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ABSTRACT

Background: Anosmia is a common annoying problem that affects quality of life. Nanoparticles act as nanocarriers that
deliver potent drug payloads at a controlled rate at the target site.

Purpose: This current work aimed to evaluate the potential preventive benefits of Quercetin (QU) versus Quercetin-loaded
chitosan nanoparticles (QU-CSNPs) on an experimental rat model of anosmia and shed insight on its protective mechanisms.
Methods: Forty rats were randomly divided into four groups, the Control group, the Zinc sulfate (ZnS) group, the ZnS+QU
group, and the ZnS+QU-CSNPs group. Behavioral assessment was carried out. Olfactory mucosae and bulbs were collected
for biochemical, histological, immunohistochemical, and morphometric analysis.

Results: The ZnS group showed behavioral alternation, decreased glutathione levels, increased malonaldehyde, and tumor
necrosis factor-a levels. Olfactory mucosa and bulb showed histological alterations, as well as a significant increase in COX-
2 immune-expression and decrease in PCNA and SOX2 expression. The ZnS+QU-CSNPs group showed amelioration in
previously mentioned parameters and histological alternation than the ZnS+QU group.

Conclusions: QU-CSNPs has prophylactic effects in an anosmia model than QU via its anti-inflammatory and antioxidant
effects. This could pave the way for additional studies to investigate further mechanisms underlying the potential beneficial
effects of QU-CSNPs and bring up a new line for anosmia therapy.
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INTRODUCTION

Anosmia is characterized by a diminished or
absent sense of smell!l. The prevalence of anomia is
high and it significantly affects mortality and quality
of life. Those who suffer from anosmia may find it
difficult to enjoy their meals since they lack a sense
of taste. The outcome can be a loss of weight or
malnutrition. Unfortunately, depression is a possible
side effect of anosmia, which makes it hard to
appreciate pleasant flavors or odors!?!. People who
have a lack of smell often experience heightened
worry when it comes to potentially dangerous items,
such as gas or spoiled food™. As a common symptom
of coronavirus disease 2019 (COVID-19), anosmia,
or loss of smell, has garnered more attention during
the severe acute respiratory syndrome coronavirus2
(SARS-CoV-2)Hl.
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There are three distinct forms of olfactory
dysfunctions. The first category is conductive
diseases caused by obstruction of the nasal canals
and hence impairment of odorant transmission to the
olfactory epithelium. The 2™ type is damage to the
olfactory nerve, leading to sensorineural loss. The
3rd type is damage to the central nervous system's
olfactory processing pathway leading to central
malfunctionl.

Zinc sulfate (ZnS), is frequently used in zinc
dietary supplements!®l. The ZnS is an ingredient in
over-the-counter rhinovirus treatments in the form
of nasal swabs and sprays!”. Intranasal perfusion of
ZnS disrupts the main olfactory epithelium, a crucial
component of olfactory perception. Several studies
demonstrated that direct application of a ZnS solution
to the olfactory mucous membrane of rats, pigeons,
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mice and hamsters inhibits olfactory function®.
Additionally COVID-19-related anosmia may arise
from a temporary loss of function of supporting cells
in the olfactory epithelium, which indirectly leads to
disturbed olfactory sensory neurons!.

Quercetin (QU) is a naturally found flavonoid
present in many fruits, vegetables and nuts and
is recognized to have many health benefits!'’.
Quercetin has been extensively studied for its
anti-inflammatory, antioxidant, antibacterial,
anti-Alzheimer's,  antiarthritic,  cardiovascular,
wound-healing and anticancer properties, thus,
people may experience its protective effects just
by incorporating it into their diets or taking it as
a dietary supplement!'!. Despite having a wide
range of pharmacological actions, in vivo use of
QU is constrained by its low water solubility, poor
bioavailability, oxidant instability and extreme
biotransformation limitation!'?. Quercetin in its
nano formulations is used to tackle these issues.
Hydrophobic medications like QU delivered by
nanoparticles have significant benefits such as high
encapsulation efficiency, prolonged circulation
time, controlled release and improved therapeutic
efficacy!™®. Quercetin is a well-known antioxidant
with anti-inflammatory, anti-SARS-CoV-2 and
immunomodulatory properties. As a result, it is
thought that quercetin has every quality needed for
COVID-19 treatment!'*.

Nanoparticles (NPs) act as nanocarriers,
delivering strong pharmacological payloads at
a controlled rate at the targeted site. Due to their
small size (1 — 100 nm), nanoparticles can more
readily pass through blood capillaries without being
removed by phagocytic cells, allowing for longer
drug administration and an extension of their plasma
half-lifel'”.

Chitosan, a natural polymer, can be found in the
cell walls of crustaceans, fungus, insects, algae,
microbes and some invertebrate animals!'®. It is
often used to make drug delivery nano systems that
allow targeted treatment without toxicity because
of its unique features, such as being biocompatible,
biodegradable and  having  mucoadhesive
capabilities!'”.

This current work aimed to evaluate the potential
preventive benefits of Quercetin (QU) versus
Quercetin-loaded chitosan nanoparticles (QU-
CSNPs) on an experimental rat model of anosmia
and shed insight on its protective mechanisms.

MATERIALS AND METHODS

Animals:

This study was carried out in the Histology and
Cell Biology Department, Faculty of Medicine,
Minia University in Egypt. All animal procedures
were carried out in accordance with the local
guidelines established by the Faculty of Medicine's
ethics committees (permission No. 95:2021). The
animal experiment adhered to the ARRIVE (Animal
Research: Reporting of In Vivo studies) principles
and was conducted in compliance with the UK
Animals (Scientific Procedures) Act of 1986 and
its related guidelines, as well as EU Directive
2010 / 63 / EU for animal research. The animals
utilized in this study were purchased from Minia
University's Faculty of Agriculture growing center.
The study included 40 mature male albino rats
(Sprague Dawley) that appeared to be pathologically
free. Rats were 8 - 10 weeks old and weighed between
150 - 200 grams. All the rats seemed to be pathogen-
free. Rats were housed in clean plastic cages, fed a
standard laboratory diet and given unlimited access
to water and food. They were kept in a clean, well-
ventilated room. Rats were housed at a laboratory
temperature of 24 - 30°C and on a 12-hour
light/12-hour darkness cycle.
Preparation  of quercetin  loaded  Chitosan
nanoparticles (Q-CSNPs).

According to manufacturer’s instructions (Nano
Gate Egypt) material data sheet, Web site: www.
nanogate-eg.com).

Preparation of Chitosan nanoparticles:

The ionotropic gelation technique was used to
prepare chitosan nanoparticles (NPs). An aqueous
solution of tripolyphosphate (TPP) (Merck Millipore,
Germany catalog No.1069991000) was added to
a solution of chitosan to produce blank nanoparticles.
In brief, 1 gm of Chitosan powder (Loba Chemie,
India catalog No. 02697) was dissolved in 200 ml
1 % glacial acetic acid (Loba Chemie, India catalog
No. 3051D) (pH = 4) and shaken for 6 h to create
homogenous solution then, 150 ml of TPP 0.2 % w/v
was added dropwise. After then, the clear solution
turned turbid, suggesting the formation of CSNPs.
The suspension was then centrifuged three times for
30 minutes at 9000 rpm using DH20!8!,
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Preparation of quercetin Encapsulated CSNPs:

Qu-loaded TPP-Chitosan NPs were formed by
adding 1 ml of Qu ethanol solution at a concentration
of 3 mg/ml to CS solution dropwise before adding
TPP. The NPs underwent the above-mentioned
cleaning.

Tests: Size and shape: TEM (Transmission
Electron Microscope) were done using a JEOL
JEM-2100 high resolution transmission electron
microscope with an accelerating voltage of 200 kV
(Figure 1a).

Induction of anosmia:

Using a 1-ml syringe connected to an inserted
polypropylene tube (Size PE 20, Shanghai Jingyu
Plastic Products Co., Ltd., China), a 0.2 ml volume
of either saline solution (Sodium chloride solution
Sigma-Aldrich Chemie GmbH, Germany, catalog
No S8776) and 10 % zinc sulfate solution (isotonic)
(Zinc  sulphate heptahydrate, (ZnSo4.7H20,),
PIOCEM for laboratory chemicals, Egypt. Catalog
No. Z004) was gradually administered by the
syringe. The tube extended 12 cm from the syringe,
but only 2 cm of its tip was inserted into the nose.
Rotating the tube with the thumb and index finger
made it easier to insert to a premarket indicator point
on the tube, which was printed with permanent ink.
After the intranasal irrigation was finished and the
tube was removed, the animal was held down and
the nose tip was gently pressed against an absorbent
cloth until it recovered from the ether. The intranasal
irrigation of zinc sulfate was repeated every 5 days
over a 2-week test period to provide sustained
anosmial'®- 2,

Rats' olfactory ability was assessed using the
buried food test!?!l. The testing food should be
particularly tasty to the animals. The experiment's
technique spans 3 consecutive days. 1% day, the
animals were placed in clean cages with a 3-cm layer
of fresh cage bedding. Ordinary food was replaced
with the testing cookies. The next morning, the cages

were inspected to ensure that the cookies had been
consumed. The 2" day, food was hidden, leaving the
rat to fast overnight. After 17 hours of fasting, rats
were placed separately in a clean cage with fresh
bedding on 3 day and allowed to acclimatize for
5 minutes before testing. A piece of cookie was
hidden in a random corner and the rat was returned
to the cage. The rat's time taken to collect the biscuit
with its forepaws was timed within a 15-minute
constraint. The test was conducted first to exclude
anosmic rats from the experiment and then was
repeated on days 9, 14, 20 and 21 to evaluate the
effect of ZnS, QU and QU-CSNPs on olfaction.

