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ABSTRACT

Like all human senses, the sense of olfaction (smell) plays an important role in person’s life. The sense
of smell serves as a first warning signal, warning to the smoke of a fire, spoiled food, or the odor of a
natural gas leak or dangerous fumes. Olfactory mucosa is a component of nervous system which
regenerate throughout person's lifetime. Dysfunction of olfactory sensitivity may be a side effect of
chronic use of high sildenafil doses. Sildenafil is oral drug effective for erectile dysfunction in men,
and approximately 20% of patients complain about nasal congestion after sildenafil administration.
Aim of this study was to evaluate effect of long-term sildenafil administration on rat olfactory mucosa.
Forty-five male albino rats were divided into three equal groups, group | kept as control. Rats in
groups Il and 111 received sildenafil citrate orally at doses of 50 mg/kg and 100 mg/kg, respectively for
three months. At the end, olfactory mucosa removed, fixed in proper fixations for histopathology,
immunohistochemistry, and SEM. Results revealed that rats treated with high dose of sildenafil
revealed loss of smell as well as alteration of histological pictures, immunohistochemical staining of
apoptotic markers and SEM of olfactory mucosa while the rats in group Il revealed normal sense of
olfaction and normal histology of olfactory mucosa. In conclusion, chronic use of 100 mg sildenafil
citrate led to olfactory dysfunction through stimulation of iINOS and Caspase 3 apoptotic markers
whereas low dose needs further investigation and may introduce a prospective therapy for a post
COVID 19 dysfunction.

Keywords: Caspase 3; Electron microscope; iNOS; Olfactory mucosa.

INTRODUCTION

Olfaction is one of the five primary human senses
that enables individuals to detect various dangers,
including fire or toxic fumes. Olfactory dysfunction is
commonly associated with several conditions, such as
poor mental health, reduced cognition, and decreased
appetite (Boesveldt and Parma, 2021; Hura et al.,
2020). Furthermore, the impairment of the sense of
smell has a detrimental impact on an individual's
overall quality of life (Boesveldt and Parma, 2021;
Hura et al., 2020).

Olfactory loss has been identified as one of the
common symptoms related to COVID-19 infection
(Jafar et al., 2021). Olfactory disturbances have a wide-
ranging impact on the lives of patients, as there is a
lack of knowledge of the disorder among clinicians, so
there is a need to improve our understanding of
olfactory disturbance (Erskine and Philpott, 2020).
Olfactory disturbance can be also occurred due to the
use of certain medications and can also be a symptom
of psychiatric disease, and growing evidence connects
olfactory problems to serious neurodegenerative
disease even death (Schubert et al., 2017). The
olfactory region is situated at the top of the nasal
cavity, and its neuroepithelium is the only portion of
central nervous system that is immediately exposed to
the outside environment. The olfactory mucosa is lined
by pseudostratified columnar epithelium that comprises
basal cells, supporting cells, microvillar cells, and
olfactory cells.
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Olfactory receptors (receptors for scent perceptions)
and tiny serous glands are also present in olfactory reg-
ions. The olfactory epithelium has a total surface area
of 200-400 mm (Ross and Pawlina, 2006, Purves et al.,
2001). The structure, function, and physiology of
olfactory mucosa are poorly understood. It contains the
specialized sensory organ of smell, which is a
component of the nasal mucosa. Depressive symptoms
and mood swings are brought on by olfactory system
diseases (Nordin and Bramerson, 2008). In addition,
Olfactory sensory neurons are located within the nasal
cavity and are constantly replaced by new neurons
derived from stem cells, making the olfactory system
one of uncommon nervous system systems that can
undergo regeneration throughout life.

