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ABSTRACT

Objective: To assess the antibacterial activity of Psidium guajava fractions and their effects on adhesion of a
multispecies biofilm consisting of Streptococcus gordonii, Fusobacterium nucleatum, and Porphyromonas
gingrvalis in vitro. Material and Methods: Guava leaves were obtained from the mountains of northern
Peru, where they grow wild and free of pesticides. The antimicrobial activity of 25 mg/mL petroleum ether,
25 mg/mL dichloromethane and 25 mg/mL methanol fractions of P. guajava was evaluated by measuring
inhibition halos, as well as the effect on the adhesion of multispecies biofilms at 4, 7 and 10 days of growth
by measuring the optical density. In addition, antimicrobial susceptibility was compared using the Kruskal-
Wallis test and its multiple comparison tests, and differences in mean biofilm adhesion between each
fraction were assessed by repeated measures analysis and the Tukey multiple comparison test. Results: The
rank-based Kruskal-Wallis test highlighted differences in the effects of the fractions on the zone of
inhibition for each oral bacterium, including §. gordonii (p=0.000), F. nucleatum (p=0.000), and P. gingrvalis
(p=0.000), the Tukey test showed that the group treated with 0.12% chlorhexidine exhibited the least
amount of adhesion, followed by the group treated with the 1.56 mg/mL methanol fraction. Conclusion:
The methanol fraction of P. guajava had an antibacterial effect on S. gordonii and P. gingivalis, and the 1.56
mg/mL methanol fraction decreased biofilm adhesion.
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Introduction

The constant colonization and bacterial growth on tooth surfaces lead to the formation of oral
biofilms, the bacterial composition of these biofilms, initially dominated by cocci and small bacilli, begins to
change towards a spirochete-dominated flora, accompanied by the appearance of gingivitis over two to three
weeks [1-87. This transition of the bacterial flora appears to be the key process in the induction of
periodontitis at a later stage. While Streptococcus sp. and Actinomyces sp. are recognized as dominant species in
the healthy oral flora and their role as early colonizers of oral biofilms. The sequence of events responsible for
the changes from biofilms dominated by these early colonizers to the completely altered consortium detected in
the pockets is associated with bacteria capable of impairing the host immune response and increasing the
pathogenic potential of the entire biofilm [4,57.

The presence of periodontal pathogens indisputably characterizes periodontal disease [6,7].
Fusobacterium nucleatum and Porphyromonas gingivalis are among the bacteria that are usually isolated from
patients with periodontal disease, and the latter is the most common bacterium associated with periodontitis
[8-107. Therefore, the most effective strategy for periodontal disease prevention is the elimination of
pathogenic biofilms, which is challenging. In fact, the high incidence of periodontal disease represents a main
public health problem that must be overcome [107].

Guava (Psidium guajava) trees are grown for their nutritious fruits, characterized by a high content of
minerals and vitamins [117]. However, other parts (the leaves, bark, and root) of guava trees are used in
traditional medicine to treat various diseases. Different guava leaf extracts show strong biological activities,
such as anti-inflammatory, antipyretic, neuroprotective, antihypertensive, hypolipidemic, antiobesity,
cardioprotective, antioxidant, hepatoprotective, antidiarrheal, anticancer, immunostimulant, antiadrenal,
antimicrobial, antiviral, and antimicrobial plaque actions [12,187. In addition, several chemical studies have
identified various vitamins (A, C, B, E, and K), carbohydrates, tannins, triterpenoids, flavonoids,
benzophenones, and phenols [13,147]. Many essential oils (EO) compounds can be extracted from guava leaves
worldwide, especially terpenoids such as limonene, a-pinene, eucalyptol, caryophyllene isomers, a-humulene,
y-murolene, selinene isomers, [3-bisabolene, caryophyllene oxide, and epi-B-cubenol [15,167].

Some studies have assessed the effects of these extracts on oral microorganisms. For example,
Millones-Go6mez et al. [17] evaluated the antimicrobial activity and antiadhesion effects of the crude organic
extract (COE) and three fractions (aqueous, butanolic, and chloroform) of P. guajava (guava) leaves in a
cariogenic biofilm model. The authors found that the COE and the chloroform fraction have antibacterial
activity against Streptococcus gordonii and a significant effect on biofilm adhesion, sustained throughout the
seven days of evaluation [177]. Similarly, Shetty et al. [187] demonstrated that guava extracts are potential
therapeutic agents for periodontitis because they show significant activity against Aggregatibacter
actinomycetemcomitans and P. gingivalis.

