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Cinnamon Modulates the Numbers of Notch1-Positive Cells
and Methyl Green-Pyronin-Positive Mast Cells in the Gastric
Tissue of Streptozotocin-Induced Diabetic Rats

Diabetes mellitus can alter the cellular composition of the gastric tissue and may affect
mechanisms involved in its homeostasis. Cinnamon contains bioactive compounds with antioxidant
properties that may contribute to ameliorating diabetes-associated tissue and cellular alterations.
This study aimed to investigate the effects of cinnamon treatment on Notchl-positive cells and
Methyl Green-Pyronin (MGP)-positive mast cell nhumbers in the gastric tissue of streptozotocin
(STZ)-induced diabetic rats. Thirty-two male rats were randomly divided into four groups: control,
cinnamon, diabetes, and diabetes+cinnamon. Diabetes was induced by a single intraperitoneal
injection of STZ (45 mg/kg), and cinnamon extract was administered orally at 0.5 mg/kg for 14
days. Notchl-positive cells were evaluated immunohistochemically, whereas mast cells were
identified and counted using MGP staining. Diabetesxcinnamon interactions were significant for
both Notchl-positive cell number and MGP-positive mast cell nhumber (p<0.0001). Diabetes
significantly decreased Notchl1-positive cell number and increased MGP-positive mast cell number
compared with control animals (p<0.0001). Under non-diabetic conditions, cinnamon did not
significantly alter Notchl-positive cell number (p=0.660) but increased MGP-positive mast cell
number (p=0.044). Conversely, under diabetic conditions, cinnamon significantly increased Notchl-
positive cell number and reduced MGP-positive mast cell number compared with untreated diabetic
animals (p<0.0001). Cinnamon attenuated the diabetes-associated alterations in both parameters,
partially restoring Notchl-positive cell number and reducing MGP-positive mast cell number to a
level comparable with that observed in the cinnamon group. The effects of cinnamon on gastric
Notchl-positive and MGP-positive mast cell numbers depend on diabetic status and that cinnamon
attenuates diabetes-associated alterations in both cellular parameters under diabetic conditions.
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Targin, Streptozotosin ile Diyabet Olusturulmus Siganlarin Mide Dokusundaki
Notch1-Pozitif Hiicrelerin ve Metil Yesili-Pironin-Pozitif Mast Hiicrelerinin Sayisini
Modile Eder

Diyabet mellitus, mide dokusunun hicresel bilesimini degistirebilir ve mide dokusu homeostazinda
rol oynayan mekanizmalari etkileyebilir. Targin, antioksidan &zelliklere sahip biyoaktif bilesikler
icermekte olup bu bilesikler diyabetle iligkili doku ve hicresel degisikliklerin iyilestiriimesine katkida
bulunabilir. Bu galisma, streptozotosin (STZ) ile indiklenmis diyabetik siganlarin mide dokusundaki
Notch1-pozitif hiicreler ve Metil Green-Pyronin (MGP)-pozitif mast hiicre sayisina targin tedavisinin
etkilerini aragtirmayi amaclamistir. Otuz iki erkek sigan rastgele dort gruba ayrildi: kontrol, targin,
diyabet ve diyabet+targin. Diyabet, tek bir intraperitoneal STZ enjeksiyonu (45 mg/kg) ile indiklendi
ve targin ekstresi 14 giin boyunca 0.5 mg/kg dozunda oral olarak uygulandi. Notch1 pozitif hiicreler
immunohistokimyasal olarak degerlendirilirken, mast hicreleri MGP boyamasi kullanilarak
tanimlandi ve sayildi. Hem Notch1-pozitif hiicre sayisi hem de MGP-pozitif mast hiicre sayisi igin
diyabetxtargin etkilesimi anlaml bulundu (p<0.0001). STZ ile indiiklenen diyabet, kontrol grubuna
kiyasla Notch1-pozitif hiicre sayisini 6nemli dlgiide olarak azaltirken MGP-pozitif mast hiicre
sayisini artirdi (p<0.0001). Diyabetik olmayan kosullarda targin, Notch1-pozitif hiicre sayisini
anlamli olarak degistirmezken (p=0.660), MGP-pozitif mast hiicre sayisini artirdi (p=0.044). Buna
karsilik, diyabetik kosullarda targin tedavisi, tedavi edilmeyen diyabetik hayvanlara kiyasla Notch1-
pozitif hiicre sayisini anlamli olarak artirirken MGP-pozitif mast hiicre sayisini azaltti (p<0.0001).
Targin, her iki parametrede de diyabetle iligkili degisiklikleri hafifletmis; Notch1-pozitif hiicre sayisini
kismen eski haline getirirken, MGP-pozitif mast hiicresi sayisini ise targin grubunda gézlemlenen
seviyeye yakin bir dizeye dislUrmustir. Bu bulgular, targinin mide dokusundaki Notch1-pozitif
hucre ve MGP-pozitif mast hlcre sayilar Gzerindeki etkilerinin diyabetik duruma bagli oldugunu ve
diyabetik kosullarda her iki hicresel parametredeki diyabetle iliskili degisiklikleri azalttigini
disundldrmektedir.