Experimental design:

The total period of the study was three weeks.
Forty adult male albino rats were randomly divided
into four equal groups, ten rats for each group
(Figure 1b). Group I (Control group); Rats were
subdivided into two groups; group la, received
intranasal irrigation of 0.2 ml saline solution every 5
days starting from the 8" day. Group Ib, rats received
intravenous injection of 0.5 ml PEG 400 which acts
as a solvent of quercetin (1:1dilution with distilled
water) via tail vein twice a week through the whole
experiment period. Group II (ZnS- group); rats were
irrigated intranasally with 0.2 ml volume of 10
% Zinc sulfate solution every 5 days starting from
the 8" day till the end of the experiment. Group
I (ZnS+ QU- group); Rats received intravenous
injection of 25 mg /kg Quercetin dissolved in 50 %
PEG 400 (Loba chemie, India. catalog No0.00259)
221 yia tail vein twice a week from the beginning
of the experiment one week before induction of
anosmia and continued through the experiment
along with zinc sulfate nasal irrigation. Group IV
(ZnS+ QU-CSNPs group); Rats received intravenous
injection of 25 mg /kg Quercetin loaded chitosan
nanoparticles??! via tail vein twice a week from
the beginning of the experiment one week before
induction of anosmia and continued through the
experiment along with zinc sulfate nasal irrigation.

187



EFFECT OF QU AND QU-CSNPS ON OLFACTORY TISSUE

d8 do

d O

d1ia d20 d21

Figure 1a: Showing: A) TEM image of QU-CSNPs (Nano Gate material data sheet). B) Time course of the experimental design. ¥ ; Behavior test,

V; A time point of intranasal irrigation of zinc sulfate, ®; A time point of Quercetin loaded chitosan nanoparticles treatment, O; A time point of

Quercetin treatment.

At the end of the experiment, all rats from
all groups were sacrificed under light halothane
anesthesia. Excess skin, muscle and other soft
tissues were removed from the heads, the lower
jaws were removed. The skulls were opened
and complete brains were dissected out. Some
specimens of heads and brains were rapidly fixed in
10 % formal saline for light microscopic processing
and others were fixed in glutaraldehyde for electron
microscopic processing and others were processed
for biochemical study.

Biochemical study:

Using scissors, the lower jaw was removed to
liberate the nasal septum for the olfactory mucosa.
After that, a rongeur assisted in the elimination of
the facial muscles on both sides. A rongeur was used
to remove the nasal cavity's covering one side at
a time, beginning at the back of the incisors. The
olfactory turbinates were carefully removed with
forceps once they were visible as orange or brown
organs in the rear of the nose. The olfactory mucosa
was isolated by cutting the tissue along the arc of
the perpendicular plate, the cribriform plate and the
nasal cavity ceiling using a 26 gauge needle!®!,

The rats' brain tissues were removed from their
skulls and the olfactory bulbs were subsequently
dissected for the specimens®* %1,

Olfactory mucosa and bulb samples were
homogenized in potassium phosphate buffer
(10 mM, pH 7.4). The ratio of tissue weight to
homogenization buffer was 1:10. The homogenates
were centrifuged at 4000 g for 10 minutes at 4°C.
The resultant supernatant was used to evaluate
malondialdehyde (MDA); MDA level is an indication
of lipid peroxidation and was determined using
the Buege and Aust technique (1978). Glutathione
(GSH) level, antioxidant markers, tumor necrotic
factor -a (TNF-a) and inflammation markers were
all measured. Both GSH and TNF-a levels were
measured using commercial kits. GSH was tested
colorimetrically using kits (Code No.GR 25 11)
bought from Biodiagnostic in Egypt. TNF-a was
tested using ELISA kits (Code No. E-EL-R2856)
purchased from Elabscience, USA.

Histological study:
For light microscopic examination:

The head and brain samples were fixed in 10 %
neutral-buffered formalin at room temperature for
24 hours. After proper fixation, the head specimens
were decalcified for one week in 10 % EDTA -
pH 7.3 at 4°C (Bryche et al., 2020). The head and
brain samples were then dehydrated in a graded
alcohol series, cleaned with xylene and embedded
in paraffin wax. After cutting with a microtome,
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Sum sections were mounted on glass slides and
stained with Hematoxylin and Eosin. Other sections
were processed for histochemical demonstration
of polysaccharides (acid muco-substances) using
Alcian Blue (AB) at pH 2.5 and the Periodic Acid-
Schiff (PAS) method for neutral muco-substances!*.

Immunohistochemistry was used on Sum sections
to identify SOX2, PCNA and COX2. Briefly,
sections were deparaffinized in xylene, rehydrated
in declining alcohol grades and submerged
in 0.1 % hydrogen peroxide for 15 minutes to inhibit
endogenous peroxidase activity. Then sections
washed by phosphate buffer, followed by incubation
in the ultra-vision block for 5 minutes at room
temperature to block the nonspecific background
staining. The primary antibodies used were anti-
SOX2 antibody (polyclonal rabbit antibodies, catalog
No. PAS-85144) anti-PCNA antibody (polyclonal
rabbit antibodies, catalog No. MAS - 11358) and
anti-COX2 antibody (monoclonal mouse antibodies,
Catalog No. MAS - 45052) obtained from Thermo
Fisher scientific, USA.

The primary anti-PCNA antibody was ready to
be used and incubated with the tissue for 60 minutes
at room temperature. The primary anti-COX2 was
diluted at 1:100 in antibody diluent and incubated
with the tissue for 30 minutes at room temperature.
The primary anti-SOX2 was diluted at 1:500 in
antibody diluent and incubated with the tissue for
30 minutes at room temperature. Then washed with
PBS, incubated with the secondary antibody (Vector
laboratory 1:2000). The reaction was observed
using the Ultra-Vision One Detection System,
HRP Polymer and (diaminobenzidine) DAB Plus
Chromogen (Thermo Fisher Scientific, USA). After
the reaction was completed, hematoxylin was used
to counterstain it and it was dehydrated by passing
through escalating alcohol concentrations before
being cleaned with xylene. Then a cover slip with
permanent mounting material was utilized?".
Immunoreactivity was detected as dark brown
cytoplasmic staining for COX2 and nuclear staining
for PCNA and SOX2.

In negative control slides, the same steps were
applied but the primary antibodies were not added.
The positive control for COX, was lung carcinoma,
for SOX2 was rat brain stem and for PCNA was of
mouse normal testis

For Transmission Electron Microscopic study:
The Assiut University Electron Microscopy Unit

prepared the ultrathin sections, while the Central Lab
examined the stained sections. The stained sections

were examined in Central Lab. For Microanalysis
and Nanotechnology, Minia University. Ultra-
thin sections for transmission electron microscopy
(TEM) were generated using the approach described
by Cheville and Stasko (2014). In brief, tiny
portions (1 mm) of olfactory bulb and olfactory
mucosa (carefully detached from the bone) were
immediately preserved in 2.5 % glutaraldehyde in
0.1M cacodylate buffer at pH 7.4 for 24 hours at
4°C. The specimens were then rinsed with the buffer
and post-fixed in 1 % osmium tetroxide in distilled
water for 2 hours at 4°C. Specimens were dehydrated
with increasing concentrations of ethanol and
embedded in epoxy resin. Semithin 1pm slices were
cut with glass knives using Power Tone XL (USA)
and stained with toluidine blue for inspection under
light microscopy. Ultrathin sections (7080- nm) were
cut with glass blades on a Power Tone XL (USA)
ultra-microtome, mounted on grids and stained with
uranyl acetate and lead citrate for examination.

Photography:

Light micrographs were captured in the Histology
and Cell Biology Department's light microscopic
unit at Minia University using a high-resolution
color digital camera mounted on a BX51 microscope
(Olympus, Japan). The camera was connected to a
computer programmed with LC micro application
software. Transmission electron microscopy (JEM-
100 CX 11, Japan) was used to capture ultra-structural
images.

Morphometric study:

Morphometric analysis was done in standard high-
power field (X400) in 10 non overlapping fields from
each rat for each group using Image J (https://rsbweb.
nih.gov/ij/; NIH, Bethesda, MD) software to study:
a) Olfactory epithelium thickness (um). b) Mean
number of PCNA and SOX2 immunopositive cells.
¢) Mean area fraction of COX2 immunopositivity.
d) Olfactory epithelium thickness.

Statistical analysis:

The quantitative data was analyzed using
Graph Pad Prism (version 9.01 for Windows,
Graph Pad Software, San Diego, California, USA,
www.graphpad.com). Each group's parameters
were calculated to determine their mean and
standard deviation (SD). Values were reported as
mean = SD. A one-way analysis of variance
(ANOVA) test was performed to discover significant
differences between groups, followed by the Tukey-
Kramer post-hoc test for multiple comparisons.
P-values < 0.05 indicated statistical significance.
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RESULTS

Both subgroups la and Ib showed the same
behavioral,  biochemical,  histological  and
immunohistochemical results thus one representative
group was used.

Buried food test results:

The duration of finding food showed a significant
increase in ZnS group when compared to the control

group (P < 0.000). In ZnS+QU treated group, there
was a significant increase when compared to control
group (P < 0.000) and insignificant difference with
ZnS group. As regard ZnS+ QU-CSNPs treated
group, there was a significant decrease when
compared to both ZnS and ZnS+QU treated groups
(P <0.000) and a significant increase if compared to
control group (P < 0.000) (Tablel).

