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Background: Ageing is associated with a significant decline in olfactory function, though the underlying mechanisms remain
unclear. Angiotensinogen (AGT) participates in multiple cellular processes, including inflammation, oxidative stress (OS), and
magnesium (Mg>") homeostasis. In this study, we investigated how decreased AGT expression in olfactory epithelial cells affects
Mg>" uptake, inflammation, oxidative stress, and mitochondrial apoptosis, ultimately contributing to olfactory dysfunction.
Methods: Rapidly ageing male senescence-accelerated mouse prone 6 (SAMP6) mice and age-matched normal senescence ac-
celerated mouse resistant 1 (SAMR1) control mice were used to evaluate olfactory function via the buried food test. Blood and
olfactory epithelium tissues were collected for biochemical analyses. Mouse olfactory epithelial (MOE) cells were cultured, and
AGT expression was knocked down, with or without MgSO, supplementation. Mitochondrial membrane potential (A¥m) was
assessed using JC-1 staining, and cell viability was measured via Cell Counting Kit-8 (CCK-8) assay.

Results: SAMP6 mice exhibited impaired olfactory function, with significant structural damage to the olfactory epithelium and
reduced expression of olfactory marker protein (OMP, p < 0.05). Elevated expression of interleukin-1 beta (IL-1/5), tumor necro-
sis factor alpha (TNF-«), transforming growth factor beta (TGF-(3), reactive oxygen species (ROS), Bcl-2-associated X protein
(Bax), caspase-3, and caspase-9 was observed in blood and olfactory epithelium tissues, while levels of AGT, Angiotensin II (Ang
IT), Mg®", and the Mg>" transporter mitochondrial RNA splicing 2 protein (MRS2) and transient receptor potential cation chan-
nel subfamily M member 6 (TRPM6) were significantly decreased (p < 0.05). In vitro, AGT knockdown reduced viability and
AVUm in MOE cells (p < 0.05), elevated IL-13, TNF-« and ROS (p < 0.05), and suppressed the expression of AGT, Ang II, MRS2,
and TRPM6 (p < 0.05). Notably, MgSO, administration partially reversed the effects of AGT knockdown on MOE cells (p <
0.05).

Conclusion: Reduced AGT expression in olfactory epithelial cells impairs Mg>" uptake, leading to inflammation, oxidative stress,
and mitochondrial apoptosis, ultimately contributing to age-related olfactory dysfunction. Our findings suggest that targeting
AGT or Mg®" homeostasis may offer promising therapeutic strategies for age-related olfactory disorders.
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Introduction Consequently, it is widely accepted that, beyond mechan-
ical obstruction in the olfactory cleft, inflammation in the
olfactory cleft is a significant contributor to olfactory dys-

function associated with nasal cavities and sinus disorders

Olfactory disorders refer to a reduction or complete
loss of the sense of smell. Ageing is a significant risk fac-

tor for olfactory dysfunction [ 1], and its prevalence has been
notably documented in conditions such as Alzheimer’s and
Parkinson’s disease [2]. However, recent study suggested
that younger individuals may also exhibit age-like declines
in olfactory function [3]. Moreover, the sense of smell is
essential for daily activities, including food selection and
detection of environmental hazards [4]. A decline in olfac-
tory function can adversely impact patients’ quality of life
to varying degrees.

Generally, olfactory disorders arising from the nasal
cavity and paranasal sinuses can be classified as either res-
piratory or sensory in origin. However, many related disor-
ders result from a combination of contributing factors [5,6].

[7,8]. Olfactory epithelial cells, primarily located within the
olfactory cleft and containing olfactory receptors, serve as
the primary sensory receptor cells for olfaction [9]. There-
fore, abnormal functional phenotypes of olfactory epithe-
lial cells are critical contributors to the decline in olfactory
function.

