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Effect of Cinnamon on Distribution and Number of
Mast Cells in Diabetic Rat Liver

Diyabetik Sigan Karacigerinde Tar¢inin Mast Hiicrelerinin Dagilimi1 ve
Sayis1 Uzerine Etkisi
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ABSTRACT Objective: In the present study, we investigated the ~OZET Amag: Bu calismada, tarcinin diyabetik sicanlarin karaciger
effects of cinnamon on distribution and number of mast cells (MCs) in ~ dokusundaki mast hiicrelerinin (MH) dagilim1 ve sayis1 tizerindeki
liver tissue of diabetic rats. Material and Methods: The rats used as  etkileri arastirildi. Gere¢ ve Yontemler: Kontrol grubu olarak
the control group received no application. All rats in the diabetes and ~ kullanilan ratlara herhangi bir uygulama yapilmadi. Diyabet ve
diabetestcinnamon groups were made diabetic by a single dose diyabett+targin gruplarindaki tim ratlar tek doz intraperitoneal
intraperitoneal injection of streptozotocin. In our study, after streptozotosin enjeksiyonu ile diyabetik hale getirildi. Calismamizda,
establishment of diabetes, cinnamon extract was administered daily by  diyabet olusturulduktan sonra tar¢in ve diyabet-+tar¢in gruplarindaki
oral gavage for 14 days to both cinnamon and diabetes+cinnamon  tiim ratlara 14 giin boyunca giinliik olarak oral gavaj yoluyla tar¢in
groups. To determine the MCs, the tissue sections were stained both  uygulandi. Mast hiicrelerini belirlemek i¢in doku kesitleri hem
with toluidin blue (TB) and Alcian blue/Safranin O (AB/SO) methods. ~ toluidin blue (TB) hem de Alcian blue/Safranin O (AB/SO)
Results: It was determined that the number of MCs in the portal areas ~ yontemleri ile boyandi. Bulgular: Diyabetle birlikte portal
increased with diabetes. As a notable finding, it was observed in our  alanlardaki MH sayisinin arttig1 belirlendi. Dikkate deger bir bulgu
study that cinnamon reduced the MC numerical increase that increases  olarak ¢alismamizda, tarcinin diyabet+tar¢in grubunda diyabetle
with diabetes in the diabetes+cinnamon group. As a result of the AB/SO  birlikte artan MH sayisal artisin1 azalttig1 gézlendi. AB/SO kombine
combined staining method application, it was shown that there were 3~ boyama metodu uygulamasi sonucunda, rat karaciger dokusunda mavi
types of MC populations as blue AB(+), red SO(+) and mixed color  AB(+), kirmizi SO(+) ve karisik renkli AB/SO(+) olmak tizere 3 tip
AB/SO(+) in rat liver tissue. It was found that cinnamon application =~ mast hiicre popiilasyonunun oldugu saptandi. Diyabette tar¢in
was effective on the SO(+) content in diabetes. Conclusion: In  uygulamasmin, SO(+) igerigi lizerinde etkili oldugu bulundu. Senug:
conclusion, the findings of this study show that diabetes alters the ~ Sonu¢ olarak bu ¢alismanin bulgulari, diyabetin MH sayisini
number of MC and cinnamon can reduced the increase in diabetes-  degistirdigi ve tar¢inin diyabete bagli MH sayilarindaki artist
related MC numbers. In addition, this study demonstrated the possible  engelleyebilecegini gostermektedir. Ayrica bu g¢aligma, sigan
effects of diabetes and cinnamon on the histochemical and karacigerindeki MH’lerin histokimyasal ve morfolojik farkliliklari

morphological differences of MCs in rat liver. tizerinde diyabet ve tar¢inin olasi etkilerini gostermistir.
Keywords: Diabetes; cinnamon; mast cell; histochemistry Anahtar Kelimeler: Diyabet; tar¢in; mast hiicre; histokimya
Diabetes mellitus (DM) is a severe metabolic Cinnamon is a spice that exhibits economic and