Table 1: The mean values of latency to find the cookie in different groups (n = 6):

G Day 9 Day 14 Day 20 Day 21
rou
P Mean + SD P value Mean + SD P value Mean + SD P value Mean = SD P value
Control group 55.67+11.27 52.83 + 10.30 5450+ 13.84 60.67 + 19.83
ZnS group 900+0.000  <0.000c*  900+0.000  <0.000c*  900.0+0.000 <0.000c* 900.0%0.000 < 0.000c*
* *
ZnS + QU treated grou 859.2. + 40.05 <0060502?zC 88752002~ 0-000¢% g5 441000 <%%%ng 893341201 0000
group o : : : 0.5997 : : : : : 0.950Z
<0.000C*
<0.000C* <0.000C* <0.000C*
+ - < *
Zr':)su QU-CSNPstreated | ¢ -\ 3105  <0000z% 1523£2537  <0.000Z*  113.5% 1647 f’é)g% 146.7+36.56 < 0.000Z*
group < 0.000Z+Q* <0.000 Z+Q* Y <0.000 Z + Q*

€ versus the control group, Z versus ZnS group and Z + Q versus the Q - treated group. *P < 0.05 is significant.

Biochemical results:

The ZnS group showed a significant increase in
olfactory mucosa MDA and olfactory bulb MDA with
a significant decrease in mucosa GSH and olfactory
bulb GSH when compared to control group. On the
other hand, ZnS+QU treated and ZnS+QU-CSNPs
treated groups showed a significant decrease in

olfactory mucosa MDA and olfactory bulb MDA with
a significant increase in mucosa GSH and olfactory
bulb GSH when compared to ZnS group. ZnS+QU-
CSNPs treated group showed a significant decrease
in olfactory mucosa MDA and olfactory bulb MDA
with a significant increase in olfactory mucosa GSH
and olfactory bulb GSH when compared to both ZnS
group and ZnS+QU treated group (Table 2).

Table 2: The mean levels of the olfactory mucosa and olfactory bulb MDA and GSH in different groups (n = 6):

Olfactory mucosa Olfactory bulb Olfactory mucosa Olfactory bulb GSH
Group MDA (nmol/g tissue) MDA (nmol/g tissue) GSH (nmol/g tissue) (nmol/g tissue)
Mean = SD P value Mean £ SD P value Mean + SD P value Mean = SD P value
Control group 20.13 +4.79 47.70 +£7.38 62.45+8.38 43.89+7.13
ZnS group 58.88 £ 6.33 <0.000< 93.48 +5.76 <0.000¢" 32.24+£4.00 <0.000¢" 18.39£5.02 <0.000¢"
<0.000¢" <0.000~" 0.000¢" 0.000¢"
ZnS +QU treated group 38.25+5.29 <0.000Z° 66.53 £ 6.54 <0.000Z° 45.68 +7.03 0.003Z" 3294 +5.15 0.014Z"
0.128¢ 0.973¢ 0.667¢ 0.972¢
+ -
Zr"osu QU-CSNPs treated 5o, 545 000027 4924+864 <0000Z°  SS41£805 <0000Z° 45334877  <0.000Z"
group 0.001 Z+Q* 0.000 Z+Q" 0.006 Z+Q" 0.004 Z+Q"

€ versus the control group, Z versus ZnS group and Z+Q versus the Q - treated group.*P < 0.05 is significant.
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The ZnS group showed a significant increase
in olfactory mucosa TNF-a and olfactory bulb
TNF-o when compared to other groups. Meanwhile,
ZnS+QU treated and ZnS+QU-CSNPs treated
groups showed a significant improvement in TNF-a

when compared to ZnS nasal irrigation group.
ZnS+QU-CSNPs treated group showed a significant
decrease in olfactory mucosa TNF-a and olfactory
bulb TNF-a when compared to ZnS+QU treated
group (Table 3).

Table 3: The mean levels of the olfactory mucosa and olfactory bulb TNF-a in different groups (n = 6):

Olfactory mucosa

Olfactory bulb TNF-a

Group TNF-a (pg/mg tissue) (pg/mg tissue)
Mean + SD P value Mean + SD P value
Control group 13.65 +3.29 26.44+4.75
ZnS group 46.37+10.53 <0.000¢" 91.02 £+ 12.60 <0.000°
0.000¢" 0.000°"
+
ZnS +QU treated group 29.31 £2.66 <0.000Z" 46.60 + 7.09 <0.000Z"
0.262° 0.875¢
ZnS+ QU-CSNPs treated group 19.57 +5.56 <0.000Z" 29.60 £ 7.28 <0.000Z"
0.022 Z+Q" 0.002 Z+Q"

€ versus the control group, Z versus ZnS group and Z+Q versus the Q - treated group.*P < 0.05 is significant.

Histological results:
Light microscopic results:

Olfactory mucosa Hematoxylin and eosin (H and E)
results:

The control olfactory mucosa was formed
of a pseudostratified columnar epithelium. This
epithelium was formed of supporting cells; had
oval pale nuclei arranged in the upper part of the
epithelium, while the olfactory receptor cells nuclei
were rounded and contained chromatin clumps,
which occupy the middle part of the epithelium. The
basal cells included horizontal and globose cells,
which were situated next to the basement membrane.
Their nuclei were elongated with their long axis
parallel to the basement membrane The lamina
propria contained Bowman’s glands, nerve bundles
and blood capillaries Figures 2al and 2a2. The ZnS
group showed areas of damaged and apparently

shrunken olfactory mucosa with desquamation
of epithelium (Figure 2bl), there was thinning of
the olfactory epithelium with loss of its normal
histological architecture, basal cells were preserved
and the lamina propria showed degenerated nerve
bundles, degenerated Bowman’s glands with
pyknotic nuclei, vacuolated cytoplasm and irregular
outlines (Figure 2b2). The ZnS+QU treated group
showed replacement of olfactory epithelial cells
with columnar ciliated cells and goblet cells. The
lamina propria showed dilated Bowman’s glands
(Figures 2¢1 and 2¢2). The ZnS+ QU-CSNPs treated
group showed apparently preserved architecture of
olfactory mucosa. The olfactory epithelium appeared
with its cell types: supporting cells in the upper part
of the epithelium, olfactory neurons in the middle
part and basal cells next to the basement membrane.
Ducts of Bowman’s glands among epithelium
were apparent. The lamina propria showed nerve
bundles, dilated Bowman’s glands and dilated blood
capillaries (Figures 2d1 and 2d2).
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Figure 2: Photomicrographs of rat’s olfactory mucosa of different groups: a) Control group showing: al) Nasal bone (#) and nasal septum (NS). Notice
the olfactory mucosa (rectangle) which is formed of olfactory epithelium (E) and lamina propria (LP). a2) A higher magnification of the rectangle showing
olfactory epithelium (double- headed arrow) which is formed of three cell types, horizontal basal cells (black arrows), resting on basement membrane
(green arrow), olfactory neurons (yellow arrows) and supporting cells (dotted arrows). Lamina propria (LP) showing Bowman’s glands (green asterisks)
and olfactory nerve bundles (red asterisks). b) ZnS —group showing bl) Damaged and apparently shrunken olfactory mucosa (rectangle). b2) A higher
magnification showing preserved basal cells (arrows). The lamina propria (LP) showing degenerated nerve bundles (red asterisk) and damaged Bowman’s
glands with pyknotic nuclei, vacuolated cytoplasm and irregular outlines (green asterisk). ¢) ZnS+QU-group showing:cl columnar ciliated epithelial cells
in olfactory epithelium area with goblet cells. c2) A higher magnification of the square showing replacement of olfactory epithelial cells with columner
ciliated cells (double -headed arrow). The lamina propria (LP) showing dilated Bowman’s glands (green asterisks). d) ZnS+QU-CSNPs group showing: d1)
Olfactory mucosa with apparently preserved epithelium. d2) A higher magnification of the square showing olfactory epithelium (double head arrow) with
its cell types: supporting cells (dotted arrows), olfactory neurons (yellow arrows) and basal cells (black arrows). The lamina propria (LP) showing nerve
bundle (red asterisk). Notice dilated Bowman’s Gland (green asterisks) and dilated Blood vessel (B.V). e) The mean values of the olfactory epithelium
thickness in different groups (n = 6). Significance: * vs control, # vs ZnS group, 0 vs ZnS+QU treated group. (H&E al, bl, cl, dl X100, a2,b2,c2,d2 X
400. scale bar: al, bl, cl, d1 =200 pum; scale bar: a2, b2, ¢2, d2 = 50 um).

