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Background/aim: The aim of this study was to investigate the administration of cinnamon extract that is known to be effective in
decreasing the high blood glucose and the distribution of NGF and Trk-A receptor in pancreas with immunohistochemistry way.

Materials and methods: The experimental groups were defined as control, sham, cinnamon, diabetes, and diabetes-cinnamon. At the
end of the experiment, the pancreatic tissue samples were obtained for the rats. The hematoxylin-eosin and triple staining were used
to examine histology. The immunohistochemical methods were performed on the sections of pancreatic tissue. In all groups, the body
weight and fasting blood glucose obtained from the male and female rats and the values were statistically evaluated.

Results: The NGF immunoreactivity was observed in acinus, excretory pars, excretorius ducts, and islets of Langerhans for the pancreatic
tissues of female and male rats in all groups. The Trk-A immunoreactivity was observed in acinus and islets of Langerhans for the
pancreatic tissues of female and male rats in the control, sham, and cinnamon groups.

Conclusion: As a result, it was determined that the cinnamon, which is effective on blood glucose levels, has a positive effect on the

NGF production in pancreas.
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1. Introduction

In diabetes which is a chronic metabolic disease, lack of
insulin or problems in insulin utilization occur [1]. It
was stated that the significant reduction in the beta (p)
cell found in the pancreas has an important role in the
appearance of diabetes. The diabetes disease has two types.
While the immune destruction of all B cells occurs in type-
1 diabetes, the B cells are partially destructed in type-2
diabetes [2]. The cinnamon is a native herb belonging to
Sri Lanka and is also a tropical Asian spice derived from
the inner bark of several trees of the Cinnamomum genus.
Some types of the cinnamon are used not only as a spice
in foods, but also in traditional and modern medicine.
Both Ceylon cinnamon (cinnamon oil) and Chineese
cinnamon oils are used in the pharmaceutical production
[3-5]. The cinnamon was reported that it reduces the high
blood glucose level, repairs the damaged {3 cells, and has
positive effects on the diabetes [6,7]. The neurotrophins
(NTs) are the growth factors with polypeptide structure.
The neurotrophins are necessitated for controlling of the

* Correspondence: s.yediel@hotmail.com

synaptic functions and plasticity and maintaining of the
neural life morphology and differentiation. However, the
neurotrophins were remarked to have different functions
in the systems apart from the nerve system [8,9]. The
nerve growth factor (NGF) is one of the first discovered
members of the neurotrophin family. The NGF was
defined as a trophic protein that has a role in different
processes such as neuroblast proliferation, dorsal root
ganglion maturation and axonal growth and acts as a
message-receiver between the tissues that react against the
peripheral stimulation and nerves stimulating these tissues
[9-12]. The NGF and Trk-A receptors have important
roles in the development, differentiation, survival and
regulation of neurotransmitters of the peripheral and
central nerves in the embryonic and postnatal life [13].
The NGF was reported to attach to two types of receptors
located on the cell surface. One of these receptors is known
as tyrosine kinase A (Trk-A) and the other one is known
as p75, which does not have a tyrosine kinase activity
[14,15]. The NGF synthesis does not only arise from the
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target tissues of central and peripheral nerve system, but
also from the mast cells, lymphocytes, lipid tissue cells,
pancreatic {3 cells, hair follicles, thymus, spleen [16-20],
smooth muscle cells, fibroblasts [10,11], and trigeminal
mesencephalic neurons [21]. The aim of this study is to
determine the NGF and Trk-A levels in pancreatic tissue
on cinnamon extract administration to diabetic rats by
immunohistochemical methods.

2. Materials and methods

2.1. Animals

The approval for the research was received from
Cumhuriyet University Animal Experimentation Local
Ethics Committee with 65202830/118 board number on
19.06.2014. The animals used in the research were supplied
from Ataturk University Laboratory Animals Unit.