The Agt gene encodes angiotensinogen [10], which
plays a critical role in regulating inflammation, fibrosis,
oxidative stress, and Mg?* influx through its interaction
with downstream receptors following the hydrolysis of an-
giotensin I to IV (Ang I-1V) [11-13]. Transcriptomic
analyses of mouse olfactory epithelial cells have revealed
a significant decrease in AGT expression in aged speci-
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mens. Additionally, emerging evidence suggests that an-
giotensinogen (AGT) and related factors may be involved
in olfactory dysfunction observed in COVID-19 patients,
as angiotensin-converting enzyme 2 (ACE2), another com-
ponent of the renin-angiotensin system (RAS), facilitates
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) entry and is associated with olfactory loss [14,15].
Notably, angiotensinogen/angiotensin II (AGT/Ang II) sig-
naling and its associated receptors are involved in regulat-
ing cellular Mg? ™ uptake [13], and magnesium is essential
for maintaining sensitivity to smell and taste [16]. How-
ever, the specific role of AGT in olfactory disorders, par-
ticularly in relation to Mg?™ uptake, remains inadequately
elucidated.

In this study, we investigated the role of AGT in
olfactory epithelial cell function using the senescence-
accelerated mouse prone 6 (SAMP6) mouse model of ac-
celerated ageing. We confirmed that SAMP6 mice show ol-
factory deficits alongside downregulated AGT expression,
reduced Mg?™ transporters, elevated inflammatory and ox-
idative stress markers, as well as increased mitochondrial
apoptosis. Through in vitro knockdown of AGT in mouse
olfactory epithelial (MOE) cells, we evaluated whether
MgSO, supplementation could mitigate the inflammatory
and apoptotic outcomes of AGT deficiency. Our findings
provide new insights into the AGT-Mg?* regulatory axis
and may inform therapeutic strategies for age-related olfac-
tory dysfunction.

Materials and Methods

Olfactory Function Evaluation

A total of 12 male specific-pathogen-free (SPF) mice
used, including senescence-accelerated mouse prone 6
(SAMP6) mice (n = 6, aged 3—6 months, body weight = 32
=+ 1.2 g) and age-matched senescence accelerated mouse re-
sistant 1 (SAMR1) control mice (n = 6, aged 3—6 months,
body weight =30 + 0.9 g), were obtained from Huachuang
Sino (Taizhou, China). All mice underwent a 1-week ac-
climatization period before testing. Olfactory function was
assessed using the buried food test. Mice were individu-
ally placed in a test box (40 cm X 24 cm x 20 cm) for
30 minutes per day over 3 consecutive days to acclimate
to the test environment. Prior to the formal testing, mice
were fasted for 12 hours. Approximately 3 cm of bedding
material was added to the test box, and 0.5 g of food pellets
were buried at a depth of 0.5 cm in a random location. Each
mouse was placed in the box, and the timing started imme-
diately. The time was recorded once the mouse uncovered
the food pellet and grasped it using either its forepaws or
teeth. Each mouse underwent three trials, and the average
value was recorded. If a mouse failed to find the food within
300 seconds, the trial was terminated, and the search time
was recorded as 300 seconds. Fresh bedding material was
used for each trial to prevent odor cues.

Collection of Olfactory Epithelial Tissue and Blood
Samples

One day after the completion of the olfactory func-
tion test, all mice were fasted for 8 hours and anesthetized
via intraperitoneal injection of sodium pentobarbital (40
mg/kg; BC1040, Protein Biotechnologies, Beijing, China).
Blood samples were collected from the orbital sinus. Mice
were then euthanized via carbon dioxide asphyxiation using
an experimental animal asphyxiator (DW800, Rurui Tech,
Guangzhou, China). The nasal septum was dissected to sep-
arate the olfactory epithelium, including the nasal tip, sep-
tum, and mucosal surface of the nasal turbinates. The ol-
factory epithelium tissues were washed with PBS and either
stored at —80 °C or fixed in 10% formaldehyde for subse-
quent analysis.