Olfactory bulb Hematoxylin and eosin results: sparsely distributed tufted cells and interneurons
(Figure 3a2). The mitral cell layer (MCL),

The control sections were consisted of six a thin layer containing the somata of mitral cells
distinct layers, the olfactory nerve layer (ONL), arranged in a row. Mitral cells were triangular with
contained the olfactory nerve fibers. The glomerular acidophilic cytoplasm containing basophilic patches
layer (GL) consisted of one row of glomeruli and large rounded vesicular nuclei (Figure 3a2).
which were a cellular synaptic nearly spherical The internal plexiform layer (IPL), a thin layer
masses of varying sizes composed of fine fibrils composed of fine nerve fibers and some granule cells
and surrounded by small juxtaglomerular cells (Figure 3a2). The granule cell layer (GCL) contained
(Figure 3al). The external plexiform layer (EPL), large number of granule cells arranged in clusters,
a thick layer consisted of fine nerve fibers, the granule cells were small cells with deeply
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stained rounded nucleus and thin rim of cytoplasm
(Figure 3a2). The ZnS group showed widely spaced
distorted shape nerve fibers. There were dilated
congested blood capillaries in the olfactory nerve
layer (Figure 3bl). Mitral cells were small and
darkly stained with pyknotic nuclei. Also, granule
cells were small and darkly stained. Some mitral
cells and granule cells showed pericellular hallows
(Figure 3b2). The ZnS+QU treated group showed
loss of the structural integrity of the olfactory
nerve layer with widely spaced nerve fibers,
periglomerular area and glomerular neuropil. The
nerve fibers within glomeruli were less compacted
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(Figure 3cl). Some mitral cells were large with large
rounded vesicular nuclei. While some others were
small and darkly stained with pericellular hallows
(Figure 3c2). The ZnS+QU-CSNPs treated group
showed apparently normal architecture of olfactory
bulb. The olfactory nerve fibers of ONL were less
widely separated. Glomeruli of GL were spherical in
shape and surrounded by juxtaglomerular cells, the
nerve fibers within the glomeruli were compactly
packed (Figure 3d1). Mitral cells were large with
large rounded vesicular nuclei and granule cells
were numerous and organized (Figure 3d2).
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Figure 3: Photomicrographs of rat’s olfactory bulb. a) Control group showing: al) the layers of the olfactory bulb composed of the olfactory nerve layer

(ONL) and glomerular layer (GL) which is formed of glomruli surrounded by juxtaglomerular cells (dotted arrows). a2) External plexiform layer (EPL),

mitral cell layer (MCL), internal plexiform layer (IPL) and part of granule cell layer (GCL). MCL is formed of large mitral cells (arrows), closely related

to granule cells (arrow heads). b) ZnS —group showing: bl) widely spaced nerve fibers in the olfactory nerve layer (asterisk). The nerve fibers within

glomeruli are less compacted (arrow). Notice congested dilated blood capillaries in the olfactory nerve layer (BC). b2) Small darkly stained mitral cells with

darkly stained nuclei and darkly stained cytoplasm (arrows), granule cells were darkly stained (green arrows), Some mitral cells and granule cells showing

pericellular hallows (arrow heads). ¢) ZnS+QU-group showing:c1l) widely spaced nerve fibers in the olfacotory nerve layer (ONL) (asterisks), The nerve

fibers within glomeruli are less compacted (arrows). c¢2) Large mitral cells with large rounded vesicular nuclei (arrows). Some mitral cells are small and

darkly stained with pericellular hallows (arrowhead). d) ZnS+QU-CSNPs group showing: d1) olfactory nerve fibers of olfactory nerve layer (ONL) are less

widely separated (asterisks) with spherical shape glomeruli (GL) which are surrounded by juxtaglomerular cells (dotted arrows). The nerve fibers within

the glomeruli are compactly packed (arrow). d2) Large mitral cells with large rounded vesicular nuclei (arrows). Notice the organized granule cells (arrow
heads). (H&E al, bl, cl,dl X100, a2, b2, c¢2, d2 X 400. scale bar: al, b1, cl, dl =200 um; scale bar: a2, b2, c¢2, d2 =50 pm).
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Alcian blue-periodic acid Schiff stain results:

Olfactory mucosa of control group showed
positive reaction of Bowman’s glands contents and
in intraepithelial duct (Figure 4a), in contrast ZnS
group revealed faint positive reaction of Bowman’s
glands contents (Figure 4b). While ZnS+QU

treated group showed apparent more reaction
of Bowman’s glands contents than ZnS group
(Figure 4c). Meanwhile, it was noticed in ZnS+QU-
CSNPs treated group more positive reaction of
Bowman’s glands contents and in intraepithelial
duct than previous group (Figure 4d).

= 1#’- -
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Figure 4: Photomicrographs of rat’s olfactory mucosa stained with Alcian Blue Periodic Acid Schiff of: a) Control group showing strong positive reaction
of Bowman’s glands contents (black arrows) and intraepithelial duct (red arrow). b) ZnS group showing faint reaction of Bowman’s glands contents (black
arrows). ¢) ZnS+QU group showing more positive reaction of Bowman’s glands contents (arrows). d) ZnS+Q-CSNPs group showing apparent more positive
reaction of Bowman’s glands contents (arrows) and of intraepithelial duct (red arrow) than previous group. (Alcian Blue-Periodic Acid Schiff stain: X 400;

scale bar = 50 pm).
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Immunohistochemical results:

Regarding olfactory mucosa, the control group
showed positive SOX2 nuclear immunoexpression
in some Dbasal cells and supporting cells
(Figure 5a). ZnS group showed positive SOX2
nuclear immunoexpression in few basal cells
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(Figure 5b). ZnS+QU treated group showed apparent
more positive SOX2 nuclear immunoexpress ion
in few basal cells than noticed in previously group
(Figure 5¢). While ZnS+QU-CSNPs treated group
showed more positive extensive SOX2 nuclear
immunoexpression in more basal cells (arrows) and
supporting cells (Figure 5d) than previous group.
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Figure 5: Photomicrographs of rat olfactory mucosa immunostained with SOX2 of: a) Control group showing positive SOX2 nuclear immunoexpression

in some basal cells (black arrows) and supporting cells (red arrows). b) ZnS group showing positive SOX2 nuclear immunoexpression in few basal cells

(arrows). ¢) ZnS +QU group showing apparent more positive SOX2 nuclear immunoexpression in few basal cells (arrows). d) ZnS +QU-CSNPs group

showing more extensive positive SOX2 nuclear immunoexpression in basal cells ( black arrows) and supporting cells (red arrows). e) The mean number

of SOX2 immunopositive cells in olfactory mucosa in different groups (n=6). Significance: * vs control, # vs ZnS group, 0 vs ZnS+QU treated group.

(IHC- SOX2, H x 400; scale bar = 50 pm)

Regarding olfactory mucosa, control group
showed positive PCNA nuclear immunoexpression
in some olfactory epithelial layer and lamina
propria (Figure 6a). While ZnS group showed
positive nuclear immunoexpression in few
olfactory epithelial layer and lamina propria cells
(Figure 6b). The ZnS+QU treated group showed

positive PCNA nuclear immunoexpression in a few
olfactory epithelial layer and lamina propria cells
(Figure 6¢). The ZnS+QU-CSNPs treated group
showed positive PCNA nuclear immunoexpression
in more olfactory epithelial layer and lamina propria
cells (Figure 6d).
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As regard olfactory bulb, control group positive
PCNA nuclear immunoexpression in some
ONL and GL with negative expression in EPL
(Figure 7a) while Rostral migratory stream (RMS)
showed few PCNA immunopositive cells in elbow
and horizontal regions (Figures 8a and 9a). ZnS group
showed positive PCNA nuclear immunoexpression
in few cells of ONL (Figure 7b) while RMS showed
positive PCNA nuclear immunoexpression in few
cells of elbow region and negative PCNA nuclear
immunoexpressing cells in horizontal region
(Figures 8b and 9b).

ZnS+QU treated group showed positive
PCNA nuclear immunoexpression in many cells
of ONL, GL and EPL (Figure 7c). RMS showed
positive PCNA nuclear immunoexpression in
many cells of elbow and horizontal regions
(Figures 8c and 9c). ZnS+QU-CSNPs treated
group showed more positive PCNA nuclear
immunoexpression cells of ONL, GL, EPL and GL
(Figure 7d). RMS showed positive PCNA nuclear
immunoexpression in many cells of elbow and
horizontal regions (Figures 8d and 9d).
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Figure 6: Photomicrographs of rat’s olfactory mucosa immunostained with PCNA in diffirent groups showing: a) Control group showing positive PCNA

nuclear immunoexpression in some olfactory epithelial layer (E) (black arrows) and lamina propria cells (LP) (red arrow). b) ZnS group showing positive

PCNA nuclear immunoexpression in few olfactory epithelial layer (E) (black arrows) and lamina propria cells (LP) (red arrows). ¢) ZnS+QU group showing

positive PCNA nuclear immunoexpression in few olfactory epithelial layer cells (E) (black arrows). d) ZnS+QU-CSNPs group showing more positive

PCNA nuclear immunoexpression in olfactory epithelial layer (E) (black arrows) and lamina propria cells (LP) (red arrows). ¢) The mean number of PCNA

immunopositive cells in olfactory mucosa in different groups (n = 6). Significance: * vs control, # vs ZnS group, 0 vs ZnS+QU treated group. (IHC- PCNA,