Olfactory dysfunction can be brought on by a variety
of factors, including ageing, head injuries, brain tumor
removal, neurodegenerative diseases, and infection.
This disorder has a negative impact on patient life
quality, mental well-being, memory abilities, mortality
rate and nutritional status (Beecher et al., 2018). One
of medications that altered sense of olfaction is
sildenafil citrate. Sildenafil is the approved medication
for treating erectile dysfunction specifically inhibits
phosphodiesterase 5 (PDES5), an isozyme in the corpus
cavernosum that degrades cyclic guanosine monoph-
osphate (c-GMP). Because cGMP levels are rising,
nitric oxide (NO), a relaxing agent produced by the
endothelium, causes smooth muscle relaxation and
blood vessel dilation. Sildenafil elevates c-GMP levels
and improves effects of NO on vascular smooth muscle
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dilatation via inhibiting PDE5 (Senthilkumar et al.,
2007). Approximately 20% of patients treated with
sildenafil for erectile dysfunction complain of nasal
congestion after using sildenafil. Increased sildenafil
dosages may result in diminished olfactory sensitivity
(Gudziol et al., 2007).

Nitric oxide (NO) levels control neuronal
differentiation and cell division in epithelial cell
cultures of adult olfactory. Nitric oxide synthase (NOS)
inhibition decreased neural progenitor proliferation and
promoted neuronal differentiation. NO release had the
opposite impact. These findings imply that NOS
expression and activity could be increased in the
olfactory epithelium through regeneration, promoting
the proliferation of neural precursor cells (Sllz et al.,
2009).The inducible (iNOS) and neuronal (nNOS)
isoforms of this enzyme appear to be involved in this
action, although the underlying mechanism is unclear.
In other parts of the nervous system, it has been
documented that NO has a mitogenic impact as a
mechanism of injury-induced regeneration (Sun et al.,
2005).

The emergence of many resistant cases of post
COVID, smell disorders attract our attention to proceed
with this research. So, the aim of this study was to
investigate the influence of long-term sildenafil
administration on rat olfactory mucosa through
histopathological, scanning electron  microscopy
examinations and immune-histochemical detection of
caspase-3 and inducible nitic oxide synthase protein
expression.

MATERIALS AND METHODS

Forty-five Male albino rats that were in good health
and weighed 200-250 g, age range from 7- 10 weeks
were obtained from pharmaceutical Pharco Company,
Cairo, Egypt. The research ethics committee of the
Suez Canal University in Ismailia, Egypt, described the
protocols and rules for using experimental animals, and
these were followed throughout the experiment. Prior
to the studies, Each and every rat was kept in common
plastic cages with a sawdust-covered floor to minimize
the possibility of harmful contact with the hard surface
of the cages under the proper condition such as
temperature, light (25-27°C and a 12-hour light/dark
cycle), and relative humidity around 50-60%, in a
well-ventilated room with unrestricted to drinking
water from the tap, and on a standard granulated ration
made in accordance with MRC and containing crude
protein of 21%, crude fat of 5%, and crude fibers of
3%. Prior to the trial, the animals spent two weeks
acclimated to the lab environment.

Buried Food Test

The buried food test evaluates how quickly an
animal that has been fasting overnight can find a piece
recognizable, palatable food—Ilike cookies, cereal,
chocolate chips, or food pellet, buried behind a layer of
bedding. According to the idea, rat with access to
limited food are likely to suffer olfactory impairments
if they can't employ odour cues to find the food within

15 minutes. Most rats with normal olfactory abilities
can locate the hidden food item within minutes. The
rats' olfactory abilities were tested using the "buried
food test,” which enables them to locate the food
beneath the wood chips in less than five minutes.
According to Yang and Crawley (2009), the test on the
buried food was conducted. The buried food test was
done at the beginning of the study to exclude any rats
with disturbed olfactory function. Sildenafil citrate
(Viagra); Sildenafil citrate as a 100mg tablet was
provided from Pfizer, Egypt as a 100mg tablet for oral
administration. The sildenafil citrate (100mg) tablet
was crumbled and diluted in distilled water.

Experimental Design

The animals were divided into three equal groups.
For 3 months the control group received 0.5 cc of
distilled water orally, the low dose group received 5
mg/kg/day of sildenafil citrate and the high-dose group
received 10 mg/kg/day of sildenafil citrate (Reag-
an-Shaw et al., 2008, Loran et al., 2009). The buried
food test was repeated at 4, 8 and 12 weeks to assess
the olfactory functions for the 3 groups (Yang and
Crawley, 2009).