2.2. Method

We designed a prospective experimental study. In this
research, 60 (30 males + 30 females) one-month old
Sprague dawley rats were used. The rats were housed at
25 + 2 °C room temperature and 60%-65% humidity
conditions for 12 h in dark cycle and for 12 h in light cycle
in the cages that are cleaned daily. This study complies
with International Helsinki Declaration principles. All rats
planned to be used in the experiment were weighed. Rats
were randomly divided into five groups. The groups were
formed as described below:

3. Control Group (n = 12) (6 females+6 males): The
rats were fed ad-libitum with normal rat food.

4. Sham Group (n = 12) (6 females+6 males): 50 mg/kg
of sodium citrate solution were intraperitoneally applied
(i.p.).

5. Cinnamon Group (n = 12) (6 females+6 males): The
cinnamon extract was given to the cinnamon groups as
oral gavage method for 14 days (200 mg/kg) by dissolving
in 1 mL of distilled water [22].

6. Diabetes Group (n = 12) (6 females + 6 males): The
streptozotocin (STZ) (the streptozotocin was dissolved in
the citric acid and disodium hydrogen phosphate buffer
and pH was 4.5) was intraperitoneally applied for only one
dose as 50 mg/kg. The animals were considered as diabetic,
if their blood glucose values were above 250 mg/dL on the
third day after the STZ injection [23].

7. Diabetes+Cinnamon Group (n = 12) (6 females+6
males): The streptozotocin (STZ) was dissolved in the
citric acid and disodium hydrogen phosphate buffer while
the pH was 4.5) was intraperitoneally applied for only one
dose as 50 mg/kg. The animals were considered as diabetic,
if their blood glucose values were above 250 mg/dL on the
third day after the STZ injection. The cinnamon extract
was applied by oral gavage method for 14 days (200 mg/
kg) [22,23].
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At the end of the study, the body weights and blood
glucose of the rats were measured and then, they were
taken to the deep sedation with disinfection by using
an anesthetic substance named Sevoflurane, and the
pancreatic tissue samples were subsequently obtained.
At the end of the study, the blood glucose levels were
measured by taking from the tail vein of the rats fasted for
8 h.

2. 2. 1. Preparation of cinnamon extract

Ceylon cinnamon was used in the study in powder
form. Ten grams of powdered cinnamon were taken and
dissolved in 100 mL of ethanol. The mixture obtained was
left to shake on a shaker for 24 h at the room temperature.
After the time expired, the mixture was filtered by the help
of a filter paper. The solvent content was removed in the
rotary evaporator at the low pressure and low temperature.
The extracts were stored at —20 °C until the experiment
[24]. The cinnamon extract was applied by dissolving in 1
mL of distilled water.

2. 2. 2. Histological examinations

The pancreatic tissue samples were fixed within 10%
formalin solution. Following the routine procedures,
they were embedded into the paraffin and 5 pm sections
were obtained from the paraffin blocks. In order to
demonstrate the histological structure of pancreatic tissue,
the sections were performed by Crossman’s triple staining
and hematoxylin-eosin (HE) staining [25] methods and
examined under a light microscope (Olympus BX51;
Olympus Optical Co. Osaka, Japan).

2. 2. 3. Immunohistochemical examinations

The sections obtained from the paraffin blocks were
incubated in 3% H,O, (hydrogen peroxide) and prepared
in 0.1 M of phosphate buffered saline (PBS) for 15 min
to inhibit the endogenous peroxidase activity after the
deparaffinization and rehydration procedures. Then, the
sections were washed in the PBS solution. The NGF was
applied to the tissues in order to release the antigenic
receptors that were boiled by a microwave for 10 min
at 600 watts in a citrate buffer solution (pH: 6.0), the
Trk-A was applied to the tissues in order to release the
antigenic receptors that were boiled by a microwave for
10 min at 600 watts in a tris-EDTA Buffer solution (pH:
6.0). The avidine-biotin-peroxidase protocol was used
to investigate the NGF and Trk-A immunoreactivity
[26]. The tissues were incubated by Blocking Solution
A (Invitrogen-Histostain plus Bulk Kit) for 10 min and
then, the NGF (Abcam-AB6198) (1/600 dilution) primary
antibody and Trk-A (Abcam-AB76291) (1/400 dilution)
primary antibody were diluted by the PBS applied. The
tissues were treated by the NGF incubated overnight at
+4 °C. The tissues were treated by the Trk-A incubated
by the primary antibody at the room temperature for
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1 h. Then, the biotinylated secondary antibody and
streptavidin-peroxidase solutions (Invitrogen-Histostain
plus Bulk Kit) were applied for 30 min. The DAB-H202
(diaminobenzidinehidrogenperoxide) [27] was applied
to the tissues washed by the PBS as an encolouring
substrate. The hematoxylin was applied on the slides for
counterstaining after washing with the distilled water.
The slides were then dehydrated and covered by the
immunmount. The density of immunoreactivity was
evaluated semi-quantitatively depending on the severity
of reaction and density in the tissue. The evaluation was
made by two independent observers. Depending on the
staining properties, the slides were scored within the
range of 0-3 during their evaluation: weak staining (1),
intermediate staining (2), and intense staining (3) [28,29].
All procedures were performed in the same way without
adding the primary antibody to the slides in the negative
control group. The slides prepared for the histological and
immunohistochemical investigations were evaluated and
photographed by a light microscope (Olympus BX51,
Japan). The number of NGF and Trk-A immunoreactivity
positive cells was counted by using the image-j (vI.50i)
software. The numerical distribution of NGF and Trk-A
positive cells was observed in six different sections chosen
from eight unit areas of the islets of Langerhans and acinar
cells for each animal [30].

