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ABSTRACT

Objectives: Sepsis is a serious worldwide condition due to its high mortality rate in hospitals. The key organ in the body’s
response to sepsis is the adrenal gland which responds to the adrenocorticotrophic hormone by the production of large amounts
of corticosteroids, resulting in the activation of a catabolic state, immunomodulatory, anti-inflammatory effects.

Aim of the Work: To study the cinnamon extract effects on the adrenal cortex of cecal slurry-induced sepsis in rats.

Material and Methods: Sixty-six rats; six were used as donors for slurry. Five groups were formed with the rest; control (I),
cinnamon extract (II), experimentally induced sepsis (III), cinnamon pretreated (IV) and cinnamon pre and post-treated septic
(V) groups. sepsis induction in groups (III, IV and V) was done by cecal slurry. Scarification of animals was done at the end
of the fifth week of the experiment except for group V, animals were sacrificed five days later from sepsis induction. Serum
levels of aldosterone and corticosterone were measured. Also, MPO, MDA and TNF-a levels have been estimated in adrenal
homogenates of all groups. H&E was performed on the adrenals in all groups, Mallory's trichrome and immunohistochemical
stains for caspase3, CD44 and iNOS. Also, were examined by electron microscope. Cortical thickness, area % of collagen
deposition, Caspase-3, CD44 and iNOS immunoreaction have been estimated and data were analyzed statistically.

Results: Septic group showed some deaths. But, survivors of group III revealed features of Zona glomerulosa and fasciculata
inflammatory degeneration with increased levels of serum aldosterone, corticosterone, tissue MPO, MDA, and TNF-a. Also,
group III revealed a marked increase in caspase3, CD44 and iNOS immunoreaction. Groups IV and V showed improvement
in all previous parameters.

Conclusion: Cecal slurry-induced sepsis caused massive Zona glomerulosa and fasciculata inflammatory changes that were
improved by the orally administrated cinnamon extract.
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INTRODUCTION of corticosteroids in response to adrenocorticotrophic
hormone (ACTH). Corticosteroids activate catabolic
pathways and produce strong anti-inflammatory, and
immune-modulating action!®’.

Sepsis is a serious emergency, worldwide life-
threatening illness, associated with multi-organ failure
owing to the immune response of the body to infection!'!.

Treatment of sepsis is very difficult due to misdiagnosis The primitive body response to sepsis stimulates cortisol
as a result of different infection sources, immunological release, leading to increase secretion and synthesis of pro-
responses, and pathophysiological alterations. High and anti-inflammatory agents to localize inflammation
mortality percent is associated with sepsis, especially in in infected tissues. But, inflammatory, apoptotic changes
intensive care unit patients. In cases of septic shock and and ischemic damage in HPAA, may cause adrenal
multisystem dysfunction, the mortality rate increases by insufficiency!.

70%.

Sepsis is associated with necrosis and hemorrhage
within the hypothalamic pituitary adrenal axis/®.
This affection results in adrenal insufficiency which is
characterized by decreased corticosteroid production
through hypo-responsiveness of the adrenal cortex to
ACTH!ML

Sepsis is an outcome of an exaggerated inflammatory
response to infection™. These led to the stimulation of the
immune system and the stress response that is involved in
the activation of the hypothalamic-pituitary-adrenal axis
(HPAA)®3L. In sepsis, the adrenal gland is very important
in host response as the cortex produces high amounts
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Cinnamon has proved to be a powerful antioxidant
and anti-inflammatory herbal agent!'. Cinnamon can be
used to control diabetes mellitus, blood pressure, tumor
growth, Alzheimer’s disease, and Parkinson’s disease!'!l.
Another interesting medical use of cinnamon might be due
to its antimicrobial properties, especially its antibacterial
effect!'.

So, the aim of this study was to study the
histopathological changes in the adrenal cortex in response
to experimentally induced sepsis and to assess the effect
of cinnamon extract that was based on biochemical,
histological and immunohistochemical studies.

