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Introduction:-

Background and Objective: Cinnamon extract and diazepam found
to have an ameliorative impact against anxiety influenced changes in
salivary glands. Thus, this study was conducted to demonstrate and
compare the possible biological impact of cinnamon extract versus
diazepam upon submandibular salivary glands of stressed albino rats.
Material and Methods: Forty eight adult male albino rats, were
divided randomly into 4 equal groups; negative control group I, group
I, Il & 1V rats were subjected to chronic restraint stress 6 hours daily
for 15 days. The rats of groups Il and IV were concomitantly
received cinnamon oil extract or diazepam respectively. Six rat of
each group were euthanized on 16" day while the rest was euthanized
on 30" day. The specimens from submandibular salivary glands were
prepared for staining with H&E, iNOS stains and NT-3 gene
expression via RT-PCR. The obtained data were tabulated, coded then
analyzed using SPSS.

Results: Control group revealed normal structural and architectural
features of normal salivary glands. Groups IlI, Il and IV showed
variable atrophic changes of acini and ductal cells after 16" day.
While, on 30™ day, salivary glands showed up about with typical
histological features. The highest level of iINOS and NT-3 gene
expression was observed in group Il at the two examination periods.
Statistically, there was an overall significant difference between all
groups in relation to all studied parameters.

Conclusion: Cinnamon extract could protect or delay various
neurodegenerative disorders. Also, it may be a valuable alternative for
diazepam in management of stress-induced changes.

Copy Right, 1JAR, 2016,. All rights reserved.

Living in a modern society is often associated with more stressful social conditions™). Stress is a feedback survival
response that strengthens the physical and mental status of an individual. Extreme stress may compromise mental
and somatic health and lead to depression, immune suppression, hypertension and endocrine disorders®?. Repeated
stress is an important risk factor for the development of depression’.. Stress, especially chronic stress, is one of the
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most important factors responsible for the precipitation of affective disorders in humans®®. Moreover, stress has
increased the number of patients who suffer from depression, affecting their quality of life and, subsequently, the
socioeconomic balancel™.

Salivary composition undergoes fluctuations due to the influence of various factors: daily and seasonal circadian
rhythms?!, taste and smell®and acute mental stress!"®. The complex patterns of salivary responsiveness during
mental stress are reflected by an increase in total salivary protein concentration!"*!and changing cortisol levels™.
Increased total protein concentration after short-term acute stress changes the chemical properties of saliva, such as
the adhesion or lubrication of oral surfaces!”.Submandibular salivary gland plays an important role in the secretion
of saliva which contains inorganic compounds, multiple proteins, glycoproteins and enzymes that affect the
conditions of oral cavity™.

Various drugs are currently used to manage stress and depression, including diazepam, caffeine and certain anabolic
steroids!®). Diazepam is mainly used to treat anxiety, insomnia, and symptoms of acute alcohol withdrawal. It is also
used as a premedication for inducing sedation, anxiolysis, or amnesia before certain medical procedures
as endoscopy™?. In addition, it possesses anticonvulsant, hypnotic, sedative, and skeletal muscle relaxant™l.
However, these drugs may be associated with severe toxicity and side effects!?!. Thus, stress management through
dietary modifications™ and natural herbs may be a valuable alternative to antidepressant drugs®. Natural plant-
derived antioxidants are in high demand due to their potential in health promotion, disease prevention, and their
improved safety and consumer acceptability™**°!.

Cinnamon (CIN) may serve as potential dietary source of natural antioxidants for improving human nutrition and
health™®l. It is rich in natural polyphenolic compound which act as reactive oxygen and nitrogen species scavengers,
and enzyme modulators®”.

Stress increases the activity of a calcium-independent nitric oxide NO synthase and induces the expression of
inducible NO in cortical neurons™. Nitric oxide plays an important role in numerous physiological and
pathophysiological conditions, as blood pressure regulation, inflammation, and infection, as well as initiation and

progression of malignant diseases™.

Neurotrophin 3 (NT-3) is a member of the neurotrophin gene family which supports the survival of specific
neurons. Neurotrophin 3 was shown to prevent the death of adult central noradrenergic neurons in vivo, a neuronal
population which is associated with the pathophysiology of major depressionf®°’.

Concluded from the previous studies, cinnamon extract as well as diazepam may have a protective effect upon stress
induced changes in salivary glands. Thus, this study will conducted to demonstrate and compare the possible
biological impact of cinnamon extract versus diazepam on submandibular salivary glands of stressed albino rats.

