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Abstract: Adolescent carriers of the Aggregatibacter actinomycetemcomitans JP2 genotype have an
increased risk of developing periodontitis, due to the bacterium’s high leukotoxin (LtxA) production.
LtxA contributes to marginal bone loss by killing immunity cells, thus activating the proinflamma-
tory interleukin-1β (IL-1β), which, in turn, activates the osteoclasts. A possible strategy to prevent
periodontitis might be to neutralize LtxA in JP2-infected individuals. The aim of this study was to
investigate whether extracts from Matcha or Guava leaves can prolong the viability of macrophages in
cell cultures by neutralizing the highly leukotoxic JP2 genotype bacteria. The A. actinomycetemcomitans
JP2 genotype was pretreated with extracts from either Matcha or Guava leaves. Later, the extracts
were rinsed off, before JP2 bacteria were exposed to macrophage cell cultures. The experiment was
repeated, where JP2 bacteria were persistently treated with the extracts instead, i.e., the extracts were
not rinsed off. The macrophage viability after bacterial exposure was analyzed and compared with
that of macrophages exposed to untreated JP2 bacteria. IL-1β secretion in the cell culture medium
was quantified in all group samples. Pretreatment of the A. actinomycetemcomitans JP2 genotype with
Matcha or Guava leaf extracts moderately neutralized LtxA activity, which resulted in prolonged
macrophage viability and decreased IL-1β secretion. These effects of prolonged macrophage viability
were enhanced when extracts were persistently present during the exposure period. The results
indicate that Matcha and Guava leaf extracts have effects on the virulence of the A. actinomycetem-
comitans JP2 genotype that may be useful in future treatment strategies to prevent periodontitis in JP2
bacterium carriers.

Keywords: Aggregatibacter actinomycetemcomitans; leukotoxin; interleukin-1β; green tea; guava;
Matcha®

1. Introduction

Gum disease, also known as gingivitis and periodontitis, is a global health issue
according to the World Health Organization [1]. Gingivitis is a plaque-microbiota-induced
gingival confined inflammation. If left untreated, gingivitis may progress to periodontitis,
where the supporting tissue of the tooth gradually degrades [2].

It has been demonstrated that 2 to 4 days of plaque accumulation results in an “initial”
inflammatory lesion (vasculitis) in the gingival tissues. Within 4 to 10 days, an “early”
lesion develops, characterized by lymphocytes and collagen break down. With further
accumulation of plaque, an “established” inflammatory lesion with a predominance of
plasma cells develops within two to three weeks. In some individuals, this stage transitions
to an “advanced” lesion with progressive loss of attachment, loss of the alveolar bone
and formation of deep periodontal pockets, clinically manifest as periodontitis [3]. Deep
periodontal pockets serve as a reservoir for bacterial dysbiosis.

The prevalence of periodontitis in adult populations is relatively high. Cross-sectional
studies have shown that about 40% of adults are affected. However, the severity of the

Oral 2024, 4, 405–416. https://doi.org/10.3390/oral4030033 https://www.mdpi.com/journal/oral

https://doi.org/10.3390/oral4030033
https://doi.org/10.3390/oral4030033
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/oral
https://www.mdpi.com
https://orcid.org/0000-0002-8069-8263
https://doi.org/10.3390/oral4030033
https://www.mdpi.com/journal/oral
https://www.mdpi.com/article/10.3390/oral4030033?type=check_update&version=1


Oral 2024, 4 406

disease varies highly, where about 10% of adult populations exhibit a rapidly progressive
periodontal disease pattern [3].

During the 1980s, A. actinomycetemcomitans was found in both healthy individuals and
those with periodontitis [4]. During the mid-1990s, a clone of A. actinomycetemcomitans,
the so-called JP2 clone, was discovered to be highly leukotoxic. The origins of JP2 bacteria
can be traced back to North Africa, with its subsequent spread to West Africa and later
global dissemination via the slave trade [5]. However, it was not until the 2010s that
studies established that carriers of the JP2 genotype face a higher risk of developing rapidly
progressive and severe periodontitis compared with non-JP2 carriers [6,7]. More recently, a
study revealed that 13% of adolescents in North and West Africa carry the JP2 genotype [8].

