidase A), cytokines, chemokines, growth
factors, hormones, and other bioactive
compounds [11,12,13].
Histochemical staining is widely used to
detect MCs on histological specimens, since it
is relatively simple, low-cost, efficient, and is
applicable to nearly any human and animal
tissues. The secretory granules of MCs are rich
in sulfated glycosaminoglycans (proteoglycans),
primarily heparin, which facilitates the
binding of dye molecules and enables
selective imaging of these cells through
histochemical staining [14,15].
While Toluidine Blue (TB) is often considered
the most effective for mast cell (MC) identifi-
cation due to its strong metachromatic
staining of MC granules [16], conflicting data
from histochemical and comparative studies
highlight that the effectiveness of TB can vary
depending on tissue type, fixation, and mast
cell subtype. Comparative studies have shown
that Giemsa and Alcian Blue–Safranin
staining may provide better accuracy,
especially when mast cell activation status,
subtype differentiation, or functional
assessment is required [17]. In this study, we
evaluated the effectiveness of five different
histochemical stains in identifying MCs in
placental tissue from control and experimen-
tal groups.

Placenta Accreta Spectrum (PAS) is a serious
obstetric complication characterized by a
bnormal placental invasion into the
myometrium, leading to increased maternal
morbidity and mortality. The condition
includes placenta accreta (anchoring villi
adhere to the superficial myometrium with-
out interposing decidua), placenta increta
(the placental villi penetrate into the
myometrium), and placenta percreta (anchor-
ing villous tissue penetrates through the
entire uterine wall even to the surrounding
organs), depending on the depth of
trophoblast invasion [1]. PAS is associated with
excessive hemorrhage during delivery, often
necessitating hysterectomy, and poses signifi-
cant challenges in maternal-fetal medicine [2].
The underlying pathophysiology of PAS
remains incompletely understood, despite
advancements in its imaging and surgical
management [3]. The pathogenesis of PAS is
complex and multifactorial, involving elements
such as dysregulated angiogenesis, defective
decidualization, and abnormal trophoblast
invasion [4]. MCs are known to contribute to
processes like angiogenesis and tissue
remodeling, which are relevant to placental
development [5]. However, direct evidence
linking MCs to PAS pathogenesis is currently
limited.
MCs are immune cells of myeloid lineage
involved in various physiological processes,
including homeostasis, tissue inflammation
and repair, innate and adaptive immunity [6],
immune tolerance, and host defense against
pathogens [7]. These cells also play a crucial
role in the immunopathology of both
immediate and delayed hypersensitivity
reactions [8]. MCs are large, granulated cells,
widely distributed in vascularized tissues,
where their maturation, phenotype, and
function are influenced by the local microen-
vironment [9].
MCs express multiple surface receptors, and
they produce and store numerous mediators,
which are released upon their activation in
response to a variety of internal and external
stimuli, triggering diverse responses in

METHODOLOGY

This study was conducted on formalin-fixed
paraffin-embedded tissue samples from
human placental tissues, in accordance with
the human study protocol approved by the
Ethical Review Committee of Baghdad Univer-
sity, Baghdad, Iraq.
Human placental tissues were collected from
five cases of placenta accreta spectrum (PAS)
delivered by abdominal hysterectomy at or
near term (experimental group), and from five
normal full-term placentas obtained following
uncomplicated vaginal deliveries (control
group). All samples were collected by a
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background) and cell distribution patterns
(localized clusters of mast cells). A score
system was applied as follows: 1 - Mild/Poor,
2 - Moderate, 3 - Strong/Good. The authors
assessed the histological evaluation of all
stained sections for the presence of MCs. Large
cells with distinct borders and central or
slightly eccentric nuclei with clumped chroma-
tin, and containing moderate-to-abundant
amounts of small, purple-colored granules
were identified as mast cells. Degranulated
cells were not counted as mast cells unless
most of the granules remained within their
cytoplasm. Cells containing variable-sized
granules and moderate to large-sized vacuoles
were classified as macrophages.
For each tissue block, 5-10 sections were
prepared. MCs’ numbers were determined
subjectively by counting positively stained cells
in ten selected fields of view at 400× magnifi-
cation per section. The stained sections were
scanned under low-power magnification first
to determine the general architecture of the
slide, and then the representative fields were
selected carefully in each slide by scanning the
slide from left to right to avoid recounting the
same areas. Five of these fields covered the
chorionic villi (fetal side of the placenta) and
five covered the decidua /myometrium
(maternal side of the placenta). To ensure
accuracy, mast cells were counted on serial
sections for comparison across different
staining methods. All statistical analyses were
performed using SPSS Software version 20. A
p-value < 0.05 was considered statistically
significant.