disorder with numerous functional and structural medicinal value and finds use in traditional medicine.
consequences.' The chronic high glucose level in the Antimicrobial, antitumor, antioxidant, anti-diabetic,
blood is a disorder caused by the inability of the anti-inflammatory, and analgesic properties are
pancreas’s beta cells (B cells) to produce enough among its biological activities.* Cinnamon promotes
insulin or the use of ineffective insulin by the cells in the expression of insulin-sensitive glucose
the body.? transporters, resulting in decreased insulin resistance.”
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Mast cells (MCs) are granular hematopoietic cells
found throughout all tissues. MCs are recognized to
play a role in allergic reactions, tissue remodeling,
wound healing, and inflammation, among other
biological processes. MCs have multiple electron-
dense cytoplasmic granules carrying diverse biological
mediators, distinguishing them morphologically.’
Although all MCs have some features, they constitute
a varied population phenotypically. In general,
classification is based on the neutral protease content
of their cytoplasmic granules.® In particular, MCs are
divided into 2 subgroups considering the mediators
they contain and their histochemical differences; they
are classified as connective tissue mast cells (CTMC)
and mucosal mast cells (MMC).” MC mediators such
as chemokines, cytokines, growth factors, heparin,
histamine, proteases, chymase, and tryptase are
thought to play a role in the pathogenesis of metabolic
diseases, including DM.*

While the role of mediators released by granules
of MCs in tissue remodeling, wound healing, and
allergic and inflammatory reactions are well known,
there are few reports of their physiological role in
diabetic liver tissue. Therefore, in this study, we
aimed to evaluate the effects of cinnamon on the
quantitative distribution and morphological and
histochemical properties of MCs in diabetic rat liver.

I MATERIAL AND METHODS

ANIMALS

The Ondokuz Mayis University Animal Experiments
Ethical Committee gave its approval to all procedures
(date: March 11, 2020, no: 16). In this investigation,
32 male albino Wistar rats weighing 250-300 g were
employed. All rats were housed in standard
polycarbonate cages (4 rats/cage) with ad libitum
access to chow and tap water and kept under a
constant environment (light and dark cycles of 12
hours and a temperature of 224+2°C). The rats were
randomly divided into 4 groups (n=8 per group):
control, cinnamon, diabetes, and diabetes+cinnamon.

EXPERIMENTAL DESIGN

The rats used as the control group received no
application. Daily 0.5 mg/kg of the cinnamon extract
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was dissolved in 0.2 mL distilled water and each rat
in the cinnamon and diabetes+cinnamon groups was
given by oral gavage daily at 13:00-14:00 h for 14
days.” All rats in the diabetes and diabetes+cinnamon
groups were made diabetic by a single intraperitoneal
injection of streptozotocin (STZ; Sigma, S0130-1G)
45 mg/kg as the dosage was freshly dissolved in 10
mL distilled water.'

STZ-induced diabetes was
measuring the elevated blood glucose level of
rats. Briefly, all the diabetes
diabetes+cinnamon groups were fasted for 8 hours
after 3 days of STZ injection, and blood glucose level
of each rat was measured from tail vein using a
glucometer (PlusMED Accuro) after 8 hours of

confirmed by

rats in and

fasting. As a result, rats in diabetes and
diabetes+cinnamon groups were classified as diabetic
if their blood glucose level was greater than 300
mg/dL (Type I diabetes). In our study, after
establishment of diabetes, all rats in the cinnamon
and diabetes+cinnamon groups were daily treated
with cinnamon (0.5 mg/kg/day by oral gavage) for 14
days. At the end of the 14-day treatment of cinnamon,
all rats were sacrificed under deep anesthesia and
their liver tissues were collected. To keep the animals
in our study from feeling pain or discomfort,
anesthesia [ketamine (60 mg/kg)-xylazine (6 mg/kg)]
was administered to all groups. According to the
Guide for the Care and Use of Laboratory Animals
(www.nap.edu/catalog/5140.html), the animals were

treated humanely.

HISTOLOGICAL PROCEDURE

For histological analysis, liver tissue samples were
fixed in a 10% formalin solution for 12 hours. After
standing in a water bath for 24 hours to remove
formaldehyde, they were passed through graded
alcohols and xylol and embedded in paraffin blocks.