All animal experiments complied with the ARRIVE
guidelines and were conducted in accordance with the Na-
tional Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publications No. 8023, revised
1978). Ethical approval was granted by the Institutional
Animal Care and Use Committee of the Second Affiliated
Hospital of Chongqing Medical University (approval num-
ber: IACUC-SAHCQMU-2023-0070).

Biochemical Detection

Collected blood samples were centrifuged at 8000 rpm
for 20 minutes to separate serum. Serum samples were
preserved on dry ice and shipped to the Central Labora-
tory of the Second Affiliated Hospital of Chongqing Med-
ical University (Chongqing, China) for analysis. Levels
of AGT, Ang II, Mg?™, interleukin-1 beta (IL-1/3), tumor
necrosis factor alpha (TNF-«), transforming growth fac-
tor beta (TGF-f3), reactive oxygen species (ROS), malon-
dialdehyde (MDA), and superoxide dismutase (SOD) were
quantified using a Toshiba automatic biochemical analyzer
(TBA-120FR, Toshiba, Tokyo, Japan), following the man-
ufacturer’s instructions.

Pathological Observation

Olfactory epithelial tissues were fixed in 10%
formaldehyde (BL539A, Biosharp, Hefei, China) for 24
hours, decalcified in 10% EDTA (798641, Sigma, St. Louis
MO, USA), embedded in paraftin, and sectioned into 4 um
slices using a Leica RM2235 microtome (Leica Biosys-
tems, Wetzlar, Germany). For hematoxylin and eosin
(H&E) staining, sections were stained with hematoxylin for
3 minutes and eosin for 1 minute, followed by dehydration
and mounting in neutral resin (C0105S, Beyotime, Shang-
hai, China). Images were captured using an OLYMPUS
microscope (IX71, Tokyo, Japan) at 200x magnification
(scale bars indicated).
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Immunohistochemistry

Paraffin-embedded olfactory epithelial tissue sections
were deparaffinized, rehydrated, and subjected to antigen
retrieval with the repair solution (C1032, Solarbio, Beijing,
China) at 98 °C for 20 minutes. Sections were then incu-
bated in 3% H20O2 (S1125-01, SEVEN BIO, Beijing, China)
at room temperature (RT) for 20 minutes. Following PBS
washing, the sections were treated with 0.1% Triton X-
100 for 10 minutes and incubated overnight at 4 °C with
diluted olfactory marker protein (OMP) antibody (1:200,
DF13678, INTERLAB, Beijing, China). Afterwards, sec-
tions were incubated with goat anti-rabbit IlgG-HRP (1:200,
PV9000, zsbio, Beijing, China) for 1 hour at 37 °C in
the dark. DAB solution (KGP1045-20, keyGEN, Nanjing,
China) was applied for 15 minutes, and nuclei were coun-
terstained with hematoxylin for 10 minutes. Stained sec-
tions were observed under a microscope (OLYMPUS IX71,
Tokyo, Japan).

Cell Culture and Treatment

Mouse olfactory epithelial (MOE) cells (CP-M149,
Pricella, Wuhan, China) were cultured in DMEM
medium supplemented with 10% FBS and 1% penicillin-
streptomycin under standard conditions and verified as
mycoplasma-free. MOE cells displayed typical epithelial
morphology, including a cobblestone-like appearance with
tightly packed polygonal shapes, clear cell borders, and
centrally located nuclei. Lipofectamine 2000 (Invitrogen,
11668-019, Waltham, MA, USA) was used to transfect
cells with short hairpin RNA targeting AGT (sh-AGT)
or negative control (sh-NC), both prepared in serum-free
medium. Cells were seeded at 60—70% confluence and
transfected with 2 ug/mL sh-RNA plasmid complexes for
12 hours in serum-free DMEM, followed by complete
medium replenishment. Cells were harvested after 48
hours to determine transfection efficiency via RT-PCR.
To investigate the effect of Mg?™, cells were treated with
various doses of MgSO4 (HY-Y1267D, MCE, Monmouth
Junction, NJ, USA) (0, 1.25, 2.5, 5, and 10 mg/mL) for 48
hours. The shRNA target sequences are listed below:

sh-AGT-1: GAGGCAAATCTGAACAACATT;

sh-AGT-2: CCAAGGAACGATGAGAGGTTT;
sh-AGT-3: CCGCATGTACAAGATGCTGAA;
sh-NC: TTCTCCGAACGTGTCACGT.

