
Abstract. Background/Aim: Amitriptyline is a major
tricyclic antidepressant that is also used to relieve chronic
orofacial pain. Recently, alterations in gut flora due to
various antidepressants have been demonstrated. However,
it remains unknown how antidepressants affect the oral
environment, including microbiota and innate immunity. The
aim of this study was to investigate the effects of
amitriptyline on oral microflora and antimicrobial peptides.
Materials and Methods: 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 peptides in the buccal tissues. Results:
No significant differences in salivary flow rates were

observed between the amitriptyline and control groups.
Taxonomic analysis showed significant alterations in
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 of antimicrobial
peptides in the amitriptyline group were significantly higher
as compared to controls. Conclusion: Systemic
administration of amitriptyline may affect the oral
environment, including oral microbes and innate immunity
in the oral mucosa.

Amitriptyline (AMI) is a tricyclic antidepressant (TCA) drug
that increases monoamine levels in the synaptic region by
blocking the reuptake of both serotonin and norepinephrine
neurotransmitters (1). AMI relieves neuropathic pain, acts as
an antidepressant, and has been applied to treat orofacial
chronic pain, such as postherpetic neuralgia, trigeminal
neuralgia, and burning mouth syndrome (2, 3). AMI has
strong binding affinity for alpha-adrenergic, histamine (H1),
and muscarinic (M1) receptors, leading to a wide range of
side effects. Owing to AMI’s anticholinergic effects, dry
mouth is one of the most common side effects (4, 5).

The relationship between the enteric nervous systems of
the gut and central nervous system has been recently
established as a “gut-brain axis” (6). This concept includes
the alteration of gut flora caused by psychological stress,
while changes in human behavior and appetite increase the
sense of anxiety due to gut inflammation (6, 7). In addition,
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another concept of “oral-intestinal bacterial association”, in
which the bacterial flora in the oral cavity affects the
intestinal bacterial flora, has recently been proposed (8).

Recently, alterations in the intestinal flora caused by
psychotropic drugs, including fluoxetine, AMI, and
buspirone, have been shown in animal models (9, 10).
Alterations in the intestinal flora may be beneficial in
improving depression and anxiety (10). It has not been
shown how the oral flora is altered by the administration of
psychotropic drugs. As an in vitro study suggested that AMI
has a cytotoxic effect on the oral mucosa (11), AMI may
affect oral flora. However, the effects of AMI administration
on the oral cavity, including the oral microbe and innate
immunity, remain unclear. Since the alteration of the oral
microbes may affect the intestinal microbes, the
understanding of changes in the microbes in both
environments is important. The aim of this study was to
examine the effect of systemic AMI administration on the
oral microbes and expression of antimicrobial peptides
(AMPs) of the oral mucosa. 

Materials and Methods
Animal and AMI treatment. Six-week-old Sprague-Dawley rats were
obtained from the Sankyo Lab (Sapporo, Japan). The rats were
housed for 1 week to adapt to the laboratory conditions (12 h
light/dark cycle), which were then randomly allocated into two
groups: the control group (CONT) and the AMI group (n=10; each
group). Rats in the AMI group were injected with amitriptyline
hydrochloride (20 mg/kg of body weight; A8404, Sigma-Aldrich,
St. Louis, MO, USA), intraperitoneally mixed in phosphate buffered
saline (PBS) over a period of 2 weeks. AMI was administered
intraperitoneally to the rats to avoid direct effects of the drug on the
oral mucosa and environment. The CONT group rats were injected
with PBS only. The animal study complied with the Animal
Research: Reporting of In Vivo Experiments (ARRIVE) guidelines
and was approved by the ethical committee for animals of the
Health Sciences University of Hokkaido (approval no: 21-066). 

Salivary flow rate. The flow rate of saliva was determined on a day
earlier to sample collection as described previously (12). Briefly,
the rats were anesthetized with sodium pentobarbital (30 mg/kg
body weight). The saliva was allowed to pool in the floor of the oral
cavity and collected with a micropipette for 5 min. The salivary
volume was measured and flow per minute was then determined.