MATERIALS AND METHODS

Animals

This study was carried out using Sixty-six Sprague-
Dawley adult male albino rats weighing 200-250 grams
each, obtained from Theodor Bilharz Research Institute,
ElWarak, Giza, Egypt. A suitable temperature was
maintained for the rats. Water and a standard diet were
readily available to them. Ethics approval was obtained
from the Faculty of Medicine, Menoufia University,
Egypt's ethics committee on experimental animals, code
no. 2/2021ANAT18.

Chemicals

Dextrose was obtained as a 5% solution from a local
pharmacy (Menoufia, Egypt). Manufacturing by FIPCO,
New Borg Elarab, Egypt.

The aqueous cinnamon bark extract

The extract was prepared at the faculty of science,
Menoufia University, Egypt. Grinding cinnamon bark
yielded a fine powder. Afterward, in 500 ml of distilled
water, 50 grams of that powder were dissolved. A rotary
evaporator was used to evaporate water after simple
filtration!'3].

Experimental design

Sixty-six rats were divided as follows: Six rats were
used as donors for cecal slurry, and the others were divided
into five groups

Control group (Group I): 12 adult male albino rats
were included and divided into two subgroups (6 rats each)

*  Subgroup IA: rats were not given any kind of
treatment all over the experiment.

*  Subgroup IB: rats received intraperitoneal injection
by 5% dextrose for the same period of cecal slurry
injection (once).

Cinnamon bark extract treated group (Group II, 12
rats): rats were given cinnamon bark aqueous extract once/
day by Gastric intubation for 4 weeks and 5 days at a dose
of 100 mg/kg/day dissolved in 1 ml watert'®,

Experimentally induced septic group (Group III,
12 rats): 10 ml cecal slurry/kg body weight was given
intraperitoneally once to rats!'*!3!

Cinnamon pretreated septic group (Group 1V, 12 rats):
rats were given aqueous cinnamon extract at the same dose
and period as group II then sepsis was initiated by cecal
slurry.

Cinnamon pre and post-treated septic group (Group
V, 12 rats): rats in this group received the same dose of
cinnamon extract as Group II for 4 weeks and then subjected
to sepsis as Group IIl and cinnamon extract receiving
continued for another 5 days after sepsis induction.

Scarification of all animals of different groups was
done at the end of the fifth week of the experiment; 48
hours after sepsis induction in groups III and I'V. In group
V, the animals were sacrificed 5 days later from sepsis
induction. Before scarification, The animals were rendered
unconscious with inhaled diethyl ether. The right, and left
adrenals of each animal were dissected.

Experimental procedure
Induction of sepsis

By administering cecal slurry, sepsis was induced.
A combination of xylazine (10 mg/kg) and ketamine
hydrochloride (50 mg/kg) was utilized to anesthetize the
rats that served as donors. The cecum was exposed after a
midline abdominal incision was made. A 0.5 cm opening
was made on the cecum's anti-mesenteric surface and
compressed to obtain fecal material. The collected feces
were weighed and immediately mixed with 5% dextrose in
a 1:3 dilution™¥, The cecal slurry was used within 2 hours.
It was injected intraperitoneally to rats at a dose of 10 ml/
kg™,

Biochemical study

ELISA kites (ab136933) and (ab108821) from Abcam
company, USA, were used for the estimation of serum levels
of aldosterone and corticosterone respectively!'®!7. Also,
kits were used for estimation of myeloperoxidase (MPO)
((ab155458), Abcam company, USA), malondialdehyde
(MDA) (ab238537), Abcam company, USA) and tissue
tumor necrosis factor-alpha (TNF-a)(ab236712), Abcam
company, USA) levels in adrenal homogenate!'s-!"),

Light microscopic study
1-Hematoxyline & Eosin (Hx&E) study

Fixation of samples in 10% formol saline for 2-5 days
was performed, dehydration in ascending grades of ethyl
alcohol, then cleared and impregnated in soft paraffin
for 45 minutes followed by hard paraffin for another 45
minutes. After that, specimens were embedded in hard
paraffin to obtain blocks. 5-7 micrometers in thickness
paraffin sections were stained with Hx&E!..