RT-PCR

Total RNA was extracted from MOE cells using TRI-
zol and quantified using a NanoDrop spectrophotometer
(840-317500, Thermo Fisher, Waltham, MA, USA). 1 pg
RNA was reverse transcribed to cDNA using the FastKing
RT Kit (KR116, Vazyme, Nanjing, China). RT-qPCR was
performed using 1.2 uL of cDNA with the LightCycler 480
SYBR Green I Master mix (1725122, Bio-Rad, Hercules,
CA, USA). B-actin was used as the internal reference gene.

1025

Relative mRNA expression levels were calculated using the
2~AACT method. The primer sequences were:
Agt-F, 5'-TGCTGAATGAGGCAGGAAGTGG-3;
Agt-R, 5-AGGGCAGCGAGGACCTTGTG-3';
B-actin-F, 5'-GTCCCTCACCCTCCCAAAAG-3;
B-actin-R, 5'-GCTGCCTCAACACCTCAACCC-3'.

Detection of Cell Viability

Cell viability was assessed using the Cell Counting
Kit-8 (CCK-8) regent (A311-02, Vazyme, Nanjing, China).
Mouse olfactory epithelial cells were seeded in 96-well
plates (5 x 102 cells/well) and treated with MgSOy for 24
hours. Subsequently, 10 pL of CCK-8 solution was added
to each well and incubated at 37 °C for 4 hours. Absorbance
at 450 nm was recorded using a Thermo Multiscan MK3
(lot. K3, Waltham, MA, USA). Cell viability was calcu-
lated as (OD treated / OD control) x 100%.

Western Blotting

Proteins were extracted from the olfactory epithelial
tissues and MOE cells using RIPA buffer (P0013C, Bey-
otime, Shanghai, China) and quantified using a BCA pro-
tein assay kit (P0010, Beyotime, Shanghai, China). A total
of 35 ug of protein per sample was separated by SDS-PAGE
gel and transferred onto PVDF membranes. Membranes
were blocked with 5% skim milk for 1 hour at RT, followed
by overnight incubation at 4 °C with the following pri-
mary antibodies: anti-AGT (1:400, DF7976, INTERLAB,
Taibei, China), anti-Ang II (1:500, 11992-1-AP, Protein-
tech, Rosemont, IL, USA), anti-AT1R (1:500, 66415-1-Ig,
Proteintech), anti-MRS2 (1:200, bs-17836R, BIOSS, Bei-
jing, China), anti-TRPM6 (1:300, YN7418, Immunoway,
Plano, USA), anti-Caspase-3 (1:1000, bs-0081R, BIOSS,
Beijing, China), anti-Caspase-9 (1:1000, A18676, Ab-
clonal, Wuhan, China), anti-IL-13 (1:1000, A16288, Ab-
clonal), anti-TNF-« (1:1000, A24214, Abclonal), anti-Bax
(1:400, 50599-2-1g, Proteintech), anti-Bcl-2 (1:400, 12789-
1-AP, Proteintech), and anti-S-actin (1:3000, AC038, Ab-
clonal). After washing, membranes were incubated with
goat anti-rabbit IgG-HRP (1:5000, AS014, Abclonal) or
goat anti-mouse IgG-HRP (1:5000, AS003, Abclonal) at
RT for 2 hours. Signal detection was performed using an
ECL reagent (#34580, Thermo Fisher, Waltham, USA),
and bands were visualized with a Tanon ChemiDoc 5200T
system (Tanon, Shanghai, China). The grayscale intensity
of each band was quantified using ImagelJ software (NIH,
Bethesda, MD, USA).