2. 2. 4. Statistical analysis

The SPSS (v.20.0) package software was used to evaluate
the data obtained in the study. Kruskal-Wallis H test was
performed to determine the differences between the groups
(control, sham, cinnamon, diabetes, diabetes + cinnamon)
for the evaluation of live weight and blood glucose data.
Mann-Whitney U test was used to compare the differences
between the significant groups. Wilcoxon test was used
to determine the differences between the live weights of
the rats in the groups on the 1st day and the 17th day.
In order to determine the differences between the blood
glucose levels of the rats on the 1st, 3rd, and 17th days, the
Friedman test was performed first and then the Wilcoxon
test between the measurements. The Chi-square test was
used to determine the difference between the groups on

account of the NGF and Trk-A immunoreactivity positive
cells. Results are expressed as median (min-max). P values
< 0.05 were considered statistically significant.

3. Results

3. 1. Live weight results

The live weight of male and female rats was statistically
evaluated within and between the groups and the results
were given as tables and figures. The female rats in the
diabetes and diabetes+cinnamon groups did not show
any statistically significantly difference on the 17th day
of the research in compared to the live weight averages (p
> 0.001). However, at the end of the research, the weight
averages of diabetes and diabetes+cinnamon groups
showed a statistically significant decrease compared to
the first-day results (p < 0.001) (Table 1, Figure 1). The
male rats in the diabetes and diabetes+cinnamon groups
showed a statistically significant difference on the 17th day
of the research in compared to the live weight averages
(p < 0.001). The weight averages of both groups showed
a statistically significant decrease on the 17th day in
compared to the 1st day. It was observed that the live weight
of rat decreased significantly in the diabetes+cinnamon
group (Table 2, Figure 2).

3. 2. Blood glucose levels

The blood glucose levels of male and female rats were
statistically evaluated within and between the groups and
the results were given as tables and figures. The female
rats in the diabetes and diabetes+cinnamon groups did
not show any statistically significant difference between
the 3rd and 17th days in blood glucose levels. But, it was
observed that the 17th day average blood glucose levels
in the diabetes+cinnamon group decreased though they
were not directly reflected by the statistics (Table 3, Figure
3). The male rats in the diabetes group did not show any
statistically significant difference between the 3rd and 17th
days in blood glucose levels. However, it was observed that
the average blood glucose levels in the diabetes+cinnamon
group decreased significantly on the 17th day (p < 0.001)
(Table 4, Figure 4).

Table 1. The statistical evaluation of live weights of the female rats according to the groups.