2- Mallory's trichrome for monitoring of collagen
accumulation

Specimens were washed under water and then
treated with ponceau-acid fuchsin for 3 minutes. Then
counterstaining was done using aniline blue. After that,
sections were washed and dehydrated®”.
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3-Immunohistochemical study

Sections were prepared by boiling for 10 minutes
in 10Mm, then the antigen retrieval was performed by
treatment for 10 minutes in citrate buffer (Ph 6). After that
sections had cooled at room temperature. Then, ultraviolet
block and application of antibodies anti-caspase-3 (rabbit
polyclonal antibodies (ab 4051), Abcam Company,
Cairo, Egypt), anti-CD44 (rabbit polyclonal antibodies
(ab 189524), Abcam Company, Cairo, Egypt) and
Inducible nitric oxide synthase (iNOS) (rabbit polyclonal
antibodies (ab 178945), Abcam Company, Cairo, Egypt)
were performed. Immunostaining was completed by
counterstaining done using Mayers hematoxylini!.
Excluding of the primary antibodies was done to obtain
negative controls. While, positive controls of Caspase-3,
CD44 and iNOS were human tonsils.

4- Electron microscope study

For the transmission electron microscope study,
fixation of specimens from the left adrenal was done with
2.5% glutaraldehyde in a 0.1 M phosphate buffer (pH 7.4)
at 4 oC for 2 h, and then adding 1% osmium tetroxide for
post-fixation. After that, immersion of samples in serial
dilution of ethanol was done. Lastly, embedding in epoxy
resin (Epoxy Embedding Medium Kit; Sigma) of the fixed
specimen was done. Ultramicrotome was used for cutting
semi- and ultra-thin sections and stained with 1% toluidine
blue. then stained with 2.5% uranyl acetate as a chief stain
and counterstaining was performed by lead citrate*?).

5-Morphometric study

Six adrenal sections were selected haphazardly for
morphometric analysis in the Faculty of Medicine,
Menoufia University by using an Image J analyzer (version
1.4308, National Institute of Health, USA). The obtained
measurements were:

*  The cortical thickness for H&E.
*  The area percentage (%) of collagen in the tissue.

e The area percentage (%) of Caspase-3, CD44 and
iNOS positive immunoreaction.

6- Statistical study

Tabulation and analysis of the estimated data were done
by SPSS (statistical package for social science) version
23.0. Data were given as means and standard deviations.
Data of studied groups were compared by ANOVA
followed by post hoc test®. The significance of the data
collected was expressed by the P value (probability of
chance): p<0.05 was considered statistically significant.

RESULTS

No discernible significance was evident between the
control subgroups and the group treated with cinnamon
extract across all parameters

Survival rate

The survival percentage was 100% in groups I and II.

But it was significantly decreased in group I11. Moreover, it
showed improvement in groups IV and V (Figure 1).

Biochemical findings
Serum aldosterone

Significant elevation (P<0.001) of serum aldosterone
level was detected in an experimentally induced septic
group compared to the control group. However, a
significant decline (P<0.001) in serum aldosterone level
was found in cinnamon pretreated septic and cinnamon pre
and post-treated septic groups (P< 0.001) compared to the
septic untreated group (fFigure 2A).

Serum corticosterone

In the experimentally induced septic group, significant
rise (P< 0.001) in serum corticosterone level was found
compared to the control group. Although, significant
decline (P< 0.001) in serum corticosterone levels in both
cinnamon pretreated septic and cinnamon pre and post-
treated groups compared to the untreated septic group
(Figure 2B).

Tissue MPO

Tissue MPO was significantly higher (P< 0.001) in
the experimentally induced sepsis group as compared to
the control group. But, significant decline (P< 0.001) in
tissue MPO level in the cinnamon pretreated septic group
compared the to untreated septic group. Also, tissue MPO
level in cinnamon pre and post-treated septic groups
was significantly decreased (P< 0.001) compared to the
untreated septic group. Moreover, significant decrement
(P< 0.05) in tissue MPO level in cinnamon pre and post-
treated group compare to the cinnamon pretreated septic
group (Figure 3A).