JC-1 Staining

JC-1 staining was used to evaluate mitochondrial
membrane potential (MMP). Cells were incubated with
the JC-1 probe (C2003S, Beyotime, Shanghai, China) and
DAPI (C0065, Solarbio, Beijing, China) at 37 °C for 20
minutes in the dark after rinsing with PBS (P1020, Solarbio,
Beijing, China). Unbound dye was removed by washing
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with PBS, and fluorescence was observed using a confocal
microscope (IX71, OLYMPUS, Tokyo, Japan). Changes
in MMP were evaluated based on the red-to-green fluores-
cence intensity ratio.

Statistical Analysis

Data were analyzed using GraphPad Prism 8 (Graph-
Pad Software, Inc., San Diego, CA, USA) and presented as
mean =+ standard deviation (SD). Differences between the
two groups were assessed using the unpaired student’s ¢-
test. One-way analysis of variance (ANOVA) followed by
Tukey’s post hoc test was used for comparisons among mul-
tiple groups. A p-value < 0.05 was considered statistically
significant.

Results

SAMP6 Mice Exhibited Decreased Olfactory
Function and Reduced AGT Expression

Firstly, we examined whether there were differences
in olfactory function between SAMP6 and SAMR1 mice.
In the olfactory foraging test, SAMP6 mice required sig-
nificantly more time to locate food than SAMRI1 mice (p
< 0.05, Fig. 1A), indicating hyposmia in SAMP6 mice.
Histopathological examination revealed that the olfactory
mucosal epithelial layer in SAMR1 mice was intact, with
normal distribution of the olfactory mucosa and lamina pro-
pria. In contrast, SAMP6 mice exhibited atrophy of the ol-
factory mucosal epithelial layer, along with reduced thick-
ness of the epithelium and lamina propria (Fig. 1B). Im-
munohistochemistry (IHC) analysis showed that the expres-
sion of the olfactory marker protein OMP was significantly
lower in the olfactory epithelium of SAMP6 mice than in
SAMRI mice (p < 0.05, Fig. 1C). Additionally, SAMP6
mice displayed a significant decrease in serum SOD con-
tent and a significant increase in IL-13, TNF-a, TGF-3,
ROS, and MDA levels (p < 0.05, Fig. 1D,E). Moreover,
serum levels of AGT, Ang II, and Mg?* were significantly
reduced in SAMP6 mice compared to SAMRI mice (p <
0.05, Fig. 1F).

SAMPG6 Mice Showed Altered Expression of Proteins

Related to AGT, Mg2Jr Transport, Inflammation, and
Mitochondrial Apoptosis in the Olfactory Epithelium

Next, we analyzed the expression of inflammation-
related proteins in the olfactory epithelium of SAMP6 mice
and SAMRI1 mice. The results showed significantly ele-
vated levels of IL-15 and TNF-« in SAMP6 mice com-
pared to SAMRI mice (p < 0.05, Fig. 2A). Additionally,
the expression levels of the Mg?* transporter mitochon-
drial RNA splicing 2 protein (MRS2) and transient receptor
potential cation channel subfamily M member 6 (TRPM6)
(» < 0.05) were markedly decreased in the olfactory ep-
ithelium of SAMP6 mice (Fig. 2B). The expression of
angiotensin-related factors, AGT, Ang II, and angiotensin

IT type 1 receptor (AT1R) was significantly downregulated
in aged SAMP6 mice (p < 0.05, Fig. 2C). Finally, we as-
sessed the expression of mitochondrial apoptosis-related
proteins. In the olfactory epithelium of SAMP6 mice, B-
cell leukemia/lymphoma 2 (Bcl-2) expression was reduced,
while the expression of Bcl-2-associated X protein (Bax),
caspase-3, and caspase-9 was significantly elevated (p <
0.05, Fig. 2D), suggesting enhanced apoptotic activity in
the olfactory epithelium of aged SAMP6 mice.