H a, b, ¢, d x400, scale bar: a, b, ¢, d =50 um).
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Figure 7: Photomicrographs of rat’s olfactory bulb immunostained with PCNA in diffirent groups showing: a) Control group showing positive PCNA
nuclear immunoexpression in some cells of olfactory nerve layer (ONL) (arrow) and glomerular layer (GL) (square). Inset showing PCNA positive cells in
glomerular layer (GL) (arrows) with negative expression in external plexiform layer (EPL). b) ZnS group showing positive PCNA nuclear immunoexpression
in few cells of olfactory nerve layer (ONL) (square). Inset is a higher magnification of the square showing PCNA positive cell in ONL. ¢) ZnS+QU group
showing positive PCNA nuclear immunoexpression in many cells of olfactory nerve layer (ONL) (arrows), glomerular layer (GL) and external plexiform
layer (EPL) (square). Inset is a higher magnification of the square showing PCNA positive cells in glomerular layer(GL) and external plexiform layer (EPL)
(arrows). d) ZnS+QU-CSNPs group showing positive PCNA nuclear immunoexpression in many cells of olfactory nerve layer (ONL) (square), glomerular
layer (GL), and external plexiform layer (EPL) (arrows). Inset is a higher magnification of the square showing Positive PCNA nuclear immunoexpression in
cells of olfactory nerve layer (ONL) (arrows). ) The mean number of PCNA immunopositive cells in olfactory bulb in different groups (n = 6). Significance:
* vs control, # vs ZnS group, 0 vs ZnS+QU treated group. (IHC- PCNA, H a, b, ¢, d X100, insets X 400; scale bar: a, b, ¢, d = 200 um; scale bar: insets =
50 um).
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Figure 8: Photomicrographs of rat’s elbow region of rostral migratory stream (RMS) immunostained with PCNA in diffirrent groups showing:
a) Control group showing few PCNA positive cells in elbow region (square). Inset is a higher magnification of the square showing PCNA positive
nuclear expression cells (arrows). b) ZnS —group showing few PCNA positive cells in elbow region (square). Inset is a higher magnification of the square
showing PCNA positive nuclear expression cells (arrows). ¢) ZnS+QU group showing numerous PCNA positive cells in elbow region (square). Inset is
a higher magnification of the square showing PCNA positive nuclear expression cells (arrows). d) ZnS+QU-CSNPs group showing more numerous
PCNA positive cells in elbow region (square). Inset is a higher magnification of the square showing PCNA positive cells (arrows). (IHC- PCNA a, b, c,
d X100, insets X 400; scale bar: a, b, ¢, d =200 pum; scale bar: insets = 50 um).
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Figure 9: Photomicrographs of rat’s horizontal region of rostral migratory stream (RMS) immunostained with PCNA in diffirrent groups showing:
a) Control group showing few PCNA positive nuclear expression cells in horizontal region (square). Inset is a higher magnification of the square showing
PCNA positive nuclear expression cells (arrows). b) ZnS —group showing PCNA expression cells in few cells in horizontal region (square). Inset is
a higher magnification of the square. ¢) ZnS+QU- group showing numerous PCNA positive nuclear expression cells in horizontal region (square). Inset is
a higher magnification of the square showing numerous PCNA positive nuclear expression cells (arrows). d) ZnS+QU-CSNPs group showing numerous
PCNA positive cells in horizontal region (square). Inset is a higher magnification of the square showing numerous PCNA positive cells (arrows). e) The
mean number of PCNA immunopositive cells in Rostral migratory stream in different groups (n = 6). Significance: * vs control, # vs ZnS group, 0 vs
ZnS+QU group. (IHC-PCNA a, b, ¢, d X100, insets X 400; scale bar: a, b, ¢, d = 200 um; scale bar: insets = 50 pm).
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Regardingolfactorymucosa,controlgroup showed
negative COX2 cytoplasmic immunoexpression
(Figure 10a). While ZnS group showed strong
COX2 cytoplasmic immunoexpression in olfactory
epithelial cells (Figure 10b). It was noticed in
ZnS+QU treated group showed strong COX2
cytoplasmic immunoexpression in some olfactory
epithelial cells (Figure 10c). ZnS+QU-CSNPs
treated group showed faint COX2 cytoplasmic
immunoexpression in olfactory epithelial cells
(Figure 10d). As regard olfactory bulb, Control
group showed negative COX2 cytoplasmic
immunoexpression in ONL, GL, EPL and MCL
(Figures 11al and 11a2). ZnS group showed strong
COX2 cytoplasmic immunoexpression in ONL,
GL, EPL and some mitral cells (Figures 11bl and
11b2). ZnS+QU treated group showed weak COX2
cytoplasmic immunoexpression in ONL, GL, EPL
and some mitral cells (Figures 1lcl and 11c2).
ZnS+QU-CSNPs treated group showed faint COX2
cytoplasmic immunoexpression in ONL, GL, EPL
and MCL (Figures 11d and 11d).

Semithin sections results:

Olfactory epithelium of control group formed of
supporting cells, olfactory neurons and basal cells.
Lamina propria showed Bowman’s glands with radial
orientation of acinar cells (Figure 12a) while ZnS
group displayed damaged epithelium. Inflammatory
cells in nasal cavity were noticed (Figure 12b). It
was noticed in ZnS+QU group a replacement of
olfactory epithelial cells with columnar ciliated
cells (Figure 12c¢). ZnS+QU-CSNPs group showed
supporting cells, olfactory neurons and basal cells.
Intraepithelial duct of Bowman’s gland (D) and
excretory duct cells were noticed. Lamina propria
showed Bowman’s glands with radial orientation
of acinar cells. (Figure 12d). Regarding Bowman’s
glands, control group showed acini Bowman’s
glands in lamina propria which were radially oriented
around the lumen with secretory granules (Figure
13a). ZnS group showed loss of radial orientation
of acinar cells of Bowman's gland with vacuolated
cytoplasm, small, dense and dark shrunken nuclei and
dispersed secretory granules (Figure 13b). ZnS+QU
treated group showed some acinar cells which were
shrunken and darkly stained with loss of radial
orientation (Figure 13c). ZnS+QU-CSNPs treated
group revealed restoration of normal appearance
of acinar cells which were radially oriented around
the lumen with secretory granules (Figure 13d).
Regarding olfactory bulb, control group showed
the mitral nerve cells having large vesicular nuclei
with prominent nucleoli and granule cells with
large central nucleus and surrounded with thin
rim of cytoplasm (Figure 13e). ZnS group showed

shrinking of mitral cells, cytoplasmic vacuolations
of granule cells. The surrounding neuropil appeared
with vacuolations (Figure 13f). ZnS+QU treated
group showed some apparently normal mitral
cells, but others were shrunken and dark. Granule
cells were having normal appearance (Figure 13g).
ZnS+QU-CSNPs treated group showed restored
apparent normal mitral cells and granule cells with
intact neuropil (Figure 13h).

Transmission electron microscopic results:

As regard olfactory mucosa, control group
showed the acinar cells of the Bowman’s gland that
were clearly distinguishable with their regular radial
organization around a lumen. There were microvilli
on the luminal surface of acinar cells; the cytoplasm
was dense containing secretory granules of different
electron density. The acinar cells in the lamina propria
also contained a large amount of homogeneously
electron-dense mitochondria that were in contact
with r-ER (Figure 14a). ZnS group showed acinar
cells of Bowman’s gland with vacuolated cytoplasm,
dilated r-ER cisternae. Secretory granules were few
and disrupted (Figure 14b). ZnS+QU treated group
showed acinar cells with peripheral heterochromatic
chromatin and dilated r-ER cisternae (Figure 14c).
ZnS+QU-CSNPs treated group showed restoration
of acinar cell ultrastructure in the form of regular
nucleus, electron dense cytoplasm, apparently
normal cisternae of r-ER and secretory granules
and presence of microvilli on the luminal surface of
acinar cells (Figure 14d). Regarding olfactory bulb,
mitral nerve cells of control group appeared with
scanty cytoplasm and heterochromatic large nuclei
(Figure 15a). ZnS group revealed many degenerative
changes including densely stained cytoplasm with
vacuolations, irregular nuclei and dilated Golgi
apparatus (Figure 15b).

ZnS+QU treated group showed partial restoration
of ultrastructure of mitral nerve cells (Figure 15¢).
ZnS+QU-CSNPs treated group showed apparently
normal mitral nerve cells with euchromatic nucleus
and dispersed chromatin, abundant cytoplasm
rich in r-ER and mitochondria (Figure 15d).
Granule cells of control group appeared with
scanty cytoplasm and heterochromatic large nuclei
(Figure 15e). ZnS group showed cytoplasmic
vacuolation of granule cells and surrounding
neuropil showed splitting of myelin sheath of axons
(Figure 15f). ZnS+QU treated group showed
more or less normal granule cells (Figure 15g).
ZnS+QU-CSNPs treated group showed apparent
normal ultrastructure appearance of granule
cells with large nucleus and densely packed
chromatin and surrounded by thin rim of cytoplasm
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(Figure 15h). The Myeline sheath of control group
showed intact myelin sheath with compact myelin
lamellae (Figure 16a). Myelin sheath of ZnS group
showed changes in the form of splitting, irregular
outline with axoplasm and neuropil vacuolation
(Figure 16b). ZnS+QU treated group showed intact
myelin sheath (Figure 16¢). ZnS+QU-CSNPs

treated group revealed intact myelin sheath with
intact surrounding neuropil (Figure 16d).

Morphometric results:

All morphometric results were shown in the form
of histogram in Figures 2e, Se, 6e, 7e, 9¢, 10e, 1le,
Tables 4 and 5.
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Figure 10: Photomicrographs of rat olfactory mucosa immunostained with COX-2 in diffirent groups showing: a) Control group showing negative

COX2 cytoplasmic immunoexpression. b) ZnS — group showing strong COX2 cytoplasmic immunoexpression in olfactory epithelial cells (arrows).