Tissue sampling

After the end of the experimental trial, rats were
euthanized using phenobarbitone then sacrificed and
the nasal mucosa (respiratory and olfactory) was
removed after death. Olfactory nasal mucosa was
obtained from rats (Stamegna et al., 2014).

Histopathological examination

For histological analysis, nasal olfactory epithelium
was fixed in 10% neutral buffered formalin. After
being cut into 5-mm-thick sections and placed into
tissue cassettes, the specimens were dehydrated in
ethanol at increasing concentrations, cleared with
xylene, and embedded into paraffin blocks using custo-
mary paraffin-embedding procedures. The 5-mm-thick
sections were then processed to obtain hematoxylin and
eosin (H&E) (Bancroft and Gamble, 2008). Scoring of
nasal epithelium for the presence of degeneration,
hyperplasia of goblet cells and congestion of blood
vessels of lamina propria was done according to
(Gibson-Corley et al., 2013) as follow: score 0= no
change; 1= <10%; 2= 11-25%; 3= 26-45%; 4= 46-
75%; 5=>76%. Lesions in 10 randomly selected fields
were examined and averaged. Also scoring of Olfa-
ctory cilia heights was scored by the ImageJ program.

Scanning Electron Microscope (SEM)

Olfactory mucosae were fixed in 2.5% glutar-
aldehyde for 24 hours at 4°C. The samples were then
dried at the critical point and dehydrated using ethanol
in gradual concentrations. On metal stubs, dried
samples were mounted using double-sided adhesive
tape. The specimens were next "sputtered” with a layer
of gold that was 100 nm thick using a BIO-RAD
sputtering device (Cambridge, England), and they were
scanned at various angles using a scanning electron
microscope (SEM, Model-JEOL ASID-10, Cambridge
Ltd., England) at the National Research Centre in
Cairo, Egypt.



Immunohistochemistry (IHC)

The nasal mucosal sections were first deparaffinized,
followed by moistening and submerging in 3% H,0,.
Subsequently, the tissue sections were incubated in a
blocking buffer (protein block, serum-free solution;
DAKO Corporation, Carpinteria, CA). For the immun-
ohistochemical examination, polyclonal rabbit anti-
bodies against caspase 3 (Rabbit pAb Catalogue No.:
A11953, diluted at 1:50) and anti-iNOS (Rabbit pAb
Catalogue No.: A0312, diluted at 1:100) from AB-
clonal company, Woburn, MA, USA, were used. The
sections were treated with caspase 3/iNOS antibodies
overnight. As negative controls, sections were treated
with phosphate-buffered saline (PBS) instead. The
following day, after washing with PBS, the sections
were treated with horseradish peroxidase and a
secondary antibody (biotin bovine antirat). To visualize
the immunological reaction, 3,3' Diaminobenzidine
chromogen (DAB, Sigma Chemical Co, USA) was
applied to the sections after rinsing with PBS.
Hematoxylin staining was performed on the sections,
followed by washing with distilled water. Finally, the
sections were cleared and covered.

Under a light microscope, the sections were eval-
uated and assigned a score based on the strength of the
caspase 3 immunoreaction. This comprehensive imm-
unohistochemical protocol allowed for the specific
detection and assessment of caspase 3 and iNOS exp-
ression in the nasal mucosal sections.

Semiquantitative analysis of caspase and iINOS

To quantify the intensity of immunostaining, the
Image J software (Crowe and Yue, 2019) was operated.
In each group, 10 randomly chosen fields from
different parts were examined. The inverse mean
density was then calculated to assess the semi-
quantitative analysis of caspase and iNOS. This
approach allowed for a reliable and objective measure-
ment of the immunostaining intensity, contributing to a
comprehensive evaluation of the observed results.
Statistical analysis

The obtained results were analyzed using SPSS
version 20 (SPSS Inc., Chicago). A one-way ANOVA
was conducted to examine the statistical significance of
the data. Subsequently, the Duncan Multiple Range test
was applied to identify specific differences between
pairs of means. A significance level of p < 0.05 was
considered statistically significant. This analysis
allowed for a comprehensive assessment of the data
and provided insights into the significance of the
observed differences. The data presented, in this study,
are reported as means with five replicates + SE
(standard error).