The cytotoxicity of JP2 bacteria is due to a protein toxin called leukotoxin (LtxA), which
is a virulence factor that lyses blood cells such as PMNs and monocytes [9]. LtxA is a large
pore-forming protein with a region that exhibits high specificity for the receptor lymphocyte
function-associated antigen 1 (LFA-1), which is present on PMNs and monocytes, and
therefore makes bonding inevitable. Upon binding, the intracellular signaling system inside
the target cells results in the activation of the intracellular cytokine Caspase-1, subsequently
cleaving and activating the proinflammatory cytokine interleukin-1β (IL-1β) [10].

Gram-negative pathogens lead to increased cytokine production, including the pro-
duction of intracellular IL-1β in an inactive form. However, the LtxA in JP2 bacteria leads to
the activation and extracellular secretion of IL-1β by inducing inflammatory cell death [11].
The secretion of IL-1β causes further inflammation and can lead to further osteoclast ac-
tivity, resulting in severe bone loss [3]. A study concluded that the JP2 genotype is highly
cytotoxic, and even a 1:1 bacterium–macrophage ratio is sufficient for inducing the above-
mentioned process [12]. Recent studies have suggested that a targeted LtxA therapy, which
blocks the cytotoxicity of JP2 bacteria, may prevent rapid disease progression [13].

It has been shown that adolescents affected by the JP2 clone exhibit rapidly progressive
periodontitis patterns and that most of those adolescents are of African origin from countries
with low socioeconomic status, where access to dental care is limited [3,6,7,14]. Therefore,
a targeted LtxA treatment could potentially prevent periodontitis [15]. In this study,
natural and easily accessible therapeutic agents are evaluated as options for preventing
periodontitis in countries with a high prevalence of the JP2 clone.

Recent studies discovered that Matcha (a high-grade green tea powder from the
Camellia sinensis tree) can neutralize LtxA [16]. The neutralizing mechanism involves
Matcha changing the structure of LtxA and even increasing the bacterial affinity to its own
LtxA. This means that LtxA binds to the bacteria rather than to the target cell, preventing
the consequences of LtxA [16,17]. Another plant material that has been shown to have anti-
inflammatory and antibacterial effects is Guava leaves. The antibacterial effect is achieved
by bacterial cell membrane disruption, making it more permeable and thus causing the
leakage of essential cell contents, ultimately resulting in bacterial death [18].

Chemical analysis indicated epigallocatechin-3-gallate (EGCg) as the molecule respon-
sible for LtxA neutralization in extracts from both Matcha and Guava leaves [19,20]. A
recently conducted in vivo study revealed EGCg’s ability to promote symbiosis among oral
bacteria by inhibiting the colonization of periodontal pathogens [21]. Recent in vitro studies
reported similar results, where EGCg had a positive effect on both oral and digestive system
microbiota by stimulating probiotics and prohibiting bacterial pathogens [17,22]. A unique
property of EGCg is its ability to decrease bone loss by obstructing the bond between RANK
and RANKL, thus inhibiting osteoclast formation [23]. However, Matcha has been asso-
ciated with liver toxicity at extremely high doses, i.e., exceeding 338 mg EGCg/day [24].
Conversely, Guava leaves only exhibit cytotoxic effects on cancerous cells, without causing
harm to normal cells [25]. In conclusion, the unique properties of these plants give them the
potential of being a promising preventative treatment against JP2 bacteria, when applied in
safe therapeutic doses [26].