. . Diabetes+
Days Control (g) Sham (g) Cinnamon (g) Diabetes (g) Cinnamon (g)
1st day 305.5 (304-315) * 297.5 (289-324)* 296.5 (285-338)* 312.0 (276-317)* 297.5 (289-302)*

17th day 305.0 (296-339) 4 303.5 (296-322)*

291.0 (277-324)®

198.5 (151-236)°® 210 (200-226)°®

A, B: As a result of Wilcoxon test; the differences between the averages in the same column expressed with the different letters are
statistically significant (p < 0.001), a, b: As a result of the Kruskal-Wallis H test and the Mann-Whitney U test performed afterwards;
the differences between the averages in the same line expressed with the different letters are statistically significant (p < 0.001).
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Body Weight Changes of Female Rats

Diabetes+Cinnamon (gr)

Diabetes (gr)

Cinnamon (gr)

Sham (gr)

Control (gr)

0 50 100 150 200 250 300 350

u 17th day (female) ™ Ist day (female)

Figure 1. The body weight changes of female rats.

3. 3. Histological results

The islets of Langerhans, acinar, pars initialis, pars
excretoria, ductus excretorius, and blood vessels were
seen at the pancreatic tissues of female and male rats.
The pancreatic tissue of male and female rats was seen in
normal histomorphology belonging to the control, sham
and cinnamon groups (Figure 5A-C and Figures 6A-C).
A significant decrease in the cell density and a particular
decrease in the peripheral density were observed in the
islets of Langerhans of the pancreatic tissue of female and
male rats in the diabetes groups (Figure 5D, Figure 6D).
The acinar of the pancreatic tissue of male and female rats
in the diabetes+cinnamon groups was observed as normal
and the cell density of islets of Langerhans showed a view
close to normal (Figures 5E, Figure 6E).

3. 4. Immunohistochemical results

3. 4. 1. NGF Immunoreactivity
The NGF immunoreactivity was determined in the
endocrine and exocrine parts of the pancreatic tissue of

female and male rats in all groups. A moderate diffuse
cytoplasmic NGF immunoreactivity was observed in the
epithelium cells of acinar, pars initialis, pars excretoria,
and ductus excretorius but a strong diffuse cytoplasmic
NGF immunoreactivity was detected in the islets of
Langerhans on the control, sham and cinnamon groups
in the female and male rats. A weak diffuse cytoplasmic
NGF immunoreactivity was detected in the islets of
Langerhans of diabetes group whereas a moderate diffuse
cytoplasmic NGF immunoreactivity was detected in
the diabetes+cinnamon group in the female (Table 5,
Figure 7) and male rats (Table 6, Figure 8). The count of
NGF immunoreactivity positive cells, acinar and islets of
Langerhans of groups was presented in Tables 7 and 8.

3. 4. 2. Trk-A immunoreactivity

A strong granular Trk-A immunoreactivity —was
determined in the cytoplasm of acinar cells and a weak
diffuse cytoplasmic Trk-A immunoreactivity was detected
in the islets of Langerhans of the pancreatic tissue of
female and male rats in the control, sham and cinnamon
groups. The Trk-A immunoreactivity in the acinar cells of
pancreatic tissues and pancreatic duct in the diabetes and
diabetes+cinnamon groups and the female and male rats
showed similar properties with the control group. Apart
from the control group, the Trk-A immunoreactivity was
not detected in the islets of Langerhans in the diabetes
and diabetes+cinnamon groups (Tables 5 and 6, Figures
9 and 10). The count of Trk-A immunoreactivity positive
in the acinar cells and islets of Langerhans of groups was
presented in Tables 9 and 10.

4. Discussion

The cinnamon was determined to regulate the adipocyt
gene expression in the mouse, decrease the body weight
and body lipid mass in the obese female rats, regulate
the liver enzymes and lipid levels to the normal levels,
increase the serum insulin levels, and decrease the glucose
levels [31,32]. It was stated that the use of food additives
containing the cinnamon decreased the fasting blood
glucose, body mass index, body weight, and lipid mass
significantly in the obese, overweight prediabetic, and type-

Table 2. The statistical evaluation of live weights of the male rats according to the groups.