Tissue MDA

Tissue MDA level was significantly higher in the
experimentally induced sepsis group (P< 0.001) as
compared to the control group. However, MDA level in
cinnamon pretreated and cinnamon pre and post-treated
septic groups significantly declined (P<0.001) compared
to the untreated septic group (Figure 3B).

Tissue TNF-alpha

There was a significant elevation (P<0.001) in tissue
TNF alpha level in the experimentally induced septic
group compared to the control group. But, significant
decline (P<0.001) in tissue TNF-alpha level in cinnamon
pretreated and cinnamon pre and post-treated septic groups
compared to the untreated septic group (Figure 3C).

Light microscopic findings
HX and E findings

Adrenal sections of the control group revealed that
the gland was divided into cortex and medulla, the cortex
covered by a connective tissue capsule. The cortex showed
three distinct zones; glomerulosa, fasiculata and reticularis.
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The zona glomerulosa is arranged in groups of cells with
vacuolated cytoplasm and vesicular eccentric nucleus The
zona fasiculata cells are arranged in regular cords with
vacuolated or pale acidophilic cytoplasm and vesicular
nucleus with a prominent nucleolus. The zona reticularis
formed of an irregular group of cells with deep acidophilic
cytoplasm and a vesicular nucleus with prominent
nucleolus (Figure 4A).

Sections of group III revealed a loss of zonation
and architecture of the cortex. Vacuolation and dilated
engorged sinusoids were also seen. Massive infiltration by
different inflammatory cells such as; many mononuclear,
macrophages and few neutrophils of ZG and ZF was seen
(Figure 4B)

In group IV, sections revealed increased cortical
thickness with an improvement of most of the previously
mentioned histopathological findings in group III. There
is a mild loss of architecture of gland cells that showed
vacuolation in cytoplasm and deeply stained nuclei while
other cells show normal cytoplasm and vesicular nuclei
with infiltration by many inflammatory cells (Figure 4C).

Group V sections showed marked improvement of the
histological findings. However, thick connective tissue
capsule was found around the gland. The cells of the cortex
showed normal acidophilic cytoplasm and vesicular nuclei
but few cells showed vacuolation and pyknotic nuclei,
dilated sinusoids and a few scattered inflammatory cells
(Figure 4D).

The thickness of the adrenal cortex

The adrenal cortical thickness in the experimentally
induced septic group was significantly higher (£<0.001)
as compared to the control group. However, a significant
decline (P<0.001) in the thickness of the adrenal cortex
in cinnamon pretreated and cinnamon pre and post-treated
septic groups compared to the septic untreated group was
detected. The adrenal cortical thickness in the cinnamon
pre and post-treated septic group showed a significant
decline (P<0.001) compared to the pretreated septic group
(Figure 5).

Mallory's trichrome stain

Sections of group I revealed an absence of collagen
deposition around the sinusoids of the cortex and a
normal amount and distribution of collagen fibers of the
capsule (Figure 6A). Group III showed excessive collagen
deposition in the capsule, in between the degenerated
cortical cells and around the blood sinusoids (Figure 6B).

Collagen deposition in the capsule was moderately
increased with mild deposition around the sinusoids of the
cortex in group IV (Figure 6C). Group V revealed a mild
increase in deposition of collagen fibers in the capsule with
faint deposition around sinusoids in the cortex (Figure 6D).

The area percentage (%) of collagen deposition

A highly significant increment (P<0.001) in the area %

of collagen deposition in the experimentally induced sepsis
group as compared to control group was found. However,
significant decrement (P< 0.001) in the area % of collagen
deposition in cinnamon pretreated and pre and post-treated
septic groups compared to the experimentally induced
sepsis group. Also, the area % of collagen deposition in
cinnamon pre and post-treated septic groups significantly
declined (P < 0.001) compared to the cinnamon pretreated
septic group (Figure 7).

Caspase-3 expression

Sections of the control group showed negative
immunoreaction to caspase-3 in almost all of the adrenal
cortical cells. But, the untreated septic group showed a
marked increase in Caspase-3 immunoreaction. While
the pretreated and pre and post-treated groups showed a
reduction of Caspase-3 immunoreaction (Figures 8 a,b,c,d).

