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Investigation of the Effect of Cinnamon Extract on TLR4
Expression and Numerical Distribution of Mast Cells in the
Experimental Diabetic Rat Kidney

Objective: In this study, it was aimed to evaluate the effect of cinnamon extract on TLR4
expression and numerical distribution of mast cells in experimental diabetic rat kidneys and
examine the relationships between TLR4 and mast cells.

Materials and Methods: Thirty-two Wistar albino male rats were used in this study. Control group,
Diabetes group, Cinnamon group and Diabetes + cinnamon group. After confirming the occurrence
of diabetes in rats, cinnamon at a dose of 0.5 mg/kg was administered by oral gavage to animals in
the cinnamon group and diabetes + cinnamon group for 14 days. During the experiment, no
application was made to the rats in the control group.

Results: When the cinnamon group was evaluated, there was an increase in mast cells compared
to the control group. At the same time, there was a significant decrease in the number of mast cells
in the diabetes + cinnamon group compared to the diabetes group. An increase in the intensity of
TLR4 expression was determined between the control and experimental groups. The highest TLR4
expression was found in the diabetic group as a remarkable finding in our study. It was determined
that cinnamon extract reduced TLR4 immunoreactivity that was increased in the diabetes group in
diabetes + cinnamon group.

Conclusion: It was determined that cinnamon increases mast cell number and expression of TLR4
in healthy rats. At the same time, it caused a synergistic decrease in increased mast cell and TLR4
expression in rats with diabetes.
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Deneysel Diyabetik Sican Bobreginde Targin Ekstraktinin TLR4 Ekspresyonu ve
Mast Hiicrelerinin Sayisal Dagilimi Uzerine Etkisinin Arastiriimasi

Amag: Bu calismada, deneysel diyabetik sican bdbreklerinde targin ekstraktinin TLR4
ekspresyonu ve mast hiicrelerinin sayisal dagihmi Gzerine etkisinin degerlendiriimesi ve TLR4 ile
mast hicreleri arasindaki iligkilerin incelenmesi amaglanmigtir.

Gere¢ ve Yontem: Bu calismada 32 adet Wistar albino erkek rat kullanildi. Kontrol grubu, Diyabet
grubu, Targin grubu ve Diyabet + targin grubu. Siganlarda diyabet olusumu teyit edildikten sonra,
targin ve diyabet + targin grubundaki hayvanlara 14 giin boyunca 0.5 mg/kg dozunda targin oral
gavaj yoluyla uygulandi. Deney siresince kontrol grubundaki ratlara herhangi bir uygulama
yapilmadi.

Bulgular: Targin grubu degerlendirildiginde kontrol grubuna gére mast hicrelerinde artis gortldi.
Ayni zamanda diyabet + targin grubundaki mast hlicre sayisinda diyabet grubuna gére anlamli bir
azalma oldu. Kontrol ve deney gruplari arasinda TLR4 ekspresyonunun yogunlugunda bir artis
belirlendi. Calismamizda dikkat cekici bir bulgu olarak en yiliksek TLR4 ekspresyonu diyabetik
grupta bulunmustur. Targin ekstraktinin diyabet + targin grubunda diyabet grubunda artan TLR4
immunreaktivitesini azalttigi belirlendi.

Sonug: Saglikli siganlarda targinin mast hicre sayisini ve TLR4 ekspresyonunu arttirdigi
belirlendi. Targin ayni zamanda diyabetli ratlarda artmis mast hicre sayisi ve TLR4
ekspresyonunda sinerjik bir azalmaya neden oldu.

Anahtar Kelimeler: Diyabet, targin, bobrek, mast hiicre, TLR4

Introduction

Diabetes mellitus is a metabolic disorder that can be caused by hereditary or
environmental factors and increases a patient's risk of developing a variety of diseases
(1). Diabetes is characterized by hyperglycemia, hyperlipidemia, and oxidative stress,
which leads to chronic complications that affect various organs in the body (2).

Despite advances in diabetes treatment, many patients seek alternatives for a
variety of reasons. Because of the benefits it provides to patients, complementary and
alternative medicine has grown in popularity (3). Cinnamon is a common spice that has
been used by various cultures around the world for centuries. It is known to play a role
in increasing the activity of the insulin receptor through autophosphorylation, promotes
glucose uptake, stimulates glycogenesis and lowers blood sugar by inhibiting insulin
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activity (4). It has been suggested that cinnamon is
effective in reducing fasting plasma glucose and
oxidative stress, and therefore may prevent or delay
progression to diabetes (5).