¢) ZnS+QU group showing COX2 cytoplasmic immunoexpression in some olfactory epithelial cells (arrows). d) ZnS+QU-CSNPs group showing faint

COX2 cytoplasmic immunoexpression in olfactory epithelia cells (arrows). €) The mean values of COX2 area fraction in olfactory mucosa in different
groups (n = 6). Significance: * vs control, # vs ZnS group, 0 vs ZnS+QU group. (IHC-COX2 a,b,c,d X 400; scale bar: a, b, ¢, d = 50 um).
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Figure 11: P Photomicrographs of rat olfactory bulb immunostained with COX-2 in diffirent groups. a) Control group. al) showing negative COX-2
expression in olfactory nervre layer (ONL) and glomerular layer(GL). a2) Control group showing negative COX-2 expression in external plexiform layer
(EPL) and mitral cell layer (MCL). b) ZnS —group showing bl) strong COX-2 expression in olfactory nerve layer (ONL) and glomerular layer(GL). b2)
showing strong COX-2 expression in external plexiform layer (EPL) and cytoplasm of some mitral cells (arrows). ¢) ZnS+QU group showing cl)weak
COX-2 expression in olfactory nerve layer (ONL) and glomerular layer(GL). ¢2) showing weak COX-2 expression in external plexiform layer (EPL) and
cytoplasm of some mitral cells (arrows). d) ZnS+QU-CSNPs group. d1)faint COX-2 expression in olfactory nerve layer (ONL) and glomerular layer (GL).
d2) Showing faint COX-2 expression in external plexiform layer (EPL) and mitral cell layer (MCL). e) The mean values of COX2 area fraction in olfactory
bulb in different groups (n = 6). Significance: * vs control, # vs ZnS group, 0 vs ZnS+QU group. (IHC-COX2 a, b, ¢, d X 400; scale bar: a, b, ¢, d =50 um).
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Table 5: The mean number of SOX2, PCNA, COX2 in immunopositive cells in olfactory mucosa and olfactory bulb in different groups (n = 6):

Groups The mean number of The mean number of The mean number of The mean number of The mean values of The mean values of
SOX2 immunopositive PCNA immunopositive PCNA immunopositive PCNA immunopositive COX2 area fraction COX2 area fraction
cells in olfactory mucosa cells in olfactory mucosa cells in olfactory bulb cells in rostral in olfactory mucosa in olfactory bulb
migratory stream
G Mean + SD P value Mean + SD P value Mean+SD P value Mean + SD P value Mean = SD P value Mean + SD P value
Control 14.17 £ 4.62 8.16 +2.48 383+1.16 52.00 + 4.60 0.44+0.10 1.19 +0.69
group
ZnS group 533 +1.63 0.000°" 4.16+0.75 0.016°" 1.66 +0.81 0.027¢" 21.67+2.16 0.035¢" 1478 £2.83  <0.000°*  51.34+425 <0.000*"
ZnS+QU 7.83 £1.94 0.041¢ 4.50+0.54 0.029¢" 6.00 £ 0.89 0.022¢* 83.67+12.33 0.027¢c* 471+1.19 <0.000¢" 24.03+2.86  <0.000¢"
treated 0.552% 0.9927 <0.000% <0.000# <0.000#" <0.000%
group
ZnS+QU- 19.50+£3.78 0.045¢ 14.67+£3.20 0.000°" 12.67+1.75 <0.000" 1942043323  <0.000°" 1.96 +0.80 0.370¢ 445+1.81 0.200¢
CSNPs <0.000" <0.000% <0.000% <0.000% <0.000% <0.000%
treated <0.000% <0.000%< <0.000%<" <0.000%< 0.033#Q" <0.0007<"
group

€ versus the control group, “versus ZnS group and #*? versus the Q - treated group.*P < 0.05 is significant.
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Figure 12: Photomicrographs of semithin sections of the rat’s olfactory mucosa in different groups:a) Control group showing supporting cells (dashed
arrows), olfactory neurons (red arrows) and basal cells(arrows). Lamina propria (LP) shows Bowman’s glands (BG) with radial orientation of acinar
cells. b) ZnS group showing damaged epithelium (E). Notice inflammatory cells in nasal cavity (green arrows). ¢) ZnS+QU group showing replacement
of olfactory epithelial cells with columner ciliated cells (C). d) ZnS+QU-CSNPs group showing supporting cells (dashed arrows), olfactory neurons
(red arrow) and basal cells (arrow). Notice intraepithelial duct of Bowman’s gland (D) and excretory duct cells (asterisks). Lamina propria (LP) showing
Bowman’s glands (BG) with radial orientation of acinar cells. (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine
blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20
(Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar =
20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar =20 (Toluidine blue X 1000; scale bar
=20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale
bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000; scale bar = 20 (Toluidine blue X 1000;
scale bar = 20 (Toluidine blue X 1000; scale bar = 20 um).m).m).
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Figure 13: Photomicrographs of semithin sections of the rat’s olfactory mucosa. a) Control group showing lamina propria (LP) with acini of Bowman’s glands
(BG) which are radially oriented around the lumen with secretory granules (arrow heads). b) ZnS —group showing loss of radial orientation of acinar cells of
Bowman's Gland (BG) with vacuolated cytoplasm(V), small, dense and dark shrunken nuclei (red arrows) and dispersed secretory granules (arrow heads).
¢) ZnS+ QU- group showing lamina propria (LP) with shrunken darkly stained acini of Bowman’s gland (BG) with loss of granules. d) ZnS+QU-CSNPs group
showing lamina propria (LP) with nerve bundles (NB) and acini of Bowman’s glands (BG) which are radially oriented around the lumen with secretory granules
(arrow heads). e) Control group showing the mitral cells (M) having abundant cytoplasm and large lightly stained vesicular nuclei with prominent nucleoli located
in the MCL. Granule cells (G) have large central nucleus and surrounded with thin rim of cytoplasm. f) ZnS group showing shrunken mitral cell (M) (arrow),
granule cell (G) showing vaculations in its cytoplasm (dashed arrow). Notice vacuolations in neuropil (arrow heads). g) ZnS+QU group showing mitral cell (M)
having abundant cytoplasm and large lightly stained vesicular nucleus granule cells have large central nucleus and surrounded with thin rim of cytoplasm (G).
h) ZnS+QU-CSNPs group showing mitral cell (M) having abundant cytoplasm and large lightly stained vesicular nucleus, granule cells (G) have large central
nucleus and surrounded with thin rim of cytoplasm. (Toludine blue X 1000; scale bar = 20 um).
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Figure 14: Electronmicrographs of the rat’s Bowman’s gland in different groups showing: a) Control group showing the acinar cell of Bowman’s gland (A).
The cytoplasm is dense containing secretory granules (S) of different electron density. The acinar cells contain a large amount of homogeneously electron-
dense mitochondria (arrows) that are in contact with r-ER (arrow head). Notice micrvilli on the luminal surface (star). b) ZnS group showing acinar cell (A)
of Bowman’s gland with vacuolated cytoplasm (stars), dilated r-ER cisternae (arrow heads). Notice few secretory granules (s). ¢) ZnS+QU group showing
an acinar cell with (star), heterochromatic nucleus (N) and dilated r-ER cisternae (arrow heads). d)ZnS+QU-CSNPs group showing an acinar cell (A) with
regular nucleus, electron dense cytoplasm and secretory granules (S). There are microvilli on the luminal surface (L) of acinar cell (blue arrows). (TEM:
X4000).
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Figure 15: Electronmicrographs of the rat’s olfactory bulb in diffirrent groups. a) Control group showing mitral cell (M) with central euchromatic nucleus
and prominent nucleolus, well-defined abundant cytoplasm rich in rough endoplasmic reticulum (arrows) and mitochondria ( arrow heads). b) ZnS group
showing degenerating mitral nerve cell (M) with irregular nucleus (N) electron dense cytoplasm with vaculations (V) and dilated Golgi apparatus (G).
Granule cell (GC) with its process (P) can be seen. ¢) ZnS+QU group showing a mitral nerve cell with euchromatic nucleus (N) and dispersed chromatin,
r-ER (arrows) and mitochondria (arrow heads). d) ZnS+QU-CSNPs group treated group showing a mitral nerve cell (M) with euchromatic nucleus
(N) and dispersed chromatin, r-ER (arrows) and mitochondria (arrow heads). e) Control group showing granule cell (G) with scanty cytoplasm and
heterochromatic large nucleus (N). Notice apparently normal mitochondria (arrows). f) ZnS group showing a granule cell (G) with nucleus (N), vaculation
of cytoplasm (V). Notice splitting of myelin sheath of an axon (arrow head). g) ZnS+QU group showing a granule cells (G) with large nuclei (N) and
densily packed chromatin and surrounded by thin rim of cytoplasm (asterisks). h) ZnS+QU-CSNPs group showing granule cell (G) with large nucleus
(N) and densily packed chromatin and surrounded by thin rim of cytoplasm (asterisk). Notice apparently normal mitochondria (arrow heads). (TEM: a,
¢, d X2700 e, £, g, h X4000).
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Figure 16: El Electronmicrographs of the rat’s olfactory bulb in diffirrent groups showing: a) Control group showing axon (AX) with intact myelin sheath
and compact myelin lamellae. Notice apparently normal mitochondria inside (asterisk). b) ZnS-group showing myelinated axon (AX) with irregular outline
and axoplasm vaculation (V). Notice vaculation (V) in nueropil. ¢) ZnS+QU group showing intact myelinated axons ( arrows).Notice granule cell (G)
with large nucleus (N) and densily packed chromatin and vaculated cytoplasm (V). d) ZnS+QU-CSNPs group showing intact myelinated (arrows) and
unmyelinated (dashed arrow) axons with mitochondria inside. (TEM: a, b, ¢, d X4000).
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DISCUSSION

Olfactory dysfunctions are quite common
disorders of the nose. Some of the causes of
olfactory dysfunctions include nasal congestion,
inflammation, infection, or injury to the olfactory
epithelium, as well as anatomical and functional
abnormalities of the olfactory nerve, olfactory bulb,
or other components of the central nervous system?®!.
Anosmia is the total absence of olfactory abilities,
which impairs one's capacity to detect odors®.