MAST CELL HISTOCHEMISTRY

Toluidine Blue Staining Protocol

To show the distribution and count of metachromatic
MC:s, 10 serial sections of 5-pm cross-sections at 30
um intervals of the prepared blocks were stained with
toluidine blue (TB) (0.5%, pH 0.5, Sigma-Aldrich,
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92-31-9) produced in Mcllvaine’s citric acid
disodium phosphate buffer for 10 minutes.!!

Combined Alcian Blue-Safranin O ProtocolL

In order to identify subtypes of MCs, slices from
blocks 5-um thick sections with 30-pm intervals were
taken from each block on the same slide and stained
with 0.2 M acetate solution with Alcian blue (AB;
0.5%, pH 0.2, Sigma-Aldrich, 22864-99-2) and
Safranin O (SO; 0.25%, pH 1.42, Sigmal61 Aldrich,
477-73-6) mixed dyes.!!

Counting Of Mast Cells

Following histochemical staining, preparates were
examined under an examination microscope (Nikon
Eclipse 50i) in terms of staining properties.
Metachromatic staining with TB, AB, SO, and
AB/SO positive cell distribution was evaluated.

In the serial sections prepared to find out the
numerical distribution of TB(+) MCs, AB(+), SO(+)
MCs, and AB/SO(+) (mixed type), cell counts were
performed with 100 squares ocular micrometer
(eyepiece graticule). MCs were counted at 100 square
units of the ocular micrometer under a magnification
of X40. Cell count was performed at 10 randomly
chosen different areas of the sections, and the
arithmetic mean of the results was taken. Then, all
the numerical data were converted into the number
of MCs in a 1 mm? area.

STATISTICAL ANALYSIS

All statistical evaluations were performed utilizing
IBM SPSS Statistics Version 22.0 (IBM United
States Software Announcement 213-309). Depending
on the normality of the data, the one-way analysis of
variance (ANOVA) was used, followed by the
Tukey’s post-hoc test (confirmed by Shapiro-Wilk W
test). Results were expressed as mean+SEM
(standard error of the mean), and p<0.05 was
considered statistically significant.

I RESULTS

MCs of varying sizes and appearances were detected
in sections stained with TB and AB/SO in all groups.
As a whole, MCs’ shapes ranged from oval-round to

flat spindle-like (Figure 1). The number of the SO(+)
MCs was more abundant than the AB(+) and
AB/SO(+) subtypes in the rat liver. It was observed
that MCs were predominantly located in the
connective tissue near the arteria hepatica, vena
interlobularis, and ductus biliferi structures forming
the trias hepatis in the liver (Figure 2). It was
remarkable that MCs were seen to be particularly
near the vena interlobularis and surround the vena.
Furthermore, MCs were found in the liver Glisson’s
and around the

capsule, centrilobular veins,

hepatocytes, which compose the remark cords. It was

seen that MCs were mainly located in the portal tracts
in all groups (Figure 3).

FIGURE 1: Control group (A), cinnamon group (B), diabetes group (C), dia-
betes+cinnamon (D). Toluidine blue staining. Thin arrow: mast cell, thick
arrow: arteria hepatica, arrowhead: sinusoid, asterix: vena interlobularis, x40;
range bar, 10 ym.
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FIGURE 2: Control group (A) x20, control group (B) x40. Cinnamon group (C)
x20, cinnamon group (D), x40; range bar, 10 ym. Thin arrow: SO (+) mast
cell, thick arrow: AB (+) mast cell, arrowhead: AB/SO (mixt) mast cell, aste-
rix: vena interlobularis, vc: vena centralis.
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FIGURE 3: Diabetes group (A) x20, diabetes group (B) x40. Diabetes+cin-
namon group (C) x20, diabetes+cinnamon group (D), x40; range bar, 10 um.
Thin arrow: SO (+) mast cell, thick arrow: AB/SO (mixt) mast cell, arrowhead:
AB (+) mast cell, vi: vena interlobularis, vc: vena centralis, asterix: arteria he-
patica.