Anahtar Kelimeler: Targin, diyabet, Notch1-pozitif huicreler, Mast hiicresi, Methyl Green-Pyronin, Mide

Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent
hyperglycemia resulting from impaired insulin secretion, impaired insulin action, or both
(1). Persistent hyperglycemia is a major contributor to the development of diabetic
complications through mechanisms involving excessive reactive oxygen species
production and oxidative stress (2). Hyperglycemia-induced oxidative stress can
promote cellular dysfunction and tissue injury through several interrelated metabolic
pathways, including the polyol, hexosamine, protein kinase C, and advanced glycation
end-product pathways (3). In addition to its well-established vascular and neurological
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complications, diabetes can affect the gastrointestinal
tract and lead to structural and functional abnormalities
(4). Long-standing diabetes is associated with gastric
motor dysfunction and delayed gastric emptying, which
are important manifestations of diabetic gastrointestinal
involvement  (5). Experimental  studies have
demonstrated that streptozotocin  (STZ)-induced
diabetes can cause gastric mucosal injury and
alterations in mucosal integrity (6, 7).

Notch signaling is an evolutionarily conserved
pathway that regulates cell proliferation, differentiation,
and communication across multicellular organisms.
Notch receptors are cell surface proteins that interact
with transmembrane ligands expressed on neighboring
cells to mediate direct cell signaling (8). This pathway
plays a crucial role in tissue homeostasis, embryonic
development, and adult tissue maintenance by
regulating cell fate determination, survival, apoptosis,
and cell cycle progression under physiological and
pathological conditions. Disruption of Notch signaling in
mammals results in severe defects in embryonic
development and tissue homeostasis and is associated
with various developmental and physiological disorders
(9). Four Notch receptors (Notchl-Notch4) have been
identified in mammals, and following receptor activation,
their intracellular domains translocate to the nucleus to
regulate downstream gene expression (10). In the
stomach, Notch signaling contributes to regulating
epithelial cell proliferation and stem cell homeostasis,
thereby supporting the continuous renewal of the gastric
epithelium (11, 12).

Mast cells are tissue-resident immune cells widely
distributed throughout the body and particularly
abundant in connective and mucosal tissues (13). Their
cytoplasmic granules contain a variety of biologically
active mediators, including histamine, proteases,
cytokines, and growth factors (14). Upon activation, mast
cells release these mediators and contribute to the
regulation of vascular permeability, immune responses,
inflammation, and tissue homeostasis (15). Mast cells
are also an important component of the gastrointestinal
tract, where they participate in the regulation of epithelial
and endothelial functions, gastrointestinal motility, and
mucosal immune responses (16). In the gastrointestinal
mucosa, mast cells are closely associated with epithelial
structures, blood vessels, and nerve fibers, allowing
them to respond rapidly to changes in the local
microenvironment (17). Through their interactions with
nerve fibers, mast cells also contribute to the regulation
of gastrointestinal physiology and local tissue
homeostasis (18). They are histochemically classified
into subtypes based on their location, physiological
characteristics, staining properties, functional diversity,
mediators, and responses to foreign-substance release
(29).