The loss of smell is considered an eminent,
characteristic feature of SARS-CoV-2 associate
disease (COVID-19). COVID-19 related olfactory
dysfunction (hyposmia or anosmia) is very common
(about 80 % of prevalence, depending on virus
strains) and typically initial, short-term and transient.
In most cases, olfaction returns within weeks from
the infection. However, in 20 % of cases, patients can
develop a persistent form of olfactory dysfunction
(OD), which may last more than six months
(or years) after the resolution of COVID-19,

Zinc sulfate (ZS) was used in numerous studies
to induce anosmia by disrupting the olfactory
epitheliumP”. Following tissue damage with ZnS,
the olfactory epithelium's ability to degenerate
appears to be variable. It indicates that multiple
applications and the concentration applied enhance
the efficiency of the treatment!®'.

Several beneficial effects of quercetin have been
identified, including antioxidant, anti-inflammatory,
antibacterial, cardiovascular protection and cognitive
impairment reversal®?. But limitations like poor
water solubility and low oral bioavailability render
quercetin an insufficient candidate for therapeutic
applications?®*.

Several applications of nanoparticles as drug
delivery systems, including the treatment of
cancers, neurological diseases and cardiovascular
diseases, have been well investigated®. Drug
delivery systems, such as nanocarriers, are typically
composed of lipids or polymers can enhance
many of the pharmacologic characteristics of free
medicines?*.

Because chitosannanoparticles are biocompatible,
bioactive, biodegradable and polycationic, they
are commonly used as hydrophobic drug carriers
to enhance their therapeutic efficacy and minimize
their side effects!*°l.

This study aimed to investigate the potential
prophylactic effect of QU and QU-CSNPs using
ZnS as a model of anosmia and to evaluate whether

administration of QU-CSNPs is more efficient than
QU or have the same effect.

For physiological assessment, buried food test
was performed to evaluate the olfactory function in all
groups. In this study, ZnS group showed significant
increase in the mean values of latency to find the
cookie compared to other groups. This result could
be attributed to loss of olfactory sensory neurons
as reported by previous study following intranasal
administration of ZnS. Regarding ZnS+QU-CSNPs
treated group, there was a significant decrease in the
mean values of latency to find the cookieif compared
to ZnS+QU treated group”. Li et al., 2021 studied
the therapeutic effect of chitosan on an anosmic rat
model and demonstrated that Chitosan may aid in
the restoration of the olfactory function by regulating
olfactory neuronal homeostasis in vivol**.

Malondialdehyde (MDA) is widely used as
a marker for oxidative stress and as an indicator
of lipid peroxidation®”). Free radicals cause lipid
peroxidation, which damages lipid-rich regions
like cell membranes or myelin sheaths and forms
MDA, Such membrane damage may ultimately
result in cell death*!). In the current study, MDA
was measured in olfactory mucosa and bulb in all
groups. This study showed that ZnS group showed
significant increase in MDA level compared to other
groups that was in line with previous work which
studied the toxic effect of zinc oxide nanoparticles
on rat cerebellum and revealed elevated MDA
levels and decreased total antioxidants activity in
cerebellum suggesting development of oxidative
stress in zinc oxide nanoparticles treated groupt?. It
was reported that ZnS and zinc oxide nanoparticles
administration in common carp fish led to induction
of oxidative stress and increased ROS (Reactive
oxygen species)*,

Regarding ZnS+QU-CSNPs treated group,
there was significant decrease in MDA compared
to Quercetin treated group. Similar result reported
by previous work which studied the protective
effect of QU and QU-CSNPs in doxorubicin
induced cardiotoxicity and reported that QU showed
a decrease in MDA levels, while QU-CSNPs showed
a high pattern of decreasel*®!.

In addition to lowering lipid peroxidation,
QU improves antioxidant enzyme activity and
antioxidant levels to provide neuroprotection against
oxidative stressi**. TNF-o (Tumor Necrosis Factor-a.)
is one of the most significant pro-inflammatory
cytokines, affecting various aspects of the immune
reaction®!, TNF-a directly affects physiologic
function of olfactory neurons, independent of the
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inflammatory cascade!*). In the present work, TNF-a
was measured as an inflammatory parameter in
olfactory mucosa and bulb in all groups. This study
showed that ZnS group showed significant increase
in TNF-a levels compared to other groups, similar
result was reported in olfactory bulb following
administration of zinc oxide nanoparticles and
demonstrated that oxidative stress induced release of
pro -inflammatory cytokines including TNF —a*".
As regard ZnS+QU-CSNPs treated group, there was
a significant decrease in TNF-a levels compared to
ZnS+QU treated group, similar result was reported by
Hannan et al., 2023 in a rat model of arthritis and
revealed decreased TNF-a levels in QU-CSNPs
treated group!®. Quercetin has anti-inflammatory
properties through various mechanisms, one
of which is the inhibition of pro-inflammatory
cytokines production (TNF-o and IL-6) inhibiting
cytokines, nitric oxide, production of prostaglandin
and downregulating COX-2 expression*’.

Glutathione (GSH) is a tripeptide that acts as an
endogenous antioxidant that affects many cellular
functionsP” and is the most abundant antioxidant
in cellsP!, In the current study, GSH was measured
as an antioxidant parameter in olfactory mucosa
and bulb in all groups. The present study showed
that ZnS group showed significant decrease in
GSH compared to other groups. This result can be
explained as Zinc inhibits glutathione reductase
and causes intracellular mitochondrial dysfunction,
therefore interfering with GSH synthesis®?.
Regarding ZnS+QU-CSNPs treated group, there was
significant increase in GSH compared to ZnS+QU
treated group, similar result was shown by previous
researchers®!. This result could be attributed to the
potential ability of quercetin to boost GSH levels and
increase its antioxidant cellular capacity. When O2 -
radicals are produced, GSH acts as a hydrogen donor
in the processes that transform them into harmless
H20. Quercetin has been shown to enhance GSH
levels, lower ROS and OH- radicals, which are
mostly produced by mitochondria and restore redox
balancel**.

In the current study, different structural changes
were detected in the olfactory mucosa and olfactory
bulb by light microscope in rats receiving intranasal
irrigation with zinc sulfate.

H&E sections revealed that the olfactory mucosa
and olfactory bulb from the control group displayed
normal histological features. Regarding the olfactory
mucosa following intranasal irrigation with ZnS,
there was thinning of the olfactory epithelium with
loss of its normal histological architecture, this was

confirmed by morphometric analysis that showed
that ZnS group had a significant decrease in olfactory
epithelium thickness compared to other groups,
the same findings were described by a previous
work!®*!, The basal cells were preserved as reported
by Hsieh et al., 2017 who studied the toxicity of
intranasal instillation of Zinc gluconate on olfactory
mucosa in micel®®!. Some areas in the lamina propria
showed degeneration of Bowman’s glands and nerve
bundles as reported by previous study in their model
of olfactory mucosa damage induced by olfactotoxin
herbicide Dichlobenil and demonstrated that lamina
propria appeared fibrotic and most of Bowman’s
glands and axon bundles had disappeared™’..

As for the olfactory bulb following intranasal
irrigation with ZnS, there were thinning and loss
of integrity of olfactory nerve layer (ONL) and
distorted shape of glomeruli (GL), similar findings
were reported by!®®l. There were also, small darkly
stained mitral cells with pyknotic nuclei with
pericellular spaces and that was suggested before
by other researchers who described these changes
following exposure to formaldehydel™.

The structural changes in olfactory mucosa and
bulb could be attributed to the cytotoxic effects of
zinc cation on several cell types such as neuronal
PC12 cells!®, neurons and olfactory epithelium!®®,
The mechanism causing zinc-mediated cell death
appears to be oxidative necrosis!®'.

Regarding olfactory mucosa of ZnS+QU treated
group, there were areas showed replacement of
olfactory epithelial cells with respiratory like
columnar ciliated cells or respiratory metaplasia,
similar findings were noticed previously after
olfactory mucosa resection®? and following
exposure of rabbits to cigarette smokel>”. Respiratory
metaplasia could be explained as injury of olfactory
epithelium could led to exhaustion of Globose basal
cells and persistence of Horizontal basal cells which
contribute to metaplastic respiratory epithelium!®*!.

Olfactory bulb of ZnS+QU treated group showed
thinning and loss of integrity of olfactory nerve layer
(ONL) and distorted shape of glomeruli (GL), while
some mitral cells were apparently normal and others
were darkly stained.

As regard olfactory mucosa and olfactory bulb
of ZnS+QU-CSNPs treated group, QU-CSNPs had
ameliorative effects on both olfactory mucosa and
bulb and the histological architecture was preserved.
These effects were consistent with other studies on
different tissues as colon and brain!®!,
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According to what we have mentioned above,
QU-CSNPs have better effects than QU as chitosan
has the ability to bind to negatively charged body
components including mucosal membranes,
extending the period of contact and allowing
any transported drug more time to penetrate. It is
biodegradable and biocompatible!®?, Moreover,
high encapsulation efficiency, prolonged circulation
time, controlled release and enhanced therapeutic
efficacy are only a few of the powerful benefits
that nanoparticles have over conventional delivery
systems for hydrophobic drugs like QU. Quercetin
has poor aqueous solubility, poor permeability,
instability and poor bioavailability, in contrast!'’)
(Mukhopadhyay and Prajapati, 2015).