consultant gynecologist at Baghdad Teaching
Hospital, Medical City, Bab Al-Moatham,
Baghdad, Iraq.
Full-thickness placental parenchymal samples
were taken from five marginal areas and one
central region of the placental disc. Tissue
samples were fixed in 10% neutral buffered
formalin and embedded in paraffin, yielding
six tissue blocks per patient.
From each tissue block, five sections (4 µm
thick) were cut, deparaffinized with xylene,
rehydrated through graded ethanol solutions,
and stained using the following techniques:
· Hematoxylin & Eosin (H&E) staining was per-
formed following the protocol by Bancroft and
Gamble, using reagents from Nice Chemical
Pvt. Ltd. (India). [18].
· Giemsa staining was performed according to
the method described by Leclere et al., using
reagents from Himedia Pvt. Ltd. [19].
· Periodic Acid-Schiff (PAS) staining was per-
formed following the modified McManus tech-
nique. [20].
· Alcian Blue & Safranin O staining was carried
out following the method of Enerbäck, using
Alcian Blue from Hopkin & Williams, England,
and Safranin from Areen Alashhab Medical
Co., Iraq. [21], [22].
· Toluidine Blue staining was performed as per
Romeis’ standard protocol, using 1% toluidine
blue in 0.5 M HCl (pH 0.5) from Himedia
Pvt. [23].
All staining solutions were freshly prepared.
After staining, sections were dehydrated
through graded alcohol, cleared in xylene, and
mounted with DPX (Spectrum Reagents and
Chemical Pvt. Ltd., India). Images were
captured and processed with A33.1502 - 9.7"
LCD Digital microscope, 5.0 M, Android Pad
Camera, and image processing software
(OPTO-EDO CO., LTD, Beijing, China). Images
were saved as JPEG files and processed in
PhotoImpact 3.0 (Ulead Systems, Inc., CA) at
300 DPI resolution.
Staining intensity was assessed subjectively by
comparing mast cells to the surrounding
connective tissue. We looked for color differ-
ences (e.g., blue mast cells against a pinkish

RESULTS

In this study, we evaluated the applicability of
five distinct histochemical staining techniques
for characterizing mast cell populations in
human placental tissue, focusing on two key
aspects: their morphological features and their
density within the tissue.
Mast cells Morphology: In H&E-stained tissue
sections, MCs appeared as large, pale pink,
round, spindle, or polygonal-shaped cells with
moderately abundant cytoplasm and visible
granules that are weakly stained. They
displayed a round-to-oval nucleus with
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Fig. 1: (a) Mast cell (arrow) seen as large rounded cell with abundant pale-pink granular cytoplasm in decidua of
placenta accreta group. H&E, X400. (b)  Spindle shaped MCs (black arrows) and round shaped decidual cells (red
arrows) shown in decidua of placenta accreta group. H&E, X400. (c) Resting oval mast cell {A} and degranulating
mast cell {B} shown in the intervillous spaces of placenta accreta group. Giemsa stain, X400. (d) Active MCs with
increased granular density in decidua of placenta accreta group are arrowed. Giemsa stain, X400. (e) Resting
round shaped mast cell (highlighted in the box) with magenta staining cytoplasmic granules in decidua of placenta
accreta group. Periodic Acid Schiff stain, X400. (f) Degranulating mast cell {A} and the multiple dispersed spindle-
shaped mast cells (*) in decidua of placenta accreta group. Periodic Acid Schiff, X400. In the Alcian Blue & Safranin-
stained sections, MCs were identified relatively easily against the orange/ red background from safranin, which
stains other tissue elements (Fig. 2a). Moreover, two MC subtypes were distinguished: connective tissue-type
mast cells (CTMCs), which stained red (safranin-positive), and mucosal-type mast cells (MMCs) that stained blue
(Alcian blue-positive). (Fig. 2b).