Therefore, the objective of this in vitro study was to estimate the stability of extracts
from Matcha tea and Guava leaves as potential therapeutic agents in neutralizing the leuko-
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toxin from A. actinomycetemcomitans JP2 bacteria. The obtained data may provide useful
knowledge that contributes to identifying valuable tools for the prevention of periodontitis
in countries with low socioeconomic status and/or limited access to dental care.

2. Materials and Methods
2.1. Summary of Experimental Design

In the applied method, the JP2 genotype of A. actinomycetemcomitans was cultured,
treated with Matcha or Guava leaf extracts, and subsequently exposed to THP-1 cells with
macrophage-like phenotypes. After a period of exposure, the viability of the macrophages
was determined. Different concentrations of JP2 bacteria per macrophage (MOI; multiplicity
of infection) were analyzed to screen for the lethal dose of JP2 bacteria (LD50) at which 50%
of the macrophages were non-viable. In essence, this study aimed to examine the effect of
the extract treatments on JP2 cytotoxicity and IL-1β secretion.

2.2. Cultivation of A. actinomycetemcomitans

For cultivation, A. actinomycetemcomitans JP2 bacteria (strain HK921) [27] were spread
on a blood agar plate and allowed to grow for an incubation period of 48 h in a 37 ◦C cabinet
with an atmosphere of 5% CO2. Afterward, significant JP2 bacterial cultures from the agar
plate were harvested and suspended in peptone yeast glucose broth (PYG; Sigma-Aldrich.
St. Louis, MA, USA) [28]. Afterward, the mixture was divided into three test tubes, each
containing 12 mL, and measured using a spectrophotometer with an optical density (OD)
of 600 nm, where OD 1 corresponds to about 109 bacteria/mL.

2.3. Matcha and Guava Leaf Extract Preparation
2.3.1. Matcha Extract

Matcha tea powder is commercially available and was acquired from Rawpowder AB
(Huddinge, Sweden). Matcha powder and H2O were mixed to achieve a concentration
of 250 mg/mL. Then, the mixture was autoclaved to obtain both boiling and sterilization
effects, pipetted into an Eppendorf-Tube (Hamburg, Germany), and finally centrifuged
to obtain a particle-free extract. The procedure for achieving an effective Matcha extract
concentration and preparation was previously tested and described in detail by Sasagawa
et al., 2021 [29].

2.3.2. Guava Leaf Extract

Dried leaves from Guava trees grown in India were kindly provided by Dr. Kartheyanene
Jayaprakashat, Örebro University, Sweden. A weight of 5 g of dried Guava leaves was
minced and mixed with the proper volume of H2O, calculated to achieve a concentration
of 100 mg/mL. The mixture was autoclaved, pipetted into an Eppendorf Tube®, and then
centrifuged. The procedure for Guava leaf extract preparation, with the recommended
proper concentration, was previously executed and described in detail by Ennibi et al.,
2019 [30].

2.4. Exposure of A. actnomycetemcomitans to the Extracts

To expose A. actinomycetemcomitans to the extracts, Matcha and Guava leaf extracts
(360 µL of each) were added to two of the three tubes of bacterial suspensions in 12 mL of
PYG broth with a bacterial density of OD 600 nm = 0.254, yielding a final concentration of
2.5% for each extract. An amount of 360 µL of sterile H2O was added to the third tube to
demonstrate an untreated JP2 bacterium sample.

To facilitate the interaction of JP2 bacteria with the respective extracts and sterile
H2O, the three tubes were mixed for 30 min and centrifuged for 15 min, at 5100 rpm
and room temperature (17–23 ◦C). Each tube was emptied gently, to ensure the bacterial
pellet remained at the base. An amount of 10 mL of phosphate-buffered saline (PBS;
Sigma-Aldrich. St. Louis, MA, USA) was added to each tube. The three tubes were then
centrifuged and emptied again to remove unbound extract components. Lastly, the bacterial
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pellet in each tube was suspended in 3 mL of RPMI (Sigma-Aldrich, St. Louis, MO, USA)
supplemented with 10% fetal bovine serum (FBS; Sigma-Aldrich. St. Louis, MA, USA),
yielding 109 JP2 bacteria/mL, which was then poured into three aliquots.