. . Diabetes+
Days Control (g) Sham (g) Cinnamon (g) Diabetes (g) Cinnamon (g)
1st day 421 (414-449)7 425 (413-436)" 429 (424-436)M 436 (428-443)" 420 (400-437) 4

17th day 441 (422-450)% 439 (425-450)5

420 (406-437)4

404 (324-325)% 307.5 (261-354)"

A, B: As a result of Wilcoxon test; the differences between the averages in the same column expressed with the different letters are
statistically significant (p < 0.05), a, b, c: As a result of the Kruskal-Wallis H test and the Mann-Whitney U test performed afterwards;
the differences between the averages in the same line expressed with the different letters are statistically significant (p < 0.05).
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Changes in Fasting the Blood Sugar of Female Rats
Diabetes+Cinnamon (mg/dl)

Disbetes (mgid) —

Cinnamon (mg/dl)
Sham (mg/dl)

Control (mg/dl)

E]17thday ®3rdday o 1stday

Figure 2. The body weight changes of male rats.

Table 3. The statistical evaluation of fasting blood glucose level of the female rats according to the groups.

Days Control (mg/dL) ?r}rllagl;iiL) Cinnamon (mg/dL) allagl;fitf)s giizzztnelsgn (mgidL)
1st day 83 (80-91) *® 84 (75-90)8 85.5 (78-102)* 92 (84-94) 87.5 (82-98)®

3rd day 84.5 (79-87)* 77 (73-87)% 77 (73-82)"° 380.5 (288-427) <4 328.5(320-397)
17th day 92 (88-95)* 84 (78-91)" 83 (76-90)>* 362.5 (280-400)* 308.5 (158-383)

A, B: As a result of the Friedman test and the Wilcoxon test performed afterwards; the differences between the levels in the same
column expressed with the different letters are statistically significant (p < 0.05), a, b, c: As a result of the Kruskal-Wallis H test and the
Mann-Whitney U test performed afterwards; the differences between the levels in the same line expressed with the different letters are
statistically significant (p < 0.05).

Figure 3. The changes in fasting the blood sugar of female rats.
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Table 4. The statistical evaluation of fasting blood glucose level of the male rats according to the groups.

Control (mg/dL) Sham Cinnamon Diabetes D.iabetes+
(mg/dL) (mg/dL) (mg/dL) Cinnamon (mg/dL)
1st day 76.5 (67-85)bA 77.5 (72-80)bA 90.5 (75-97)* | 83.5 (82-91) 88.5 (77-97)C
3rdday 75.5 (66-86) 77 (74-84) 76.5 (72-84)*  |373.5 (358-400)* | 338 (295-359)*
17th day 82 (70-86)* 80.5 (70-82) 79.5 (73-81)* | 359 (346-388)* 264.5 (95-326)"®

Figure 4. The changes in fasting the blood sugar of male rats.

A, B, C: As a result of the Friedman test and the Wilcoxon test performed afterwards; the differences between the levels in the
same column expressed with the different letters are statistically significant (p < 0.05), a, b, ¢: As a result of the Kruskal-Wallis
H test and the Mann-Whitney U test performed afterwards; the differences between the levels in the same line expressed with
the different letters are statistically significant (p < 0.05).

Table 5. The semiquantitative analysis results of NGF and Trk-A immunoreactivity in the pancreatic tissue of

female rats.

NGF immunoreactivity

Area Control Sham Cinnamon Diabetes l?iabetes+
n:6 n:6 n:6 n:6 cinnamon n:6

Acini 2 2 2 2 2

Pars initialis 2 2 2 2 2

Pars excretoria 2 2 2 2 2

Ductus excretorius 2 2 2 2 2

Langerhans islets 3 3 3 1 2

Trk-A immunoreactivity

Area Control Sham Cinnamon Diabetes Diabetes+
n:16 n:16 n:6 n:6 cinnamon n:6

Acini 3 3 3 3 3

Langerhans islets 1 1 1 0 0

2 diabetic male and female patients [33,34]. In our research,
the female rats in the diabetes and diabetes+cinnamon
groups did not show any statistically significantly

difference on the 17th day of the research with regards
to the live weight averages (p > 0.001). At the end of the
research, both groups showed a statistically significantly
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Figure 5. The microscopic results of female rats in all groups. A: The control group, B: The sham group, C: The cinnamon group,
D: The diabetes group, E: The diabetes+cinnamon group. Arrow: The islets of Langerhans, arrowhead: The acinar, star: The pars
excretoria. A, B, C, E: The triple staining, D: The Hematoxylin & Eosin staining.

