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The findings of our study will aid in understanding the effect of psychological stress and drugs

used to relieve psychological stress on the oral cavity in gene expression, protein expression, and
microbiota.

The study aimed to explore if psychological stress and postmenopausal
conditions can affect the gene expression, protein expression, and microbiota in the oral cavity
including saliva and salivary glands. We demonstrated two important findings: 1) The drugs used to
relieve or treat psychological stress can affect the microbiota in the oral cavity. 2) Psychological
stress affects gene expression and protein expression in salivary glands, which can alter salivary

rate or flow. These findings have been published in two different international journals as a
research paper.
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Post-menopausal females undergo physical and emotional changes as a result of hormonal
ateration in their bodies. The menopausal period is characterized by the reduced number of ovarian
follicles thereby resulting in reduced responsiveness to follicle stimulating hormone and luteinizing
hormone from the pituitary gland. This results in reduced production of sex hormones, estrogen and
progesterone. The majority of symptoms such as hot flushes, vagina atrophy, osteoporosis, and sexua
problems in post-menopausal females are linked to estrogen deficiency. Apart from these symptoms,
studies show that post-menopausal females experience psychological stress and anxiety more
frequently.

Medically unexplained oral symptoms such as burning pain, oral dryness, and taste alterations
are most commonly prevalent in post-menopausal females. Previous studies co-relate these symptoms
with high psychological stress and low estrogen levels. However, how psychological stress and
estrogen deficiency cause these unexplained oral symptomsis yet not clear. Moreover, multiple local
and systemic factors in the oral cavity make it difficult to understand the role of psychologica stress
and estrogen deficiency in post-menopausal females. Therefore, the extensive study of proteins, genes,
and microbiomes in the oral cavity of an animal model of a post-menopausal state with psychological
stress could elucidate the involved mechanisms.

We used an ovariectomized model of rats and a chronic stress model of rats to achieve the
proposed research objective. However, the ovariectomized models of rats did not yield significant
results to report. On the other hand, the results from the chronic stress model of rats were interesting.
Therefore, we set two final objectives:

1. Todemonstrate the effect of psychological stress on the transcriptome of salivary glands

2. Todemonstrateif psychotropic drugs such as amitriptyline, commonly used to treat medically

unexplained oral symptoms, affect the microbiota of the oral cavity

For Objective 1: To demonstrate the effect of psychological stress on the

transcriptome of salivary glands

The ratswere randomly divided into control and stress groups. The l ;

stress group rats were enclosed in a restraint tube of 20 cm with ventilation
for 4h per day over 6 weeks. The tube size was such that the rats would

sufficiently fit in but could not move freely. After the stress protocol, the rats

Chronic restraint stress-
4hours daily

were returned to their respective cages. The control group rats were left



undisturbed during the stress protocol. RNA sequencing was performed on RNA extracted from the
submandibular gland. The differentially expressed genes were identified, and the genes of interest

were further validated using qRT-PCR, immunofluorescence, and western blot.

For Objective 2: To demonstrate if psychotropic drugs such as amitriptyline, commonly used to

treat medically unexplained oral symptoms, affect the microbiota of the oral cavity

Sprague-Dawley rats were intraperitoneally injected with amitriptyline for 2 weeks. The
DNA extracted from the oral swabs were used to perform 16SrRNA sequencing to evaluate the oral
microbiome. Quantitative RT-PCR was performed to evaluate the mRNA levels of antimicrobial

peptidesin the buccal tissues.

For Objective 1. To demonstrate the effect of psychological stress on the transcriptome of salivary

glands
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protein-level expression using
immunofluorescence and western blot.

The genesets for gene ontology cellular

Merge

component, molecular function, and KEGG
showed that pathways related to ribosome  contwl

biosynthesis and function were

downregulated in the stress group compared

to the control. Stress

“— FosB (38kDa)

——————— |+ Acin (12402)

37 kDa -



For Objective 22 To demonstrate if psychotropic drugs such as amitriptyline, commonly used to

treat medically unexplained oral symptoms, affect the microbiota of the oral cavity

No significant
differencesin salivary flow rates
were observed between the
amitriptyline and control groups.
Taxonomic anaysis showed
significant alterationsin bacteria
such as  Corynebacterium,
Rothia, and Porphyromonas due
to amitriptyline administration.
The beta diversity showed
significant differences between
the amitriptyline and control
groups.  Additionally,  the
predicted metagenome functions
were significantly  different

between the two groups.

The mRNA expression levels A,
of antimicrobial peptides in the iz

amitriptyline group were significantly i 1

higher as compared to controls.
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Fig: Metagenomic analysis of the oral cavity. The alpha diversity as evaluated by (A) observed operational
taxonomic units, (B) faith phylogenetic diversity, and (C) Shannon index showed no significant differences between
the two groups. The PCoA plot to evaluate beta diversity by (D) unweighted UniFrac and (E) weighted UniFrac.
The weighted UniFrac was significantly different between the two groups (p=0.011; PERMANOVA). (F) The bar

graph shows the abundant bacteria at the genus level. Each group was dominated by genuses, such as Rothia,
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