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ABSTRACT

Background: Zingiber officinale Roscoe presents valuable outcomes in some neurodegenerative diseases.

Objective: This study aimed to evaluate Zingiber oil extract efficacy in the regression of Type3 diabetes mellitus (T3DM)
induced in rat model.

Methodology: 28 adult male albino rats were divided into four equal groups: Control-ve group received no injections;
Control+ve group received a single bilateral intra-cerebroventricular (ICV) injection of sterile 0.9% saline, T3DM group
received a single bilateral ICV injection of streptozotocin (3 mg/kg) dissolved in sterile 0.9% saline; Zingiber treated group
five weeks after ICV- STZ, received orally 100 mg/kg/day Zingiber oil extract for two months. Soft palate oral mucosal
sections were processed for H&E, fluorescence staining (using thioflavin-T dye) and immunohistochemical (using anti-
caspase-3 and anti-VEGF antibodies) examination.

Results: Both control groups were almost identical. Some T3DM sections histopathologically displayed inflammatory signs
represented by cloudy swelling of keratinocytes, nuclear degenerative signs, apparently increased apoptotic keratinocytes,
subepithelial degeneration, chronic inflammatory infiltrates, congested dilated blood vessels, hyperplasia and dilatation of
palatal glandular acini and excretory duct. Irregular and decreased palatal fungiform papillae with few vacuolated taste cells
were illustrated. Comparing to control groups, significant strong diffuse thioflavin-T fluorescence in oral epithelium, palatal
acini, endothelium of blood vessels along with subepithelial amyloid deposits in some T3DM specimens were detected.
Likewise, caspase-3 immunoreactivity in oral epithelial and connective tissue cells significantly increased in T3DM group.
Similarly, significant positivity to VEGF in oral epithelium and in the significantly increased blood vessels in wall thickness
and distribution were exhibited in T3DM sections. All T3DM results were significantly restored in Zingiber group except for
the low significant decrease of caspase-3 reactivity in this group.

Conclusions: It was concluded that Zingiber oil extract was an appropriate selected approach to ameliorate the possible
T3DM associated peripheral tissue insults but most probably in a higher dose or prolonged supplementation.

Received: 26 October 2019, Accepted: 27 November 2019

Key Words: B-amyloid, soft palate, streptozotocin, type 3 diabetes, Zingiber.

Corresponding Author: Fatma Adel Saad, PhD, Oral Biology Department, Faculty of Dentistry, Future University in Egypt,
Tel.: +20 1223739140, E-mail: femy76@hotmail.com

ISSN: 1110-0559, Vol. 43, No.2

INTRODUCTION

Type 3 diabetes mellitus (T3DM) is a metabolic disease.
Several studies have shown that the deficits in the utilization
of glucose by the brain eventually led to the cognitive
dysfunction. Previous studies elucidated that the impairment
of both insulin/insulin-like growth factor signaling
and cerebral glucose utilization preceded the cognitive
impairment supporting the concept that type 3 diabetes
is an insulin-resistant brain state. Moreover, it could be
regarded as a brain disorder that has composite features of
TIDM (insulin deficiency) and T2DM insulin resistance!?.
The main oral manifestations in T3DM are usually due to
improper oral hygiene and xerostomia. These all triggered
a number of dental problems including caries, periodontal
disease, gingivitis, halitosis and a progressive destruction
of teeth®l. On the other hand, T3DM pathology can be
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observed in non-neural tissues so that oxidative damage and
accumulation of the amyloid protein have been noted™!.

Amyloid is a nonspecific term for diverse chemical
structures as beta-2 microglobulin, keratin, some hormones
and serum amyloid fibril proteins. In particular, all these
structures appeared histologically as homogeneous
eosinophilic ~ substances®™.  “Amyloidosis”  which
encompasses a wide spectrum of inflammatory diseases
characterized by systemic or localized extracellular
aggregates of insoluble fibrillar proteins which impair the
normal organ function!®. These aggregates are formed due to
its imbalanced production and degradation and are regarded
to be toxic. Amyloid beta protein (AB) is normally generated
as a nontoxic soluble peptide, essential for cell survival and
possesses important physiological functions”. Peripherally,
AP has been proved to be primarily produced by platelets
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and other cells such as skeletal muscle cells®™. Misfolded
amyloid peptide with cross-beta structure was produced from
the intracellular cleavage of the amyloid precursor protein
(APP) by proteolytic enzymes®. This cleavage gives rise
to the transformation of B-amyloid peptide monomers from
random coil to Bf-amyloid protein oligomers that seed the
formation of fibrils and plaques!'®'l. Soluble oligomers are
more toxic than the plaques. AP peptide can be considered
as the initiating pathological factor in T3DM and associated
with neurodegenerative changes!'"1?),

Zingiber officinale Roscoe is generally considered as a
safe herbal medicine according to the FDA’s Safe (GRAS)
list"®). It has been utilized in Asian traditional medicine
and has been applied to several diseases such as joint and
muscle pain, toothaches, gingivitis, metabolic dysfunction
and cancer with clinical evidence. Approximately 400
kinds of constituents in Zingiber have been disclosed
involving carbohydrates, lipids, terpenes, and phenolic
compounds!*"3. Zingiber extract could protect nerve cells
and may have the potentiality for the treatment of T3DMU'),
For the reason that little is known about the oral mucosal
changes in T3DM, this work aimed to explore the influence
of Zingiber extract oil on the T3DM-associated alterations in
the soft palatal mucosa of rats.

MATERIALS AND METHODS
2.1. Ethical Clearance

This study was carried out according to the regulations
of the Research Ethics Committee (FDASU-REC) of the
Faculty of Dentistry, Ain Shams University, Egypt.

2.2. Animals

Twenty eight adult male albino rats, weighed 200-220
gm and aged 5-6 months, were housed under controlled
temperature, humidity, dark-light cycle and under the
supervision of specialized veterinarian since their housing
till getting rid of sacrificed bodies. The rats were kept under
good ventilation and adequate stable diet consisting of
fresh vegetables, dried bread and tap water throughout the
experimental period (13 weeks).