MgSO, Reduced the Damage to MOE Cells Caused
by AGT Knockdown

To further elucidate the role of AGT in olfactory ep-
ithelial cells, we constructed three AGT-targeting shRNAs
and transfected them into MOE cells. The results exhib-
ited that all three shRNAs significantly downregulated the
expression of Agt in MOE cells, with shRNA-2 demonstrat-
ing the most effective knockdown and thus was selected
for subsequent experiments (p < 0.05, Fig. 3A). The opti-
mal dose of MgSO, was determined using a CCK-8 assay.
The findings revealed that lower doses of MgSO,4 enhanced
MOE cell viability, while higher doses led to reduced via-
bility. Therefore, a concentration of 1.25 pg/mL of MgSO,
was used for MOE cell treatment in the following experi-
ments (p < 0.05, Fig. 3B).

Knockdown of AGT significantly decreased MOE
cell viability, which was subsequently restored following
MgSOy treatment (p < 0.05, Fig. 3C). Additionally, the
SOD level in the culture supernatant of the sh-AGT group
was significantly reduced, while the levels of ROS, MDA,
IL-15, and TNF-a were significantly increased (p < 0.05,
Fig. 3D,E). In the sh-AGT group, JC-1 monomer fluores-
cence intensity was increased, and JC-1 aggregate fluores-
cence was decreased (p < 0.05, Fig. 3F), suggesting a re-
duction in MMP and impaired mitochondrial function. No-
tably, MgSOy intervention alleviated the inflammation, ox-
idative stress, and mitochondrial dysfunction induced by
AGT knockdown in MOE cells.

MgSO, Alleviated Alterations in Protein Expression
Related to AGT, Mg** Transport, Inflammation, and
Mitochondrial Apoptosis in MOE Cells Following
AGT Knockdown

Next, we assessed the expression of markers associ-
ated with inflammation, AGT, Mg?* transport, and mi-
tochondrial apoptosis in the MOE cell groups that were
treated differently. Consistent with the in vivo and ELISA
results, AGT knockdown significantly increased IL-15 and
TNF-a expression in MOE cells (p < 0.05, Fig. 4A)
while decreasing the expression of Mg?* transporter pro-
teins MRS2 and TRPM6 (p < 0.05, Fig. 4B), as well as
AGT, Ang II, ATIR (p < 0.05, Fig. 4C). These effects of
AGT silencing were markedly inhibited by MgSO, treat-
ment, as evidenced by the suppression of inflammatory cy-
tokine expression and partial restoration of AGT and Mg2+
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Fig. 1. SAMP6 mice showed impaired olfactory function associated with altered serum AGT, Mg>", and markers of inflammation
and oxidative stress. (A) SAMP6 mice required significantly more time to locate buried food in the olfactory foraging test. (B) H&E
staining revealed atrophy of the olfactory mucosal epithelium in SAMP6 mice compared to SAMRI1 controls (scale bar = 50 um). (C)
IHC showed markedly reduced expression of the olfactory marker protein (OMP) in SAMP6 mice (scale bar = 50 um). (D-F) Serum
analysis revealed increased levels of IL-13, TNF-a, TGF-3, ROS, and MDA, and decreased SOD in SAMP6 mice compared to SAMR1
mice, suggesting enhanced inflammation and oxidative stress. Serum AGT, Ang II, and Mg?" levels were also reduced, suggesting
compromised magnesium homeostasis (n = 6, SAMP6 and age-matched SAMR1 mice). *p < 0.05, ***p < 0.001. SAMP6, senescence-
accelerated mouse prone 6; SAMRI, senescence accelerated mouse resistant 1; AGT, angiotensinogen; IHC, immunohistochemistry;
IL-1p, interleukin-1 beta; TNF-c, tumor necrosis factor alpha; TGF-g, transforming growth factor beta; ROS, reactive oxygen species;