2.5. Cultivation of THP-1 Cells

Human monocytic leukemia cells (THP-1; Sigma-Aldrich, St. Louis, MO, USA) were
used as target cells in the test assay. To grow the monocytes, phorbol myristate acetate (PMA;
Sigma-Aldrich, St. Louis, MO, USA) was added to differentiate them into macrophage-like
phenotypes. An amount of 100 µL of the solution of monocytes in PMA was pipetted
into each well in a 96-well microtiter plate. Lastly, the plate was incubated, and then the
medium in each well, except for two wells that were designated to serve as a reference
control for PMA-stimulated THP-1 cell viability and IL-1β secretion, was replaced with
100 µL of RPMI, which is a culture medium that promotes human cell growth in vitro.
Afterward, the plate was incubated again and the medium in each well, except the reference
control wells, was replaced once again with fresh RPMI. The plate containing macrophages
was then ready to be exposed to JP2 bacteria. The procedure was previously described in
detail by Höglund Åberg et al., 2014 [7]. Hereafter, PMA-stimulated THP-1 cells will be
referred to as macrophages.

2.6. Exposure of Macrophages to A. actinomycetemcomitans

The procedure for exposing macrophages in the plate to JP2 bacteria was achieved
using 50 µL from each of the three bacterium aliquots, which were pipetted into dupli-
cate wells on a 96-well culture plate with macrophages. Afterward, serial dilution was
performed, resulting in a JP2 bacterium concentration that was three-times lower each
time, which, in total, corresponded to an MOI of 0 to 300. The 96-well culture plate was
later incubated for 2 h at 37 ◦C in a 5% CO2 cabinet. The reference control wells were not
exposed to JP2 bacteria or test agents.

The same method was applied, wherein the macrophages were exposed to JP2 bacteria
with 1% extracts of Matcha and Guava leaves present throughout the entire incubation
period, i.e., persistent treatment.

2.7. Cytotoxicity Tests

Neutral red uptake (NRU) was the method used to stain macrophages to determine
their viability after exposure to JP2 bacteria. The protocol for neutral red uptake was
previously described in detail by Repetto et al., 2008 [31]. Briefly, 100 µL of neutral red
solution (Neutral red; Sigma-Aldrich, St. Louis, MO, USA) was added to 10 mL of RPMI,
resulting in a 5 mg/mL neutral red solution. Subsequently, the solution was incubated at
37 ◦C for 1 h. Afterward, the solution was centrifuged for 10 min at room temperature at
3000 rpm.

After exposure of the macrophages to the different bacterial mixtures for 2 h, the
medium of the plate with the serial dilution was changed by aspirating and adding 100 µL
of neutral red solution to each well. The plate was incubated for 90 min and then examined
under a standard microscope to observe possible morphological alterations in the cells. The
neutral red solution was removed from each well and the cell monolayer was washed with
150 µL of PBS. In the dry wells, 150 µL of lysis buffer (1% acetic acid in 50% ethanol/water)
was applied, as well as in the reference control wells. After 30 min, the quantity of surviving
macrophages was examined using a spectrophotometer at 540 nm, and the accumulating
red color was quantified in each well. Macrophage viability (%) was estimated in all
test samples.