2.3. Experimental Design

After one week acclimatization period, the animals
were randomly divided into four groups (seven rats each)
as follows:

Group I (Control -ve): The rats had no injections.

Group II (Control +ve): The rats were anesthetized then
received a single bilateral intra-cerebroventricular (ICV)
injection of sterile 0.9% saline (4.5 pl per injection site)!'”.

Type 3 diabetes was induced in group III and IV by
intracerebral injection of streptozotocin (STZ) (Sigma, St.
Louis, MO, USA).

Group III (T3DM group): The rats were anesthetized
then received a single bilateral (ICV) injection of STZ
(3 mg/kg total dose) dissolved in sterile 0.9% saline
(4.5 pl per injection site)!”-18],

Group IV (Zingiber treated group): Five weeks after
intracerebral injection of STZ!', the animals were treated
with a daily dose of 100 mg/kg Zingiber extract oil (Sigma,
St. Louis, MO, USA) by oral gavages for two months!'®l.

2.4. Procedure of Intracerebral Injection

Rats were anaesthetized using 80 mg/kg ketamine.
Animal's head was placed and fixed in the stereotaxic device
(David Kopf Instruments — Germany)?! and the scalp was
incised to locate the bregma. The STZ solution was injected
1.0 mm posterior and 1.0 mm lateral to the bregma and
2.5 mm deep to the skull surface of each hemisphere using
a 30-gauge needle affixed to a Hamilton microliter syringe.
The injections were completed within 3 minutes and the
needle was withdrawn slowly from the brain as reported in
other studies"?.

By the end of experimental periods, 13 weeks from the
beginning of the experiment, animals of all groups were
sacrificed by intracardiac administration of anesthetic
overdose (sodium thiopental 80 mg/kg BW)?2, The brain
tissues (cortex and hippocampus) were excised and the soft
palatal mucosa was dissected free using a surgical scalpel.
Getting rid of sacrificed rats' bodies was done according to
the ethical committee rules in the incinerator of Ain Shams
University Hospital.

2.5. Histopathological Examination
2.5.1. Brain Tissue

The excised brain tissues were fixed in
4 % paraformaldehyde for 24 hours and embedded in paraffin.
Then it was sliced into 5 pm sections using a section cutter
(Leica, Germany). Sections were stained with haematoxylin
and eosin as well as Congo red™.

2.5.2. Oral Mucosa of the Soft Palate

The dissected specimens were immediately fixed for
48 hours in 10% formaldehyde solution then washed,
dehydrated in increasing concentrations of alcohol and lastly
embedded in paraffin. 4-5um serial sections were stained
with haematoxylin and eosinl®¥.

For histopathological examination, all the stained sections
were examined using the light microscope (Olympus®
BX 60, Tokyo, Japan).

2.6. Fluorescence Staining

The sections of soft palatal oral mucosa from each group
were stained by thioflavin-T (Sigma, St. Louis, MO, USA)
to identify amyloid fibrils aggregation. 0.5% of thioflavin-T
in 0.1 N HCl solutions was incubated with the tissue sections
after deparaffinization, rehydration and washing of these
sections in PBS. For each section, a drop of thioflavin T
solution was placed on the slide that was next kept for 15 min
in a humidity chamber. The slides were then rinsed for 5 min
in deionized water, kept in deionized water and coverslipped
with aquamount. Thioflavin-T stain was examined under
a standard dark field ultraviolet fluorescence microscope
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(Olympus®, BX41, Tokyo, Japan). Thioflavin-T fluoresced
if bound to amyloid fibrils giving a bright yellow-green
fluorescence while in the absence of amyloid aggregates, the
dye faintly fluoresced.

2.7. Immunohistochemical Examination

Immunolabeling for detection of caspase-3 and vascular
endothelial growth factor (VEGF) using anti-caspase-3
(rabbit polyclonal antibody) and anti-VEGF (VG mouse
monoclonal antibody) respectively were performed. 4-5
pm paraffin-embedded tissue sections were mounted
on positively charged microscope slides and were then
deparaffinized. Blockage of the endogenous peroxidase
activity was done by the immersion of the sections in methanol
with 0.3% hydrogen peroxide then washed in phosphate-
buffered saline (PBS). Antigen retrieval for anti-VEGF
antibody in some sections and for anti-caspase-3 antibody
in other sections was performed in oven (60 min, Trypsin
pH 7.9). Subsequently, the tissue sections were incubated
at 4°C with primary antibodies anti-VEGF (dilution 1:400,
overnight) and anti-caspase-3 active form (dilution 1:100 ,
overnight) followed by washing of the sections twice in PBS.
Thereafter, the sections were incubated with biotinylated
secondary universal antibody and with streptavidin-biotin-
peroxidase complex (Dako) at room temperature in order to
bind the primary antibodies according to the manufacturer’s
protocol. Peroxidase activity was visualized by immersing
tissue sections in diaminobenzidine substrate (DAB) to
attain the desired brown color. At last, the sections were
counterstained with Mayer’s hematoxylin and coverslipped.
Immunohistochemical examinations were performed using
a light microscope (Olympus® BX 60, Tokyo, Japan).
Both caspase-3 and VEGF expression was confirmed by
the presence of cytoplasm &/or nuclear brown staining in
epithelial and connective tissue cells?%?7),

2.8. Statistical Analysis

Data obtained from the analysis of thioflavin-T staining,
caspase-3 and VEGF immunoexpression in the soft palate
oral mucosa were statistically described in terms of mean
+ standard deviation (= SD) median and range. Data were
analyzed using Statistical Package for Social Science
software computer program version 23 (SPSS, Inc., Chicago,
IL, USA). One way Analysis of variance (ANOVA) and
Tukey were used for comparing data. P value less than 0.05
was considered statistically significant.