clumped chromatin and indistinct or no
nucleoli (Fig. 1a). The spindle-shaped MCs were
difficult to differentiate from fibroblasts. Their
larger size and darkly stained granules are dis-
tinguishing factors (Fig. 1b). In Giemsa-stained
tissue sections, resting MCs appeared as large,
rounded cells with blue nuclei and reddish-
purple cytoplasmic granules (Fig. 1c). In
contrast, active MCs revealed increased

granular density (Fig.1d). In Periodic Acid
Schiff-stained sections, MC granules showed
weak magenta staining (Fig. 1e). The
background structures, such as glycogen-rich
areas or mucins of the decidua, appeared
bright magenta, helping to outline other cell
types nearby (Fig. 1f).
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Fig. 2: (a) Mast cells (arrows) in the decidua of the
placenta accreta group. Alcian Blue & Safranin stain,
X400. (b) Blue-stained MMC type {A} and red-
stained CTMC type {B} are shown in the placenta
accreta group. Alcian Blue & Safranin stain, X400.

Fig. 3: (a) Mast cells with blue nuclei and purple granular cytoplasm (arrowed) in the fetal part of the placenta
accreta group. Toluidine blue, X400. (b) Activated MCs with enhanced staining (arrows) in perivillous areas of
terminal chorionic villi in the placenta accreta group. Toluidine blue, X400. (c) Mast cells (encircled) in intermediate
chorionic villi of placenta accreta group. They appear as rounded cells with dense purple granules in their
cytoplasm, obscuring their nuclei. Toluidine blue, X400. (d) Spindle-shaped MCs in the perivascular regions of the
placenta accreta group. Toluidine blue, X400. (e) Hypogranular MCs with diffuse cytoplasm (arrows) in the chorionic
villi of the normal placenta group. Toluidine blue, X400. (f) The intensely stained mast cell (A), the mast cell with
vacuolization and cytoplasmic processes (B), and the mast cell with decreased granular content and faint
metachromatic staining (C) are shown in chorionic villi of the normal placenta group. Toluidine blue, X400.
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The staining intensity for each of the five
staining techniques was evaluated as the
following: the staining intensity score for both
Toluidine blue and Alcian blue & Safranin stain
is 3 (Strong/Good), for PAS and Giemsa is 2
(Moderate), and for H&E is 1 (Mild/Poor). The
greatest contrast of MCs with connective
tissue background in placental tissue was
found in Toluidine blue and Alcian Blue &
Safranin stained sections, followed by those
stained with Periodic Acid Schiff, Giemsa, and
H&E in decreasing order.
Mast cell density: For each studied case of the
control and experimental groups, the mean
number of MCs per 10 fields of view (X400)
was counted in the five different histochemi-
cal stains for each case of the placenta accreta
group and the control group. Respective p-val-
ues obtained from statistical comparisons be-
tween MC numbers in placenta accreta cases
and the normal control for each stain were
found using t-tests. For each stain, the aggre-
gated mean and SD for the entire placenta

Table 1: Mast Cell Counts in Placental Sections across Stains.

 Stain Group mean ± SD Mean Difference t-statistic P-value
PA (n=5 cases) 19.78 ± 4.18 2.58 0.0807 0.0873
Control (n =5 cases) 17.2 ± 3.42
PA (n=5 cases) 26.6 ± 5.33 3.6 0.1315 0.1486
Control (n =5 cases) 23 ± 4.58
PA (n=5 cases) 27.92 ± 5.01 5.36 0.0864 0.0826
Control (n =5 cases) 22.56 ± 3.6
PA (n=5 cases) 30.62 ± 8.12 9.64 0.0244 0.0193
Control (n =5 cases) 20.98 ± 20.98
PA (n=5 cases) 44.82 ± 6.93 12.44 0.0027 0.0038
Control (n =5 cases) 32.38 ± 5.6

H & E

Giemsa

PAS

A & S

Toluidine blue

accreta group were compared with the aggre-
gated mean and SD for the whole control
group, and the p-values were calculated.
P-values of <0.05 were regarded as statistically
significant (Table 1).
As shown in Table 1, for all the placenta accreta
cases, Toluidine blue detected the largest mean
number of mast cells (44.82), followed by
Alcian blue & Safranin (30.62), Periodic Acid
Schiff (27.92), Giemsa (26.60), and H&E (19.78).
The differences in the mean number of the
identified MCs in the individual placenta
accreta cases compared to that of the normal
placenta of the control cases, were statistically
significant for Toluidine Blue (P = 0.0038) and
A & S (P = 0.0193), only. Whereas PAS
(P = 0.0826), Giemsa (P = 0.1486) and H&E
(P = 0.0873) stains showed near-significant
differences (0.05 < P < 0.1) suggesting possible
differences, but they are not statistically
significant at the 0.05 threshold.