Material and Methods:-

Animal subject:-

Forty eight adult male albino rats, weighing 150 to 200 g were selected for this study. The animals were housed and
cared according to the guidelines of Ethical Committee, Faculty of Dentistry, University of Mansoura, Egypt. They
were kept in individual cages and received standard food for rodents and tap water. They were kept in a light
controlled room were (12:12-h) light, dark cycle and temperature (x22°C) and relative humidity (65-70%) will be
kept constant. They received commercial soft diet and water. They were weighed before the experiment.

Experimental protocol:-
After one week of acclimatization, the rats were classified randomly into four equal groups.

Group I:- (negative control group) Rats of this group received no treatment.
The other three groups of animals were kept in a mesh wire restrainer without food and water for 6 hours daily (9
AM: 2 PM)for 15 days®?!). The dimensions of the mesh wire restrainer were 22 X 10 X 8cm.

Group Il:- (positive control group) Rats of this group received no treatment in combination with the stress
application.
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Group I11:- (CIN oil extract group) Rats of this group were administered 0.5ml CIN oil extract which is equivalent
to CIN 200 mg /kg /day™®? for the same period of stress application via gastric tubelhour before stress application (8
AM).

Group 1V:- (diazepam drug group) The rats of this group were received diazepam (Neuril, Memphis Company) (1
mg/kg/day injected intra-peritoneal)??®! for the same period of stress application1h prior to stress application (8 AM).

Six rats from each group were sacrificed on the 16" day (the first examination period) while the remaining rats were
sacrificed at the end of the experiment (30" day).

The animals of the present study were subjected to

Serum levels of adrenocorticotrophic hormone (ACTH):-

Three ml of blood was drained from each rat periodically (every 5 days)and placed in tubes containing EDTA.
These blood samples were utilized for detection of serum levels of (ACTH).

On each examination period, the selected animals were anesthetized with halothan then euthanized. Right and left
submandibular salivary glands were surgically excised.

Histopathological study:-

The right submandibular glands were fixed immediately in 10% formaldehyde prepared in phosphate buffer saline
(PBS) for 24 hours. After that tissue processing was completed using an automatic tissue processor, which took the
tissue through a series of graded alcohol baths and then into xylen. After that, molten paraffin was used to permeate
tissues.The processed tissues were embedded in paraffin blocks. Serial sections (4 microns thick) were obtained
from each paraffin block, mounted on coated slides and dried for staining with ordinary hematoxylin and eosin and
iNOS antibody.

Slides were digitized using Olympus® digital camera installed on an Olympus® microscope with 1/2 X photo
adaptor, using a 40 X objective. The resulting images were analyzed with Intel® Core 13® based computer using
VideoTest Morphology® software (Russia) with a specific built-in routine for immunohistostaining analysis and
stain quantification.

Data were tabulated, coded then analyzed using the computer program SPSS (Statistical package for social science)
version 17.0. Descriptive statistics were calculated in the form of Mean + Standard deviation (SD).

Student's t-test was used to compare between mean of two groups of numerical (parametric) data. While ANOVA test was
used to compare between more than two groups of numerical (parametric) data. Moreover, Pearson correlation
coefficient ® test was used for correlating different parameters. P value <0.05 was considered statistically
significant.

Real time polymerase chain reaction (RT-PCR):-
The left submandibular gland was preserved in liquid nitrogen to be utilized for extraction and isolation of RNA to
quantify NT-3 via RT-PCR.

Results:-

Serum levels of ACTH:-

At 16" day

Group 1l showed the highest meant SD among all studied groups while, group | showed the lowest mean+SD
among all studied groups. Statistically, there were significant difference between group I in one hand and groups I,
Il 'and 1V in the other hand. Also, there were significant difference between group Il in one side and groups Il and
v intthhe other side. Moreover, no significant difference was found between groups Il and 1V. Table (1)

At 30" day
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Table 1:- shows means+ SD of the ACTH level at 16" and 30 days

ACTH level Mean +SD P value
Group | Group Il Group 11 Group 1V

At 16" day 81.58+1.11 364.17+1.57 98.17+1.33 100.92+6.73 <0.0001

P1 <0.0001 <0.0001 <0.0001

P2 <0.0001 <0.0001

P3 0.55

At 30" day 79.79+1.16 249.46+1.61 86.96+1.55 83.96+1.74 <0.0001

P1 <0.0001 <0.0001 0.001

P2 <0.0001 <0.0001

P3 0.01

Group 1l showed the highest meant SD among all studied groups. While group | showed the lowest mean+ SD
among all studied groups. Statistically, there was an overall significant difference between all groups. There was a
significant difference between group I in one hand and groups Il, Il and 1V in the other hand. Also, there were
significant difference between group Il in one side and groups Il and 1V in the other side. Moreover, no significant
difference was found between groups Il and 1V. Table (1)