2.8. IL-1β Analysis

IL-1β concentrations were determined with an enzyme-linked immunosorbent assay
(ELISA; R&D Systems®, Minneapolis, MN, USA), following the manufacturer’s protocol.
Briefly, a primary ELISA antibody was bound to the plastic surface and blocked with 2%
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FBS, to avoid nonspecific binding. Washing procedures were performed between each
procedure with 200 µL of ELISA washing buffer solution in each well. Culture supernatants
(samples) and standards at different concentrations (0–250 pg/mL recombinant IL-1β) were
then added to the plate and allowed to bind to the primary antibody. After 90 min, the plate
was washed three times and the wells were filled with a detection antibody and incubated
for 90 min. Afterward, the wells were washed three times, and 100 µL of Streptavidin HRP
was added. Next, the plate was incubated for 20 min. Lastly, the wells were washed five
times, and then enzyme substrate was added to each well and incubated for another 20 min.
The reaction was terminated by adding 50 µL of 1 M H2SO4 to each well. The concentration
of IL-1β was determined using a spectrophotometer at 450 nm in relation to the standard
curve with a known concentration of recombinant IL-1β. The concentration in samples
was calculated with linear regression in relation to standards with known concentrations of
recombinant IL-1β.

2.9. Statistical Analyses

Microsoft Excel software (Version 16.67) was used for calculations and graph illus-
trations of the results. For the statistical analyses of the collected data, IBM SPSS version
28.0.1.0 (142) was used. When the data were determined to be normally distributed and
the subject included more than two test samples, an ANOVA test was used to calculate
significance values (p ≤ 0.05).

2.10. Ethical Reflection

THP-1 cells are commercially available cancer cells for research purposes, and JP2
bacteria are a reference strain without the possibility of tracing any carrier.

It is our hope that the results of this study will contribute to the following: (i) identi-
fying easily available therapeutic agents with potential effects for primary prevention of
periodontitis, and (ii) improving periodontal health in adolescents in countries in Africa
and Southeast Asia with low socioeconomic status and/or limited access to dental care.

2.11. Literature Review

A literature search was first conducted on PubMed using the following related MeSH
terms: A. actinomycetemcomitans, JP2 clone, periodontal disease, adolescents, interleukin-1β,
Matcha, Guava, NRU, and/or EGCg. The title and abstract of the identified articles were
reviewed, and those relevant to this study were included. Additional data were obtained
from the textbook Clinical Periodontology and Implant Dentistry (2015) and the official website
of the World Health Organization. In some cases, when relevant studies were difficult
to find, Google Scholar was used to source relevant articles by searching, for example,
“Psidium Guajava cytotoxicity”.

3. Results
3.1. Untreated JP2 Bacteria
Dose-Dependent Effect on Macrophage Viability and IL-1β Secretion

Untreated JP2 bacteria were exposed to macrophages for 2 h at different concentrations
(MOI 0.03–300) to estimate LD50. As illustrated in Figure 1, a cytotoxic effect of secreted
LtxA was observed starting from a bacterium–macrophage ratio of 3:100 (MOI 0.03), and
LD50 was observed between MOI 0.03 and 0.1.

As illustrated in Figure 2, IL-1β secretion remained stable until MOI 10, followed by a
rapid increase and subsequent gradual decrease.
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Figure 1. Illustration of the screening test results. Cytotoxicity tests for detection of macrophage
viability (%) after exposure to JP2 bacteria: (i) without treatment (JP2); (ii) pretreated with Matcha
extract (Ma); (iii) pretreated with Guava leaf extract (Gu); (iv) persistently treated with Matcha extract
(JP2 + Ma); and (v) persistently treated with Guava leaf extract (JP2 + Gu).
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Figure 2. Illustration of the screening test results. IL-1β secretion after macrophages were exposed to
JP2 bacteria: (JP2) JP2 bacteria without treatment; (Ma) JP2 bacteria pretreated with Matcha extract;
(Gu) JP2 bacteria pretreated with Guava leaf extract; (JP2 + Ma) JP2 bacteria persistently treated with
Matcha extract; and (JP2 + Gu) JP2 bacteria persistently treated with Guava leaf extract. Note that a
technical error occurred at the 0.1 concentration; therefore, this concentration should not be taken
into consideration.