Sample collection and DNA isolation. Two weeks after AMI
injection, rats in both groups were anesthetized as explained before.
The oral cavity was swabbed from the tongue, palate, buccal
mucosa, and labial mucosa for 30 s using a swab (Isohelix, Kent,
UK). The swab was stored in 200 μl Tris-EDTA buffer and frozen
until further processing. Oral microbial DNA was extracted
following an established protocol (13) using the DNeasy Blood and
Tissue Kit (Qiagen, Hilden, Germany). The extracted DNA was
used for 16S ribosomal RNA (16S rRNA) sequencing.

16S rRNA sequencing. The extracted DNA was used to prepare the
sequencing libraries following the manufacturer’s protocol (16S
metagenomic sequencing library preparation instructions, Illumina,
San Diego, CA, USA). In brief, the DNA was subjected to two step
PCR: Amplicon PCR and Index PCR. In Amplicon PCR, the V3-
V4 regions of the bacterial 16S ribosomal RNA (rRNA) gene were
targeted using region-specific primers. Extracted DNA, Amplicon
PCR primers, and KAPA HiFi HS ReadyMix (Nippon Genetics,
Tokyo, Japan) were used to perform Amplicon PCR. The amplified
PCR product was cleaned up using AM Pure XP (Beckman Coulter,
Brea, CA, USA) and then used for Index PCR. The clean-up done
amplified DNA, KAPA HiFi HS ReadyMix, and the Nextera XT
index kit (Illumina) were used to perform Index PCR. The DNA
was further purified using AM Pure XP and then quantified using a
fluorometer (Qubit 3, Thermo Fisher Scientific, Waltham, MA,
USA). The library was normalized, pooled, and then loaded into an
Illumina MiSeq system. 

Analysis of sequencing data. The sequencing data obtained were
further analyzed using the software package Quantitative Insights
into Microbial Ecology 2 (QIIME2 v2020.2). 16S rDNA database
(Greengenes v13.8) was used to assign the 16S rRNA gene
sequences. The analysis of sequencing data was evaluated for their
differences in diversity, taxonomic abundance, and predicted
metagenome function. The differences in diversity were evaluated
as alpha diversity and beta diversity. Alpha diversity was further
evaluated as Shannon index, Faith’s phylogenetic diversity, and
Observed operational taxonomic units (OTUs). Kruskal-Wallis test
was used to test the significant differences at uncorrected p<0.05.
To evaluate the beta diversity, a principal coordinate analysis
(PCoA) plot in three dimension was plotted based on the branch
length of the phylogenetic tree shared between the groups. Two
types of PCoA plots were generated: unweighted UniFrac and
weighted UniFrac distance metrics. Permutational multivariate
analysis of variance (PERMANOVA) was employed to test the
significant differences at uncorrected p<0.05. The differences in
taxonomic abundances between the two groups were evaluated
using the analysis of composition of microbiomes (ANCOM) in the
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Table I. Primer sequences.

Forward Reverse

Beta defensin-1 GGGAGTCTCACGTCCTCTCT TGAGAATGCCAGCACCCAG
Beta defensin-2 ATTTCTCCTGGTGCTGCTGTC AGTCCACAAGTGCCAATCTGT
LL-37 CAGTTGTGATGCGCCTGGTA AAGGCAGGCCTACTGCTCTA
S100a7a CTGGTGGAAGTTCCCCTGTT GACAGTGGAGAGTCTGTTGCT
GAPDH TGCACCACCAACTGCTTAGC GGATGCAGGGATGATGTTCTG



QIIME2 and empirical distribution of W was used to express the
final significance. To predict the alteration in metagenome function,
Phylogenetic investigation of communities by reconstruction of
unobserved states (PICRUSt2) software was used and Welch’s t-test
in the statistical analysis of the metagenomic profiles (STAMP)
software was used for two-group comparisons with adjusted p<0.05
considered as statistically significant.

RNA extraction and reverse transcription. The buccal tissue excised
from the rats was used to extract the total RNA. TRIzol Reagent
(Thermo Fisher Scientific) was used for RNA isolation, which was
then purified using the RNeasy Mini Kit (Qiagen) following the
manufacturer’s protocol. Reverse transcription of the RNA was done
using ReverTra Ace qPCR RT Master Mix (Toyobo, Osaka, Japan)
following the manufacturer’s instructions.