Area percentage (%) caspase-3 immunoreaction

Caspase-3 immunoreaction was significantly higher
(P<0.001) in Group II compared to Group I. But, a
significantdecline (P<0.001) of Caspase-3 immunoreaction
in groups IV and V compared to group III was detected.
Also, Caspase-3 immunoreaction in cinnamon group V
showed a significant decrement (P< 0.001) compared to
group IV (Figure 9 A).

CD44 immunoreaction

Sections of group I showed negative immunoreaction
to CD44 in the cells of the adrenal cortex. But, the
untreated septic group revealed upregulation of CD44
immunostaining. While cinnamon pretreated and pre and
post-treated septic groups revealed downregulation of
CD44 immunoreaction (Figures 8 e,f,g,h).

Area percentage (%) of CD44 immunoreaction

Group III expressed a significant rise (P<0.001) in
the area % of CD44 immunoreaction compared to group
I. But, significant decline (P<0.001) in the CD44 area %
immunoreaction in groups IV and V compared to group III.
The area % of CD44 immunoreaction in group V showed
a significant decrement (P<0.001) compared to group IV
(Figure 9B).

iNOS immunoreaction

Sections ofthis group Ishowednegative immunoreaction
to iNOS the adrenal cortical cells. But, the untreated septic
group showed upregulation of iNOS immunostaining.
While the cinnamon pretreated and cinnamon pre and post-
treated septic groups showed down-regulation of iNOS
expression (Figures 8 1,j,k,1).

Area percentage (%) of INOS immunoreaction

The area % of iNOS immunoreaction in Group III was
significantly higher (P<0.001) as compared to Group I.
But, a significant decline (P<0.001) in area % of iNOS
immunoreaction in groups IV and V compared to group III
was found. Area % of iNOS immunoreaction in group V
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showed a significant decline (P<0.001) compared to group
IV (Figure 9C).

Electron microscopic findings

Sections of group I showed normal distribution and
echogenicity of the cytoplasm, round euchromatic nuclei,
normal shape, and architecture of other cellular organelles
such as mitochondria, smooth endoplasmic reticulum
(SER) with intact junction complex and many lipid
droplets (Figures 10,11 A). Group III showed complete
rarefication of cytoplasm, shrunken irregular nuclei, partial
and complete lysis of the mitochondria, dilated congested
blood vessels with loss of architecture of other cellular
organelles, and complete separation of junction complex
(Figures 10,11B).

Sections of group IV showed moderate loss of
architecture of cellular organelles, the cytoplasm showed
normal areas while other areas showed rarefication and some
irregular and shrunken nuclei with wide peri-nuclear space
while others are normal. There was partial degeneration
of mitochondria, smooth endoplasmic reticulum (SER),
and other organelles. Moderate separation in intercellular
junction and dilated congested sinusoids (Figures 10,11C).