Hematoxylin and Eosin (H&E) Stain findings:-

Group | (negative control group) (at 16™ and 30" days):-

The dissected submandibular salivary glands from the control group showed normal histological and architectural
features of rat's submandibular salivary gland. The gland architecture showed a lobular configuration with
interlobular and intralobular spaces or clefts. They showed secretory end piece (serous acini), duct system
(intercalated ducts and striated ducts), granular convoluted tubule and connective tissue septa which divide the
glands into lobes and lobules. The serous acini of the studied cases were composed of pyramidal cells with
eosinophilic granular cytoplasm and spherical basally situated basophilic nucleus. The acini were rounded and had a
narrow lumen. The intercalated ducts were small in diameter and lined with a single layer of cuboidal cells with
eosinophilic cytoplasm and centrally situated nuclei. The striated ducts were larger than intercalated ducts and lined
with simple columnar epithelium. Their lining cells exhibited round centrally placed nuclei, deeply stained
eosinophilic cytoplasm and faint striations. The granular convoluted tubules (GCT) were numerous and large in size.
They lined with columnar cells with eosinophilic and granular cytoplasm, while their nuclei were round basally or
centrally placed. (Fig,1A, 1B)
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Fig 1:- photomicrograph showing pyramidal acinar cells with eosinophilic cytoplasm and spherical basally located
basophilic nuclei. Normal histological architecture of serous acini (SA) and intercalated duct (ID) and granular
convoluted tubules (GCT) in group | at16™day (A), normal histology in group I at 30" day (B), submandibular
salivary gland of group 11 at16" day showing areas of focal loss of acinar and ductal architectural features (arrow)
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Multiple intercellular vacuoles are seen (arrow head) (C), at 30" day group Il showed cytoplasmic vacuoles (arrow
head) and focal loss of acinar and ductal outlines. (arrow) (D). (H&E X 400).

Group 11 (positive control group):-

At 16" day, acini showed atrophy and ducts were dilated and the interlobular and intralobular spaces as well.
Cytoplasmic vacuoles were prominent and obvious within acinar and ductal cells as well as within cells of the
GCTs.There were focal areas of loss of acinar and ductal architectural features. These areas showed partial absence
of acinar and ductal as well as GCTs outlines. Degenerative changes as pyknotic nuclei and cytoplasmic vacuolation
were observed at acinar and ductal cells. (Fig.1C) At 30" day, submandibular salivary glands revealed normal
histological and architectural features of rat's submandibular salivary glands, except for the presence of few
cytoplasmic vacuoles, focal loss of acinar and ductal outlines and pyknosis of some nuclei. Acinar cells were conical
in shape with granular eosinophilic cytoplasm and basally located basophilic round nuclei. (Fig.1D)

Group I (CIN oil extract group):-
The submandibular salivary glands dissected at 16™ day showed normal histological appearance of striated duct
(SD), and intercalated duct (ID). Mild degenerative changes as cytoplasmic vacuoles within SA and some shrunked
pyknotic nuclei are seen.(Fig.2A)At the end of the experiment, the submandibular salivary glands exhibited normal
microscopical features. (Fig.2B)
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Fig 2: photomlcrograph showing loss of acinar outline and some pyknotic nuclei (crossed arrow), and cytoplasmic
vacuoles (arrow head) in group 111 at 16"day (A), histological aEpearance of serous acini (SA) in group 111 at 30"day
(B). Submandibular salivary gland of group 1V dissected at16™ day shows degenerative changes of acini and ducts
(arrow) and cytoplasmic vacuoles (arrow head) (C).at 30" day group 1V shows degenerative changes of acini and
pyknosis of nuceli (crossed arrow) and cytoplasmic vacuoles(arrow head) Wide connective tissue space are seen
(star) (D) (H&E X 400).