RESULTS

All rats at the beginning of the study spent (average
3 minutes) to find the buried chocolate cookies. Both
the control and low dose sildenafil citrate treated rats
(50 mg) groups showed non-significant (p >0.05)
variations in buried food test along the different times
(Day 0, 4th, 8th and 12th weeks). However, high dose

sildenafil citrate treated rats (100 mg) revealed marked
(p <0.01) time delay in buried food test from the 4th
week till the end of the experiment. The prolongation
in the time of chocolate cookies found in the high dose
group was 3 folds than that in the control group (Figure
1).
Light microscopic (LM) results

Olfactory mucosa

In the most examined rats of control group, the
olfactory mucosa lined by pseudo stratified columnar
epithelium comprises basal cells, olfactory neurons
(receptor cells), and supporting cells. The upper part of
the epithelium appears to have rows of pale oval-
shaped supporting cell nuclei. The lower two-thirds of
the epithelium were taken up by olfactory neuron
nuclei, and basal cells were situated next to the basal
lamina. Group Il revealed highly intact mucosa with
prominent cilia and mild congestion of blood vessels.
Group IIl, mucosa of rats showed moderate
enlargement and swelling of the whole mucosal layer
due to severe congestion of the blood vessels and
occasional hyperplasia of the mucosa. Mild loss and
shortening of olfactory cilia were also observed
(Figure2).
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Figure (1) Buried food test (min.) of control (Gl) and sildenafil
citrate treated rats (GlI: 50 mg/kg and Gl1I: 100 mg/kg)

Semi-quantitative scoring of olfactory cilia heights
(OCH)

The control and low dose sildenafil citrate-treated
(50 mg) groups showed highly significant (P <0.01)
increase in the morphometric analysis of OCH, when
compared to high dose sildenafil citrate-treated rats
(100 mg). Moreover, the morphometric analysis of
OCH tended to increase in low dose sildenafil citrate-
treated (50 mg) group than the control group.

Scanning Electron Microscopy

The scanning electron micrograph displayed a
normal olfactory surface with smooth vesicles and
intact bipolarity of olfactory neuron cell. In group Il
treated rats, the olfactory surface of the nasal cavity
exhibited numerous intact bipolar olfactory cells
arranged in a normal pattern, characterized by normal
cilia and dendrites. However, in the olfactory surface
of rats treated with 100 mg sildenafil, numerous
olfactory vesicles were observed with a rough,
corrugated, and shrivelled surface. Additionally, there
was a loss of ciliary surface and a disruption of
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bipolarity in both cilia and dendrites (see Figure 3).
This finding indicates the detrimental effects of the 100
mg silden-afil treatment on the structure and integrity
of the olfactory surface.
Immunohistochemistry

Immunohistochemistry staining for iINOS

Immunohistochemistry staining for iINOS of the
olfactory mucosa of group I (a and b) showed mild
immunoreaction in the nerve fascicles, in the lamina
propria and between the olfactory epithelia. Group 11 (¢
and d), the olfactory mucosa is mildly reacted in the
lamina propria of the mucosa and end olfactory nerves.
Group Il (e and f), showed deep immunoreaction in
the nerve fascicles, in the lamina propria and between
the olfactory epithelium and the initial parts of the
olfactory nerves (Figure 4).

Immunohistochemistry staining for Caspase 3

In the immunohistochemistry staining for Caspase 3,
the results revealed varying degrees of immunor-
eactions in different groups. Group | (a) exhibited mild
to moderate immunoreactions of the olfactory mucosa.
Group Il (b) showed mild immunoreactions of the
olfactory mucosa. On the other hand, Group Il (c)
displayed intense immunoreactions of the olfactory
mucosa (Figure 5). These findings provide valuable
insights into the differential expression of Caspase 3 in
the different groups, suggesting potential variations in
the underlying cellular processes and signaling
pathways related to apoptosis.