Sections of this group V showed normal cytoplasm
with some vacuolation, dilated sinusoids and almost
normal nuclei. Other organelles appeared almost normal
with intact junction complex in some cells while it was
separated in other cells (Figures 10,11 D)
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Fig. 1: Kaplan-Meier curve revealed survival% in 48 hours among the studied groups
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Fig. 2 (A-B): Mean serum aldosterone and mean serum corticosterone levels among the studied groups. ** Significant rise (P <0.001) as compared to control
group, ** Significant decline (P < 0.001) as compared to experimentally induced sepsis group
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Fig. 3 (A,B,C): comparison among the studied groups regarding the tissue MPO, MDA and TNF alpha levels. ** Significant elevation (P <0.001) as compared
to control group, ** Significant decline (P <0.001) as compared to experimentally induced sepsis group, * Significant decline (P < 0.05) of tissue levels of MPO
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Fig. 4 (A-D): A photomicrograph of H & E stained zona glomerulosa and fasiculata of rat adrenal gland showing thin connective tissue capsule (c), cells with
normal vesicular nucleus (red arrow), pale eosinophilic (blue arrow) or vacuolatd cytoplasm(star).and multiple sinusoids (S) between cells in control group
(A). Thick capsule with dissociated fibers (thick black line), deeply stained nuclei in swollen (blue curved arrow) vaculated cytoplasm (V), binucleated cells
(arrow head), empty degenerated cells (red arrow) and infiltration by mononuclear cells (circle) in experimentally induced sepsis group (B). Normal cells with
vesicular nuclei (green arrow), binucleated cells (arrow head), large swollen cells with pyknotic nuclei (blue curved arrow), vacuolation (V) and infiltration by
mononuclear cells (circle). Apparent thick capsule with wide apace between its fibers (thick line) in cinnamon pretreated septic group (C). Normal architecture
of cells with vesicular nuclei (green arrow), some binucleated cells (arrow head) and some deeply stained nuclei (blue arrow), sinusoids between cells, thick
capsule (C) and infiltration by mononuclear cells (circle) in cinnamon pre and post treated septic group (D). (scale bar= 20pm).
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Fig. 5: Mean thickness of adrenal cortex (um) among the studied groups. ** Significant elevation (P < 0.001) compared to control group, ** Significant decline
(P <0.001) compared to experimentally induced sepsis group, ** Significant decline (P< 0.001) in cortical thickness in cinnamon pre and post treated septic
group compared to cinnamon pretreated septic group.
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Fig. 6 (A-D): A photomicrograph of adrenal cortex stained with mallory trichrom stain revealed normal amount and distribution of collagen in capsule (c)
and absence of deposition around sinusoids (star) in control group (A). Extensive increase in collagen deposition in capsule (black arrow) and around the
sinusoids (arrow head) in experimentally induced sepsis group (B). Moderate increase in collagen deposition with wide space between the fibers (black arrow)
and around sinusoids (arrow head) in cinnamon pretreated septic group (C). Mild increase in collagen deposition in the capsule (black arrow) with absence of
deposition around the sinusoids (star) in cinnamon pre and post treated septic group (D). (Scale bar=20pm).
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Fig. 7: The area percentage (%) of collagen deposition. ** Significant elevation (P < 0.001) compared to control group, ** Significant decline (P < 0.001)
compared to experimentally induced sepsis group, ** Significant decline (P< 0.001) in area% of collagen in cinnamon pre and post treated septic group
compared to cinnamon pretreated septic group.
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Fig. 8: photomicrograph showing negative immunoreaction of control group (a, ¢ and i). Up regulation of immune reaction of experimentally induced septic

group (b, f and j).Down regulation of immunoreaction in cinnamon pretreated and cinnamon pre and post treated groups for caspase3, CD44 and iNOS
respectively. (Scale bar = 20 pum).
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Fig. 9 (A-C): Area percentage of caspase3, CD44 and iNOS immunostaining.** Significant rise (P< 0.001) compared to control group, ** Significant decline
(P<0.00) compared to experimentally induced sepsis group, ** Significant decline (P< 0.001) compared to cinnamon pretreated septic group.
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Fig. 10 (A-D): A transmission electron photomicrograph in zona glomerulosa showing regular euchromatic nucleus (N), many scattered globular mitochondria
(M), many fat droplets (LD) and intact intercellular junction (yellow arrow) in control group (A).Heterochromatic nucleus with irregular nuclear envelope (¥),
degenerated swollen mitochondria (curved arrow). Lipofusin granules (red arrow), vacuoles and many large fat droplets (LD) in experimentally induced septic
group (B).Electron lucent regular nuclei (N), partially degenerated mitochondria (twisted arrow), swollen smooth reticulum (green arrow) and large vaculated
areas (V) in cinnamon pretreated septic group (C).Electron dense nucleus (N), many globular mitochondria (M) with tubule-vesicular cristae, lipid droplets
(LD) and mild separated intercellular junction (circle) in cinnamon pre and post treated septic group (D). (TEM X 6000).
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Fig. 11 (A-D): A transmission electron photomicrograph in zona fasiculata showing euchromatic nucleus (N), numerous globular mitochondria (M),well
developed smooth reticulum (yellow arrow) and numerous lipid droplets (LD) in control group (A). Karryolytic nuclei (star), wide gap junction (J), dilated
sinusoids (green arrow) and neutrophil (red arrow) in experimentally induced sepsis group (B). Euochromatic regular nuclei (N), partially swollen mitochondria
(M), swollen smooth reticulum (yellow arrow), vaculated areas (V) and partially separated inter cellular junction (circle) in cinnamon pre and post treated septic
group (C).Regular nucleus (N), many globular mitochondria (M) with tubule-vesicular cristae, lipid droplets (LD), some vacuoles (V) and collagen deposition
(F) in cinnamon pre and post treated septic group (D). (TEM X6000).