Fig. 4: Histogram of mean mast cell number
identified per 10 fields of view (400x) in both
placenta accreta group (blue) and control group
(yellow) cases as revealed by five different
histochemical stains.
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A comparison between the mean mast cell
density in placenta accreta cases and in
control cases, as counted in all five histochemi-
cal stains, is shown in the histogram (Fig. 4).

DISCUSSION

MCs are characterized by their cytoplasmic
granules, which contain proteoglycans (PG)
and bioactive mediators such as histamine,
heparin, tryptase, and chymase. These
granules exhibit metachromasia— a unique
staining property where they appear in a
different color than the dye used. This feature
allows MCs identification using specific
histochemical stains [24].
In addition, the protease content of MC
granules is crucial for their detection through
immunohistochemical (IHC) methods, using
monoclonal antibodies targeting these
proteases, including tryptase, chymase, and
carboxypeptidase A [25].
While IHC provides a precise way of
identifying MCs, it is expensive, time-consum-
ing, and requires specialized laboratory
expertise, making histochemical staining a
more practical option for MCs identification
in many settings.
Our findings demonstrated that Toluidine Blue
and the combined Alcian Blue & Safranin stains
were the most effective in providing clear
visualization of MCs and allowing for
differentiation of subtypes, making them a
valuable histological stain for MCs identifica-
tion. Giemsa and PAS staining showed moder-
ate efficacy, while Hematoxylin and Eosin
(H&E) was the least effective in identifying
MCs due to its poor granule contrast.
In the Toluidine blue sections, MCs were
easily identified within the placental tissue as
large oval or spindle-shaped cells with a
cytoplasm that contained blue nuclei and
purple granules. The background connective
tissue was stained in shades of blue.
These staining characteristics are consistent
with previous studies reporting that Toluidine
blue effectively highlights mast cell granules
through metachromatic staining, aiding their
identification within various human tissues
[26-28].

However, as shown by [29], the metachromatic
effectiveness of Toluidine Blue diminishes in
degranulated or immature MCs, leading to
under-detection in certain contexts.
The combined Alcian blue and Safranin stain-
ing method gave a clear overall context of the
placental architecture as it highlighted both
acidic mucins (blue) and neutral components
(orange/red). This dual staining method also
effectively distinguished MCs subtypes, with
connective tissue-type mast cells (CTMCs)
staining red (safranin-positive) and mucosal-
type mast cells (MMCs) staining blue (Alcian
blue-positive).
This pattern of differential staining is
consistent with previous findings by [28], who
demonstrated that mast cell subtypes exhibit
distinct affinities for these dyes based on their
proteoglycan content. This is particularly
relevant for placental tissue, where MCs may
exhibit functional heterogeneity depending on
their localization within the tissue.
Giemsa stain produced a purplish-red
staining of MCs by binding metachromatically
to the acidic components of their granules
(heparin and histamine). Giemsa stain allowed
for moderate identification of MCs, and in line
with its reputation as a special MC stain, it
provided a strong contrast between MCs and
the background tissue [18].
Periodic acid Schiff (PAS) stain is often used to
highlight structures containing high amounts
of carbohydrate molecules [30]. The periodic
acid component of this stain oxidizes the
hydroxyl groups of adjacent sugar molecules
to produce aldehydes, which then attach to
the Schiff reagent, forming a red magenta color
that helps to visualize glycogen, glycoprotein,
glycolipids, and mucins in tissues [31].
Although the Periodic Acid-Schiff (PAS) stain is
not routinely used for identifying MCs, it can
react with the polysaccharides and glycopro-
teins within MC granules, producing magenta-
colored granules. In this study, the periodic
acid schiff staining method offered valuable
insights into the placental structure and its
cellular components, though it provided less
contrast compared to Toluidine Blue or A&S.
These findings align with previous studies that
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have utilized PAS staining to examine human
placental tissue [32].
H&E staining method offered limited visibility
of MCs which were often indistinct from the
surrounding pink-stained connective tissue
and their granules stained weakly. This
finding is consistent with previous studies that
considered H&E unreliable for MCs identifica-
tion in tissue samples [33].
A summary of the main staining characteris-
tics of MCs is given in Table 2.
The detectability of MCs with the common
metachromatic stains significantly depends on
factors such as: type and maturity of MCs, the
test tissue type, the dye used, incubation
solution pH, and the staining duration,
fixation solution type, fixation time, and the
final processing technique of stained
preparations [34,35]. In addition to assessing
staining efficacy, we also evaluated MCs’
morphology and distribution within the
placental tissue.
In this study, several morphological forms of
MCs have been recognized with various
degrees of clarity in the placental tissue of both
study and control groups, mainly in the
Toluidine blue-stained sections. MCs appeared
in both round and spindle-shaped forms, with
variations in their cytoplasmic granule density
and staining patterns. Accordingly, we could
morphologically classify MCs in placental
tissue into the following forms depending on
their granular content:

Table 2: The staining characteristics of mast cells using different histochemical stains.

Granulated MCs - Round or oval cells with
densely packed metachromatically stained
granules, typically found within chorionic villi
stroma or decidua. These are intact cells that
functionally represent quiescent or
resting MCs, in a storage mode, ready to be
activated [36].
Hypogranulated or Partially Degranulated MCs
- Elongated cells with cytoplasmic processes
and variable granule content. They display
reduced granule density, showing vacuoliza-
tion or diffuse cytoplasmic granule distribu-
tion indicative of partial activation. These cells
are commonly located near fetal vessels in the
chorionic plate or decidual arterioles and
possibly represent an activated or tissue-
resident phenotype; potentially involved in
matrix remodeling, angiogenesis, or immune
cell recruitment [37].
Their perivascular location suggests possible
interactions with endothelial cells and perhaps
a role in vasomodulation or immune signaling
[38].
Degranulated or empty MCs – Cells with
reduced or absent granules, found in regions
of high inflammatory or immune activity, such
as areas near trophoblast invasion or spiral
artery remodeling. These are the fully activated
MCs that have undergone excessive degranu-
lation and show a clear cytoplasm, which is
devoid of granules, displaying a “ghost cell”
appearance [39].
These morphological differences may reflect
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Table 3: Challenges in Histochemical Staining of Mast Cells and Strategies for Mitigation.

distinct maturation stages, activation states,
functional specializations, or microenviron-
mental influences within the placenta.
The enhanced staining intensity of MCs in pla-
centa accreta cases correlated well with their
increased granule content and heightened
their functional activity in this experimental
group.
Indeed, there is increasing evidence that mast
cell morphology in the placenta is closely linked
to their functional state and tissue
context [40].
The quantitative analysis revealed that the
total number of MCs was significantly higher
in placenta accreta cases compared to normal

placental tissue, suggesting a possible role in
the pathogenesis of this abnormal placenta-
tion condition.
The challenges and potential problems
associated with the histochemical staining
techniques commonly used to detect MCs, with
their suggested mitigation strategies, are
shown in Table 3.
To address these challenges, researchers
should standardize the staining protocols,
rigorously validate staining specificity, and
incorporate appropriate controls.
Moreover, combining multiple staining
methods or incorporating immunohistochemi-
cal techniques is recommended to enhance
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the accuracy of mast cell detection and
characterization in tissues [41].

CONCLUSION

In normal placental tissue, MCs regulate
angiogenesis, immune tolerance, and extracel-
lular matrix remodeling. However, their
dysregulated activity may contribute to exces-
sive trophoblast invasion, abnormal vascular-
ization, and chronic inflammation in PAS.
Our findings demonstrate that Toluidine Blue
and the combined Alcian Blue & Safranin stains
were the most effective in providing clear
visualization of MCs and allowing for
differentiation of subtypes, making them a
valuable histological stain for MCs identifica-
tion in human placental tissue.
The observed differences in MCs morphology
and their increased presence in placenta
accreta cases provide further insight into their
potential roles in normal and pathological
placentation.
Future studies utilizing immunohistochemical
and molecular approaches will be essential to
elucidate further the functional significance of
MCs in the pathogenesis of PAS. Understand-
ing MCs’ behavior in these contexts provides
insights into potential diagnostic and thera-
peutic targets.

