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Abstract  

Introduction: Streptococcus pyogenes, a highly infectious and deadly gram-positive bacterium in the Group A Streptococcus 

family, that causes respiratory and skin infections. Treatments include oral penicillin and macrolides; however, penicillin and 

macrolide-resistant Streptococcus pyogenes (e.g., A458) are emerging. Hinokitiol, beta-thujaplicin, has been thought to be an 

alternative solution to help fight against antimicrobial resistant strains of S. pyogenes as several studies have highlighted its 

bactericidal effects. These effects in turn, inhibit the production of bacterial adenosine triphosphate and bacteriostatic effects 

(growth inhibition) of hinokitiol on a related bacterium, Streptococcus pneumoniae and a variant of Streptococcus pyogenes, 

SSI-9. Furthermore, hinokitiol was found to be very efficacious against a penicillin and macrolide resistant gram-positive 

bacterium, indicating that penicillin and macrolides likely have a different mechanism of action from hinokitiol. This suggests 

that microbes are likely not resistant to hinokitiol. Therefore, by extrapolating this data, it is thought that hinokitiol may be 

efficacious in combatting A458, a concerning antimicrobial resistant strain of Streptococcus pyogenes.  

Methods: Every step would be performed under triple-blind conditions. Using a solvent control, penicillin G, streptomycin, 

and hinokitiol, an efficacy trial would be undertaken to evaluate the bactericidal/inhibitory effects of each drug and determine 

whether hinokitiol is superior to the current gold-standards. A two-way analysis of variance and multiple repeated-measures 

analysis of variance will be used to evaluate efficacy. 

Results: It is expected that hinokitiol is efficacious against the resistant strain of Streptococcus pyogenes, A458 unlike 

streptomycin. 

Discussion: The strengths of this study are that a novel treatment was used and the experiment was conducted as a triple-

blinded experiment. The limitations include its efficiency and the lack of knowledge of the treatment. The statistical test 

conducted for this study would evaluate whether hinokitiol has a statistically significant effect on a resistant strain of 

Streptococcus pyogenes. 

Conclusion: It is likely that hinokitiol will show a resistance-free effect on the two strains of Streptococcus pyogenes. This is 

a significant undertaking due to the dangers of antimicrobial-resistant Streptococcus pyogenes. However, further experiments 

need to be conducted to support this hypothesis. 
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Introduction 

Streptococcus pyogenes (S. pyogenes) is a gram-

positive, group A, catalase-negative, streptococcus 

bacterium with a chain-like structure [1]. It is a highly 

infectious bacterium, most prevalent in developing 

countries, where there is limited or no access to medical 

treatment. S. pyogenes can be transmitted via air droplets, 

body contact, open wounds, and contaminated surfaces, thus 

an area with high population density would also be at risk 

[1]. Its symptoms are pharyngitis, sore throat caused by an S. 

pyogenes infection, soft-tissue infections and respiratory 

infections [1]. According to the World Health Organization 

(WHO), it is the 9th deadliest infectious microbe with yearly 

totals of 400,000 deaths worldwide and just under 2 million 

reported cases [1]. Those with weak immune systems, 

namely young children and immunocompromised 

individuals, are the most at risk of severe illness from S. 

pyogenes [1]. Treatments for infections of S. pyogenes 

include oral penicillin and macrolides as a second option for 

people allergic to penicillin [1]. Penicillin remains the gold-

standard treatment for S. pyogenes due to its cost, safety, and 

specificity. Although within the past 20 years there has been 

concern of reduced efficacy against the bacterium as the rate 

of penicillin failure has increased by almost 40% in some 
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regions [2].This can potentially be explained by factors such 

as the relative inability of penicillin to go into tonsil tissue, 

bacterial combination of S. pyogenes with M. catarrhalis 

increasing its rate of colonization, protection by the 

surrounding β-lactamase producing bacteria of the mouth 

and editing of commensal bacteria causing competition for 

nutrition [2]. Macrolide-resistant S. pyogenes have also 

started to emerge [1]. Reasons for this include an increased 

antibiotic consumption over time and genetic changes in the 

bacterium [2]. This is troubling as antimicrobial resistance 

(AMR) is a continuously growing problem, with the WHO 

predicting that it could cause 10 million deaths annually by 

2050 [3]. 