decrease with regard to the first-day results. The male rats
in the diabetes and diabetes+cinnamon groups showed
a statistically significantly difference on the 17th day of
the research with regards to the live weight averages (p <
0.001). We observed a decrease in average in the male rats,
especially in the diabetes+cinnamon group. A significant
level of differences in the results obtained from the male
rats made us think that the application of cinnamon might
have an effect on decreasing the live weight in the male
rats. In addition, the cinnamon application was thought

to contribute positively to the treatment and recovery
process, especially by providing the weight control in the
diabetic male patients. The cinnamon was pointed out to
decrease the high levels of blood glucose in the female
rats, regulate the lipid metabolism, repress the blood sugar
by decelerating the absorption of carbohydrates from the
intestines, and have a healing role by showing the insulin-
like effectin the type-2 diabetes disease [35,36]. Ranasinghe
et al. [37] deemed that the cinnamon had positive effects
as a result of the decrease in the high blood glucose and
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Figure 6. The microscopic results of male rats in all groups. A: The control group, B: The sham group, C: The cinnamon group,
D: The diabetes group, E: The diabetes+cinnamon group. Arrow: The islets of Langerhans, arrowhead: The acinar, star: The pars
excretoria. A, B, C, E: The triple staining, D: The Hematoxylin & Eosin staining.

the absence of any histochemical toxic effect in the kidney
and pancreas tissues after a single dose cinnamon extract
treatment in the male and female rats. They came up with
the suggestion that the application dose of cinnamon was
unimportant. The decrease in the high blood sugar level in
the male rats in the diabetes and diabetes+cinnamon group
showed similarities with some results in the literature [37].
Our results made us think that the antidiabetic effect
of cinnamon might differ depending on the sex. In the
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histopathological evaluation of pancreatic tissues of the
rats in the streptozotocin mediated diabetes, the results
such as degeneration in the P cells, damage and necrosis
were detected [38]. In our study no pathological results
were detected in female and male rats of the cinnamon
group. We thought that the cinnamon application might
have roles in the cellular regeneration and tissue repair
because of the decrease in the islets of Langerhans density
in the male and female rats in the diabetes group and
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Body Weight Changes of Male Rats

Diabetes+Cinnamon (gr)

Diabetes (gr)

Cinnamon (gr)

Sham (gr)

Control (gr)

[=]

100 200 300 400 500

m 17th day (male) m1st day (male)

Figure 7. The NGF immunoreactivity in the pancreas tissue
of female rats. A: The control group, B: The sham group, C:
The cinnamon group, D: The diabetes group, E: The diabetes+
cinnamon group, F: The negative control. Arrow: The islets of

Langerhans, arrowhead: The acinar.

Table 6. The semiquantitative analysis results of NGF immunoreactivity in the pancreatic tissue of male rats.

NGF immunoreactivity

Area Control Sham Cinnamon Diabetes I?iabetes+
n:6 n:6 n:6 n:6 cinnamon n:6

Acini 2 2 2 2 2

Pars initialis 2 2 2 2 2

Pars excretoria 2 2 2 2 2

Ductus excretorius 2 2 2 2 2

Langerhans islets 3 3 3 1 2

Trk-A immunoreactivity

Area Control Sham Cinnamon Diabetes Diabetes+
n:16 n:16 n:6 n:6 cinnamon n:6

Acini 3 3 3 3 3

Langerhans islets 1 1 1 0 0

the detection in a similar level for the cell density in the
control group and diabetes+cinnamon group in our study.

The NGF was detected in the primary cell cultures to be
synthesized from the B cells of the pancreatic tissue of adult
and fetus. The NGF was known to arrange the sensitivity of
B cells and stimulate the nerve cell development [39]. The
expression of Trk-A and its ligand NGF in the pancreas
during the embriyonic and fetal life suggests that the
NGF and its receptor could play an important role in the
development of pancreatic tissue [40]. In our research,

the Trk-A immunoreactivity was determined in the
cytoplasm of acinar cells and islets of Langerhans of the
pancreatic tissue of female and male rats in the control,
sham, and cinnamon groups. The NGF immunoreactivity
was determined in the endocrine and exocrine parts of
the pancreatic tissue of female and male rats in all groups.
When the immunohistochemical distribution of NGF and
Trk-A receptor in the pancreatic tissue was examined, it
was determined that there was no difference between
the sexes in terms of the severity of immunoreactivity,
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Table 7. The comparison of count of the NGF immunoreactivity positive cells acini and Langerhans island
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Changes in Fasting the Blood Sugar of Male Rats
Diabetes+Cinnamon (mg/dl) e
Diabetes (mg/dl)
Cinnamon (mg/dl)