Quantitative polymerase chain reaction (qPCR). The expression of
AMPs such as beta defensin-1, beta defensin-2, cathelicidin (LL-
37), and S100a7a at the mRNA level was measured using qPCR
(LightCycler Nano; Roche Diagnostics, Basel, Switzerland). Real-
time PCR was performed using the extracted cDNA, KAPA SYBR
FAST qPCR Mix (Kapa Biosystems, Potters Bar, UK), and a primer
pair (Table I). ∆∆Cq method was used to calculate the relative
expression levels. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as an internal control gene. All the statistical
analyses were performed using SPSS 26.0 (IBM) and Mann-
Whitney U-test was employed to test the significant differences
(uncorrected p<0.05 considered as statistically significant).

Results

Changes in body weight. The body weight was recorded daily.
The body weight of the AMI group rats was significantly
lower from the 5th day of AMI administration until the 14th
day when compared with the CONT group (Figure 1A).

Salivary flow rate. The salivary flow rate after 2 weeks of
experiment showed no significant differences between the
AMI and CONT groups (Figure 1B).

Alpha diversity. A total of 20 samples were used for the
sequencing, which generated 664,367 sequences. A mean of
33,218 sequences per sample was generated with a range from
21,743 to 44,253 sequences. The alpha diversity as analyzed
using observed OTUs, Faith’s phylogenetic diversity, and
Shannon index showed no significant differences between the
CONT and AMI groups (Figure 2A-C).

Beta diversity. The beta diversity was evaluated as weighted
and unweighted UniFrac distance metrics. The weighted
UniFrac PCoA plot showed clustering for each group. The
weighted UniFrac distance metric was significantly different
between the two groups (p=0.011; Figure 2D). The
unweighted UniFrac distance metric was not significantly
different between the two groups (p=0.137; Figure 2E).

Taxonomic abundance. The taxonomic analysis showed that
the most abundant genus in both groups was Rothia,
followed by Facklamia, Streptococcus, and Aggregatibacter
(Figure 2F). On analyzing the differential bacteria between
the CONT and AMI groups, ANCOM test showed 46 genera
to be significantly different. The most significantly altered
bacteria at the genus level was Corynebacterium (W=7;
Table II).

Prediction of metagenome function. The prediction of
metagenome function as analyzed using PICRUSt2 software
showed 41 MetaCyc pathways to be significantly different
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Figure 1. Body weight and salivary flow rate. (A) The line graph shows the body weight of the rats from day 1-14 of amitriptyline (AMI)
administration. The mean body weight was significantly decreased from day 5 of AMI administration until day 14 in AMI rats as compared to
controls (CONT) (p<0.05; Mann-Whitney U-test). (B) The salivary rate showed no significant differences between the AMI and CONT groups.
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Figure 2. 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,
Facklamia, and Streptococcus.
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between the two groups (Figure 3). Thirty-three MetaCyc
pathways such as DAPLYSINESYN-PWY and PWY-5154,
were increased in the AMI group as compared to the CONT
group. Eight pathways such as PWY-7663 and PWY-6609
were decreased in the AMI group as compared to the CONT
group (Figure 4). Among the altered pathways, pathways
related to amino acid biosynthesis were the highest number
of pathways altered between the two groups. 

Relative gene expression of AMPs. The mRNA expression
levels of AMPs as evaluated using qPCR showed that beta-
defensin-2, LL-37, and S100a7a were significantly increased
in the oral tissue (buccal mucosa) of rats belonging to the
AMI group as compared to the CONT group (p<0.05).
However, the mRNA level of beta-defensin-1 did not differ
significantly between the two groups (Figure 4).

Discussion

To our knowledge, this is the first report demonstrating that
intraperitoneal administration of AMI alters the oral microbes,
accompanied by altered expression of AMPs in the oral mucosa.
In this study, we examined the effect of systemic AMI
administration on the oral microbe on mice using next-
generation sequencing. Although the alpha diversity did not
differ significantly, the beta diversity significantly differed
between the AMI and CONT groups. The expression of AMPs,
including BD-2, LL-37, and S100a7a, was significantly higher
in the oral mucosa of the AMI group than in that of the CONT
group. These results indicate that systemic administration of
AMI may alter the environment of the oral cavity, including the
oral microbes and AMPs produced by the oral mucosa. Although
an effect on the gut flora induced by the administration of several

in vivo 36: 2134-2142 (2022)
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Figure 3. Predicted metagenome function. The PICRUSt2 and STAMP software predicted 41 MetaCyc pathways to be significantly altered between
the two groups. Thirty-three MetaCyc pathways were increased, whereas eight pathways were decreased in the amitriptyline (AMI) group (p<0.05;
Welch’s t-test).



antidepressants, including tricyclic antidepressants, SSRI, and
SNRI (9, 10, 14), has been observed in mice, the effect on the
oral flora has not been observed. A balance in the oral flora is
crucial for maintaining oral health, and its imbalance may disrupt
the oral environment. Our data may provide important
information regarding how antidepressant medications affect the
oral environment. 