Mast cells are found in a variety of tissues and are
well known for their ability to cause allergic reactions.
However, it also has several physiologically important
functions, such as regulating angiogenesis and tissue
homeostasis (6). Because mast cells are essential first
defense cells in innate and adaptive immunity, they
impact the outcome of many diseases. Depending on
the location of the mast cell and the overall condition,
mast cell activation might result in the activation of
several immune effector mechanisms, cell differentiation,
chemotaxis, or the inhibition of ongoing immunological
processes (7).

Toll-like receptors (TLRs) are a family of
transmembrane-spanning  proteins  that recognize
microbe-specific molecules, distinguish self from nonself
antigens, act as tissue damage sentinels, and mediate
inflammatory responses to aseptic tissue injury (8).
TLR4 is a pattern recognition receptor that is activated
by innate as well as adaptive immune cells. The
activation of TLR4 by lipopolysaccharide (LPS) or
damage-associated molecular models results in leads to
the production of proinflammatory cytokines (9).

In this study, it was aimed to evaluate the effect of
cinnamon extract on TLR4 expression and numerical
distribution of mast cells in experimental diabetic rat
kidneys and examine the relationships between TLR4
and mast cells.

Material and Methods

Research and Publication Ethics: This study was
approved by the Ondokuz Mayis University Animal
Experiments Ethics Committee (11.03.2020, 2020/16).

Animal Material: Thirty-two Wistar albino male
rats weighing 250-300 g were used in this study. The
rats were housed in conventional cages with 12 hours of
light and 12 hours of darkness in a 21-23°C ambient
temperature environment, and they were fed tap water
and ad libitum food. The rats used in the study were
randomly divided into four groups equal in number.
Experimental groups: Group 1: Control group, Group 2:
Diabetes group, Group 3: Cinnamon group and Group 4:
Diabetes + cinnamon group.

In our study, to form a diabetes model in animals in
diabetes and diabetes + cinnamon group, animals
received a single dose intraperitoneal (i.p.) injection of
streptozotocin (STZ; 50 mg/kg). It was prepared by
dissolving 450 mg of STZ (SO130; Sigma-Aldrich, USA)
in 10 mL of distilled water (10).

Determination of Blood Glucose Levels: A
glucometer (PlusMED Accuro) was used to take blood
from the hungry animals' tail vein 8 hours before the
start of the trial to determine their blood glucose level
preprandial. Animals involved in the study with a glucose
level of 300 mg/dL had their preprandial blood glucose
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level measured for 8 hours on the 3rd day of STZ
practice.

After confirming the occurrence of diabetes in rats,
cinnamon at a dose of 0.5 mg/kg (11) was administered
by oral gavage to all animals in the cinnamon group and
diabetes + cinnamon group for 14 days. During the
experiment, no application was made to the rats in the
control group.

Following the experiment, the rats were sacrificed,
and kidney tissue samples were taken. The kidney
tissue samples were fixed in a 10% formaldehyde
solution, then passed through standard histological
tissue processing and blocked in paraffin.

Mast Cell Histochemistry: To count the mast
cells, ten serial cross-sections of 5 uym thickness were
obtained from the prepared blocks at 30 pym intervals
and stained with toluidine blue (92-31-9; Sigma-Aldrich,
%0.5 and pH=0.5) (12). Cell counts were performed with
a 100 square ocular micrometer to determine the
numerical distribution of mast cells in the prepared serial
crosssections. At a magnification of 40x, the mast cells
in the ocular graticule were counted in per unit. For each
piece of kidney tissue, the cells were counted in ten
randomly selected regions. All these data were then
converted to the number of mast cells per 1 mm? unit
area.

Statistical Analysis: The SPSS package program
was used to compare the mast cell numbers between
the groups. For normality, Shapiro-Wilk test was used.
Depending on the normality of the data, one-way
analysis of variance (ANOVA) was used to evaluate the
data, and Duncan's test was used to determine within-
group differences. Obtained data are shown as mean *
standard error of the mean (mean + SEM). A P-value of
<0.05 was considered statistically significant (13).

Immunohistochemical Staining: To determine
the expression of TLR4 in 5 um thick tissue sections
taken from kidney  tissue, one of the
immunohistochemical methods, the "streptavidin-biotin-
complex method,"” was used (14). The primary antibody
utilized in immunohistochemistry was mouse monoclonal
TLR4 (1/800 dilution, Santa Cruz Biotechnology, sc-
293072). Antibody diluent reagent solution was used for
reconstitution (Zymed 00-3118). As a secondary
antibody, the Histostain® Plus kit was employed (Zymed
kit: 85-6743). To reveal the antigen in the tissues, after
the deparaffinization process, the sections were taken
into a citrate buffer solution and heated in a microwave
oven at 700 watts. The same procedure was performed
three times, each for 5 minutes. At the end of the
process, the sections in the citrate buffer solution were
left to cool at room temperature for 20 minutes. Sections
washed with Phosphate Buffered Saline (PBS) were
incubated in 3% hydrogen peroxide solution for 10
minutes to block endogenous peroxidase activity. After
the tissues removed from the PBS solution were
thoroughly dried, the serum in the kit was dripped onto
them to prevent non-specific protein binding. The
blocking solution of the Histostain® Plus kit was used as
protein blocking solution. The primary antibody was then
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dripped over the sections, which were then stored at +4
°C overnight. Only PBS solution was used in negative
control group tissues. After washing, the sections were
dripped with biotinylated secondary antibody and then
incubated in  streptavidin-horseradish  peroxidase
complex. In the last step, 3,3'-diaminobenzidine (DAB)
was used as the chromogen (Zymed, 31079800) and the
preparations were counterstained with hematoxylin and
sealed with entellan.