DISCUSSION

Sepsis results in disturbances in the regulation of the
neurogenic, endocrine, metabolic, and immune systems
creating a stressful state. So, stress-accommodative systems
activation is important for maintaining or restoration of
body balance. The hypothalamo—pituitary—adrenal axis is
an important component of this system?*2%,

Sepsis produces organ dysfunction as a result of a
dysregulated host response to infection. Here, the infective
agent causes an uncontrolled inflammatory reaction
which results in the activation or inhibition of metabolic,
hormonal, endothelial, immune, and other pathways.
These produce circulatory disturbance causing multi-organ
failure6-271,

In this study, a cecal slurry model was used for the
induction of sepsis to avoid the disadvantage of other
methods. The dose used in this study was chosen to achieve
survival 7 days after CS treatment!?*].

This study has reported severe mortality in the
experimentally induced septic group. Also, cinnamon
pretreated and cinnamon pre and post-treated groups
showed improvement in survival % which may be due
to the anti-inflammatory and antimicrobial effects of
cinnamon!?3Y,

This study reported a significant increase in the serum
aldosterone and cortisol levels in the experimentally
induced septic group. These results were in harmony with
Huang et al and Huang et al®'*?! which referred to the rise
in hormone levels to overstimulation of the HPAA and
renin-angiotensin-aldosterone system by inflammation or
endotoxemia. Also, it triggered cytokines (IL-1, IL-6, and
TNF-a) from stimulated peripheral immune cells, which
led to the activation of different levels of the HPAA.

The current study revealed a high level of MDA in
adrenal tissue homogenate. These results came in harmony
with Asir et al and Duan et al®*** who clarified that Sepsis
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is commonly associated with enhanced generation of
oxygen free radicals.

MPO is a marker of neutrophils activation, in this
study high MPO level was detected. Moreover, TNF-a
was elevated; these results were in agreement with Sadek
et al and Lia et al**% who detected sudden outbursts of
inflammatory cytokine TNF-a, activation and migration of
neutrophils.

In the present study, both the control and the
cinnamon bark extract-treated groups revealed the normal
histological architecture of the adrenal gland. But, rats of
the experimentally induced septic group revealed massive
degenerative changes with loss of normal architecture of
three cortical zones with massive infiltration by different
types of inflammatory cells. These changes were in
agreement with Abdel-Malak and Amin and Niemeyer
et alP"*¥who found that all animals in septic groups showed
a typical feature of inflammation and degeneration in the
form of cortical cell atrophy with altered morphology. The
degenerative changes observed in this study were in the
form of intracellular vacuolations and pyknotic nuclei.
Different inflammatory cell infiltration was detected.
Pyknosis of the nuclei and vacuolation of the cytoplasm
are thought to be a result of the production of reactive
oxygen metabolites that cause DNA damage and lipid
peroxidation4%,

Neutrophils and mononuclear cells were detected in the
adrenal gland of the septic group. These results are due to the
activation of innate immunity which is a main component
of the inflammatory cascade in response to infection. In
the course of infection, neutrophils are the first cells to be
activated in order to decrease the infectious agent spread.
The activated cells migrate to the site of infection with the
secretion of big amounts of inflammatory cytokines**#!42],