This study did not verify how AMI alters the oral flora.
AMI, a tricyclic antidepressant, causes a significant reduction
in salivary flow, presumably due to muscarinic receptor
blockade (15). The reduced salivary flow rate due to AMI
might be the most likely cause of alterations in the oral flora.
However, no reduction in the flow rate of saliva was observed
in the present study. AMI exhibits action against gram-positive
and gram-negative bacteria in vitro and provides significant
protection from Salmonella typhimurium in vivo (16). In
addition to antimicrobial actions, the cytotoxic effect of AMI
on the oral mucosa has been shown (11). Moreover, systemic
toxicity of AMI has been demonstrated in animal models (17,
18). The systemic toxicity may have caused the body weights
of the AMI group rats to be significantly lower as compared
to those in the CONT group in our study. Since the present
study employed intraperitoneal systemic administration of
AMI, it is not known how much AMI reached the local area

of the oral region. The antimicrobial activities and toxic effects
of AMI on the oral mucosa may directly alter the oral flora.

The bacterial taxonomy results obtained by ANCOM
showed a significantly higher proportion of Corynebacterium,
Rothia, and Porphyromonas in the oral mucosa of mice in the
AMI group than in the CONT group. Corynebacterium, a
gram-positive bacterium, is a normal inhabitant of the oral
and airway mucosa and contributes to biofilm formation (19).
Corynebacterium has an important role in supragingival
biofilm formation and contributes to late colonization (19).
Corynebacterium matruchotii is involved in dental calculus
formation and is a risk factor for periodontitis (20).
Corynebacterium is significantly enriched in healthy
periodontal tissues (21-23). Rothia, a gram-positive coccus,
is also abundant in healthy periodontal tissue (21, 23). In
general, increased levels of both Corynebacterium and Rothia
may not have harmful effects on the periodontal tissues. On
the other hand, the abundance of Porphyromonas typified by
Porphyromonas (P.) gingivalis may increase the risk of
periodontitis, since it is a crucial periodontal pathogen (24).

Upregulated expression of epithelial AMPs, including BD-
2, LL-37, and S100a7a, was observed in the oral mucosa of
the AMI group. These epithelial AMPs are upregulated by
stimulation with several types of bacterial infections and

Ninomiya et al: Amitriptyline on Oral Microbes in Rats
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Figure 4. mRNA expression levels of antimicrobial peptides. The mRNA expression levels of beta-defensin-1 did not alter in the buccal mucosa of
rats between two groups. The mRNA expression levels of LL-37 and S100a7a were significantly increased in the oral tissue of rats belonging to the
amitriptyline (AMI) group when compared to those in the control (CONT) group (p<0.05; Mann-Whitney U-test).



inflammatory reactions (25). P. gingivalis stimulates the
upregulation of BD-2 and LL-37 in the oral epithelium (26,
27). The upregulation of epithelial AMPs might have
occurred as a result of increased P. gingivalis in the AMI
group. Although an increased proportion of several bacteria
was observed, increased epithelial AMPs may have a
protective role against infectious changes in the oral mucosa.

We also demonstrated the alterations in the predicted
metagenome function. Notably, enrichment of several amino
acid metabolism-related pathways, such as lysin biosynthesis
and arginine biosynthesis, between the AMI and CONT
groups were observed. Polyamine, butyric acid, arginine and
proline metabolism, and lysine degradation were found to be
metabolic signatures of dental plaque in inflamed periodontal
surfaces (28). Our functional analysis data may reflect the
dental plaque formation. Further studies are required to
clarify this speculation.

In conclusion, this study demonstrated that systemic
administration of AMI alters the oral flora and expression of
AMPs in the oral mucosa. These findings suggest that
systemic administration of AMI affects the environment of
the oral cavity, including the oral microbe and innate
immunity, in the oral mucosa.
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