Yorphometric analy tis of OCH
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)
m of nasal concha: (a) Group |
(control) showing normal olfactory mucosa and normal Olfactory
neuron (ON), and olfactory cilia (arrowhead). (b), Group Il (50
mg/kg sildenafil citrate) showing normal olfactory mucosa with
highly prominent olfactory cilia (arrowhead). (c) Group Il (100
ma/kg sildenafil citrate) showing detachment of olfactory cilia
(arrowhead) and congestion of blood vessels (asterisk). H&E. Bar
100 um. (d) Morphometric analysis (mean +SE) of olfactory cilia
height (OCH) in sildenafil citrate treated rats. Different
superscripts within the same rows indicates significant variation at
(p 0.01)

Immunohistochemically Scoring

Regarding the immunostained area percentage of
olfactory iNOS, the rats treated with a high dose of
sildenafil citrate (100 mg) exhibited a highly signi-
ficant (p < 0.01) elevation compared to both the control

Figure (3): Scanning electron micrograph of olfactory mucosa of
the nasal cavity in control rats (a) showing typical normal
olfactory vesicle (arrow) with smooth normal surface Bar 5um.
Group Il (b), showing the bipolar olfactory cells having normal
surface and dendrites (arrow), Bar 2um. Group Il (c & d)
showing numerous hyperplastic olfactory vesicles (arrow) with
rough corrugated surface and loss of ciliary surface. Bar 5um.
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nitric oxide synthase) in the olfactory mucosa tissue. A and B:
Group | (control), displaying mild immunoreactivity in the
nerve fascicles, lamina propria, and between the olfactory
epithelia. C and D: Group Il (50 mg/kg sildenafil citrate),
exhibiting mild immunoreactivity in the lamina propria of the
mucoca and end olfactory nerves (indicated by arrows). E and
F: Group Il (100 mg/kg sildenafil citrate), demonstrating
intense immunoreactivity in the nerve fascicles, lamina propria,
and between the olfactory epithelium and the initial parts of the
olfactory nerves (arrow).




and low dose sildenafil citrate-treated (50 mg) groups.
Furthermore, the high dose sildenafil citrate-treated rats
(100 mg) demonstrated a significant (p <0.01)
elevation compared to both the control and low
dosegroups in the immunostained area percentage of
olfactory caspase-3 (Figure 6). These findings
emphasize the profound impact of sildenafil citrate
dosage on the immunostained area percentages of
olfactory iNOS and caspase-3, suggesting potential
implications for the underlying molecular mechanisms
and cellular processes (Fig. 6).

Figure (5): Immunohistochemistry staining for Casp 3 of the olfactory
mucosa of treated rats. (a), Group | showing mild to moderate
immunoreactions of the olfactory mucosa; (b), Group Il showing
mild immunoreactions of the olfactory mucosa; (c), Group IlI
showing intense immunoreactions of the olfactory mucosa and (d),
Immunostained area % (ISA %) of caspase-3 in control (GI) and
sildenafil citrate treated-rats (G1l: 50 mg/kg and GllI: 100 mg/kg).
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Figure (6): Immunostained area % (ISA %) of iNOS in control (GI)
and sildenafil citrate treated rats (GII: 50 mg/kg and Glll: 100
mg/kg).

DISCUSSION

Olfaction, the sense of smell, has received relatively
less attention compared to other sensory organs such as
hearing or sight. However, there is a growing reco-
gnition of the need to clarify its functions and
mechanisms. Smell plays a significant role in social
communication among humans and is considered a

reliable standard in certain contexts. Moreover, the
importance of the sense of smell has been highlighted
during the COVID-19 pandemic.

