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Abstract 

Hinokitiol (HNK), which is known to have stress-relieving properties in living organisms and to show antimicrobial 
activity against both bacteria and fungi, has been used as a form of aromatherapy in oral care products, such as bath 
additives, toothpaste, and mouthwash. This study was performed to assess the antibacterial effects of HNK on 
Fusobacterium nucleatum isolates from patients with periodontitis. F. nucleatum was cultured on Gifu Anaerobic 
Medium (GAM) for 24 h. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
of HNK against F. nucleatum were determined using the liquid dilution method. Furthermore, the bactericidal effects of 
HNK on F. nucleatum were evaluated using adenosine triphosphate (ATP) bioluminescence assay and flow cytometry. 

The MIC and MBC of HNK against F. nucleatum were 50 µg/mL and 200 µg/mL, respectively. When HNK solution was 
added to F. nucleatum cultures adjusted to 106 CFU/mL at the MIC, the ATP levels within the F. nucleatum cells 
decreased significantly in the experimental group compared with the controls after 24 h. Moreover, staining with 
propidium iodide (PI) and fluorescence intensity measurements using flow cytometry revealed that the addition of HNK 
increased the number of dead cells. In summary, HNK demonstrated significant antibacterial effects against F. 
nucleatum, suggesting its potential as a plant-derived agent for prevention of periodontitis. This study highlighted the 
potential of HNK as a component of dental care for prevention of periodontitis.  

Keywords:  Hinokitiol; Fusobacterium Nucleatum; Antibacterial Activity; Periodontitis 

1. Introduction 

Hinokitiol (HNK), a tropolone-related compound also known as β-thujaplicin, present in essential oils extracted from 
Japanese cypress [1], possesses various biological properties, including antimicrobial, antifungal, antitumor, 
antiinflammatory, and antioxidant activities [2-6]. Notably, HNK exhibits significant antibacterial effects against oral 
pathogens, such as Streptococcus mutans (the primary etiological agent of dental caries), Porphyromonas gingivalis, and 
Aggregatibacter actinomycetemcomitans, which have been implicated in periodontal disease [7-9]. Due to these 
properties, HNK has been incorporated into oral care products, such as toothpaste and gels, aimed at preventing dental 
caries, periodontal disease, and halitosis [10,11]. 

Fusobacterium nucleatum is a gram-negative anaerobic rod-shaped bacterium commensal to the human oral cavity, 
which is associated with not only oral diseases, such as gingivitis and periodontitis, but also with digestive disorders, 
including colon cancer and inflammatory bowel disease [12-13]. The pathogenic role of F. nucleatum in periodontitis 
makes it an important target for antimicrobial therapies aimed at preventing and treating oral diseases [14-16]. 
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This study was performed to evaluate the antibacterial effects of HNK on F. nucleatum using a variety of methods, 
including time-kill assay, adenosine triphosphate (ATP) bioluminescence assay, MTT assay, and flow cytometry.  

2. Material and methods 

2.1. Bacterial strain and cultivation 

F. nucleatum (ATCC 10953) was cultured in Gifu Anaerobic Medium (GAM) (Nissui Pharmaceutical Co., Ltd., Tokyo, 
Japan) under anaerobic conditions. Cultures were initiated during the logarithmic growth phase. 

2.2. Hinokitiol 

HNK was purchased from Tokyo Chemical Industries (Tokyo, Japan) and prepared as a stock solution at 100 mg/mL in 
dimethyl sulfoxide (DMSO). The final concentration of hinokitiol (HNK) in the culture medium, with a solvent 
concentration of 0.1%, was achieved by adding the stock solution to the working medium at a 1/1000 ratio. 

2.3. Minimum inhibitory concentration determination 

The minimum inhibitory concentration (MIC) of HNK against F. nucleatum was determined following the Clinical and 
Laboratory Standards Institute method [17]. F. nucleatum was precultured in GAM, and the bacterial suspension was 
adjusted to an optical density at 600 nm (OD600) of 0.1. The HNK-containing GAM liquid medium was serially diluted in 
96-well plates, and 10 µL of the bacterial suspension was added. The MIC was determined after 24 h of anaerobic culture. 
The minimum bactericidal concentration (MBC) was determined by culturing in the medium that showed growth 
inhibition, and the lowest concentration without observable colony formation was considered the MBC. 

2.4. Effects of hinokitiol on the F. nucleatum growth curve 

The turbidity of cultures was determined by measuring the OD600 to confirm the inhibition of F. nucleatum growth. GAM 
liquid medium was prepared with or without 12.5 and 25 µg/mL HNK, and F. nucleatum preculture was added. The 
growth of F. nucleatum was monitored by measuring the OD600 at 6-h intervals over 24 h at 37°C under anaerobic 
conditions. 

2.5. Membrane integrity assay 

The effects of HNK on F. nucleatum cell membrane integrity were examined by propidium iodide (PI) staining as 
described previously [18]. Bacterial suspensions treated with HNK at different concentrations were incubated at 37°C 
for 24 h and then fixed with PI to a final concentration of 10 μg/mL for 20 min at 4°C in the dark. Subsequently, cells 
were collected by centrifugation at 6000 × g for 10 min, washed with 0.85% NaCl solution, and resuspended in the same 
solution to adjust their concentration to 106 CFU/mL before analysis. PI staining of the cells was performed using a 
FACSVerse (BD Bioscience, San Jose, CA, USA). 