Traditional, complementary, and alternative
medicines are increasingly used as adjunctive
approaches in the management of chronic diseases,
including diabetes mellitus. Herbal medicines constitute
an important component of these approaches, and
cinnamon has been widely investigated for its potential
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antidiabetic effects (20). Although cinnamon has long
been used as a culinary spice for its distinctive flavor
and aroma, growing evidence suggests that its biological
activities are linked to its diverse bioactive
phytochemicals and antioxidant compounds (21).
Cinnamon contains various polyphenols, phenolic acids,
and flavonoids, which may contribute to its antioxidant
activity by scavenging free radicals and reducing
oxidative stress (22). Beyond its potential metabolic
effects, cinnamon has also demonstrated
gastroprotective activity in experimental models of
gastric mucosal injury (23). Experimental studies have
shown that cinnamon can attenuate gastric mucosal
damage and enhance mucosal defense mechanisms in
animal models. In addition, its gastroprotective effects
have been associated with reduced oxidative and
inflammatory responses, suggesting a potential role in
preserving gastric mucosal integrity (24).

Accordingly, our study aimed to investigate the
effects of cinnamon on the counts of Notchl-positive
cells and Methyl Green-Pyronin-positive mast cells in the
gastric tissue of streptozotocin-induced diabetic rats.

Materials and Methods

Research and Publication Ethics: This study was
approved by the Ondokuz Mayis University Animal
Experiments Local Ethics Committee (05.03.2020;
approval number: 2020/16).

Animals: A total of 32 male rats weighing 250-300
g were used in the study. The rats were housed in
standard cages under controlled environmental
conditions, with a 12-h light/12-h dark cycle at an
ambient temperature of 22 °C. Food and tap water were
provided ad libitum throughout the study.

Animal Study Design: An a priori power analysis
was conducted using G*Power version 3.1.9.7 for the
planned 2 x 2 factorial design, based on a fixed-effects
two-way ANOVA model for main effects and interactions.
Assuming a large effect size (Cohen's f=0.52), a
significance level of 0=0.05, and a statistical power of
80% (1-p=0.80), a total sample size of 32 animals was
considered sufficient to detect the anticipated factorial
effects (25). Accordingly, a total of 32 rats were
randomly divided into four groups (n=8 per group):
control, cinnamon, diabetes, and diabetes+cinnamon.
The cinnamon material used in the study was obtained
from the bark of Cinnamomum zeylanicum, purchased
from a local pharmacy, and dissolved directly in distilled
water before administration. The cinnamon group
received cinnamon extract (dissolved in 0.2 mL distilled
water) by oral gavage at a dose of 0.5 mg/kg for 14 days
(26). Experimental diabetes was induced in the diabetes
group by a single intraperitoneal injection of
streptozotocin  (STZ; S0130-1G, Sigma-Aldrich, St.
Louis, MO, USA) at a dose of 45 mg/kg (27). The
diabetes+cinnamon  group  received a  single
intraperitoneal injection of STZ (45 mg/kg) to induce
experimental diabetes, followed by daily oral gavage of
cinnamon extract at 0.5 mg/kg from 13:00-14:00 h for 14
days. For STZ administration, 450 mg of STZ was
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dissolved in 10 mL of distilled water immediately before
use. No treatment was administered to the control group.
At the end of the experimental period, all rats were
sacrificed, and stomach tissue samples were collected
for histological analysis. To minimize pain and
discomfort, all animals included in the study were
anesthetized with ketamine (60 mg/kg) and xylazine (6
mg/kg). In accordance with the Guide for the Care and
Use of Laboratory Animals, all animals were handled
and treated humanely throughout the study.