Sildenafil citrate, commonly known as Viagra, is a
drug used for the treatment of erectile dysfunction, a
prevalent medical condition affecting 10%-52% of
men (Tharakan and Manyam, 2005). This condition
affects a substantial population of 322 million people
globally, with approximately 30 million individuals
residing in Africa. Chronic usage of sildenafil has been
associated with side effects, primarily due to its
vasodilator properties. In this study, the influence of
sildenafil citrate on the histological structure of the
nasal conchae in adult male albino rats was
investigated using light and electron microscopes
(Gebreyohannes et al., 2016). This research aims to
provide insights into the potential impact of sildenafil
citrate on the nasal tissue morphology and shed light on
the histological changes associated with its use.

In the present study, different degrees of degen-
eration and submucosal edema were observed in
olfactory mucosa using the routine H&E staining. This
increased risk of nasal mucosa toxicity attributed to the
repeated exposure to the high dose of sildenafil
treatment (10 mg/ kgm) and could result from
chronically high levels of cyclic guanosine monoph-
osphate (cGMP), which prevents the nitric oxide's
decomposition as recorded by (Behn and Potter, 2001).
Similar to this, Eweka et al. (2010) observed that adult
Wistar rats given sildenafil citrate over an extended
period of time encountered varying degrees of
intercellular vacuolations in the superior colliculus
(intracranial  visual relay center) and cellular
degeneration. Chronic treatment with sildenafil citrate
(100 mg/ kgm) for 4 weeks (Viagra) caused the optic
nerve and retina’s structure of the rat to be influenced
by the toxic effect of nitric oxide.

The olfactory neuron is bipolar, whereas a single
unbranched axon forms the synapse in the olfactory
bulb, the second extends into the mucous and ends in
an olfactory vesicle. Fine olfactory cilia protrude into
the mucus from each knob. As a result, cilia detect
odorants on the surface of the olfactory epithelium (Liu
et al, 2010) and consequently, the olfactory
capabilities may be dependent also on the height of the
olfactory cilia. Olfactory sensory neurons in vertebrates
detect odorants using multiple cilia, which protrude
from the end of the dendrite (Ching et al., 2022).

In the present study morphometric analysis of the
olfactory cilia height in the sildenafil citrate 100 mg
treated group indicated degeneration, loss of cilia and
decrease in its height compared to control group,
whereas the 50 mg sildenafil citrate showed a
pronounced preserved height of the olfactory cilia
compared to control group and the 100-gm sildenafil.
This result might explain the delay of rats in the group
treated with higher sildenafil group in finding the
buried chocolate cookies in the buried food test done in
current study.

Results of the SEM in this study the sildenafil 50 mg
treated group rats had numerous intact bipolar olfactory
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cells arranged in normal intact pattern and had normal
cilia and dendrites. Meanwhile, olfactory surface of the
100 mg sildenafil revealed numerous olfactory vesicles
with rough corrugated surface along with loss of cilia
and lack of mucous production. These results explain
that the delay of rats in higher sildenafil group in
finding the buried chocolate cookies in the buried food
test done in our present study could be attributed to the
loss ciliary surface and damage of some olfactory
neuron cells as explained by Liu et al. (2010) who
reported that olfactory receptor neurons and their cilia
are the site of odorant detection. And also, the olfactory
capabilities may be dependent also on the height of the
olfactory cilia. And consequently, the olfactory
capabilities may be dependent also on the height of the
olfactory cilia (Challis et al., 2015).

According to Gudziol et al. (2007), who stated that
sildenafil (at a dose of 100 mg) had a significant effect
on olfaction, the present results of the dose 100 mg
were in line with their findings. This study aligns with
reports of nonspecific side effects of sildenafil
beginning at a dose of around 100 mg, with a higher
frequency of dyspepsia or altered eyesight. This may
be related to nonspecific effects of sildenafil on nasal
swell bodies.

It has been proposed that sildenafil's angiogenic
effect is mediated by an increase in NO and (cGMP)
accumulation, which exhibits an endothelial relaxant
activity, or by a protein kinase G-dependent pathway
that is unrelated to the production of nitric oxide.
Furthermore, data supporting the therapeutic effect-
iveness of sildenafil as an anti-angiogenic drug in
human patients with neurological and vascular
problems is rising (Farooq et al., 2008).