In the current study, Alcian blue-Periodic
acid Schiff method was used for histochemical
demonstration of polysaccharides contents of
Bowman’s glands, olfactory mucosa of ZnS group
showed negative Alcian blue-Periodic acid Schiff
reaction of Bowman’s glands contents, similar
finding was demonstrated by other investigators(®?
in their models of olfactory mucosal damage. The
result of the present work could be attributed to the
cytotoxic effects of Zinc.

The olfactory mucosa of ZnS+QU and ZnS+QU-
CSNPs treated groups showed positive Alcian blue-
Periodic acid Schiff reaction of Bowman’s glands
contents and that could be attributed to the anti-
inflammatory and antioxidant effects of quercetin(®?
and hence preserve Bowman’s glands.

As regards immunohistochemical study,
SOX-2 is a marker of neural progenitor cells.
Neural stem cells in the central nervous system
produce the transcription factor Sox2 (SRY sex
determining region Y-box 2), which is required for
the pluripotency of embryonic stem cells. Sox2
is expressed in sustentacular cells, HBCs and a
part of GBCs ORN (Olfactory receptors Neurons)
progenitors) in the adult olfactory epithelium and is
necessary for the transition from the activated state
to a neuronal progenitor statel¢”..

In the current study, olfactory mucosa of ZnS
group showed a significant decrease in the mean
number of Sox2 immunopositive cells compared
to ZnS+QU-CSNPs treated group, while showing
no difference compared to ZnS+QU treated group
which was confirmed by morphometric analysis,
similar finding reported by!®® following exposure
to cigarette smoke and observed that the number
of SOX2+ ORN progenitors in the basal layer
was approximately 20 % lower than in saline-

treated mice on day 1 after final cigarette smoke
administration. The olfactory mucosa of ZnS+QU-
CSNPs treated group showed significant increase
in the mean number of Sox2 immunopositive
cells compared to ZnS+QU treated group and was
confirmed by morphometric analysis, that was in
line with® who reported that following Dasatinib
and Quercetin treatment, there was an increased
number of proliferating of SOX2+ PCNA+ non-
glial progenitors (NGPs) in aged-injured killifish
resulting in an increased generation of new mature
neurons. The proliferating cell nuclear antigen
(PCNA) was used in this study as a marker for cell
proliferation.

Globose basal cells are identified by their position
in the epithelium, by a high mitotic rate and by
markers of cell division including Ki67, PCNAUY,
PCNA is a cell proliferation marker in the sub
ventricular zone and olfactory bulbt". That was in
line with a previous work®*! that reported there was
low immunoreactivity of PCNA in olfactory mucosa
in their model of anosmia. The olfactory bulb and
rostral migratory stream of ZnS group showed
significant decrease in the mean number of PCNA
immunopositive cells compared to other groups
and was confirmed by morphometric analysis.
Previous studies have suggested that the olfactory
function is associated with cell proliferation
in the subventricular zone. In mice, olfactory
dysfunction results from decreased subventricular
zone cell proliferation, whereas olfactory function
is improved following increased subventricular
zone cell proliferation’”. Excess zinc exacerbates
the reduction of neurogenesis by affecting synaptic
markers and rain-derived neurotrophic factor levels
in the hippocampus and production of ROS.
The olfactory mucosa, olfactory bulb and rostral
migratory stream of ZnS+QU-CSNPs treated group
showed significant increase in the mean number of
PCNA immunopositive cells compared to ZnS+QU
treated group that was confirmed by morphometric
analysis.

Quercetin nanoparticles administration retained
proliferation through its activities as antioxidant,
anti-inflammatory, pro-proliferative that promote
DNA replication!™!.

The mechanisms through which Quercetin
enhanced proliferation and neurogenesis could
also be explained according to””! who reported that
quercetin increased the number of cells that express
doublecortin, which is expressed in dentate gyrus
and the sub ventricular zone and increased the
expression of neurotrophic factors as nerve growth
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factor which control neurogenesis in rat model of Al
Alzheimer’s disease.

In the present study, COX-2 was used as a marker
for inflammation. Eicosanoids are produced from
arachidonic acid by the cyclooxygenase (COX)
enzymes COX-1 and COX-2 and they are a crucial
part and indicator of an inflammatory responsel’!.

In the current study, olfactory mucosa and
olfactory bulb of ZnS group showed increase in the
mean values of COX2 area fraction compared to
other groups that was confirmed by morphometric
analysis, similar findings were reported by!” in
olfactory mucosa following intranasal administration
of lipopolysaccharide. This result could be
explained that severe oxidative stress might activate
Inflammation-related genes and transcription factors
and thus would start the inflammatory process.
COX-2 is induced in response to growth factors,
cytokines and proinflammatory molecules!’®!.

The olfactory mucosa and olfactory bulb of
ZnS+QU-CSNPs and ZnS+QU treated groups
showed a significant decrease in the mean values
of COX-2 area fraction compared to ZnS group
confirmed by morphometric analysis, that was in
line with® who reported that Quercetin loaded
chitosan nanoparticles decreased the expression of
COX-2 in a rat model of colitis.

The anti-inflammatory properties of flavonoids
are explained by a variety of mechanisms. In the
first mechanism, antioxidant and radical-scavenging
activities are used. According to this mechanism,
flavonoids considerably contribute to the anti-
inflammatory activity of these substances by reducing
the formation of active oxygen intermediates by
neutrophils and other phagocytes”™. Flavonoids
efficiently inhibit the metabolism of arachidonic
acid. It occurs as a result of the inhibition of gene
expression of COX-1 (cyclooxygenase 1) and
COX-2 (cyclooxygenase 2) enzymes!,

For more survey, ultrastructure and components
of cells by transmission electron microscope
examination was done. Olfactory mucosa of ZnS
group showed Bowman’s gland with vacuolated
cytoplasm, dilated r-ER cisternae and disrupted
secretory granules, similar findings were reported
by in their models of anosmia.

Olfactory bulb of ZnS group showed degeneration
of mitral cells with irregular nucleus, electron dense
cytoplasm with vacuolation, irregular axons with

splitting of myelin sheath and areas of vacuolated
neuropil, these changes were described by®* in
cerebellum after intake of zinc oxide nanoparticles.
Granule cells showed cytoplasmic vacuolation,
similar finding reported by®! following ozone
exposure. The above structural alterations in the
olfactory mucosa and bulb could be attributed to
the cytotoxic and neurotoxic effects of Zn2+ Zn2+
is an effective inducer of ROS, which disrupts
mitochondrial functions and causes cell necrosis or
apoptosis®,

Zinc accumulates within  mitochondria®!
and excess Zn2+ stimulates the generation of
mitochondrial ROSI®1,

The axonal changes found in ZnS group could
be explained as a result of a dying-back process
of neuronal injury®”, increasing water content in
degenerating nerves causes intramyelinic edema
and edematous splitting at various levels of the
myelin lamella, which is thought to be the cause
of myelin sheath splitting®]. As a sign of neuronal
death, neuropil vacuolation may be caused by cells
shrinking and withdrawing their processes as a result
of cytoskeletal affection®”.

Acini of the Bowman's gland in the ZnS+QU
treated group displayed dilated r-ER (rough
endoplasmic reticulum) cisternae, which may be
attributed to oxidative stress according to®! who
reported that oxidative stress alters the internal
environment of the ER and results in persistent ER
stress. When ROS attacks the ER, polyunsaturated
fatty acids are peroxidized and a buildup of misfolded
proteins forms in the ER lumen.

In the current study, Quercetin loaded chitosan
nanoparticles had ameliorating effects on
ultrastructure of both olfactory mucosa and bulb
better than Quercetin, the neuroprotective effect of
Quercetin nanoparticles was previously reported
by®! in rat model of Alzheimer’s disease, also in
a model of cerebral ischemia-induced injury, it has
been demonstrated that a nano-encapsulated form
of quercetin greatly reduces oxidative stress and
improves neuronal protection in the hippocampus®,

Quercetin is thought to be a potent antioxidant.
It is a remarkable antioxidant and probably the best
scavenger of reactive oxygen and nitrogen species
because to its two antioxidant pharmacophores'.
Quercetin could also be beneficial in the inhibition
of oxidative stress-mediated neuronal damage as
oxidative stress is considered as one of the major
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causes of the development of neurodegenerative
disorders and vascular pathologies in the brain
due to its radical-scavenging and metal-chelating
properties®?.

CONCLUSION

In conclusion, the previously mentioned data
demonstrated that ZnS has damaging effects on
olfactory mucosa and bulb. Inflammation and
oxidative stress could be the mechanisms through
which ZnS induces its damaging effects. The
results indicated that QU-CSNPs have adequate
prophylactic effects against damaging effects of
ZnS and these effects were extremely superior to
QU. These protective effects may be mediated by
reducing oxidative stress, enhancing antioxidant
defense mechanisms, controlling inflammation by
lowering the levels of the pro-inflammatory cytokines
TNF-a and improving the structural changes in
olfactory mucosa and bulb. Additional studies are
recommended to investigate further mechanisms
underlying the potential beneficial effects of QU-
CSNPs. Bring up a new line for anosmia therapy
(it may be used as a potential therapy for anosmia
caused by COVID-19). Additional clinical studies
are needed to assess the safety, benefits and hazards
of QU-CSNPs in humans..
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