Determination of Blood Glucose Levels: Three
days after STZ injection, blood glucose levels were
measured in each rat after an 8-h fasting period using a
glucometer (PlusMED Accuro, Turkey) via the tail vein.
Rats in the diabetes and diabetes+cinnamon groups
were considered diabetic when their blood glucose
levels exceeded 300 mg/dL.

Histological Procedure and Tissue Sectioning:
For histological analysis, stomach tissue samples were
fixed in 10% formaldehyde (S2BF1830V, Sigma-Aldrich,
St. Louis, MO, USA) solution for 12 h. Following fixation,
the tissue samples were kept in a water bath for 24 h to
remove residual formaldehyde. The tissues were then
dehydrated through a graded series of alcohol and
cleared in xylene before being embedded in paraffin
blocks. For immunohistochemical and histochemical
evaluations, ten serial sections, each 5 ym thick, were
obtained from the fundic region of the stomach tissue
blocks at 30-um intervals.

Immunohistochemical Staining for Notchl:
Notchl immunoreactivity and localization in the stomach
were assessed using streptavidin—biotin complex
immunohistochemistry (IHC), as previously described
(28). The sections were deparaffinized in xylene,
rehydrated through a graded series of alcohol, and
subjected to heat-induced epitope retrieval using sodium
citrate buffer (pH 6.0) in a microwave oven at 700 W,
followed by cooling to room temperature. Endogenous
peroxidase activity was blocked by incubating the
sections with 3% hydrogen peroxide for 10 min at room
temperature. After washing with phosphate-buffered
saline (PBS, P4417, Merck, Darmstadt, Germany),
nonspecific binding was blocked by incubating the
sections with the blocking solution provided in the kit
(TA-125-UB, Thermo Scientific, UK). The tissue sections
were subsequently incubated overnight at 4 °C with a
mouse monoclonal anti-Notchl primary antibody (1:100;
819101, BioLegend, USA). According to the
manufacturer, this antibody reacts with human, mouse,
and rat Notchl and is suitable for immunohistochemical
analysis of paraffin-embedded tissue sections. Following
PBS washing, the sections were incubated with a
biotinylated secondary antibody (TP-125-BN, Thermo
Scientific, Fremont, CA, USA), followed by incubation
with a streptavidin—biotin peroxidase complex (TS-125-
HR, Thermo Scientific, USA). Immunoreactivity was
visualized using 3,3'-diaminobenzidine (DAB; Cat. No.
PL-125-HD, Patolab, Turkey) as the chromogen. Finally,
the sections were counterstained with hematoxylin and
mounted using Entellan.
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Mast Cell Histochemistry: Mast cells in the
stomach tissue were evaluated histochemically using
Methyl Green-Pyronin (MGP) staining (BS-366, Lot No.
102023.018, Histomed, Turkey) for 1.5 min (29).

Quantification of Notchl-Immunopositive Cells
and MGP-Positive Mast Cells: Ten randomly selected
fields were examined for each animal. Notchl-
immunopositive cells and MGP-positive mast cells were
counted in each field at 40x magnification using a 100-
square ocular micrometer (eyepiece graticule). The
arithmetic mean was calculated for each animal, and the
results were expressed as the number of Notchl-
immunopositive cells and MGP-positive mast cells per 1
mm?2 of tissue area (30).

Statistical Analyses: All statistical analyses were
performed using IBM SPSS Statistics version 22.0 (IBM
Corp., USA). Data normality was assessed using the
Shapiro-Wilk test, and homogeneity of variances was
evaluated using Levene’s test. Data were analyzed
using two-way ANOVA, with diabetes status and
cinnamon treatment as fixed factors. The main effects of
diabetes and cinnamon and the diabetes x cinnamon
interaction were evaluated. When a significant
interaction was detected, simple-effects analyses were
performed using estimated marginal means, with
Bonferroni correction applied to pairwise comparisons.
Data were expressed as mean + standard error of the
mean (SEM), and a p-value<0.05 was considered
statistically significant.