Immunohistochemical examination: The intensity of
positive  staining in the  immunohistochemical
examination was assessed semiquantitatively using a
four-point scoring system being scored as negatively (-),
weakly (+), moderately (++), or strongly (+++) (15).

Results

Mast Cell Histochemical Findings: Mast cells
stained with toluidine blue metachromatically were
observed in the kidney tissues of both the control and
experimental groups. While no morphological difference
was observed between mast cells in all groups, they
showed different sizes, round or oval shapes depending
on their location. Mast cells were seen between the renal
tubules, and especially around the renal corpuscle and
the blood vessels. In the medulla, mast cells were found
predominantly within the interstitum surrounding the
tubules and collecting tubes, and in the connective
tissue around.

It was observed that the numbers of mast cells
increased numerically in the experimental groups
compared to the control group. When the mast cell
numbers were compared, it was determined that there
was a statistically significant difference between the
mean number of mast cells in mm? (P<0.001) (Table 1).
The highest increase in the mast cells was found in the
diabetes group. When the cinnamon group was
evaluated, there was an increase in mast cells compared
to the control group. At the same time, there was a
significant decrease in the number of mast cells in the
diabetes + cinnamon group compared to the diabetes
group (Figure 1).

TLR4 Immunohistochemical Findings: TLR4
immunoreactivity was observed in glomeruli, proximal,
distal, loop of henle, and collecting tubules in kidney
tissue of all groups. TLR4 expression was seen in the
cells' cytoplasm and nucleus. Between the control and
experimental groups, there was no difference in the
location of intracellular TLR4 immunoreactivity.
However, an increase in the intensity of TLR4
expression was determined between the control and
experimental groups. Although it was observed that
cinnamon increased TLR4 expression in kidney tissue,
the highest TLR4 expression was found in the diabetic
group as a remarkable finding in our study. It was
determined that cinnamon extract reduced TLR4
immunoreactivity, which was increased in the diabetes
group in diabetes + cinnamon group (Figure 2). Table 2
summarizes the semiquantitative analysis results of the
intergroup for TLR4 immunohistochemistry staining.
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Table 1. Mast cell counts after staining with toluidin blue
in kidney tissue

Mast cell count

Grup (x £Sx /mm?) Minimum Maximum
Control group 8.28+0.97 5.40 10.20
Diabetes group 16.53+0.93% 14.60 19.40
Cinnamon group 11.70+0.44% 10.20 13.20
Diabetes+cinnamon 12.65+1.17%" 9.20 15.60

group

4P<0.001 compared with the control group and ®P<0.001
compared with the diabetes group (n=8)

Table 2. Score of expression of TLR4 in the kidney
tissue

Grup TLR immunoreactivity
Control group +

Diabetes group +4++
Cinnamon group ++
Diabetes+cinnamon group ++

No staining (-), weak staining (+), moderate staining
(++), and severe staining (+++).
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Figure 1. General view of the kidney. Toluidine blue staining. a,
b: Control group, c, d: Diabetes group, e, f: Cinnamon group, g,
h: Diabetes + cinnamon group. (arrow): Metachromatic mast
cells, (asterix): Glomerulus, range bar, 10 ym.
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Figure 2. Photomicrographs showing immunohistochemical
labeling with TLR4 primary antibody in kidney. Brown staining
indicates positive immune reactivity. a, b: Control group, c, d:
Diabetes group, e, g: Cinnamon group, f, h: Diabetes +
cinnamon group. (asterix): Glomerulus, range bar, 10 pm.