Group IV (diazepam group):-

On the first examination period, The examined glands revealed atrophy of most of serous acini with variable degrees
of cytoplasmic vacuolation. The spaces between the lobes and the lobules were wider than normal. In addition, acini
demonstrated marked degenerative changes such as atrophy and cytoplasmic vacuolation. (Fig.2C) Histological
examination of the dissected glands at the end of the experiment revealed presence of some cytoplasmic vacuoles of
variable sizes and pyknosis of some nuclei. Wide connective tissue spaces could be detected. (Fig. 2D)

Immunohistochemical findings:-

Cytoplasmic immunoreactivity for inducible nitric oxid synthase was detected in all studied groups with different
levels. The highest level of iINOS expression was detected at group Il while groups I, 111 and 1V had nearly the same
level of iNOS expression at 16™ day. Similar finding was detected at 30" day examination period for groups I, 111
and IV while group Il immuno-reactivity was dropped to nearly the same level of other examined groups.
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Statistically, ANOVA test revealed an overall significant difference between all studied groups at the two
examination periods. At 16" day, Posthoctukey test for multiple comparisons showed significant difference between
group Il on one side and groups I, 111 and 1V on the other side. While, a non significant difference was found
between groups 111 and 1V as well as between group I on one hand and groups I11, 1V on the other hand. Moreover,
there was no significant difference between each two groups at 30" day. Table (2)

Table 2:- shows means+ SD of the iNOS expression of rats of the studied groups at the two examination periods.

Periods meansz SD of the iINOS expression
Group | Group Il Group 11 Group IV P
16™day
15,413,314.00+219 | 51,451,416.83+171 | 15,454,123.67+152 | 15,432,464.17+135 | <0.0001
,370.88 ,866.78 ,489.20 ,612.27
P1 <0.0001 0.97 0.99
P2 <0.0001 <0.0001
P3 0.99
30"day
15,149,001.67+80, 15,444,335.00+300 | 15,244,925.33+89, 15,419,246.50+147 0.026
607.61 ,020.55 844.30 ,741.15
P1 0.06 0.78 0.07
P2 0.24 0.99
P3 0.35
SD: standard deviation P:Probability

Test used: ANOVA followed by posthoctukey for multiple comparisons
P1: Significance relative to Group |

P2: Significance relative to Group Il

P3: Significance relative to Group Il

By comparing the studied groups at the two examination periods in relation to iNOS expression, there was only
significant difference between the two examination period of group Il while other groups showed no significant
difference. Table (3)

Table 3:- shows mean +SD of the iNOS expression at the different studied groups. Student's t- test was used for
comparison between the studied groups and their selves at the two examination periods.

Groups Mean +SD P
16" day 30"day

Group | 15,413,314.00+£219,370.8 15,149,001.66+80,607.61 0.12

Group Il 51,451,416.83+171,866.77 15,444,335.00+£300,020.55 <0.0001

Group 11l 15,454,123.66+152,489.20 15,244,925.33+89,844.30 0.097

Group IV 15,432,464.16+135,612.27 15,419,246.5+147,741.14 0.88

Pearson's correlation test revealed significant positive correlation between iNOS and ACTH levels at 16" day. On
the other side, non significant correlation was detected between iNOS expression and ACTH level at 30" day.
Table(4).

Table 4:- shows statistical correlations between iNOS and ACTH level at both examination periods.

Correlated variables R P value
ACTH versus iNOS expression at 16" days 0.998 .000
ACTH versus iNOS expression at 30 days 0.375 0.071
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NT-3 gene expression;-

At 16" day Table(5);-

NT-3 gene was expressed in all studied groups. Group Il had the highest level of NT-3 gene expression. Groups I,
Il and 1V nearly had the same level of expression at the two examination periods. The level of expression of NT-3
gene at 30" day was decreased obviously and approached the level of the control group (26.15+0.70, 31.81+0.98),
respectively.

Table 5:- shows means+ SD of the NT-3 expression of rats of the studied groups at the two examination period.

Periods means+ SD of the NT-3 expression
Group Group Group Group P
[ Il il [\
16™ day
26.1440.72 46.14+0.72 26.29+0.69 26.5340.53 <0.0001
P1 <0.0001 0.98 0.7
p2 <0.0001 <0.0001
P3 0.9
30" day
26.15+0.70 31.81+0.98 26.36+0.80 26.1940.67 <0.0001
P1 <0.0001 0.97 1.00
P2 <0.0001 <0.0001
P3 0.98
SD: standard deviation P:Probability

Test used: ANOVA followed by posthoctukey for multiple comparisons
P1: Significance relative to Group |

P2: Significance relative to Group Il

P3: Significance relative to Group IlI

At the two examination periods, ANOVA test revealed an overall significant difference between all studied groups
in relation to NT- 3 gene expression. Moreover, Posthoctukey test for multiple comparisons showed significant
difference between groups | and Il as well as between group Il on one side and groups Ill, IV on the other side.
While, there was no significant difference between groups Il and IV as well as between group | on one hand and 111
and IV on the other hand.