Results

Notchl Immunohistochemistry: Notchl
immunoreactivity was observed as distinct dark-brown
DAB staining in scattered individual Notch1-positive cells
throughout the gastric fundus (Figure 1). Regarding the
number of Notchl-positive cells, significant main effects
of diabetes (p<0.0001) and cinnamon (p<0.0001) were
determined for Notchl-positive cell number. Because the
diabetes x cinnamon interaction was also significant
(p<0.0001, Figure 2A), simple-effects analyses were
performed. Based on the estimated marginal means, the
number of Notchl-positive cells was comparable
between the cinnamon group (80.00+2.23) and the
control group (78.60+2.23; p=0.660), indicating that
cinnamon had no significant effect under non-diabetic
conditions. In contrast, the number of Notchl-positive
cells was significantly higher in the diabetes+cinnamon
group (63.00£2.23) than in the diabetes group
(33.40+2.23; p<0.0001), indicating a modulatory effect of
cinnamon under diabetic conditions. The number of
Notchl1-positive cells was lower in the diabetes group
(33.40£2.23) than in the control group (78.60+2.23;
p<0.0001), indicating a marked diabetes-associated
reduction in Notchl-positive cell number. The diabetes-
induced decrease in Notchl-positive cell number was
partially restored by cinnamon treatment; however, the
diabetes+cinnamon group still had significantly fewer
Notchl-positive cells than the cinnamon group
(63.00+2.23 vs. 80.00+2.23; p<0.0001), suggesting that
cinnamon partially ameliorated, but did not completely
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restore, the diabetes-associated reduction in Notchl-
positive cell number.

Mast Cell Histochemistry: In sections stained for
MGP, MGP-positive mast cells with varying sizes and
morphological features were observed. The cells were
predominantly oval to round in shape, although spindle-
shaped mast cells were also detected. All MGP-positive
mast cells exhibited pinkish staining (Figure 3). These
cells were predominantly localized in the lamina propria
and submucosal regions of the gastric tissue and were
frequently observed around blood vessels (Figure 3).
With respect to the number of MGP-positive mast cells,
significant main effects of diabetes (p<0.0001) and
cinnamon (p=0.003) were observed. Because the
diabetes x cinnamon interaction was also significant
(p<0.0001, Figure 2B), simple-effects analyses were
performed. Based on the estimated marginal means, the
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number of MGP-positive mast cells was significantly
higher in the cinnamon group (20.80+1.88) than in the
control group (15.20+1.88; p=0.044), indicating a
stimulatory effect of cinnamon under non-diabetic
conditions. In contrast, the number of MGP-positive mast
cells was lower in the diabetes+cinnamon group
(19.00+1.88) than in the diabetes group (37.00+1.88;
p<0.0001), suggesting a modulatory effect of cinnamon
under diabetic conditions. The diabetes group
(37.00+1.88) had a significantly higher number of MGP-
positive mast cells than the control group (15.20+1.88;
p<0.0001), whereas no significant difference was
observed between the diabetes+cinnamon group
(19.00+£1.88) and the cinnamon group (20.80+1.88;
p=0.504), indicating that cinnamon counteracted the
diabetes-associated increase in MGP-positive mast cells
number.
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Figure 1. Effects of STZ-induced diabetes and/or cinnamon administration on Notchl-positive cells in the fundic region of the
stomach. (A) Control group, (B) Diabetes group, (C) Cinnamon group, (D) Diabetes+cinnamon group. Notchl-positive cells are
distinctly dark brown in color. Original magnification: 20x and scale bar: 10 pm.
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Figure 3. Effects of STZ-induced diabetes and/or cinnamon administration on MGP-positive mast cells in the fundic region of the
stomach. (A) Control group, (B) Diabetes group, (C) Cinnamon group, (D) diabetes+cinnamon group. Arrow: MGP-positive mast cells.
Original magnification: 20x and scale bar: 10 pm.
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Discussion