Since iINOS-derived NO, the increased levels of No
obtained in the current study might promoted the
adverse damage of nasal mucosa in rats receiving the
high dose of sildenafil citrate, where the iINOS was
significantly expressed in olfactory mucosa. The
increased level of NO could be attribute to the
inhibiting effect of sildenafil on the breakdown of
cyclic guanosine monophosphate (cGMP), which
regulates many of the biologic actions of NO (Shi and
Nuttall, 2002). The loss of olfactory cilia obtained in
our histological and scanning electron microscopy
could be also attributed to the direct damage of NO
which is confirmed the immunohistochemical expre-
ssion off iNOS. Our results came parallel to the study
of Shi and Nuttall (2002) that studied the effect of
sildenafil on inner ear and assumed that an excessive
stimulation of the NO/GMP pathway by NO free
radicals can cause direct damage to hair cells, hair cell
loss, and defective cochlear microcirculation.

Regarding the expression of caspase-3 as an
apoptotic marker used in the present study, the
immunereactive cells observed significant increase in
the 100 mg sildenafil group. Apoptosis could be the
cause of sildenafil olfactory injury. Apoptosis is
triggered by the activation of intracellular signals
cascades, which in turn activate cysteine proteases
(caspases) in a variety of cell types. Caspase 3

catalyzes the cleavage of terminal death substrates,
causing cells to be destroyed in a systematic manner,
resulting in DNA fragmentation and apoptotic cell
death. As a result of uncontrolled synthesis, in a
number of systems, NO's cytotoxic capacity can cause
cell death via oxidative stress, disrupted energy
metabolism, and DNA and mitochondrial damage (Kim
et al., 1999). This complex process may also be resp-
onsible for sildenafil-mediated olfactory epithelial
cytotoxicity. Our findings aligned with those of Bakir
et al. (2012), who studied the long-term effects of
sildenafil administration on the rat inner ear using 50
mg Viagra tablets.

NO (nitric oxide) has been shown to play a dual role
in apoptosis, acting as both a pro-apoptotic and anti-
apoptotic factor depending on the cell type and context.
According to Kim et al. (1999), the decision of a cell to
undergo apoptosis is influenced by the interplay
between apoptotic and anti-apoptotic factors. The data
from the study suggest that NO contributes to
maintaining this balance by inhibiting the apoptotic
process through various mechanisms. One well estab-
lished mechanism by which NO inhibits apoptosis is
through the suppression of caspase activity, a key
component of the apoptotic pathway.

According to a recent article, sildenafil, a medicine
that modulates this system and regulates caspase
activity, may aid in the treatment of several disorders.
Sildenafil restricts necrosis and apoptosis via a NO-
dependent pathway (Salloum et al., 2008). As a result,
several scientists proposed that continuous usage of
modest doses of sildenafil has a protective effect
against necrosis and apoptosis.

This research holds promise in enhancing our
understanding of the pathogenesis of certain disorders
and identifying effective treatment approaches. The
vasodilatory effect of sildenafil has garnered signi-
ficant interest due to its potential application in the
management of vascular occlusive diseases, as noted
by several researchers. The impact of sildenafil on
retinal blood vessel diameter in healthy individuals has
been investigated in prior studies (Grunwald et al.,
2002; Polak et al., 2003).

CONCLUSION

The present study provides evidence of the harmful
impact of sildenafil citrate, the active ingredient in
Viagra, on the nasal and olfactory systems, particularly
through an increase in apoptosis. These findings align
with previous research conducted in this area. It is
important to note that the side effects on olfaction
appear to be dose-related, with a significant increase
observed with a 100 mg sildenafil dose, while the low
dose did not show the same impact. Therefore, further
studies are warranted to investigate the effects of
sildenafil on olfactory function using both high and
low doses, particularly in cases of induced olfactory
impairment. In conclusion, the current study highlights
the need for additional research to better understand the
causes of olfactory impairment and to explore potential
solutions for the treatment of this troublesome



condition. The findings emphasize the importance of
considering the potential side effects of sildenafil
citrate on olfaction and the necessity for further
investigations in this area.
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