The total numbers of MC distribution and
histochemical properties of all experimental groups
are summarized in Table 1. Compared to the control
group, it was determined that the number of MCs did
not change in the cinnamon group. On the other hand,
there was an increase in the number of TB(+)
(p<0.001), SO(+) (p<0.001), and AB/SO(+) (p<0.05)
type MC:s in the diabetes group. Notably, the increase
in TB(+) and SO(+) was higher than in AB/SO(+).
However, it was seen that the numerical increase in
AB(+) was not statistically significant in the diabetes
group. Markedly, our data also showed that the

number of MCs was reduced considerably in TB(+)
(p<0.01) and SO(+) (p<0.01) in the diabetes+
cinnamon group compared to diabetes group
depending on cinnamon application.

I DISCUSSION

The present study first demonstrated the effects of
cinnamon on MC (as distribution, morphological, and
histochemical properties) in rat liver in an STZ-
induced in vivo diabetes model.

Chemical messengers released by Kupffer cells
draw inflammatory cells like MCs to the surrounding
area, Wwhere
activities.'? Since hepatocytes are in contact with the

blood supply, it is thought that MCs located near

they mediate immunoregulatory

blood vessels contribute to regulating hepatic injury
by cross-talk with hepatocytes.!* It is known that
MCs increase in diabetic rats, especially in the
peripheral areas of the islets of Langerhans.'
Batbayar et al reported that after STZ application, an
increase in the number of MCs in all layers of the oral
mucosa and tongue of rats, especially around the
blood vessels and in the lamina propria, compared to
the control tissue.!> Another experimental study used
insulin to investigate the activation of the MC in
diabetes. This study reported that higher MC numbers
were determined in diabetic groups before insulin
was administered and decreased MC numbers after it
It has reported that

was administered.'® been

TABLE 1: Effects of cinnamon and/or diabetes on the MC distribution, morphological,
and histochemical properties in rat liver tissue.

Groups (n=8)

Control

Cinnamon

Diabetes

Diabetes+cinnamon

Glisson’s capsule
Sinusoidal region
Portal tract
Glisson’s capsule
Sinusoidal region
Portal tract
Glisson’s capsule
Sinusoidal region
Portal tract
Glisson’s capsule
Sinusoidal region
Portal tract

B

AB SO AB/SO
5.8+0.93 1.93 £ 0.25 3.54 £0.27 0.89+0.38
345+0.2 1.64 +£0.23 265+0.35 0.75 £ 0.46

11.96 + 0.66 3.01£0.12 4.96 £0.25 2.03£042
6.01+0.58 2.05+043 42+03 1.02 £ 0.63
3.95+0.72 1.54 +0.42 3.01+043 0.83£0.32
12.37 £0.83 3.82+0.33 5.03+0.95 225£0.72
9.75£0.71* 3.32+0.22 6.73+£0.83*  2.93+0.25&
5.85+0.32 2.51+0.21 5.7 +£0.53" 2.08 £ 0.25&
18.23 £ 0.75 4.42 +0.25 8.83£0.79*  4.01+0.32&
6.93 + 0.44% 213+0.83 4.98+0.72% 1.22+0.33
4.03 +0.83% 1.63£0.25 3.42+0.23% 1.03+0.72
13.03 + 0.25$ 3.93+0.28 6.22 £ 0.278 3.83+£0.41

&p<0.05 and *p<0.001 when compared to the control group; $p<0.01 when compared to the diabetes group; TB: Toludin blue; AB: Alcian blue; SO: Safrain O.
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conditional MCs deletion in nonobese diabetic mice,
which results in MCs selective depletion at an early
stage, protects the mice against autoimmune DM.!”
In a study in the heart tissues of diabetic mice, the
number of chymase-positive MCs was found to be
significantly higher than in normal mice.'® Parallel to
the previous studies, an increase in the numbers of
MCs was observed in the liver tissue of the rats
whose diabetes induced by the STZ model was
treated in this study.

Several natural chemicals, including cinnamon,
have powerful effects on biological activities.
Cinnamon may reduce the release of stored and de
novo synthesized MC mediators such as f-
hexosaminidase and cysteinyl leukotrienes, as well
as the production of various proinflammatory
cytokines.!” Studies have demonstrated that the
membrane-membrane fusion proteins known as
SNAREs
SNARES, secretory granules can attach to the plasma

regulate MC degranulation. Using
membrane, releasing previously held chemicals like
histamine and -hexosaminidase into the extracellular
space. Therefore, the release of B-hexosaminidase is
widely used as an indicator of the degranulation of
MCs.? For this reason, experimental evidence has
postulated that cinnamon reduced the degranulation
of MCs, thereby regulating histamine synthesis.?! It is
thought that cinnamon plays an essential role in the
intracellular mobilization of Ca*" ions in mucosal
MCs with its inhibitory effects on the phospholipase
C signaling pathway.'® Consistent with these studies,
our findings showed that cinnamon extract reduced
the increase in liver MCs number induced by STZ.
This result is in accordance with other studies on the
effects of cinnamon. Our study’s data suggests that
cinnamon may be the main biological mediator of the
inhibitory effects on MC activation.