Hinokitiol, beta-thujaplicin, is a tropolone-based 

compound extracted from the roots of Hiba arborvitae, a 

species of pine originating from Japan [4]. It exhibits anti-

inflammatory, antioxidant, and antibacterial activities and 

has been thought to be an alternative solution to help fight 

against antimicrobial resistant strains of S.pyogenes as 

microbes have not yet had a chance to develop resistance to 

hinokitiol [4]. 

A previous study, conducted by Domon and his team, 

tested the inhibitory and bactericidal effects of hinokitiol on 

a few gram-positive and negative bacteria [4]. One of the 

gram-positive bacteria was S. pyogenes (SSI-9), a subtype of 

the emm1 group [4-5]. The inhibitory and bactericidal 

activity of hinokitiol on S. pyogenes (SSI-9) was found by 

adding hinokitiol to the bacterial suspension under 

appropriate conditions [4]. Domon and his team discovered 

that the bacteria was inhibited and killed after one hour at 

around the same hinokitiol concentration of 0.3 

micrograms/mL or 1.8 µM [4]. Domon and his team 

discovered that treatment at roughly 0.3 µg/mL decreased 

the strains viability by more than 99% [4]. The bactericidal 

activity was checked by determining the amount of bacterial 

ATP production [4]. The researchers found that hinokitiol 

inhibited bacterial ATP production in S. pyogenes SSI-9 [4]. 

The mechanism of action of hinokitiol is not fully 

understood and should be further investigated [4]. 

Researchers like Trust et al. have hypothesized that 

hinokitiol may be more efficacious against gram-positive 

bacteria due to the structural differences between the two 

types of bacteria [4]. Gram-negative bacteria possess an 

outer membrane that acts like a permeability barrier to 

hinokitiol, a hydrophobic agent [4]. This explains why 

hinokitiol was more efficacious against gram-positive 

bacteria in the research conducted by Domon and his team 

[4]. However, further research is required as the exact 

mechanism remains unknown [4]. Since resistance is 

developing in S. pyogenes (A458) towards its treatments, one 

of which being macrolides and hinokitiol was hypothesized 

to be more efficacious against gram-positive bacterium, we 

hypothesize that hinokitiol may act as an alternative 

treatment against the antibiotic resistant strain, S. pyogenes 

(A458). Although the exact mechanism of action of 

hinokitiol is unknown, we believe that hinokitiol has a 

different mechanism of action from penicillin and 

macrolides as Domon and his team found that hinokitiol was 

very efficacious against other gram-positive bacterium like 

S. pneumoniae (KM256), which has antibiotic resistance to 

penicillin and macrolides [4]. 

Another study conducted by Isono and his team further 

tested the efficacy of hinokitiol in treating mice infected with 

an antibiotic resistant strain of S. pneumoniae [5]. The mice 

were infected with an antimicrobial-susceptible strain (S. 

pneumoniae D39) and a macrolide-resistant strain  

(S. pneumoniae NU4471). One hour after tracheal 

administration, it was seen that hinokitiol significantly 

decreased the amount of both strains of Streptococcus 

pneumoniae in the bronchoalveolar lavage fluid and the 

concentration of pneumococcal DNA in the serum [5]. Those 

results further indicate that macrolides likely have a different 

mechanism of action compared to hinokitiol, increasing the 

likelihood that S. pyogenes (A458) is not resistant to 

hinokitiol. 

Upon reviewing previous literature, hinokitiol has been 

found to be efficacious against gram-positive bacteria and 

likely has a different mechanism of action compared to 

macrolides and penicillin. This makes it a possible 

alternative and novel treatment in combating a concerning 

AMR, gram-positive strain of S. pyogenes (A458) with a 

dwindling number of efficacious treatments [4, 6-7]. 

 

Methods 

All testing shall be triple-blinded, with the researchers 

and statisticians both being kept unaware of any of the 

variables in question. All labels will be removed and 

replaced with computer-assigned, randomly generated tags. 

As S. pyogenes is a highly contagious airborne microbe, 

standard contamination prevention protocols will be 

employed, such as the frequent sterilization of equipment 

and the use of an isolation glove box to completely isolate 

the sample and prevent airborne infections while conducting 

research. 