Discussion

Mast cells are tissue-localized immune cells that
play a key role in both innate and adaptive immunity as
part of the physiological defense system (16). They have
crucial roles in inflammation, autoimmunity, allergies,
infectious diseases, and metabolic disorders (17).
Chemokines, cytokines, growth factors, heparin,
histamine, proteases, chymase, and tryptase, among
other mast cell mediators, have a role in the
pathophysiology of metabolic illnesses, including
diabetes (18). In their study, Svensson et al. (19)
showed that IgE levels increased in diabetes. At this
point, this increase suggests that IgE-mediated mast cell
activation may have an important effect on the
pathogenesis of diabetes. Carlos et al. (20) reported that
adaptive mast cell transfer before STZ administration
confers resistance to diabetes and induces an increase
in Treg cells in pancreatic lymph nodes. Also, they have
stated that mast cells are associated with resistance to
STZ-induced diabetes through an immunological
tolerance mechanism mediated by Treg cells. In
experimental studies, it was revealed that the number
and activity of mast cells increased in the kidneys of rats
with a diabetic model (21). In a study with diabetic rats, it
was reported that the number of mast cells in the urinary
bladder increased considerably. Furthermore, in the
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diabetic group in which Benfluorex - vitamin C treatment
was investigated in the same study, fewer mast cells
were found than in the diabetes group (22). Jones et al.
(23) reported that the number of mast cell in the
mesentery of diabetic rats increased statistically
significantly compared to healthy rats. In the same study,
it was revealed that antiallergic tranilast significantly
reduced mast cell number in diabetic rats. It is well
known that mast cells increase in diabetic rats,
especially in the peripheral areas of the islets of
Langerhans (24). Notedly, the previous study showed
that a statistically significant increase in the number of
mast cell in the ovarian and uterine tissues of
experimental diabetic rats compared to the control group
(25). In clinical and preclinical studies, it has been
revealed that diabetes increases the density of mast cell
and that agents that stabilize mast cells can improve
diabetes experimentally (26). In addition, in our study, in
which cinnamon extract also caused an increase in mast
cells, it was observed that increased mast cells
decreased in the diabetic group given cinnamon extract
as a remarkable finding. This finding indicates that it
might show an effective defense against possible
damage to tissues and cells by diabetes through primary
and secondary mediators in the granules of mast cells.

It is known that TLR4 has critical importance in
host defense against bacterial infections (27). TLR4 has
also been found to protect against inflammatory tissue
damage by promoting tissue repair and remodeling in
tissue injury (28). Research has shown that metabolic
disorders such as hyperglycemia will damage kidney
cells and encourage cells to secrete and release
inflammatory factors (29). Gulden et al. (30) reported
that the development of diabetes was accelerated, and
Treg cell activity decreased in parallel in TLR4-deficient
mice. In terms of inflammatory factor expression, it is
known that TLR4 endogenous and exogenous ligands
stimulate renal tubular epithelial cells in the case of
hyperglycemia (31). Therefore, it can be thought that the
expression of TLR4 in hyperglycemia may induce the
production of a rapid and strong inflammatory response
by renal tubular epithelial cells (32). TLR4 activation has
been shown in one study to partially prevent insulin-
related insulin resistance caused by a high-fat diet (33).
In addition, one study has shown that insulin treatment
can reduce blood sugar and TLR4 protein expression
(34). It has been shown that TLR4 expression was
increased in experimentally diabetic rat kidneys.
Moreover, this research indicated a significant difference
in TLR4 expression in the glomerular basement
membrane, proximal convoluted tubule, and renal
interstitial area of the kidney in rats in the modeling
group compared to the control group (35). In our study,
in parallel with the above studies, an increase in TLR4
expression was observed in the kidney tissue in the
diabetes groups and the cinnamon-treated groups. In
addition, when compared to the diabetes group, TLR4
expression was lower in the diabetes + cinnamon group.
Based on the current knowledge and the findings of this
study, we suggest that cinnamon may contribute to
strengthening the immune system and, in turn, indirectly
treat diabetes.
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When mast cells are activated, they can release
both newly synthesized lipid mediators, cytokines,
chemokines, and preformed mediators like histamine
from their granules. They then might cause an
inflammatory response or participate in defensive
responses due to this (36). The Fc receptors of mast
cells express different receptors, including TLRs,
chemokines, cytokines, as well as pathogen-associated
molecular patterns of mast cell activation and immune
responses (37). TLR4 receptors on the surface of human
and mouse mast cells can regulate the FcRI-mediated
mast cell signaling pathway in a synergistic manner,
promoting mast cell degranulation and Th2 cytokine
release (38). It has been demonstrated that TLR is
expressed in both the cell membrane and cytosol of
mast cells and can recognize viruses, bacteria, and fungi
(39). A study reported that the number of mast cells and
expression of TLR4 increased in the intestinal mucosa
compared to healthy individuals with Crohn's disease
(40). Huang et al. (41) stated that there were few
scattered mast cells with TLR4 expression in healthy
gingival tissues, but the number of mast cells and TLR4
positive mast cells increased significantly in the gingival
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