Notch signaling plays a pivotal role in cell fate and
tissue-patterning decisions during development and
continues to regulate tissue homeostasis and
regeneration throughout life (31). Growing evidence
indicates that Notch signaling also contributes to gastric
epithelial homeostasis through the regulation of gastric
stem and progenitor cell proliferation and differentiation
(32). The Notch target gene Hesl and Notch pathway
components, including Notchl and Jag2, have been
identified in the developing gastric epithelium of
embryonic mice (11). In both human and mouse gastric
tissues, Notchl and Notch2 are the predominant Notch
receptors, and their signaling has been implicated in
regulating the proliferation of gastric antral and corpus
progenitor cells (33). Beyond gastrointestinal tissues,
Notch signaling has also been implicated in metabolic
regulation. Insulin secretion following postprandial
glucose elevation is essential for maintaining glucose
homeostasis by promoting glucose utilization and
suppressing hepatic glucose production. In this context,
Notch signaling has been implicated in hepatic glucose
metabolism, with increased Notch activity associated
with insulin resistance and enhanced hepatic glucose
production (34). Furthermore, inhibition of Notch
signaling has been reported to improve insulin sensitivity
in diet-induced insulin resistance, whereas Notchl
activation promotes insulin resistance (35). Under
diabetic conditions, Notchl signaling has been reported
to be altered in the retina. In STZ-induced diabetic mice,
Notchl expression was  significantly  reduced,
accompanied by decreased DLL4 and p-Akt levels (36).
Similarly, suppression of Notchl signaling in embryonic
cardiac tissue has been reported in STZ-induced
maternal diabetes, with reduced expression of Notchl
and downstream target genes, including Hey2, EfnB2,
Nrgl, and Bmpl0 (37). Moreover, Yoon et al. (38)
reported that high glucose increased Jaggedl
expression and suppressed Notchl signaling in
endothelial cells. Zhao et al. (39) reported that STZ-
induced diabetes increased miR-34a expression while
reducing Notchl1 expression in the vascular endothelium.
Similarly, reduced Notch signaling activity in cardiac
tissue has been reported in STZ-induced diabetic rats
subjected to ischemia/reperfusion, accompanied by
downregulation of Notchl and other pathway
components (40). Consistent with these observations in
other tissues, STZ-induced diabetes in the present study
was associated with a marked reduction in the number
of Notchl-positive cells in gastric tissue. Against this
background, previous findings on the effects of
cinnamon-derived compounds on Notch-related markers
are particularly relevant. Previous studies have reported
that cinnamaldehyde, a major bioactive component of
cinnamon, can affect Notch-related signaling molecules,
including Notchl, Jaggedl, and NICD, in Schwann cells
exposed to high glucose (41). Interestingly, a botanical
formulation containing Cinnamomum cassia has also
been reported to modulate the Notchl/Hes5 signaling
pathway, with medium- and high-dose treatment
reversing the changes in Notchl and Hes5 expression in
the hippocampus (42). Although these studies were
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conducted in different tissues and experimental settings,
they suggest that cinnamon-related interventions may be
associated with changes in Notch-related markers.
Whether similar changes occur in diabetic gastric tissue
remains unclear. In the present study, cinnamon
treatment was associated with an increased number of
Notch1-positive cells under diabetic conditions. Notably,
cinnamon did not significantly alter Notchl-positive cell
number under non-diabetic conditions, whereas it
significantly increased Notchl-positive cell number
under diabetic conditions. However, because Notch
pathway activity was not directly assessed, these
findings should be interpreted cautiously. These findings
may reflect an association between cinnamon treatment
and changes in Notchl-positive cell number but do not
establish a direct effect on Notch signaling.