Conflicts of Interests:
The authors declare that they have no finan-
cial or non-financial relationships, affiliations,
or interests with any organizations or entities
that could influence the content or subject
matter presented in this manuscript.

Funding Statement: This study received no
specific grant from any funding agency in the
public, private, or not-for-profit sectors.

Author Contributions
All authors contributed equally to the produc-
tion of this study.
REFERENCES

[2].  Xiyao Liua, Wang, Y., Wu, Y., Zeng, J., Yuan, X., Tong,
C., & Qi, H. What we know about placenta accreta
spectrum (PAS). European Journal of Obstetrics &
Gynecology and Reproductive Biology,
2021;259:81-89.

      https://doi.org/10.1016/j.ejogrb.2021.02.001
      PMid:33601317
[3]. Jauniaux, E., Collins, S., & Burton, G. J. Placenta

accreta spectrum: pathophysiology and evidence-
based anatomy for prenatal ultrasound imaging.
American journal of obstetrics and gynecology,
2018;218(1):75-87.

      https://doi.org/10.1016/j.ajog.2017.05.067
       PMid:28599899
[4].  Tantbirojn P., Crum C. P., and Parast M. M. Patho-

physiology of placenta creta: the role of decidua
and extravillous trophoblast. Placenta,
2008;29(7):639-645.

       https://doi.org/10.1016/j.placenta.2008.04.008
        PMid:18514815
[5].  Church, M. K., & Levi-Schaffer, F. The human mast

cell. Journal of Allergy and Clinical Immunology,
1997;99(2):155-160.

      https://doi.org/10.1016/S0091-6749(97)70089-7
       PMid:9042038
[6].  Galli, S. J., & Tsai, M. Mast cells in allergy and infec-

tion: versatile effector and regulatory cells in in-
nate and adaptive immunity. European. journal of
immunology, 2010;40(7):1843-1851.

      https://doi.org/10.1002/eji.201040559
      PMid:20583030 PMCid:PMC3581154
[7].  Féger, F., Varadaradjalou, S., Gao, Z., Abraham, S.

N., & Arock, M. The role of mast cells in host de-
fense and their subversion by bacterial pathogens.
Trends in immunology 2002;23(3):151-158.

      https://doi.org/10.1016/S1471-4906(01)02156-1
       PMid:11864844
[8]. Rodini, C.O., Batista, A.L., Lara, V.S., Paolo, S. Com-

parative immunohistochemical study of mast cells
in apical granulomas and periapical cysts. Oral
Surg. Oral Med. Oral Path. Oral Radiol. Endod.,
2004;97:59-63.

      https://doi.org/10.1016/S1079-2104(03)00378-0
      PMid:14716257
[9]. Valent P. et al., S. J. Mast cells as a unique hemato-

poietic lineage and cell system: from Paul Ehrlich’s
visions to precision medicine concepts.
Theranostics, 2020;10(23):10743.

      https://doi.org/10.7150/thno.46719
      PMid:32929378 PMCid:PMC7482799
[10]. Iwaki, S., Tkaczyk, C., Metcalfe, D.D., Gilfillan, A.M.

Roles of adaptor molecules in mast cell activation.
Chem. Immunol. Allergy, 2005;87:43-58.

      https://doi.org/10.1159/000087570
       PMid:16107762
[11]. Mukai, K., Tsai, M., Saito, H., & Galli, S. J. Mast cells

as sources of cytokines, chemokines, and growth
factors. Immunological reviews, 2018;282(1):121-
150.

       https://doi.org/10.1111/imr.12634
      PMid:29431212 PMCid:PMC5813811

[1].  American College of Obstetricians and Gynecolo-
gists, Cahill, A. G., Beigi, R., Heine, R. P., Silver, R.
M., & Wax, J. R. Placenta accreta spectrum. Ameri-
can journal of obstetrics and gynecology,
2018;219(6):B2-B16.

      https://doi.org/10.1016/j.ajog.2018.09.042
       PMid:30471891

Thaer Bahjat, Malak AL-Yawer,  Haydar Al- Shamaa. Mast Cell Characterization and Density in Normal and Abnormally Invasive Placental
Tissue Using Five Histochemical Stains.