MDA, malondialdehyde; SOD, superoxide dismutase; Ang II, angiotensin II.
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Fig. 2. SAMP6 mice showed altered expression of proteins associated with AGT signaling, Mg®™ transport, inflammation, and
mitochondrial apoptosis in the olfactory epithelium. (A-D) Western blotting of olfactory epithelium tissue revealed significantly
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SAMP6 mice (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001. ATIR, angiotensin II type 1 receptor; MRS2, mitochondrial RNA splicing

2 protein.

transporter proteins in the sh-AGT+MgSOy4 group of MOE
cells. Additionally, AGT knockdown significantly upreg-
ulated the expression of Bax, caspase-3, and caspase-9,
while downregulating Bcl-2 expression in MOE cells (p <
0.05, Fig. 4D). Notably, MgSQO,4 treatment reversed these
changes in apoptosis-related proteins, suggesting that AGT
knockdown-induced mitochondrial apoptosis in MOE cells.

Discussion

Smell is one of the five primary sensory functions of
the human body, and odor recognition influences emotions,
appetite, and even the ability to detect danger in certain sit-
uations [4]. Olfactory dysfunction poses a challenge to hu-
man health and overall quality of life. Its occurrence is usu-
ally the result of multiple pathophysiological processes, and

the limited understanding of its mechanisms has hindered
the development of standardized treatment strategies [17].
In this study, we investigated the potential role and mech-
anism of the 4gt gene in olfactory dysfunction through in
vivo and in vitro experiments. Preliminary findings suggest
that reduced AGT expression in olfactory epithelial cells
leads to cell inflammation, oxidative stress, and mitochon-
drial apoptosis by inhibiting Mg?*t uptake, thereby poten-
tially contributing to olfactory dysfunction.

Ageing is a major contributor to the decline in olfac-
tory function. The SAMP6 mouse model, characterized by
accelerated ageing, was used in this study. We observed
that SAMP6 mice required more time to locate food during
the olfactory foraging test compared to SAMRI1 mice. Ol-
factory marker protein (OMP), expressed in mature olfac-
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9. B-actin served as the loading control (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001.

tory receptor neurons, plays a key role in regulating olfac-
tory sensitivity and axon targeting [18]. IHC results showed
significantly reduced OMP expression in the olfactory ep-
ithelium of SAMP6 mice. In addition, levels of inflamma-
tion, oxidative stress, and mitochondrial apoptosis-related
markers were significantly upregulated in both the olfac-
tory epithelium and serum of SAMP6 mice compared with
SAMRI mice. These findings suggest that age-associated
olfactory dysfunction may be closely related to systemic
and local inflammatory responses, oxidative stress, and mi-
tochondrial apoptosis in the body.

Agt encodes angiotensinogen, a key component of the
RAS. Hyposmia is a characteristic symptom observed in
COVID-19. Previous studies have shown that the SARS-
CoV-2 virus utilizes ACE2 receptors to gain entry into hu-