By comparing the studied groups with their selves in relation to the NT-3 expression, there were non significant
difference between the two examination periods except in group Il. Table (6)

Table 6:- shows mean +SD of the NT-3 expression at the different studied groups. Student's t- test was used for
comparison between the studied groups and their selves at the two examination periods.

Groups Mean £SD P
16" day 30" day

Group | 26.13+0.71 26.15+0.70 0.29

Group Il 46.1383+0.71 31.8+0.98 <0.0001

Group 1l 26.28+.68 26.35+.80 0.8

Group IV 26.52+.53 26.19+.66 0.19

At the two examination periods,Pearson’s correlation test revealed a significant positive correlation was found
between NT-3 gene expression and ACTH level. Also, significant positive correlation between NT-3 gene
expression and iNOS expression at 16™ day. On the other side non significant correlation was detected between Nt-3
gene expression, ACTH level and iNOS at 30" day. Table (7)
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Table 7:- shows statistical correlations between NT-3 expression ACTH level and iNOS at both examination

periods.
Correlated variables R P value
ACTH versus NT-3 expression at 16" day 0.996 .000
NT-3 expression versus iNOS expression at 16™ day 0.997 .000
ACTH versus NT-3 expression at 30" day 0.958 .000
NT-3 expression versus iNOS expression at 30" day 0.299 0.155
Discussion:-

Epidemiological studies have indicated that a rising percentage of the population in modern societies are exposed to
acute and/or chronic stress which can lead to variety of metabolic related disorders?®* 2!,

In the present study, group Il showed a significant elevation in serum ACTH at 16" day. This agrees with Sun et
al® Maghsoudi et al®?”), and Michalska et al®®®], who found that chronic restraint stress elevates the circulating
levels of ACTH and corticosterone. This could be referred to the effects of stressful stimuli upon the central nervous
system and endocrine responses leading to excessive release of corticotropin releasing factor from hypothalamic
paraventricular nucleus causing the secretion of ACTH from anterior pituitary. Moreover, with chronic stress,
glucocorticoid feedback inhibition of ACTH secretion is reduced markedly. Thus, chronically stressed rats
characteristically exhibit facilitated ACTH responses to stressors (restraint stress)!?%],

On the other hand, groups I, Ill, and IV of the present study yielded a non significant difference between each
others. These findings may demonstrate the protective role of cinnamon and diazepam against the effects of stress
and anxiety related behaviors®*33 This observation coincides with Roussel et al®®!, who stated that administration of
cinnamon is related to biochemical changes toward normal control values as compared to that induced by a
psychological stressor. Meanwhile, diazepam reduced the stress response and anxiety related conditions through its
effect upon the hypothalamus and/or pituitary gland directly without the involvement of internal tissue.
Additionally, this drug influences the activity of the hypothalamus-pituitary-adrenal axis in humans by reducing
basal ACTH and cortisol release®.

In the current work, group 11, 111, and 1V showed atrophic and degenerative changes of acini and ductal cells at 16™
day. These observed degenerative changes were pyknotic nuclei, cytoplasmic vacuoles and partial loss of acini,
ductal or GCTs outlines. While at 30" day, these studied groups exhibited nearly the same histological and
architectural features of control group. These findings were in agreement with Bitgul et al™!, EI-Desouki et al®*®,
and Pellegrni et al® who proved that repeated stress, even of temporary duration, is able to influence directly or
indirectly glandular tissues as adrenal cortex and testes. They explained the degenerative changes induced via
immobilization stresses through the elevated excresion of corticosterone, serotonin, and catecholamine which play a
role in lipid peroxidation®!.

In our study, the submandibular salivary glands of group 11 dissected at 16™ day showed normal histological
appearance. Mild degenerative changes as cytoplasmic vacuoles within serous acini and some shrunked pyknotic
nucleiare seen. This is in agreement with Moselhy et al®? and Morgan et al™, who proved that cinnamon has
antioxidant effect that may delay or inhibit the oxidation of lipids or other molecules by inhibiting the initiation, or
propagation of oxidizing chain reactions. These involve absorption and neutralization of free radicals and attenuate
ROS-mediated damage, resulting in more or less normal tissues™ Y.