3.2. Therapeutic Agent: Matcha Extract (Test)
3.2.1. JP2 Bacteria Pretreated with Matcha Extract: Dose-Dependent Effect on Macrophage
Viability and IL-1β Release

Compared with untreated JP2 bacteria, pretreatment with Matcha extract increased
macrophage viability on exposure to JP2 bacteria at different concentrations for 2 h. The
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results indicate that the LD50 value increased to approximately MOI 0.3, as illustrated in
Figure 1.

IL-1β secretions were generally lower compared with those from untreated JP2 bac-
teria, but at MOI 3, a rapid increase to a high concentration (190 pg/mL) occurred, as
illustrated in Figure 2.

3.2.2. JP2 Bacteria Persistently Treated with Matcha Extract: Dose-Dependent Effect on
Macrophage Viability and IL-1β Release

Macrophage viability increased substantially compared with pretreatment alone, with
around 65% viable macrophages at MOI 100 after 2 h of exposure. LD50 was found to be
greater than MOI 100 but less than MOI 300, as illustrated in Figure 1.

IL-1β secretions were significantly less compared with the untreated and pretreated
JP2 bacteria, which was consistently noted across all samples in this test, as illustrated in
Figure 2.

3.2.3. Pretreated and Persistently Treated JP2 Bacteria (MOI 1) with Matcha Extract: Effect
on Macrophage Viability and IL-1β Release at 1 MOI Concentration

After assessing the LD50 of JP2 bacteria through screening, MOI 1 was chosen for
further experiments with Matcha extract. Therefore, replicates of eight wells for each of
the following conditions were tested: untreated JP2 bacteria; JP2 bacteria pretreated with
Matcha extract; and JP2 bacteria persistently treated with Matcha extract. The macrophage
viability was measured after 2 h of exposure.

Both pretreatment and persistent treatment with Matcha extract exhibited significant
results in enhancing macrophage viability, as indicated in Table 1. The IL-1β concentrations
consistently correlated with macrophage viability, as shown in Table 2. JP2 bacteria trig-
gered IL-1β secretion from the exposed macrophages, with a significant reduction observed
when JP2 bacteria were pretreated or persistently treated with Matcha extract.

Table 1. Effect of Matcha and Guava leaf extract on the viability of JP2 bacteria-exposed macrophages
(%). Macrophages were exposed to JP2 bacteria for 2 h at MOI 1 under the following conditions:
(i) JP2 bacteria without any treatment; (ii) JP2 bacteria pretreated with Matcha/Guava leaf extract;
and (iii) JP2 bacteria persistently treated with Matcha/Guava leaf extract. Mean values ± SD, n = 8.
A significant decrease in the cytotoxicity of JP2 bacteria via extract treatment is indicated (p-value).

Macrophage Viability (%) Standard
Deviation p-Value

Control * 100.0 ±8.6 n.d.
JP2 31.8 ±13.7 n.d.
JP2 Ma pretreated 78.6 ±33.4 0.003
JP2 Ma present 82.6 ±15.8 <0.001
JP2 Gu pretreated 78.6 ±26.4 0.024
JP2 Gu present 84.2 ±20.9 <0.001

* Macrophages with no JP2 bacteria or extract exposure.

Table 2. Effect of Matcha and Guava leaf extracts on JP2 bacteria-exposed macrophage IL-1β secretion
(pg/mL). Macrophages were exposed to JP2 bacteria for 2 h at MOI 1 under the following conditions:
(i) JP2 bacteria without any treatment; (ii) JP2 bacteria pretreated with Matcha/Guava leaf extract;
and (iii) JP2 bacteria persistently treated with Matcha/Guava leaf extract. Mean values ± SD, n = 7.
A significant decrease in the cytotoxicity of JP2 bacteria is indicated (p-value).