RESULTS

3.1. Histopathological Results
3.1.1. Histopathological Results of Brain Tissue

The histopathological results of brain tissues in both
control-ve and control+ve groups were almost identical.
H&E staining of brain tissue sections revealed regularly
arranged neurons with normal structure and big round
regular nuclei (Figure la). On the contrary, the brain
tissue of T3DM specimens displayed amyloid plaques that
were investigated and detected using Congo red staining.

Red - orange stained amyloid deposits (Figure 1b), as well
as the positively stained endothelial walls of the thickened
cerebral blood vessels (Figure 1¢), were demonstrated.

3.1.2. Histopathological Results of the Soft Palate
Oral Mucosa

GroupI(C-ve): Inthesoftpalate, theoral surfaceiscovered
by orthokeratinized mucosa. An underlying thick glandular
layer was gradually thinning towards the posterior part of the
soft palate. Subjacently, a dense collagen layer named as the
palatal aponeurosis was separated from the pseudostratified
ciliated columnar nasal epithelium by an elastic lamina. The
muscular element occupied only the posterior third of the
palatal tissues (Figure 2a). The Orthokeratinized mucosa of
oral surface was divided into three zones. Most lateral zone
had a relatively smooth epithelial surface with deep and
regular rete pegs. No or occasional intraepithelial taste buds
were seen in this zone (Figure 2b). Medial to this zone, the
very regular flatter and smooth intermediate zone revealed
no rete pegs but few scattered intra-epithelial taste buds
were detected (Figure 2¢). The most medial central zone
illustrated irregularity in both epithelial surface and rete
pegs and exhibited numerous fungiform papillae with taste
buds (Figure 2d). Oral palatal epithelium appeared as a less
dense and thin keratinized stratified squamous epithelium.
It was formed of large keratinocytes with bulky cytoplasm
and was often binucleated or with multiple nuclear lobes
particularly in the basal and spinous cell layers. Noticeable
intensely stained keratohyalin granules occurred in the
stratum granulosum. The lamina propria was composed of
a loose vascular connective tissue continuous with the thin
connective tissue septa surrounding the underlying palatine
glands. These glands were mixed mostly mucous with few
serous demilunes. The transition from the palatine glands to
the stratified squamous epithelium via an excretory duct was
noted (Figures 2b, 2¢ and 2d).

Group II (C+ve): showed almost similar results to those
of the control-ve group with few mildly congested blood
vessels (Figure 2e¢).

Group III (T3DM): Inflammatory signs were
observed in some specimens of this group represented by
cloudy swelling in basal, spinous and granular cell layers
of the oral epithelium with apparently pale eosinophilic
cytoplasm. Cytoplasmic vacuolation was also revealed in
some basal cells while other cells showed nuclear pyknosis,
karyorrhexis, vacuolation and karyolysis. The keratohyaline
granules of few granular cells were clumped with increased
basophilia. Obvious detachment of keratin with corrugated
surface was frequently evident. Apparent increase of clear
cells was seen besides some apoptotic keratinocytes in
basal and suprabasal cell layers. Underlying lamina propria
illustrated subepithelial degeneration, irregularly oriented
collagen fibers with apparent reduced density and some
inflammatory cells (Figure 2f). Basilar epithelial hyperplasia
and obvious chronic inflammatory and giant cells infiltrates
were noted in the lamina propria of some specimens.
Congested and dilated blood vessels were also found with
extravasted blood cells. Moreover, hyperplasia and dilatation
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of the submucous glandular acini were detected with dilated
excretory duct. The palatal fungiform papillac manifested an
irregular appearance with a reduction in their distribution,
and vacuolation of few taste cells (Figures 2g and 2h).

Group IV (Zingiber): Restoration of these pathologic
changes was detected in this group. Most of the examined
H&E sections displayed similar features to the control
groups in both oral epithelium and lamina propria. But some
inflammatory cells, few congested dilated blood vessels with
extravasated blood cells and dilated glandular acini were
seen in some areas (Figure 3a). Furthermore, few areas in
few specimens appeared with some pathologic changes such
as an increase of clear cells in epithelium and detachment of
keratin. Likewise, degenerative connective tissues areas, less
dense and irregularly arranged collagen fibers along with
few inflammatory infiltrates could be observed in the lamina
propria (Figure 3b).

3.2. Fluorescence Staining and Statistical Results

Group I (C-ve) and Group II (C+ve): Both groups
demonstrated faint to mild thioflavin-T fluorescence
in the basal and parabasal cell layers of the soft
palatal oral epithelium with insignificant difference
(P value = 0.9). Keratin was positively stained for
thioflavin-T. The underlying lamina propria and submucosa
of both groups displayed insignificant different faint to
mild fluorescence in basal and cellular membranes of the
palatal glandular mucous acini (P value = 0.39) as well as
in the endothelial lining of blood vessels (P value = 0.69)
(Figures 4a, 4b and Figure 7).

Group III (T3DM): Comparing to control groups,
a significantly increased fluorescence (P value <0.001)
appeared as a diffuse strong intracellular fluorescence
in the basal, parabasal and some suprabasal cell layers
besides the distinct fluorescence of the cellular membranes
of the thickened soft palatal epithelium in some sections
(Figure 4c and Figure 7 ). Other sections presented faint
fluorescence of the apparently unchanged -epithelium
in thickness while a statistically significant (P value
<0.001) strong intracellular and membranous fluorescence
of the palatine acinar cells was also seen (Figure 4d
and Figure 7). The underlying lamina propria showed
numerous  subepithelial  strongly stained amyloid
deposits with thioflavin-T in some areas (Figures 4c,
4d). Moreover, the significantly increased blood vessels
in thickness and distribution exhibited a significant
(Pvalue <0.001) strong thioflavin-T staining in their vascular
walls (Figure 4e and Figure 7).