The structural and functional characteristics
of different subtypes, particularly the neutral
proteases expressed within intracellular granules, can
be used to distinguish MCs from one another.”
CTMC granules sulfated
mucopolysaccharide and a high affinity for safranin.
On the other hand, the MMC granules contain weakly

contain a highly

sulfated mucopolysaccharide, chondroitin sulfate,
which has a strong affinity for AB in their
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composition.”? AB/safranin dye has been widely used
for decades to distinguish CTMC from MMC
concerning its staining properties.?* Throughout the
literature, in this staining method, it was stated that
MMC contained granules stained blue with AB(+),
while CTMC contained granules stained red with SO
(+).” Safranin causes the heparin-containing CTMC
to turn red. In contrast, MMC lacks heparin and looks
blue when stained with alcian blue.?® Additionally, a
rat brain investigation revealed that the number of
high heparin-containing MC cells stained red with
safranin was significantly higher than that of heparin-
free MC cells stained with alcian blue.?” In a study on
MC heterogeneity in the liver, 2 subgroups of MCs
were reported to stain positively with SO and AB.*®
In our study, it was determined that the 3 phenotypes
of MCs, AB(+), SO(+), and AB/SO(+), differed
numerically between the groups. Based on the results
of our study and in light of published data, we
hypothesize that both SO(+) and AB/SO(+) MCs are
more abundant in the liver and so these subtypes may
play an active role in diabetes-like metabolism
disorders.

MCs produce heparin as the proteoglycan
serglycin, which has a core protein that has about 15
long heparin chains (about 100 kDa) on a recurrent
serine-glycine stretch.? Granules with low sulphated
glycosaminoglycans (AB-positive) are distinguished
from those with high sulphated glycosaminoglycans
by the AB/safranin reaction (safranin-positive). The
presence of highly sulphated glycosaminoglycans,
such as heparin, was indicated by safranin
positivity.*® Long-term low molecular weight heparin
treatment in experimental diabetes has been
demonstrated to avoid pathological reactions and
maintain kidney function.’! Moreover, it has been
reported that low molecular weight heparin treatment
prevents albuminuria and the increase in urinary
glucosaminoglycan excretion, which is one of the
indicators of diabetic nephropathy.*> Heparin has
been shown in both human and animal studies to
accelerate wound healing and reduce the risk of
thrombosis in diabetics.* Endogenous heparin is
known to promote the activity of insulin-like growth
factor-1, and it has also been shown that blood levels
of heparin are higher than normal in diabetic
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patients.** Consistent with this relationship, 1 study
showed that insulin function was reduced in the
presence of heparin.®® In our study, among the 3
subtypes, the diabetic group had significantly more
SO(+) MCs; this suggests that heparin containing
SO(+) MC may have a key role in glucose
homeostasis in diabetes.

I CONCLUSION

The findings of this study indicate that diabetes
induces an increase in the number of MCs in the liver
tissue. On the other hand, it was observed that
cinnamon application might reduce the increase in
MC numbers due to diabetes. Therefore, cinnamon
may be considered an anti-diabetic plant-derived
component for preventing or treating diabetes-
associated disorders in liver tissue. Additionally, this
study was the first to examine how cinnamon affected
three distinct MC subtypes in diabetic rats. Moreover,
it was shown that the SO(+) and AB/SO(+) numbers
were higher in the diabetes group. When the effect of
cinnamon was investigated, it was found that
cinnamon application was solely effective on the MC
of SO(+) in diabetes. As a result, the present results

indicate that by changing their number and granular
content of MCs, cinnamon play an active role in
preventing the adverse metabolic effects of diabetes
in liver tissue.
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