Int J Anat Res 2025, 13(3):9314-25.    ISSN 2321-4287 9324

[25]. Crivellato E, Beltrami CA, Mallardi F, Ribatti D. Paul
Ehrlich’s doctoral thesis: a milestone in the study
of mast cells. Br. J. Haematol. 2003;123:19-21.

       https://doi.org/10.1046/j.1365-2141.2003.04573.x
       PMid:14510938
[26]. Broome, H. E., & Villarreal, D. Mast cell detection

by histochemical stains and immunohistochemis-
try in bone marrow biopsies.Archives of Pathology
& Laboratory Medicine, 2013;136(7):784-790.

[27]. Patel, R. M., & Shah, M. B. Qualitative and quanti-
tative analysis of mast cells in oral submucous fi-
brosis using toluidine blue stain and immunohis-
tochemistry. Journal of Oral and Maxillofacial Pa-
thology, 2009;13(1):8-12.

[28]. Irani AM, Schwartz LB: Mast cell heterogeneity. Clin
Exp Allergy 1989;19:143-155.

       https://doi.org/10.1111/j.1365-2222.1989.tb02357.x
        PMid:2473830
[29]. Huntley JF. Mast cells and basophils: histochemi-

cal and immunological techniques. Histochem J.
1995;27(4):341-356.

[30]. Al Drees, A., Khalil, M. S., & Soliman, M. Histologi-
cal and immunohistochemical basis of the effect
of aminoguanidine on renal changes associated
with hemorrhagic shock in a rat model.
Acta Histochemica et Cytochemica, 2017;50(1):
11-19.

       https://doi.org/10.1267/ahc.16025
       PMid:28386146 PMCid:PMC5374099
[31]. Greene, J., Louis, J., Korostynska, O., & Mason, A.

State-of-the-art methods for skeletal muscle
glycogen analysis in athletes-the need for novel
non-invasive techniques. Biosensors, 2017;7(1):11.

      https://doi.org/10.3390/bios7010011
      PMid:28241495 PMCid:PMC5371784
[32]. Rabelo, K., de Souza Campos Fernandes, R. C.,

Souza, L. J. D., Louvain de Souza, T., Santos, F. B. D.,
Guerra Nunes, P. C., ... & Paes, M. V. Placental his-
topathology and clinical presentation of severe
congenital Zika syndrome in a human immunode-
ficiency virus-exposed uninfected infant. Frontiers
in Immunology, 2017;8: 1704.

      https://doi.org/10.3389/fimmu.2017.01704
      PMid:29270171 PMCid:PMC5725436
[33]. Singh, A., Dua, R., Aggarwal, S., & Gill, S. Mast cell:

a review. Teerthanker Mahaveer Univ J Dent,
2015;2:23-25.

[34]. Atiakshin, D., Samoilova, V., Buchwalow, I., Boecker,
W., & Tiemann, M. Characterization of mast cell
populations using different methods for their iden-
tification. Histochemistry and Cell Biology,
2017;147(6):683-694.

      https://doi.org/10.1007/s00418-017-1547-7
       PMid:28243739
[35]. Buckley, M., & Walls, A. F. Identification of mast

cells and mast cell subpopulations. Allergy meth-
ods and protocols, 2008;285-297.

       https://doi.org/10.1007/978-1-59745-366-0_24
        PMid:18612617
[36]. Ribatti D et al. Mast cells in human placenta. Int J

Dev Biol, 2022;66(1-2):59-66.

[12]. Borriello, F., Iannone, R., & Marone, G. Histamine
release from mast cells and basophils. Histamine
and histamine receptors in health and disease,
2017;121-139.

      https://doi.org/10.1007/164_2017_18
       PMid:28332048
[13]  Wernersson, S., & Pejler, G. Mast cell secretory gran-

ules: armed for battle. Nature Reviews Immunol-
ogy, 2014;14(7):478-494.

      https://doi.org/10.1038/nri3690
       PMid:24903914
[14]. Humphries, D. E., Wong, G. W., Friend, D. S., Gurish, M. F., Qiu, W.