IL-1β Secretion (pg/mL) Standard
Deviation p-Value

Control * 8.0 ±21.1 n.d.
JP2 240.3 ±41.7 n.d.
JP2 Ma pretreated 42.2 ±111.6 <0.001
JP2 Ma present 0.0 ±0.0 <0.001
JP2 Gu pretreated 176.9 ±42.1 0.441
JP2 Gu present 0.0 ±0.0 <0.001

* Macrophages with no JP2 bacteria or extract exposure.
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3.3. Therapeutic Agent: Guava Leaf Extract (Test)
3.3.1. JP2 Bacteria Pretreated with Guava Leaf Extract: Dose-Dependent Effect on
Macrophage Viability and IL-1β Release

Guava leaf extract pretreatment increased macrophage viability similarly to the Matcha
extract pretreatment. Figure 1 illustrates that both Guava and Matcha extracts in pretreat-
ment resulted in the same LD50 at MOI 0.3.

In general, the IL-1β secretion was slightly elevated compared with untreated JP2
bacteria. Specifically, at MOI values of 1 and 3, IL-1β secretion surpassed 130 pg/mL, as
illustrated in Figure 2.

3.3.2. JP2 Bacteria Persistently Treated with Guava Leaf Extract: Dose-Dependent Effect on
Macrophage Viability and IL-1β Release

Figure 1 illustrates that at MOI 3, 80% of the macrophages remained viable. However,
at MOI 10, the viability decreased to 10%. Half of the macrophages were viable between
MOI values of 3 and 10 (the exact concentration is unknown).

The secretion of IL-1β remained consistently negligible across all concentrations
(45 pg/mL), as illustrated in Figure 2.

3.3.3. Pretreated and Persistently Treated JP2 Bacteria (MOI 1) with Guava Leaf Extract:
Effect on Macrophage Viability and IL-1β Release at MOI 1 Concentration

MOI 1 was also chosen for further experiments with Guava leaf extract. Therefore,
replicates of eight wells for each of the following conditions were tested: untreated JP2
bacteria; JP2 bacteria pretreated with Guava leaf extract; and JP2 bacteria persistently
treated with Guava leaf extract. Macrophage viability was measured after 2 h of exposure.

Both pretreatment and persistent treatment with Guava leaf extract yielded a signifi-
cant increase in macrophage viability, as indicated in Table 1.

The results for IL-1β concentration were consistent with macrophage viability, as
shown in Table 2. A significant reduction in IL-1β secretion was observed when JP2
bacteria were persistently treated with Guava leaf extract. However, pretreatment with
Guava leaf extract did not result in a significant reduction in IL-1β secretion of JP2 bacteria-
exposed macrophages.

4. Discussion

The results from this study demonstrate that untreated JP2 bacteria have a dose-
dependent impact on macrophage viability. The results also indicate that a ratio of 1:1
(bacterium to macrophage) is sufficient for a leukotoxic effect, as previously demonstrated
by Kelk et al., 2008 [12]. As a result of JP2 bacterial cytotoxicity, IL-1β reached its peak at
MOI 10. At high JP2 bacteria and IL-1β concentrations, rapid and excessive macrophage
cell death occurred. By MOI 30, natural cell death began, leading to a subsequent decrease
in the secretion of IL-1β from the macrophages. In summary, macrophage viability and
IL-1β concentration influenced each other.

An important property of oral care therapeutic agents is their ability to bind to biofilm.
In our study, the pretreatment of the bacteria with Matcha and Guava leaf extracts resulted
in a color shift in the bacterial pellet, indicating the polymerization of EGCg and binding
to JP2 bacteria [16,32]. The effect observed with the Matcha extract pretreatment proved
sufficient to initially increase macrophage viability and inhibit IL-1β secretion. However,
this effect was not observed with Guava leaf extract pretreatment or with the untreated
group. Therefore, our results suggest that the EGCg in Matcha extract enhanced the viability
of the LtxA-exposed macrophages.

The pretreatment of JP2 bacteria with the two extracts had no significant impact
on macrophage viability at MOI 1. Regarding IL-1β concentrations, pretreatment with
Matcha extract resulted in a significant decrease in IL-1β secretion, whereas pretreatment
with Guava leaf extract did not show any statistical significance. In summary, when
tested in cell cultures, Matcha extract proved to be more efficient than Guava leaf extract
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in the pretreatment of JP2 bacteria, presumably due to the higher content of EGCg in
Matcha extract.