Group IV (Zingiber): This group revealed a significantly
decreased fluorescence (P value <0.001) comparing to
T3DM group but with a significant increase compared to
control groups (P value <0.001). Mild to moderate diffuse
intracellular fluorescence in the epithelial cells of some
specimens was noticed. Likewise, the endothelium of the
significantly decreased blood vessels in distribution and
thickness comparing to T3DM group as well as the acinar
cells of the palatal glands showed moderate thioflavin-T
fluorescence (Figure 4f and Figure 7).

3.3. Immunohistochemical and Statistical Results

3.3.1. Immunohistochemical and Statistical Results
for Caspase-3 Immunoreactivity

Group I (C-ve) and Group II (C+ve): The soft
palate oral epithelium of both control groups revealed a
statistically insignificant reactivity. Mild diffuse cytoplasmic
immunoreactivity to caspase-3 in some basal and superficial
epithelial cells (P value = 0.79) occurred with a negative
nuclear reaction. Moreover, few connective tissue cells
included fibroblasts in the lamina propria presented
mild cytoplasmic immunoreactions (P value = 0.9)
(Figures 5a, 5b and Figure 8).

Group III (T3DM): Comparing to control groups,
some specimens elucidated a statistically significant
(P value <0.001) immunostaining heterogeneity in the
oral epithelium including the soft palate fungiform
papillae. This heterogeneity varied from mild to moderate
diffuse cytoplasmic reaction with a focally distributed
strong reactivity across the different epithelial layers and
in the vacuolated intraepithelial taste bud cells with a
negative nuclear reaction. Furthermore, immunoreacted
nuclear brown granules in the apparently increased
apoptotic keratinocytes (colloid bodies or Civatte) were
detected. The lamina propria also illustrated significantly
increased caspase-3 positive fibroblasts and inflammatory
cells (P value <0.001) comparing to control groups
(Figures 5S¢, 5d and Figure 8).

Group IV (Zingiber): Besides the significant increase
of caspase-3 expression in this group compared to control
groups (P value <0.001), the oral epithelia and taste bud cells
of some soft palatal sections when related to T3DM group
displayed a low significant decreased immunoreactivity (P
value = 0.02). This was illustrated as a moderate diffuse
cytoplasmic reactivity that appeared strong in superficial
epithelial cells with an apparent mild nuclear reaction in
few epithelial and taste cells. Simultaneously, an apparent
decrease of the positive apoptotic keratinocytes was also
observed. Additionally, a low significant decrease (P value
= 0.018) of the positive inflammatory and connective tissue
cells were evident (Figure Se and Figure 8). Yet, some
specimens exhibited features simulating those of control
groups.

3.3.2. Immunohistochemical and Statistical Results
for VEGF Immunoreactivity

Group I (C-ve) and Group II (C+ve): The soft palate
oral epithelial cells of both groups apparently showed
nuclear and mild diffuse cytoplasmic reaction to VEGF in
some basal and suprabasal epithelial cells with insignificant
difference (P value = 0.9) (Figures 6a and 6¢). While for
the endothelial lining of the few noted capillaries in the
lamina propria of both, it groups was positively reacted
to VEGF with insignificant differences in microvascular
density (P value = 0.75) and wall thickness (P value = 0.99)
(Figures 6b and 6d).
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Group III (T3DM): Comparing to control groups, a
significantly (P value <0.001) increased moderate nuclear
and diffuse heterogeneou cytoplasmic reaction to VEGF was
found in the palatal oral epithelium, fungiform epithelial
cells and some intraepithelial taste cells in some specimens.
Furthermore, a mild VEGF immunoreactivity was noticed in
the cloudy swollen and apoptotic keratinocytes (Figures 6e,
6f and Figure 9). VEGF was expressed in the endothelium
of the significantly increased blood vessels in distribution (P
value <0.001) and wall thickness (P value <0.001) (Figure
6g and Figure 9).

Group IV (Zingiber): A significant increase of VEGF
expression in this group compared to control groups (P value
<0.001) was detected. In contrast, a significantly decreased mild
to moderate nuclear and diffuse cytoplasmic immunoreaction
(P value <0.001) was perceived compared to T3DM group in
some epithelial cells as well as in the taste bud cells. Apparent
increase of the negatively reacted epithelial cells was also seen.
In relation to T3DM group, the endothelial VEGF expression
in most specimens was observed in the significantly decreased
blood vessels in distribution (P value <0.001) and wall thickness
(P value <0.001) (Figure 6h and Figure 9).

Fig. 1: Photomicrograph of brain tissue sections: A: Control brain tissue with normal alignment and $tructure of neurons and blood vessels (arrows) (H&E,
X100); B: Brain tissue of T3DM group presented amyloid plaques (Congo red, X100; Inset: X200 ); C: T3DM brain tissue showing cerebral thickened blood

vessels (arrows) by amyloid deposits (Congo red, X200).
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Fig. 2: Photomicrographs of rat soft palatal oral mucosa; C-ve group (I) showing (a) oral mucosa (O), glandular layer (G), palatal aponeurosis (P), pseudostratified ciliated columnar
nasal mucosa (N) and muscle (m) (H&E, X100), (b) outer zone of soft palatal oral mucosa with keratinized stratified squamous epithelial covering, some binucleated keratinocytes,
lamina propria continuous with connective tissue septa surrounding palatine glands (H&E, X200), (c) intermediate zone with no rete pegs, epithelium continuous with lining of
excretory duct, mixed mostly mucous palatine glands with few serous demilunes (H&E, X200), (d) soft palatal central zone with palatal fungiform papilla and taste bud (H&E,
X100). C+ve group (IT) showing (e) palatal fungiform papilla with taste bud and few blood vessels (H&E, X200). T3DM group (IIT) showing (f) cloudy swelling of epithelial cells,
cytoplasmic and nuclear vacuolations in some cells, apparently increased clear cells, apoptotic basal and suprabasal keratinocytes, detached keratin, subepithelial degeneration,
irregularly oriented collagen fibers and some inflammatory cells (H&E, X200), (g) apparent intense inflammatory cells infiltrates, hyperplasia and dilatation of both glandular acini
and excretory duct (H&E, X100; Inset: X200), (h) basilar epithelial hyperplasia, irregularly shaped palatal fungiform papillae, few vacuolated taste cells and congested dilated blood
vessels with extravsation (H&E, X200). Epithelium (E), glands (G), blood vessel (B), excretory duct (D), serous demilune (S), binucleation (black arrows), taste bud (black asterisk),
cloudy swelling (blue asterisk), clear cells (yellow arrows), apoptotic keratinocyte (red arrow), inflammatory cells (blue arrow), dilated acini (green asterisks), extravasted blood cells
(green arrows).
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Fig. 3: Photomicrographs of rat soft palatal oral mucosa of Zingiber group (IV) showing (a) almost normal epithelium and lamina propria but with some inflammatory cells,
extravasated blood cells and dilated glandular acini (H&E, X200), (b) apparent increase of clear cells, detached keratin, degenerative connective tissues areas and few inflammatory
cells (H&E, X200). Taste bud (black asterisk), palatine glands (G), blood vessel (B), inflammatory cells (blue arrows), dilated acini (green asterisk) and clear cells (yellow arrows).