T., Huang, C., ... & Stevens, R. L. Heparin is essential for the stor-
age of specific granule proteases in mast cells. Nature,
1999;400(6746):769-772.

       https://doi.org/10.1038/23481
        PMid:10466726
[15]. Prydz, K., & Dalen, K. T. Synthesis and sorting of

proteoglycans. Journal of cell science,
2000;113(2):193-205.

      https://doi.org/10.1242/jcs.113.2.193
       PMid:10633071
[16]. Shukla, S. A., Veerappan, R., Whittimore, J. S., Miller,

L. E., & Youngberg, G. A. Mast cell ultrastructure
and staining in tissue. Mast Cells: Methods and
Protocols, 2005;63-76.

[17]. Díaz-Flores L et al. Human mast cells in normal and
pathological tissues: morphological and functional
aspects. Histol Histopathol. 2005;20(2):507-520.

[18]. Bancroft, J. D., & Gamble, M. (7 Ed.). (2013). Theory
and practice of histological techniques. Elsevier
health sciences.

[19]. Leclere M., Desnoyers M., Beauchamp G., Lavoie
J.P. Comparison of four staining methods for de-
tection of mast cells in equine bronchoalveolar la-
vage fluid. J Vet Intern ed. 2006;20(2):377-381.

          https://doi.org/10.1111/j.1939-1676.2006.tb02871.x
[20]. McManus, J. F. A., in General Cytochemical Meth-

ods, edit. by Danielli, J. F., 171 (Academic Press, New
York, 1961).

          https://doi.org/10.1016/B978-0-12-395584-5.50010-X
[21]. Enerbäck, L. Mast cells in rat gastrointestinal mu-

cosa: I. Effects of fixation. Acta Pathol Microbiol
Scand, 1966a;66(3):289-302.

       https://doi.org/10.1111/apm.1966.66.3.289
        PMid:4162017
[22]. Enerbäck, L. Mast cells in rat gastrointestinal mu-

cosa: 2. Dye Binding and Metachromatic Proper-
ties. Acta pathologica microbiologica scandinavica,
1966b;66(3): 303-312.

      https://doi.org/10.1111/apm.1966.66.3.303
       PMid:4162018
[23].Romeis B. Mikroskopische technik. Spektrum

Akademischer Verlag, Heidelberg. 2010.
[24]. Sharma, R., & Saxena, S. Comparative study of the

presence of mast cells in periapical granulomas and
periapical cysts by toluidine blue and astra blue:
possible role of mast cells in the course of human
periapical lesions. International Journal of Oral-
Medical Sciences, 2010;9(1):17-25.

      https://doi.org/10.5466/ijoms.9.17

Thaer Bahjat, Malak AL-Yawer,  Haydar Al- Shamaa. Mast Cell Characterization and Density in Normal and Abnormally Invasive Placental
Tissue Using Five Histochemical Stains.



Int J Anat Res 2025, 13(3):9314-25.    ISSN 2321-4287 9325

[37]. Skibinski G et al. Morphological plasticity of
human placental mast cells. Histol Histopathol,
2007;22(4):417-426.

[38].  Tchougounova E et al. Evidence for a role of mast
cells in the regulation of vascular permeability dur-
ing placental development. Placenta, 2005;
26(3):211-217.

[39]. Woidacki K et al. Mast cells: modulators of human
placental development and function. Placenta,
2013;34(7):540-545.

[40]. Sierra A, et al. Distribution and degranulation pat-
terns of mast cells in the human placenta and fetal
membranes. Placenta. 2020;97:41-49.

[41].Fedorova, E. A., Grigorev, I. P., Syrtzova, M. A.,
Sufieva, D. A., Novikova, A. D., & Korzhevskii, D. E.
Detection of morphological signs of mast cell de-
granulation in the human choroid plexus using dif-
ferent staining methods. Morfologiia,
2018;153(2):70-75.

How to cite this article:
Thaer Bahjat, Malak AL-Yawer,  Haydar Al- Shamaa. Mast Cell
Characterization and Density in Normal and Abnormally
Invasive Placental Tissue Using Five Histochemical Stains. Int J
Anat Res 2025;13(3):9314-9325. DOI: 10.16965/ijar.2025.206

Thaer Bahjat, Malak AL-Yawer,  Haydar Al- Shamaa. Mast Cell Characterization and Density in Normal and Abnormally Invasive Placental
Tissue Using Five Histochemical Stains.