The emm1 strain is the most common and accessible 

strain of S. pyogenes, making it a good, non-resistant 

representation of the bacterium. Additionally, A458 is 

another, highly resistant strain of S. pyogenes, which makes it 

ideal for comparisons with emm1 when it comes to drug 

response [2, 8]. These two strains will be cultured in Todd 

Hewitt Broth, an enrichment medium favouring the growth of 

hemolytic bacteria, such as S. pyogenes, within an Anaerobic 

Jar at 37°C, as S. pyogenes is an anaerobic coccus and would 

fail to grow in the presence of oxygen, and 37°C is the most 

optimal temperature for microbial growth [6].  

Each dish will have both substances added and be 

monitored over the next 24 hours for their spread and percent 

cell death through a MTT Assay. This is used to determine 

the quantity of cells that can still undergo metabolism using 

MTT, which will attach to aldehyde dehydrogenase, an 

enzyme in the electron transport chain of cellular metabolism 

and change colour from yellow MTT to dark blue Formazan, 
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where the darker the blue expression, the more viable cells 

there are [9]. 

Next, the actual effect of hinokitiol will be analyzed. 

This will require a solvent control, penicillin G (the gold-

standard medication that ignores resistance), Streptomycin 

(the gold-standard medication that A458 resists), and 

hinokitiol. All three (non-solvent control) substances would 

be at concentrations of 0.0003, 0.003, 0.03, 0.3, 3, and 30 

μg/mL , which will lead to a total of 24 test combinations 

(Table 1) [10]. This broad range of concentrations should 

allow for the calculation of EC50 for hinokitiol. 

 

Table 1. Combinations for treatments and their 

concentrations. 

Solvent Control Combinations 

Solvent control (0.0003 μg/mL) 

Solvent control (0.003 μg/mL) 

Solvent control (0.03 μg/mL) 

Solvent control (0.3 μg/mL) 

Solvent control (3 μg/mL) 

Solvent control (30 μg/mL) 

Penicillin G (0.0003 μg/mL) 

Penicillin G (0.003 μg/mL) 

Penicillin G (0.03 μg/mL) 

Penicillin G (0.3 μg/mL) 

Penicillin G (3 μg/mL) 

Penicillin G (30 μg/mL) 

Streptomycin (0.0003 μg/mL) 

Streptomycin (0.003 μg/mL) 

Streptomycin (0.03 μg/mL) 

Streptomycin (0.3 μg/mL) 

Streptomycin (3 μg/mL) 

Streptomycin (30 μg/mL) 

Hinokitiol (0.0003 μg/mL) 

Hinokitiol (0.003 μg/mL) 

Hinokitiol (0.03 μg/mL) 

Hinokitiol (0.3 μg/mL) 

Hinokitiol (3 μg/mL) 

Hinokitiol (30 μg/mL) 

 

The substances will all be injected into the agar using a 

micropipette. 50 Petri dishes shall be required at the 

minimum. Half of these dishes will have emm1, and half will 

have A458. Each dish will have 40-μL in the Todd Hewitt 

broth [4]. The randomly selected respective treatments each 

get roughly 4-μL worth of space where they will be added 

and left in anaerobic conditions. A sample will be taken out 

at1, 2, and 24 hours. As hinokitiol is relatively fast-acting, 

the first two samples need to be close together to gather 

relevant data while the final measurement behaves as a 

follow-up, checking for any unpredicted behaviour in the 

long-term [4]. The Petri dishes shall be measured for the 

inhibition of bacterial viability, where an MTT assay will be 

done over a period of 24 hours at an interval [4], until there 

are no viable S. pyogenes were left in the sample to determine 

the efficacy of hinokitiol compared to the sample treated 

with penicillin G and the sample treated with Streptomycin. 

The results of which can then be plotted on a line graph to 

determine the half-life of the S. pyogenes under the 3 

treatments to determine which is more efficacious. The 

methodology will be repeated a total of 3 times to account 

for unforeseen errors that may affect 1 series of tests. 

For the efficacy component, the primary statistical test 

between the treatment groups will be a two-way ANOVA 

that will account for both bacterial strains. To compare 

effects between 1, 2, and 24 hours, a RM ANOVA can be 

performed.  

All analyses will be performed using IBM Statistical 

Package for the Social Sciences (SPSS) 27.0. The 

significance will be at α = .05 so any calculated p-value less 

than the α will be considered statistically significant. 