Mallory trichrome stained sections in this study
revealed a significant increase in collagen fiber deposition
in the adrenal capsule with mild deposition around the
sinusoids in the septic group, this may be due to high
levels of ROS and inflammatory mediatorsi 4. While
cinnamon-treated septic groups showed a decrease in
collagen deposition compared to the septic untreated
group. These findings are explained by the anti-fibrotic
effects of cinnamon!*>*¢, In the present study, the area %
of Caspase-3 immunostaining was increased markedly
in the experimentally induced sepsis group. Also, it was
confirmed by ultrastructural examination the presence of
apoptotic nuclei in the zona glomerulosa and fasciculata
cells of this group. This observation suggested that an
excessive amount of ROS led to the destruction of major
cellular components; proteins, lipids, and DNA causing
cell death™”). Moreover, this study showed upregulation of
the area % of CD44 immunoreaction the in experimentally
induced sepsis group. The same was reported by Zhang
et al. and Vachon et a/l**#1. They reported that phagocytosis
mediated by CD44 plays a significant role in the clearance
of apoptotic cells and hyaluronan fragments generated
during inflammation.

In this study, the inflammatory status of adrenal tissue
was confirmed by a significant increase in iNOS-positive
cells. These findings were in line with Wang et al*” who
clarified that endotoxemia led to up-regulation of iNOS
expression and nitric oxide production in the adrenal
glands of mice.

Ultrastructurally, septic groups revealed degenerated
swollen mitochondria and smooth endoplasmic reticulum.
These results came in line with Bairagi et a/’! who
observed that swelling and disruption of the cristae of the
mitochondria could be explained by the accumulation of
lipid granules caused by impaired steroidogenesis.

A lot of the lipofuscin pigment was detected in septic
groups in the current study. These findings were observed
by Elshennawy and Aboelwafal®? who reported that the
lipofuscin pigments might be explained by the inhibition of
ACTH release. The appearance of abundant adhesive lipid
droplets is an indicator of degenerative changes as the large
amounts of lipids in the cortical cells destroy the structure
and interfere with the function of the cell. Moreover, this
could be caused by the disruption of cytochrome P450
enzymes due to increased ROS production, resulting in
the inhibition of cholesterol biosynthesis. This, in turn,
causes the accumulation of lipid droplets and cytoplasmic
vacuolation of zona fasciculata and zona glomerulosa
cellsP3,

This study revealed a significant decrease in serum
aldosterone and corticosterone levels of pretreated and
pre and post-treated groups with cinnamon compared to
the experimentally induced sepsis group. These findings
may be a result of cinnamon supplementation which led
to up-regulation of IL-1 receptor antagonist expression in
both the hypothalamus and hippocampus and an antagonist
of IL-1pB, which have anti-inflammatory and antioxidant
properties. These findings may explain the decrease in
serum levels of these hormones?*.

The antioxidantactivity of cinnamon has been confirmed
in this study by a decrease in adrenal MDA levels in
pretreated and pre and post-treated groups with cinnamon
bark extract. Thota et a/l> reported that cinnamon exerted
an antioxidant effect in patients infected with coronavirus.
Moreover, the administration of cinnamon oil to rats led
to an improvement in hepatic antioxidant status and MDA
level with an increase in SOD and GSHP®. Also, the anti-
inflammatory effects of cinnamon have been confirmed
by a decrease in TNF-a, MPO and inflammatory cells
infiltration of adrenal tissue. The results are consistent with
Hong et all' who clarified that aqueous cinnamon extract
is rich in polyphenols as flavonoids and tannins which
have a powerful anti-inflammatory effect against sepsis
initiated by LPS in rats.

Abdeen et al®" studied the beneficial effects of
cinnamon bark extract and reported that pretreatment of
cellular damage and apoptosis caused by acetaminophen in
renal tissue of rats with cinnamon bark extract revealed a
marked improvement in histopathological changes, which
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could be due to the anti-apoptotic effect of cinnamon bark
extract as a result of an increase in the antioxidant defense
system and decreased oxygen-free radical activities. This
anti-apoptotic effect was confirmed in our study by a
significant reduction of Caspase-3 immunoreactions.

CONCLUSION

Based on our findings, it can be concluded that sepsis
caused histo-pathological changes in the adrenal cortex
mainly ZF through its inflammatory, oxidative stress and
apoptotic effects which were mediated through modulating
Caspase-3, CD44 and iNOS expression. However,
cinnamon has a promising role in attenuating the obtained
sepsis effects via its anti-inflammatory, anti-oxidative, and
anti-apoptotic properties.
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