In the present study, submandibular salivary glands of group IV treated with diazepam revealed atrophy of most of
serous acini with variable degrees of cytoplasmic vacuolation. The spaces between the lobes and the lobules were
wider than normal.In addition, acini demonstrated marked degenerative changes such as atrophy and cytoplasmic
vacuolation. These changes are milder than that appeared in group II. This is agreement with El-Desouki et al*®!
who stated that diazepam administration decreased the high levels of cortisol hormone induced by immobilization
stress and revealed a remarkable improvement of alterations in the rats. Also, Zhao et al*? stated that diazepam
slowed the progress of chronic stress induced-impairment of hippocampal structural plasticity and depression like
behavior in mice by normalizing glucocorticoids.

1924



http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16808795
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maghsoudi%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gadek-Michalska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=14566082
http://www.sciencedirect.com/science/article/pii/S2214750014000158

ISSN: 2320-5407 Int. J. Adv. Res. 4(10), 1917-1928

In the present study, group Il showed high iINOS expression. This is in agreement with Olivenza et al™® who
reported that chronic stress could induce iNOS expression and sustain overproduction of NO which might be
responsible, at least in part, for some of the neurodegenerative changes in restraint rats. Chronic stress might induce
expression of iINOS through the release of several proinflammatory cytokines such as interleukin-1f (IL-1B), TNF-a
and interferon-y in various cell systems, including neurons. Large amounts of some of these cytokines, i.e.,
interleukin-1p and tumor necrosis factor-a, are released in brain during stress**!,

In the current work, non significant difference between groups I, 11 and IV in relation to the expression of iNOS was
found. This finding could be supported by Kanuri et al'*’! who detected protective and anti inflammatory effects of
CIN up on hepatic lipid accumulation. They attributed this protective effect to the association between CIN and
inhibition of the induction of inducible nitric oxide synthase expression. Moreover, they indicated that cinnamon
extract could suppress iNOS expression as well as NO formation almost completely.

Brahmachari et al'*® reported that sodium benzoate, a major metabolite of cinnamon, attenuates the expression of
iNOS and proinflammatory cytokines in microglia, astrocytes, and macrophages. Also, Gunawardena et al™*”’, stated
that the anti-inflammatory activity of cinnamon extract is measured by down-regulation of nitric oxide and TNF-a
production. In addition Azab et al™ indicated that cinnamon antioxidant ingredients scavenge and stop the progress
of ROS generation via stresses through direct scavenging of the initiating radicals, as well as decreased iNOS gene
expression and subsequent NO production.

In the present study, group 11 had high levels of NT-3 mMRNA gene expression within the submandibular gland. This
is in accordance with Saruta et al®™, who observed that immobilization stress increases NT-3 mRNA levels n the rat
hippocampus. This finding may be due to the presence of high brain NT-3 level which are markedly affected by
stressful events. Moreover, they indicated that stress induced changes in NT-3 levels may be due to hormonal
influences which might induce the increased expression of NT-3 within salivary glands. In addition, Smith et al®®%,
demonstrated that corticosterone-mediated increases in NT-3 mRNA expression appeared to be primarily
responsible for the effects of stress on NT-3. Also, Ivy et al®, Juric et al®” and O'Mahony et al®* have shown that
increased levels of monoaminergic neurotransmitters, including adrenaline, noradrenaline, serotonin, and dopamine,
induce BDNF and NT-3 expression in the brain under stress conditions.

In the current study, non significant difference was detected between groups I, 11 and 1V in relation to expression of
NT-3 mRNA. This is in accordance with Jana et al® who recorded that cinnamon and its metabolite sodium
benzoate are capable of upregulating neurotrophic factors. Also, they found that oral administration of ground
cinnamon increased the level of sodium benzoate in blood and brain of mice and upregulated BDNF and NT-3in
vivo in the brain. Moreover, Bittigau et al®", found that histological examination of the brains of rats which received
antiepileptic drugs as diazepam revealed widespread and dose-dependent apoptotic neurodegeneration during the
brain growth spurt period. Also, they demonstrated that antiepileptic drugs lead to reduced expression of
neurotrophins.

From the findings of the present study, we can conclude that; Chronic stress could lead a variety of metabolic,
hormonal and neuronal disorders. Also, cinnamon extract and diazepam could efficiently modulate chronic stresses
and consequently be a possible approach in reducing the risk of stress- induced various diseases. In addition it may
have anti-inflammatory activity as it down regulates the expression of iNOS. Moreover, CIN could protect against
or delay various neurodegenerative disorders as it reduces the expression of NT-3. Finally, cinnamon may be a
valuable alternative for diazepam in management of stress- induced various diseases.
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