Fig. 4: Photomicrographs of thioflavin-T fluorescence $taining of soft palatal oral mucosa in rats showing positively stained keratin. C-ve group (I) showing (a) faint to mild
fluorescent epithelium, basal and cellular membranes of glandular acini as well as blood vascular walls (original magnification x400). C+ve group (IT) showing (b) faint to mild
fluorescence similar to control group (original magnification x400). T3DM group (I1I) revealing (c) diffuse intracellular strong fluorescence in basal and some suprabasal cell layers
and some strongly fluorescent subepithelial amyloid deposits (original magnification x400), (d) some sections displaying faint epithelial fluorescence of apparently unchanged
epithelium in thickness, strong fluorescent subepithelial amyloid deposits and glandular acini (membranous and inracellular) (original magnification x400), (e) strong fluorescent
endothelium of the apparently increased blood vessels in thickness and distribution (original magnification x200, Inset: x200). Zingiber group (IV) showing (f) Mild to moderate
diffuse intracellular epithelial fluorescence, Moderate fluorescence of vascular endothelium in the apparently decreased blood vessels and of glandular acinar cells in some specimens
(original magnification x400, Inset: x400). Epithelium (E), palatine glands (G), blood vessels (white arrows) and amyloid deposits (red arrows)
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Fig. 5: Photomicrographs of rat soft palatal oral mucosa showing the immunohistochemical reaction to anti-caspase-3, C-ve group (I) showing (a) apparent mild
cytoplasmic positivity with negative nuclear reaction of basal and most superficial epithelial cells (black arrows) as well as some fibroblasts in lamina propria
(red arrow)(original magnification x400). C+ve group (II) showing (b) similar reaction in some epithelial cells (black arrow) and fibroblasts (red arrow) (original
magnification x400). T3DM group (III) displaying (c¢) mild to moderate diffuse cytoplasmic reaction with focal strong reactivity across epithelium (original
magnification x200), (d) palatal fungiform papilla with cytoplasmic reaction involved intraepithelial vacuolated taste bud (original magnification x400), (¢, d)
apparent increase of caspase-3-positive apoptotic keratinocytes (blue arrows), fibroblasts (red arrows) and inflammatory cells (yellow arrow heads). Zingiber
group (IV) showing (e) moderate diffuse cytoplasmic reaction of fungiform taste bud cells and oral epithelium with strong cytoplasmic reaction in some cells
of the most superficial cell layers. Mild nuclear reaction in few epithelial (black arrow) and taste cells (asterisk), apparent decrease of apoptotic keratinocytes
(blue arrows), few positive fibroblasts (red arrows) and apparent increase of caspase-3 positive inflammatory cells (yellow arrow heads) (original magnification
x200, Inset; x400).

652



Fig. 6: Photomicrographs of rat soft palatal oral mucosa showing the immunohistochemical reaction to anti-VEGF; C-ve group (I) showing (a) mild diffuse
cytoplasmic reaction in the basal and some areas of suprabasal cell layers, mild to moderate nuclear reaction in some epithelial cells (original magnification
x400), (b) positively reacted endothelial lining of few capillaries in the lamina propria of C-ve group (original magnification x200). C+ve group (II) revealing
(c) reactivity in some epithelial cells like C-ve group (original magnification x400), (d) positively stained endothelium of blood capillaries simulated those
of C-ve group (original magnification x200). T3DM group (III) displaying (e) mild cytoplasmic reaction with focal areas of moderate diffuse cytoplasmic
reactivity across the epithelial cell layers with almost mild positive nuclear reaction (original magnification x200), (f) palatal fungiform papilla with mild
diffuse cytoplasmic and nuclear reaction of epithelial cells with nuclear reactivity in some intraepithelial taste bud cells (original magnification x400), (g)
VEGF positive endothelium of the apparently increased and thickened blood vessels was seen (original magnification x200), Inset: x400). Zingiber group (IV)
showing (h) mild to moderate diffuse cytoplasmic and nuclear reaction in epithelial and taste bud cells, negatively reacted cells, VEGF expressed endothelium
in the apparently decreased blood vessels in distribution and thickness (original magnification x200). Blood vessel (B), duct (D), positively reacted epithelial
nuclei (black arrows), , taste bud (black asterisk), negatively reacted cells (yellow arrows).
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DISCUSSION

Type 3 diabetes (T3DM) is a form of diabetes selectively
occurs in the brain showing common characteristics with
both types of diabetes mellitus (types 1 and 2)P*. Since no
relationship was inspected between insulin concentrations
in brain, serum or in cerebrospinal levels!'® along with the
detected diverse distribution of insulin and insulin receptors
in the brain. These findings provided the evidence for the
different insulin sources peripherally versus the locally
synthesized in brain for signal transduction!"*!. Yet, the
source of insulin in brain remains debated™"!. Streptozotocin
(STZ), the nitrosamine-related compound was once injected
ICV with a subdiabetogenic dose (3 mg/kg) in this work to
simulate the environmental exposure to nitrosamines through
smoking, diet and agriculture thus eliciting neurodegenerative
changes and condition referred to as T3DME!¥2. Since the
available information about the histological changes of
oral tissues in T3DM was very limited, this study aimed to
investigate the T3DM-associated alterations of soft palatal
mucosa in rats and to illustrate the effect of Zingiber extract
oil on these alterations.