Based on the staining characteristics of their
cytoplasmic granules, mast cells exhibit histochemical
heterogeneity and can be classified into three distinct
subtypes according to Alcian blue—Safranin O staining:
blue, red, and mixed. Blue mast cells contain Alcian
blue-positive granules, red mast cells contain Safranin
O-positive granules, whereas mixed mast cells exhibit
both Alcian blue- and Safranin O-positive granules within
the same cell (43). These differential staining patterns
reflect the histochemical heterogeneity of mast cell
granules, which is associated with differences in their
glycosaminoglycan composition and may vary according
to tissue type and fixation conditions (44). MGP staining
is a classic histochemical technique used to differentially
demonstrate DNA and RNA in tissue sections. In this
staining method, methyl green selectively binds to
nuclear DNA, producing a green coloration, whereas
pyronin stains RNA-rich cytoplasmic components red or
reddish-pink (45). Due to their abundant cytoplasmic
granules, mast cells can be readily identified
morphologically using methyl green-pyronin (MGP)
staining in paraffin-embedded tissue sections (46).
Although methyl green—pyronin (MGP) staining is not
mast cell-specific, it has been used as an alternative
histochemical method to demonstrate and
morphologically evaluate mast cells in paraffin-
embedded tissue sections (17). In addition, in a study of
rat lymph nodes, mast cells and their granules were
morphologically identified using MGP staining, and mast
cell numbers were evaluated (47). Increased mast cell
numbers have been reported in STZ-induced diabetic
rats, particularly in the tongue, where a significant
increase was observed after 4 weeks of diabetes (48). In
a rat model of type 2 diabetes, mast cell numbers were
significantly increased in the islets of Langerhans
compared with those in control animals (49).
Additionally, an increase in mast cell profiles was
reported in the peripheral nerves of STZ-induced
diabetic rats four weeks after the onset of diabetes,
although this increase was attributed to changes in mast
cell dimensions rather than proliferation (50). Consistent
with these reports, diabetes markedly increased MGP-
positive mast cell number in animals not receiving
cinnamon in the present study. Furthermore, cinnamon-
derived type-A procyanidin polyphenols attenuated
compound 48/80-induced mast cell degranulation and
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reduced histamine, B-hexosaminidase, and IL-4 levels in
rat peritoneal mast cells (51). Cinnamaldehyde, a major
constituent of cinnamon, was also reported to dose-
dependently inhibit antigen-induced degranulation and
suppress extracellular Ca2* influx in mucosal-type mast
cells (52). Although these studies evaluated mast cell
activity and degranulation rather than mast cell number,
they demonstrate that cinnamon-derived compounds
can influence mast cell biology. In the present study, the
effect of cinnamon on MGP-positive mast cell number
differed according to diabetic status, with an increase
under non-diabetic conditions and a significant reduction
under diabetic conditions.

Notch signaling has been shown to enhance the
antigen-presenting capacity of mast cells by inducing
MHC-II and OX40L expression and promoting CD4* T-
cell activation and Th2 differentiation (53). In addition,
Notch signaling has been shown to enhance FceRI-
mediated cytokine production by mast cells through both
direct and indirect mechanisms (54). Honjo et al. (2017)
reported that pharmacologic inhibition of Notch signaling
suppressed food antigen-induced intestinal mast cell
hyperplasia, supporting a role for Notch signaling in
promoting mucosal mast cell differentiation and
accumulation (55). However, a previous study reported
that Notch2 deficiency in bone marrow-derived cells led
to an increase in intestinal mast cells, particularly in the
lamina propria of the small intestine (56). Furthermore,
Notch and TGF-$ signaling have been shown to act in a
mutually dependent manner during the differentiation
and maturation of mucosal mast cells. Notably, the
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