 

Results 

Assuming a rejection of the null hypothesis, we 

anticipate that hinokitiol is efficacious against the resistant 

strain of S. pyogenes (A458) as hinokitiol was found to be 

efficacious against gram-positive bacteria like S. pyogenes 

(emm1). This is likely because gram-positive bacteria have 

no outer membrane to protect them against hydrophobic 

molecules like hinokitiol. Plus, hinokitiol likely has a novel 

mechanism of action compared to other treatments so bacteria 

have not had the time to develop resistance to it [4].  

Once the bacterial cultures and machinery are acquired, 

and the experiment has started, we will observe the effects of 

the four treatment groups (hinokitiol, streptomycin, 

penicillin G and the solvent control) at different points in 

time (24 hours and 48 hours) on the non-resistant strain 

(emm1) and the resistant strain (A458). Once the data is 

collected, it will be statistically analyzed. 

 

Discussion 

A major strength of the methodology is its triple-blinded 

construction. This can come at a slightly reduced efficiency, 

but that is more than worth the reduced bias. The sample size 

is also very respectable (n≥50), although taking samples at 

tighter intervals would be helpful for the RM ANOVAs. That 

would come with the drawback of either needing numerous 

Petri dishes or opening the anaerobic containers more 

frequently to take samples, which is why the methodology 

sticks to only 1, 2, and 24 hours later. 
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An additional benefit of this study is that it plans on 

analyzing the efficacy of a relatively novel treatment in 

hinokitiol which may be able to add a new treatment in the 

fight against rapidly emerging AMR strains of S. pyogenes 

as the efficacy of current treatments like penicillin and 

macrolides is beginning to wane. We also made sure to use 

strains that have yet to be tested. However, the novelty of the 

treatment means that there is a lack of literature based on the 

mechanism of action of the treatment, its effective dosage, 

and its effects on other bacteria. These issues could be 

addressed in future studies. 

The expected results of the two-way ANOVA would 

demonstrate penicillin G to be effective in inhibiting 

bacterial viability on all strains and Streptomycin to be 

efficacious against emm1 strain but have no effect on the 

solvent control, as it is resistant to the drug. Based on past 

research, hinokitiol has demonstrated that it is effective in 

treating S. pyogenes, but its efficacy against common 

antibiotics, such as penicillin G has yet to be determined, 

which is the goal of this study. The RM ANOVAs for 

comparing 1, 2, and 24 hours will be analyzed to see how the 

trend shifts over time. This will demonstrate a decreased rate 

of action for hinokitiol as it is relatively fast-acting (<<24 

hours) [4]. 

Our research study lacks variety in the number of strains 

and treatments unlike other similar studies (e.g. Domon et 

al).  As we have, only two strains (A458 and SSI-9) and 4 

treatments (penicillin, streptomycin, hinokitiol and a solvent 

control). This limits the generalizability  

of our research study as we are only able to standardize these 

results with the strains and treatments listed and  

not other ones. So, for this experiment the amount of 

treatments and strains could be expanded to increase 

generalizability. 

 

Conclusions 

This proposed project intends to examine whether 

hinokitiol can treat a S. pyogenes strain (A458) that has 

shown resistance to several types of antimicrobials, without 

being impeded, at least momentarily, by AMR. Since there 

is a variety of antimicrobials on the market we decided to 

compare hinokitiol with some gold-standard treatments for a 

general idea of its efficacy. The danger and rising prevalence 

of AMR S. pyogenes make this research a significant 

undertaking. 

 Considering S. pyogenes (A458) genetic similarity to S. 

pneumoniae and S. pyogenes (SSI-9), it was found that 

hinokitiol may have antibacterial effects according to 

previous studies [4, 6]. Therefore, there is reason to believe 

that hinokitiol affects S. pyogenes (A458) as well. Hinokitiol 

has shown to have strong antibacterial effects, making it a 

suitable candidate [4, 6].  

In vivo studies as well as experiments on the efficacy of 

hinokitiol against other antibiotic-resistant organisms should 

be conducted in the future to support the hypothesis of its 

efficacy. 

List of Abbreviations Used 

S. pyogenes: Streptococcus pyogenes 

S. pneumoniae: Streptococcus pneumoniae 

AMR: antimicrobial resistance 
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ATP: adenosine triphosphate 

EC50: effective concentration for 50% of the population 

SPSS: statistical package for the social sciences  

ANOVA: analysis of variance 

RM ANOVA: repeated measures analysis of variance 
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