In this study, both the control-ve group as well as
the control+ve group injected with saline intracerebro-
ventricularly(ICV)presentedalmostsimilarhistopathological,
fluorescence staining and immunohistochemical results with
statistically insignificant difference.

The histopathological examination of brain tissues of
both control groups elucidated regularly arranged normal
neurons similarly to normal findings of Fang et al.*®. While
the brain tissues of T3DM specimens in this work displayed
amyloid plaques five weeks after ICV-STZ injection that
were investigated using congo red staining. The red to orange
stained amyloid deposits were demonstrated along with the
positively stained endothelium of the thickened cerebral blood
vessels. Congo red is usually utilized because of its different
affinities for nonfibrillar and fibrillar materials®®' and for its
higher sensitivity in differentiating amyloid from the other
protein deposits!®!. In accordance with other reportst®, we
suggested that ICV-STZ injection rapidly increased free fatty
acids, desensitized or damaged intracerebral insulin receptors
and thus caused insulin signaling attenuation and resistance.
These changes were considered as the direct causal factors
and early features of T3DM. Qin et al.*Pdeclared that
insulin serves as a neuroprotective factor involved in diverse
complex brain mechanisms such as regulation of amyloid
beta protein (AP) metabolism whereas the A itself was
known as a natural antibiotic protecting the brain. However,
insulin and AP both were described as amyloidogenic
peptides; AP oligomers exhibited a binding affinity to insulin
receptors exerting an antagonistic effect). The subsequent
decrease in glucose transporters plus utilization along with
the impaired glucose and lipid metabolism would result in
oxidative stress!'®'which in turn affect both production and
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clearance of AP According to Revesz et al.*®], cerebral
amyloid angiopathy is characterized by amyloid deposition
in the walls of cerebral blood vessels, but less often in
capillaries, to reduce the strength of the vascular walls.

The histopathological findings of oral soft palatal mucosa
in both control groups were concurrent with the results of
Monroy et al.*¥ and Hakami and Arthurl®studies. The soft
palate oral epithelium appeared as thin less dense keratinized
stratified squamous epithelium with large keratinocytes,
bulky cytoplasm and often multiple nuclear lobes mostly in
basal and spinous cell layers. Hayward e al.*% associated
the high renewal rate of the oral epithelia in rat soft palate
to the bilobed or tetraploid nuclei found in the keratinizing
epitheliumP®. In comparison to control groups, some H&E
sections of T3DM group demonstrated slightly thickened
epithelium with inflammatory signs of basal, prickle and
granular cells represented by cloudy swelling of epithelial
cells that was considered as a reversible cell injury®”.
Furthermore, nuclear degenerative signs and intracytoplasmic
vacuolation were also manifested along with apoptotic
keratinocytes in basal and suprabasal cell layers. According
to other reportst”®, we suggested that these epithelial
changes resulted from the oxidative cell death mediated by
the direct cytotoxic effect of AP aggregates in amyloid related
disorders like T3DM. Similarly, these histopathological
alterations were also proved in the corneal epithelium of
mice and were explained by the intracellular overexpression
of APP together with the increased Ap deposition confirming
the AP toxicity to nearby cells via the induced oxidative stress
and mitochondrial dysfunction in retina as well as in brain®’.
The evident subepithelial inflammation in lamina propria of
this work was verified by the degenerative connective tissue
areas, chronic inflammatory and giant cells infiltrates and
congested dilated blood vessels with extravasation in the
lamina propria of some specimens. In harmony with Joshi
study!*”, these findings could contribute partly to the detected
histopathological epithelial changes primarily in basal and
parabasal keratinocytes including basilar hyperplasia in
some areas. Alongside, the submucous palatine glands in turn
showed pathologic changes included glandular hyperplasia,
dilatation of acini and excretory duct analogous to those
detected in other experimental rat studies!l. Herein, the
irregular appearance of the palatal fungiform papillae was
displayed with a reduction in their distribution in addition to
the vacuolation of few taste cells. In parallel, El-Sayyad et
al. "3 attributed this comparable deformation following the
maternal rat exposure to acrylamide residues to the direct
cytotoxic effect on cell differentiation*?l. Most of the H&E
sections of Zingiber treated group revealed oral epithelium
and lamina propria with features simulating those of control
groups. Fewer areas elucidated some pathologic changes
but to a lesser extent as compared to T3DM group such as
clear cells in epithelium as well as inflammatory infiltrates
in lamina propria. We ascribed the alleviation of T3DM-
associated pathological alterations in this group to the
therapeutic potentiality of Zingiber. In confirmation, Ahmed
et al.'declared that the treatment of rats with Zingiber oil
extract in a neurodegenerative study disclosed a significant

improvement in the cellular structure via its free radical
scavenging and anti-inflammatory properties. This influence
was attained by the Zingiber active constituents like
tannins, alkaloids and flavonoids which in turn inhibited the
biosynthesis of leukotriene and prostaglandin inflammatory
mediators and also suppressed macrophage activation and
function!*19],