Sham (mg/dl)

Control (mg/dl)

(=]

100 200 300

u17th day ®3rdday m1stday

400

Figure 8. The NGF immunoreactivity in the pancreas tissue
of male rats. A: The control group, B: The sham group,
C: The cinnamon group, D: The diabetes group, E: The
diabetes+cinnamon group. Arrow: The islets of Langerhans,

arrowhead: The acinar.

among the groups in the female rats.

Section Control Sham Cinnamon Diabetes Diabetes+Cinnamon
Acinar cell 1474 (-) 1475 (-) 1474 (-) 1474 (-) 1475 (-)

Langerhans islets cell 188* 188+¢ 188+¢ 69° 135¢

Number (unit area) 48 48 48 48 48

-; There is no statistical difference between the groups.

The unit area: The total number of regions on which the slides were counted for the immunoreactivity positive
cells. a,b,c; The differences superscripts in the same line indicate the significant differences between the groups

of islets of Langerhans (p = 0.000, p < 0.001).

Table 8. The comparison of count of the NGF immunoreactivity positive cells acini and Langerhans island

among the groups in the male rats.

Section Control Sham Cinnamon Diabetes Diabetes+Cinnamon
Acinar cell 1177 (-) 1176 (-) 1177 (-) 1177 (-) 1176 (-)

Langerhans islets cell 248 248® 249® 49® 128¢

Number (unit area) 48 48 48 48 48

-; There is no statistical difference between the groups.

The unit area: The total number of regions on which the slides were counted for the immunoreactivity positive
cells. a,b,c; The differences superscripts in the same line indicate significant differences between the groups
=0.000, p < 0.001).

islets of Langerhans (p
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Figure 9. The Trk-A immunoreactivity in the pancreas tissue of female rats. A: The control group, B: The sham group, C: The
cinnamon group, D: The diabetes group, E: The diabetes+cinnamon group. Arrow: The islets of Langerhans, arrowhead: The acinar.

the regions in which it was seen. These results made us
conclude that the NGF and Trk-A might have roles in
providing the persistence of cell signals maintaining
the survival of exocrine and endocrine pancreatic cells
and they might also have roles in the synthesis and
secretion of hormones in these regions. Schneider et al.
[41] investigating the distribution of NGF and Trk-A in
the pancreatic tissue revealed that there was a moderate
diffuse cytoplasmic reaction in the exocrine pancreas, a
weak diffuse cytoplasmic reaction in the nerve cords and
no NGF reaction in the endocrine pancrease [41]. The

Trk-A immunoreactivity in the pancreatic duct and tunica
muscularis layer of arteries was stated to be weak, but the
immunoreactivity in the islet cells was moderate [41].
In another research, the NGF immunoreactivity in the
pancreatic tissue was notified as weak in the acinar cells and
nerve cords and as moderate in the arteries and vein walls.
The chronic pancreatitis patients showed increasing NGF
and Trk-A immunoreactivity. The Trk-A immunoreactivity
was reported to be moderate only in the nerve fibre,
arterial, and venous walls. It was stated that the NGF/Trk-A
pathway interactions might lead to the morphological
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Figure 10. The Trk-A immunoreactivity in the pancreas tissue of male rats. A: The control group, B: The sham group, C: The
cinnamon Group, D: The diabetes group, E: The diabetes+cinnamon group, F: The negative control. Arrow: The islets of Langerhans,

arrowhead: The acinar.

changes and pain syndromes [42]. In our research where
the diffuse cytoplasmic NGF immunoreactivity occurred
at the acinus, pancreatic duct and islets of Langerhans
of pancreatic tissue of the rats. We detected the Trk-A
immunoreactivity in the acinus and islets of Langerhans.
The granular property of Trk-A immunoreactivity in the
acinar cells was similar to the literature data, but the diffuse
cytoplasmic Trk-A immunoreactivity of islets of Langerhans
was dissimilar to the recent literature [41]. Although the
region where the Trk-A immunoreactivity was observed was
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the same as the literature, the type of reaction was different
from the literature. This data made us think that there might
be differences between the density of immunoreactivity and
the regions were as they were seen.