Moreover, significant inhibitory effects on JP2 bacterial leukotoxicity and macrophage
IL-1β secretion were observed with persistent treatment using Matcha extract. The phys-
iological properties of EGCg, particularly its potential for degradation, may elucidate
why the presence of the extract during JP2 bacterium exposure to the macrophages en-
hanced its efficacy. Similar in vitro degradation of EGCg was previously documented by
Krupkova et al., 2016 [32].

Persistent treatment with Guava leaf extract had significant effects, although they
were less pronounced compared with persistent treatment with Matcha extract. IL-1β
secretions decreased to around 45 pg/mL and did not decrease further, despite an increase
in macrophage viability. A possible explanation for this is that the Guava leaf extract had
a lower EGCg content than Matcha extract, which resulted in a less efficient decrease in
proinflammatory response.

The experimental protocols were repeated six months after initiation, yielding a high
LtxA neutralizing capacity, suggesting the robust stability and sustainability of the extracts.
This can be attributed to the applied extract-preparation method, namely decoction. De-
coction not only amplifies the positive and survival properties of the plant extract but also
proves to be particularly well suited for heat-tolerant natural plants such as Matcha and
Guava leaves [33–35].

To obtain high inter-rater reliability and reproducibility of the result in the present
study, all steps included in the employed methods were fully reviewed before being
carried out. The experiments commenced with the selection and collection of the natural
therapeutic agents, followed by the preparation and storage of their extracts according
to protocols. Next, THP-1 cells were acquired and grown into macrophages. After that,
the A. actinomycetemcomitans JP2 genotype was acquired, cultured in vitro, and treated
with the prepared extracts, followed by proper storage according to protocols. Finally, JP2
bacteria were exposed to macrophages, and a definitive quantitative analysis of macrophage
viability and IL-1β secretion was conducted. To ensure that reliable results and conclusions
were obtained, it was critical to meticulously follow the abovementioned steps.

The limitations of this study are as follows; Firstly, the results were based on the initial
efficacy of the use of a single dose of the plant extracts. Secondly, the observation period
was relatively short, and potential responses of the JP2 bacterium were not examined. The
results were based on a screening that demonstrated initial efficacy; however, further stud-
ies are needed using a more periodontitis-like biofilm model, including the JP2 bacterium,
to validate the findings.

In summary, our study presented promising results; some clinical trials with Matcha or
Guava leaf extracts have shown similar results in patients with periodontal diseases [36,37].
In addition to inhibiting LtxA activity, these herbal plants have shown antimicrobial activity
against several periodontitis-associated bacteria [21,38]. Furthermore, Matcha and Guava
leaf extracts have shown their ability to decrease bone loss by inhibiting the formation of
osteoclasts [23]. All things considered, Matcha and Guava leaf extracts contribute to overall
health benefits through a favorable impact on the host and the bacteria, when applied in
proper doses.

5. Conclusions

The results of the present study are compatible with previous studies that exam-
ined products based on the tested plants [16,17,39]. Recent studies focused on the per-
sistency of the effect of the plant extract when either or both LtxA and JP2 bacteria were
pretreated [40,41]. However, there was a gap in the literature concerning the effects of
Matcha and Guava leaf extracts on prolonging macrophage viability and decreasing IL-1β
secretion. This study aimed to address this gap in the literature. Based on our findings, we
present the following findings:



Oral 2024, 4 414

- Matcha and Guava leaf extracts are effective therapeutic agents against JP2 bacteria in
treatments with persistent exposure.

- This study provides valuable insights for further research; however, the findings
are not currently recommended for direct application in patient dental care for the
prevention or treatment of periodontitis.

Finally, we suggest that future research investigates therapeutic doses of Matcha and
Guava extracts.
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