The exploration of amyloid deposits was accomplished
in this work as a parameter to assess the changes of the
soft palate oral mucosa caused by T3DM!. Thioflavin-T
fluorochrome dye has been considered the gold standard
fluorescent marker to identify amyloid deposition intra and
extracellularly®*. Amyloid fibrils stained with thioflavin-T
are capable of transmitting and absorbing light producing a
characteristic apple-green birefringence when visualized
under fluorescence microscope because of its metachromatic
properties with the aniline dye!®. Both control groups
exhibited apparent faint to mild thioflavin-T fluorescence in
the basal and parabasal oral epithelial cell layers, basal and
cellular membranes of submucous glandular acini as well as
in the endothelium of blood vessels. Keratin was positively
stained for thioflavin-T as usually reported™**l. Some reports
asserted that the amyloid precursor protein (transmembrane
protein) isoforms were expressed in peripheral tissues
(almost all body cells) and also have mitogenic, motogenic
and cell-cell adhesion function in keratinocytes. Thus,
different body cells contributed to the production of the
circulating ApI'**3431. T3DM sections displayed statistically
significant different results comparing to control groups. In
some sections, diffuse strong membranous and intracellular
fluorescence was detected in basal and some suprabasal
epithelial cell layers as well as in the palatine acinar cells.
In explanation of these findings, the cerebral amyloid
deposits in a neurodegenerative condition like T3DM were
evidenced to be associated with increased AP levels shown
in peripheral tissues such as skin, skeletal muscle, heart, liver
and thyroid secondary to the abnormal calcium fluxes and
overexpression of pathogenic APP form resulting in defective
oxidative metabolism!'>**46, The mitochondrial alterations
along with reduced ATP levels were associated with
intracellular A-aggregates which preceded the extracellular
AP deposition”. These impairments indicated the reduced
extracellular AP clearance and also enhanced the further
nonspecific release and deposition of AP aggregates from
damaged membranes, endosomal-lysosomal breakdown,
discharge of vesicular contents and thus accelerating
APP proteolysisP**®. In concurrence to Kumakiri and
Hashimoto®!, some strongly fluorescent subepithelial
AR deposits were also noticed. Some authors described
these deposits ultrastructurally as electron-dense parts
contained tightly packed filaments as well as macrophages
or fibroblasts that may be found among these islands!*..
Comparing to control groups, we also observed a significant
strong thioflavin-T fluorescence in the vascular walls of
the significantly increased blood vessels in thickness and
distribution in the lamina propria. In confirmation to these
results, some investigators correlated the altered levels of
AP in plasma and blood along with the overproduction of
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AP in endothelial cells, endothelial enlargement, vascular
proliferation, changes of vascular tone and endothelial
cell function to the AP dysregulation-mediated vascular
diseaset*®l. The increased accumulation of AP and APP
peripherally supported the hypothesis that AP diseases could
be systemic either the proteins produced locally in different
tissues or produced from the same circulating precursor!”7,
In this work, the Zingiber treated group demonstrated a
statistically significant restoration of the detected T3DM
alterations so that mild to moderate fluorescence was
distinguished in the soft palate oral epithelial cells, vascular
endothelium and acinar cells of palatal glands. These results
supported the histopathological findings and reflected that
the Zingiber effect was sufficient to considerably interfere
with fluorescence signal production defining Zingiber
as anti-amyloid candidate!’®]. Zingiber flavonoids and
polyphenols denoted anti-aggregatory and antioxidant
properties through disintegration of most amyloid plaques,
attenuation of intracellular AP oligomers deposition®! and
restoration of the depleted endogenous antioxidants?®!.

In the current work, caspase-3 expression was evaluated
in the soft palate oral keratinocytes and underlying
connective tissue cells to assess apoptosis. Apoptosis, a
genetically regulated cell suicide mechanism mostly affect
the nucleus and characterized by cell shrinkage with intact
membrane, chromatin condensation, nuclear pyknosis
and DNA fragmentation®. The widely known functions
of caspases vary from the cell death regulation to other
multiple physiological processes®*l. Caspase-3 is one of
the pro-apoptotic effector caspases which cleaves nucleases
and cellular substrates disabling cellular processes and
eventually causing cell death??. Veeravarmal ef a/.’* added
that caspase-3 executed apoptosis is initiated either through
the stimulation of intrinsic death receptor (independent
mitochondrial pathway) or through extrinsic transmembrane
death receptor (dependent pathway). The cytoplasmic
localization of caspase-3 corresponded to procaspase-3
locality while the nuclear accumulation of caspase-3
if detected possibly due to the nuclear translocation
of caspase-3*"%], Numerous studies illustrated similar
caspase-3 results in normal oral epithelium®-% akin to the
control groups in this work and affirmed that apoptosis
was strictly regulated throughout the keratinization process.
In comparison, some T3DM specimens of our work
exhibited a significant heterogeneous immunoreactivity to
caspase-3 varied from diffuse mild/moderate to focal strong
cytoplasmic reactivity across the slightly thickened epithelial
layers and in the vacuolated intraepithelial taste cells.
Apparently increased apoptotic keratinocytes were identified
by brown granules in the positive nuclei of the apoptotic
cells®” along with the significant increase of caspase-3
positive connective tissue cells including fibroblasts and
inflammatory cells. In synchronization, some studies of the
amyloid related disorders assigned the observed degenerative
foci in keratinocytes to the AP cytotoxicity that rendered
the cells more susceptible to diverse exogenous insults®®.
Caspase-3 activation was mediated by cleavage of APPL®
since amyloid fibrils could disrupt cellular membranes along