On the evaluation of histologic investigation of the
pancreatic tissue, after the diabetes was formed, the research
suggested that the decrease of cell number in the islets of
Langerhans, NGF and Trk-A protein levels was as it was in
the western blot analysis [43]. The live cell numbers after
the NGF blockage and insulin signals in the rat pancreatic



Table 9. The comparison of count of the Trk-A immunoreactivity positive cells acini and Langerhans island

among the groups in the female rats.
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Section Control Sham Cinnamon Diabetes Diabetes+Cinnamon
Acinar cell 1400 () |1399 (-) | 1400 (-) 1399 (-) 1400 (-)
Langerhans islets cell 183° 184° 183 0° 0°

Number (unit area) 48 48 48 48 48

-; There is no statistical difference between the groups.

The unit area: The total number of regions on which the slides were counted for the immunoreactivity positive
cells. a,b,c; The differences superscripts in the same line indicate the significant differences between the groups

of islets of Langerhans (p = 0.000, p < 0.001).

Table 10. The comparison of count of the Trk-A immunoreactivity positive cells acini and Langerhans island

among the groups in the male rats.

Section Control Sham Cinnamon Diabetes Diabetes+Cinnamon
Acinar cell 1055 (-) 1054 (-) 1054 (-) 1054 (-) 1055 (-)

Langerhans islets cell 2330 232¢ 232¢ 0° 0°

Number (unit area) 48 48 48 48 48

-; There is no statistical difference between the groups.

The unit area: The total number of regions on which the slides were counted for the immunoreactivity positive
cells. a,b,¢; The differences superscripts in the same line indicate the significant differences between the groups

of islets of Langerhans (p = 0.000, p < 0.001).

tissue were decreased compared with the control groups.
Apoptosis occurred in 17% of the cells cultured in the
glucose for 16 h and apoptosis was partially inhibited with
the NGF and insulin [44]. Similarly, we detected a decrease
in the cellularity of islets of Langerhans for the female
and male rats in the diabetes group, a significant decrease
in the NGF immunoreactivity and total disappearance of
Trk-A immunoreactivity. These findings made us think
that the streptozocin application might cause changes
in the NGF and Trk-A levels by the islet cell damage and
cellular damage occurring in the islets of Langerhans in the
diabetes disease that negatively affected the Trk-A receptor
level. In healthy individuals, the NGF was secreted and
synthesized from the pancreatic B cells and regulated the Na
duct density by the paracrine and autocrine pathways [45].
In the cell tissue culture study, the NGF levels were stated
to increase three-fold when the P cells of female rats were
treated in the glucose culture [46] and the Trk-A mRNA
numbers were stated to increase 6-fold when they were
applied to the NGF culture [47]. In addition, an increase
in the insulin secretion depending on the increase of NGF
secretion was notified [47]. In our research, we detected
that the NGF immunoreactivity decreased in the islets of
Langerhans of rats in the diabetes groups and increased in
diabetes+cinnamon groups. The Trk-A immunoreactivity
was unchanged. It might be due to the disruption of NGF

and Trk-A signal pathways in the diabetes disease. It was
concluded that the Trk-receptor immunoreactivity did not
change in the diabetes and diabetes+cinnamon groups. Our
results suggested that the cinnamon led to an increase in the
NGF immunoreactivity in the islet cells and the NGF might
have a role in the regulation of blood glucose in the diabetes.
In addition, it was also concluded that the increase in the
level of NGF could contribute positively to the prevention of
diabetes-related diseases.

Based upon these data, we concluded that the cinnamon
is effective in reducing the high blood glucose, significantly
decrease the live weight in the diabetic male rats, change the
Trk-A levels, and it also causes an increase in the NGF levels
in the islets of Langerhans and it may have positive effects
by increasing the NGF levels on the treatment of diabetes
disease and by hindering the complications depending on
the diabetes.
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