2.6. BacTiter-Glo microbial cell viability assay 

To investigate the viability of F. nucleatum cells, ATP efflux was measured by BacTiter-Glo microbial cell viability assay 
(Promega, Madison, WI, USA) in accordance with the manufacturer’s protocol. Briefly, approximately 100 μL of 106 
CFU/mL F. nucleatum was cultured in white opaque 96-well plates, together with HNK at 0, 0.25, and 0.5 MIC. After 24 
h, aliquots of 100 μL of the culture were taken from each well and mixed with 100 μL of the BacTiter-Glo reagent. 
Following a 5-min incubation period at room temperature, the bioluminescence response was determined in relative 
light units (RLUs) using a microplate reader. The results are presented as the means of three independent experiments. 

2.7. Statistical analysis 

All experimental data are expressed as the mean and standard deviation of three separate observations. Data were 
analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s test in SPSS 19.0 (IBM, Armonk, NY, USA). 
Differences between the control and experimental groups were considered statistically significant at p < 0.01 and p < 
0.05. 
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3. Results 

3.1. Antibacterial activity of hinokitiol against F. nucleatum 

The MIC and MBC of HNK against F. nucleatum were established as 50 µg/mL and 100 µg/mL, respectively. F. nucleatum 
growth was inhibited for up to 24 h in culture in GAM supplemented with HNK at 12.5 µg/mL and 25 µg/mL (Fig. 1). 

 
Bacterial cultures were grown in GAM liquid medium supplemented with various concentrations of HNK. Optical density at 600 nm (OD600) was 

measured using a spectrophotometer at 0, 3, 6, 9, 12, 15, 18, 21, and 24 hours. The graph represents the mean ± SD of three independent 
experiments. (*p<0.05, **p<0.01). 

Figure 1 Effects of HNK on growth of F. nucleatum 

3.2. Effects of hinokitiol on the bacterial membrane and intracellular disruptions 

Representative results of flow cytometric analysis to determine the antifungal effects of HNK on F. nucleatum (Fig. 2). 
The responses of the bacterial membrane and the intracellular status of HNK are shown separately for F. nucleatum 
exposed to 0.25 and 0.5 MIC. The response patterns of the tested bacteria differed after 24 h of treatment. The dead cell 
populations of F. nucleatum cultures incubated for 24 h with 0, 0.25, and 0.5 MIC were 7.5% ± 2.6%, 25.2% ± 5.2%, 
23.5% ± 3.2%, and 35.9% ± 5.5%, respectively. The dead cell counts increased continuously in a dose-dependent 
manner relative to the untreated control. 

 
F. nucleatum were treated with 0.25 and 0.5 MIC or untreated control for 24h. After incubation, F. nucleatum were collected and were stained with 

propidium iodide (PI). The resulting cells were subjected to flow cytometry analysis by FACSVerse®. The values are presented as the means ± SD. (n 
= 3, *p < 0.05 compared with the control group by Tukey’s test). 

Figure 2 Dead cells in F. nucleatum treated with/without HNK, as assessed by flow cytometry assay 
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3.3. ATP leakage assay 

To verify the effects of HNK on energy metabolism in F. nucleatum, we measured the intracellular ATP levels expressed 
in RLUs. As shown in Fig. 3, after treatment with 0.25 and 0.5 MIC of HNK, the intracellular ATP RLUs in F. nucleatum 
decreased significantly in the experimental group compared with the untreated control group. 

 
ATP efflux due to the addition of HNK at various concentrations was measured using BacTiter-Glo microbial cell viability assay. Three independent 
experiments were performed, and the mean and standard deviation were calculated (n = 3, *p < 0.05, **p < 0.01 compared with the control group 

by Tukey’s test). 

Figure 3 Effects of HNK on the viability of F. nucleatum cells 

4. Discussion 

The MIC and MBC of HNK against F. nucleatum were 50.0 μg/mL and 100 μg/mL, respectively. The growth of F. 
nucleatum cultured in GAM liquid culture medium supplemented with 12.5 μg/mL and 25.0 μg/mL HNK was suppressed 
up to 24 h after the start of culture (Fig. 1). 

As the MIC and MBC of HNK against F. nucleatum were similar, the antibacterial action of HNK against F. nucleatum 
appeared to be bactericidal in nature. The influx of PI indicated that HNK damaged the membrane, decreased its 
integrity, and increased its permeability (Fig. 2). Cell membranes have been studied extensively as potential targets of 
antibacterial agents. When the cell membrane structure is damaged, nucleic acids and proteins leak from the cell, 
causing irreversible damage and cell death. This study demonstrated that HNK damages the integrity of the cell wall of 
F. nucleatum and increases cell membrane permeability.  

Our results demonstrated that the level of ATP in the bacteria, which plays a key role in cellular energy metabolism, 
decreased significantly after treatment with HNK (Fig. 3). Therefore, HNK may interfere with energy metabolism by 
affecting carbohydrate metabolism in F. nucleatum, further affecting the use of its catabolic products for cellular repair 
and thereby inhibiting bacterial growth. The precise mechanism underlying the antibacterial effect of HNK is not fully 
understood. However, previous reports suggested that HNK may act on bacterial cell membranes, causing metabolic 
disturbances [19]. HNK affected the cell membrane and disrupted membrane permeability, leading to leakage of 
intracellular components in the F. nucleatum strain used in this study. However, a detailed analysis of the antimicrobial 
mechanism of HNK was not conducted in this study, and further investigations are required.  

5. Conclusion 

The findings of the present study revealed the antibacterial efficacy of HNK against F. nucleatum. Developing a safe HNK-
based method for the prevention of periodontitis is important because the prevalence of this condition is anticipated to 
increase in the future.  
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