man cells. Notably, ACE2 is highly expressed in olfactory
epithelial cells, which may partly explain the olfactory dys-
function observed in COVID-19 patients [19,20]. In addi-
tion, ACE2 knockout in mice results in morphological ab-
normalities in the olfactory center and olfactory dysfunction
[21]. These observations suggest a potential association be-
tween RAS activity and olfactory function, especially under
pathological conditions such as viral infection. However,
further investigation is needed to clarify the role of the RAS
system in age-related or infection-induced hyposmia. In the
present study, we observed that levels of AGT, Ang II, and
AT1R were reduced in serum and olfactory epithelial tissues
of ageing mice, suggesting that the RAS system mediates
age-related hyposmia.
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Magnesium is one of the most essential micronutri-
ents for life and is involved in the regulation of human im-
munity, bone growth, neuromuscular excitability, gastroin-
testinal function, and hormonal balance [22]. Similarly, re-
cent study has demonstrated that low magnesium status is
associated with increased severity of COVID-19 outcomes
and with disease-related loss of smell and taste [23]. In the
present study, we observed reduced serum magnesium lev-
els in ageing mice, accompanied by decreased expression
of Mg?* transporters MRS2 and TRPM6 in the olfactory
epithelium. These findings suggest that the age-related de-
cline in olfactory function may be related to magnesium de-
ficiency within the olfactory epithelium. Downregulation
of AGT, MRS2, and TRPM®6, along with reduced magne-
sium levels in ageing mice, raises the question of whether
a correlation exists between Agt expression and magne-
sium homeostasis. This potential association warrants fur-
ther investigation. Through in vitro experiments, we fur-
ther observed that the expression of MRS2 and TRPM6 was
reduced in olfactory epithelial cells following Agt knock-
down, suggesting that AGT deficiency impairs Mg?* up-
take. In addition, supplementation with magnesium sulfate
attenuated the inflammatory response, oxidative stress, and
mitochondrial apoptosis induced by Agt knockdown in ol-
factory epithelial cells.

Mechanistically, diminished Ag¢ expression may de-
crease Ang II levels, thereby weakening the RAS—-mediated
regulation of Mg?*+ homeostasis. Notably, Herencia et al.
[13] reported that Ang II modulates magnesium influx in
vascular smooth muscle cells, indicating a broader regu-
latory role of RAS in Mg?™ transport. In the context of
the olfactory epithelium, low 4Agt expression may compro-
mise the expression or activity of Mg?* transporters such
as TRPM6 and MRS2, leading to intracellular Mg?* defi-
ciency. This deficiency, in turn, may heighten inflamma-
tion and oxidative stress, both of which are harmful to sen-
sory receptor cells. Magnesium is increasingly recognized
as a critical micronutrient for multiple sensory processes,
including olfaction [24]. Collectively, these findings sup-
port the hypothesis that robust 4gz signaling and adequate
Mg+ uptake are essential for maintaining olfactory epithe-
lial integrity and that disruption of either pathway may con-
tribute to the pathophysiology of olfactory dysfunction.

Despite the promising findings, several considerations
warrant attention. First, we did not include additional be-
havioral assays (e.g., olfactory discrimination tests) that
could better distinguish between pure olfactory deficits and
potential motor or cognitive influences. Incorporating such
tests in future studies could enhance the specificity of our
findings. Second, although our knockdown strategy pro-
vides strong evidence of AGT’s role, complementary over-
expression experiments are needed to determine whether
restoring AGT levels can reverse the observed phenotypes.
Finally, while our sample sizes were sufficient to detect
significant effects, larger cohorts would improve statisti-
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cal power and enhance the generalizability of our conclu-
sions. These considerations highlight important directions
for future research aimed at translating our observations
into broader biological insights and potential therapeutic
strategies.

In conclusion, the present study demonstrates that re-
duced expression of AGT in olfactory epithelial cells is as-
sociated with low intracellular magnesium levels and cel-
lular damage. AGT may influence inflammation, oxidative
stress, and mitochondrial apoptosis by regulating magne-
sium ion uptake in these cells. These findings may provide
a basis and guidance for developing diagnostic and thera-
peutic approaches for sinonasal olfactory dysfunction, es-
pecially among middle-aged and elderly patients.

Conclusion

Our study reveals that reduced AGT expression im-
pairs Mg?™ uptake in olfactory epithelial cells, leading to
inflammation, oxidative stress, and mitochondrial apopto-
sis, factors that contribute to age-related olfactory dysfunc-
tion. Restoration of Mg?* levels through MgSO, supple-
mentation partially rescues these phenotypes, highlighting
AGT and Mg?* homeostasis as potential therapeutic targets
for preventing or treating olfactory disorders in the ageing
population.
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