Although P. guajava has been used as an antimicrobial agent over the years, it is important to know if
there is variation in its effect using different solvents, either in its more rudimentary form or in modern
research; its action against bacteria associated with periodontal disease is not a fully known. Considering the
knowledge gap in this line of research and the remarkable potential of P. guajava, we propose to analyze the
microbiological activity of P. guajava fractions on three standard bacterial strains and their effect on biofilm

adhesion of 8. gordonii ATCC 51656, F. nucleatum ATCC 10953 and P. gingivalis ATCC 83277 in vitro.
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Material and Methods
Study Design

This experimental iz vitro study was conducted at the Bacteriology Laboratory of the College of
Science of the Cayetano Heredia University (Universidad Peruana Cayetano Heredia — UPCH).

Sample Collection

Ten kilograms of leaves of P. guajava were collected during November 2018 in rural areas of the city
of Oxapampa, Peru, using latex gloves and taking into account the principles of biosafety. First, pruners were
used to cut the branches, which were put inside a plastic bag. Then, the best leaves that were intact and clean
were selected. Next, all the leaves were placed carefully inside cardboard boxes lined with Kraft paper. Last,
the leaves were packed to be transported to the Chemistry Laboratory of the National University of

Engineering in Lima, Peru.

Extraction of Guava Fractions from the Chloroform Residue

A previous evaluation of the crude extract and the fractions of guava leaves [17] showed that the
guava chloroform residue had the strongest inhibitory effect on Streptococcus gordonii biofilm adhesion at 1, 4,
and 7 days of growth. Therefore, this residue was fractionated using a Sephadex LH-20 column with a
stationary phase and the solvents petroleum ether, dichloromethane, and methanol as mobile phases (Figure 1).

The guava chloroform residue was solubilized with petroleum ether. Then, open column
chromatography with a stationary phase was performed on a Sephadex LH-20 (100 g) column in petroleum
ether. The solubilized sample was added to the column and eluted with petroleum ether (450 mL), followed by
dichloromethane (350 mL), and finally methanol (500 mL), thereby collecting the petroleum ether,

dichloromethane, and methanol fractions. These fractions were dried in a fume hood [197.

’ Crude Extract I

Partitions:
Aqueous
Butanolic
Chloroform

Fractions:

Petroleum ether
Dichloromethane
Methanol

Figure 1. Preparation process of P. guajava fractions from crude extract and partitions [17].

Antimicrobial Susceptibility Test of the Methanol Fraction of P. guajava
Based on the antimicrobial susceptibility tests of the three fractions, the methanolic fraction presented
the greatest zones of inhibition on Streptococcus gordonii, the microorganism responsible for adherence of the

biofilm. Therefore, only the methanol fraction was used in further analyses.
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The following strains were used: Streptococcus gordonii ATCC 51656, Fusobacterium nucleatum ATCC
10953, and Porphyromonas gingivalis ATCC 383277 [207]. To assess the antibacterial effect, brain heart infusion
(BHI) agar plates were prepared for S. gordonii, BHI agar plates supplemented with 5% sheep blood plus
menadione and vitamin K were prepared for F. nucleatum, and BHI agar plates were supplemented with horse
blood plus menadione and vitamin K were prepared for P. gingivalis. All plates were controlled for 24 hours to
check their sterility.

Inoculum preparation: The three strains were grown in BHI broth for 24 hours; subsequently,
turbidity was calculated to a 0.5 McFarland standard. For comparison, a swab was soaked with the previously
prepared inoculum, streaked on the surface of agar plates four times, and left to rest for 5 minutes.
Subsequently, 6-mm-wide qualitative filter paper circles (Whatman®, Grade 3) impregnated with 10 pL of the
natural extract and controls were placed. This procedure was replicated five times, considering a maximum
difference of 15 mm between fractions of Psidium guajava, with a standard deviation of 5 mm and a type I error
of 5%, reaching a power of 93.9% [217]. Using 0.12% chlorhexidine as a positive control and a 1% DMSO
solution plus Milli-Q water (1:1) as a negative control, all plates were incubated with the natural extract and
controls at 37°C for 48 hours under anaerobic conditions. After 48 hours of incubation, the plates were read,

and the zones of inhibition were measured using a caliper graduated in mm.