with receptors either by their hydrophobic surface which
interacts with the lipid bilayer or by getting physically large
enough. Thus, the induced inflammatory response itself
may promote the clearance of aggregated peptides or else
it may elicit the release of inflammatory cytokines causing
cellular disruption and then apoptosisi®!l. Additionally, some
studies correlated apoptosis in the oral epithelia with the
subepithelial inflammatory infiltrates in the lamina propria
such as macrophages which engulf degenerated cells in
amyloidosis disorders. Therefore, the consequent release of
proinflammatory cytokines such as TNF-a could influence
the epithelial function™®**% and cell damage by caspase-3
activation®®*°l. Furthermore, caspase-3 was reported to be
activated in hypoxia and thus associated with the increase
of apoptotic cells that ultimately fragmented into apoptotic
bodies to be phagocytosed?®**¢l. Comparing to T3DM group,
some specimens of Zingiber treated group in the present
work showed similarity to control groups with apparent
decrease of apoptotic keratinocytes. In confirmation, Zeng
et al® and Ahmed et al'¥ stated the possible protective
antiapoptotic, anti-hypoxic as well as antioxidant potentiality
of Zingiber extract on AP associated apoptosis through the
resolution of the resultant pathogenic alterations correlated
with some neurodegenerative diseases. This improvement
was also evident and confirmed in the previous histological
and fluorescence results of this work. Yet, some Zingiber
specimens also showed a low significant decrease of
caspase-3 reactivity in oral epithelium, intraepithelial taste
bud cells as well as inflammatory infiltrates in the underlying
lamina propria. In parallel to other reports™-?, we ascribed
these results to the influence of Zingiber in the amelioration
of inflammatory changes caused by T3DM. Accordingly,
Brant et al™ found that apoptosis was involved in the
resolution of inflammatory changes and was responsible for
inflammatory cells elimination when inflammation declines.
Thus, increased apoptosis within the inflammatory infiltrates
indicated for less inflammation as well as fewer apoptotic
cells in the oral epithelium®.

Vascular endothelial growth factor (VEGF) is involved
in maintenance and development of the vascular system.
It is secreted by most cell types and binds to their cognate
receptors in endothelial and other cells to elicit various
effects. It afforded a tool to study both epithelial and vascular
changes in normal and diseased tissues!®*%, In concurrent
with some studies, the low VEGF expression detected in the
control groups of our work was explained by that VEGFR
signaling is involved in the proliferation and migration of
normal keratinocytes and thus regulate mucosal function!®”¢¢],
Nakanishi et al.' added that the soluble VEGF released
from proliferating differentiating keratinocytes as well as
the insoluble VEGF associated with the more differentiated
cells, enhanced vascularization. Likewise, the turnover
rate of the quiescent endothelial cell population in resting
bloods vessels is extremely low!®”). Comparing to control
groups, some T3DM specimens illustrated a significantly
increased nuclear and heterogeneous cytoplasmic reaction
to VEGF in the palatal oral epithelial cells and some
intraepithelial taste cells. This reaction was mild in the
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cloudy swollen and apoptotic keratinocytes. Similar to
Gupta et al'® study, we suggested that the alterations of
VEGF immunolocalization reflected its involvement in the
progression of inflammatory changes following the T3DM-
associated AP aggregates in epithelial cells. It was declared
that oxidants prominently enhanced the upregulation of
VEGF in oral keratinocytes as a consequence of either
cytokines secretion or direct activation of the transcriptional
pathways suggesting that epithelial VEGF may be regulated
by redox controll®®] Some authors confirmed the direct
implication of AP aggregates in the upregulation of VEGF in
association with amyloid angiopathy, vasoconstriction and
tissue hypoxia in addition to the higher affinity of VEGF
to bind AP rather than its own receptors’”. Meanwhile,
T3DM group of this study showed a significant increase
of VEGF positivity in the endothelium of the significantly
increased blood vessels in wall thickness and distribution.
Analogous to other investigations”, we significantly
correlated both angiopathy and microvessel density to
the AP correlated VEGF upregulation. Nakanishi et al.l®!
believed that VEGF significantly regulates inflammatory
response via active angiogenesis in various pathologic
and hypoxic conditions’". Angiogenesis contributes to
the degree of chronic inflammation as VEGF influences
microvascular permeability contributing to the transport of
proinflammatory cells as well as the supply of nutrients and
oxygen to inflamed tissues” along with endothelial cell
migration, proliferation and differentiation via autocrine or
paracrine mechanisms!®7], Likewise, the endothelial nitric
oxide production induced by VEGF elicited vasodilatation of
blood vessels, recruitment of inflammatory infiltrates such
as macrophages that contributed to the further production of
VEGF. VEGF was also implicated in the pericellular matrix
degradation via the increase of the proteases expression at
the neovascularized inflammation sites?%7"72,

The Zingiber treated group manifested a significant
decrease of VEGF immunoreactivity comparing to T3DM
group in epithelial cells, taste bud cells and in the endothelium
of the significantly decreased blood vessels in distribution and
wall thickness. In agreement with the observed amelioration
of T3DM changes in this group, Mahdy er al." asserted
that the antioxidant property of ginger extract selectively
attenuated the production of pro-inflammatory cytokines
by macrophage and also increase the activity of glutathione
peroxidase in rats. Nakanishi et al.[! attributed the reduced
VEGF expression in epithelium to the increase of epithelial
differentiation following tissue repair!® while the obvious
VEGF reaction in some epithelial cells of this group most
likely ascribed to the increased APP expression in the less/
undifferentiated keratinocytes as reported in mice studies!*.
Furthermore, Ruiz et al.*! showed that the low expression
of VEGF reflected the low level of inflammation subsequent
to the reduced antigenic stimulation. In addition, the authors
positively correlated the VEGF immunoexpression and
microvascular density with the intensity of inflammatory
infiltrates that showed a low significant decrease in this group
by apoptosis as previously mentioned in this work.

It was concluded that T3DM caused progressive
neurodegenerative changes that simulated those of
Alzheimer's disease according to some authors who proposed
“Type3 DM” as Alzheimer's disease!'). T3DM caused oral
mucosal alterations that were primarily resulted from the
toxic A-associated oxidative stress. The oil extract of
Zingiber officinale roscoe was a properly selected approach
for ameliorating these changes. Zingiber was more potent in
sequestering the amyloid aggregates than in downregulating
VEGF activity and least for caspase-3 activity in this
study. This may indicate the need for a higher dose or
prolonged supplementation of Zingiber particularly due to
its obvious therapeutic potentiality in managing the possibly
T3DM-associated peripheral tissue insults.
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