Determination of the Minimum Inhibitory Concentration (MIC) of Guava for the Three Oral Bacteria

The method used was the broth microdilution method using 96-well microtiter plates. BHI broth was
used as a culture medium, in anaerobiosis, at 37 °C. Tryptic soy broth (TSB) (140 pL) was added to the wells of
96-well microtiter plates; then, 140 puL of natural guava extract was added to one well, followed by a transfer of
140 pL to the next well with a micropipette and homogenization and repeating the same procedure well by
well; the final 140 pL was discarded. Subsequently, 20 pL of the culture of strains of S. gordonii, F. nucleatum,
and P. gingivalis was added to the wells, calibrating to a 0.5 McFarland standard. The microtiter plates were
incubated at 87 °C for 48 hours under anaerobic conditions with 0.12% chlorhexidine as a positive control and
the 1% DMSO + Milli-Q water (1:1) solution as a negative control. The procedure was replicated five times
[177].

The reading of the minimum inhibitory concentration of the propolis was determined according to the
concentration of the well where no development was observed (turbidity). To verify bacterial viability, 5 pL of
each well of culture medium of each bacterium was seeded. The minimum bactericidal concentration was

considered to be the one where there was no colony growth.

Biofilm Formation of the Three Species

The oral bacteria S. gordonii ATCC 51656, F. nucleatum ATCC 10953, and P. gingivalis ATCC 33277
were used to form a biofilm on an 8-well Nunc Lab-Tek Chamber Slide™ system. To start the model, each
strain was separately inoculated with 15 mL of TSB at 37 °C under anaerobic conditions until reaching the
exponential growth phase; S. gordonii was incubated for 4 hours and 80 minutes, F. nucleatum was incubated for
8 hours, and P. gingivalis ATCC 83277 was incubated until reaching an optical density (OD) of 0.125 nm with
150 x 106 cells/mL. The surface of Lab Tek slides was coated with 30 uL of poly-L-lysine, and the slides were
incubated at room temperature for 30 minutes, washed with 30 pL of PBS, and then left to dry at 37°C for 24
hours under sterile conditions. Then, 300 pL of artificial saliva [177] was added to each well, which was then

incubated at 4 °C for 16 hours. Subsequently, the artificial saliva was removed, and cells were washed twice
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with 800 pL of PBS (1X). After washing, 250 pL of BHI broth + 20 pL of 2.5% sucrose was added before

inoculating 10 pL of S. gordoniz, F. nucleatum, or P. gingivalis on each slide and incubating for 24 hours at 37 °C
under anaerobic conditions [17,207. To test the biofilm formation of the three species, DNA concentration was
quantified in Nanodrop (Thermo Fisher Scientific, Waltham, MA, USA), and using Maxima SYBR
Green/ROX qPCR Master Mix (2X) (Thermo Fisher Scientific, Waltham, MA, USA).

Assessment of the Effect of Guava on Biofilm Adhesion

The first dose was administered 24 hours after biofilm formation by carefully removing the
supernatant from each well and then washing twice with 300 pL of PBS (1X). Subsequently, 300 pL of the
guava fraction was administered, and the wells were incubated for 1 minute at room temperature. After
removing the extract, the surface of each well was washed twice with 300 pL of PBS (1X), subsequently adding
300 pL of sterile culture medium, consisting of BHI broth + 2.5% saccharose, and incubating at 37 °C for 24
hours under anaerobic conditions. This procedure was repeated at 4 (time 1), 7 (time 2), and 10 (time 3) days;
1% DMSO + Milli-Q water (1:1) was used as a negative control, and 0.12% chlorhexidine was used as a
positive control [177].

To determine the absorbance, the biofilm was removed from the anaerobic jar, carefully discarding the
supernatant from each well. While avoiding turbulence, each well was washed three times with 800 pL of PBS
(1X), pH 7.0 (heated to 25-30 °C), for 10 seconds using a Pasteur pipette (to remove the remaining culture
medium and unattached bacteria). Then, 300 pL of trypsin was added, and the plate was rocked for 5 minutes
to remove all adhering cells from well surfaces. Subsequently, 100 puL of the content of each well was obtained
and placed in a 96-well microplate to measure the OD at 595 nm on a Smart Spectrophotometer plus reader

(Bio-Rad Laboratories, Inc., Hercules, CA, USA) [177.

Statistical Analysis

The data were processed with SPSS version 26 using the nonparametric Kruskal-Wallis test and its
multiple comparisons tests to compare the antimicrobial susceptibility of the P. guajava fractions and their
positive and negative controls based on ranges of diameter measurements of the zone of inhibition.

The effects of guava on biofilm adhesion were assessed by repeated measures analysis, which also
included analysis of variance (ANOVA) and the Tukey multiple comparison test of the means of each fraction.

Differences were considered significant at a p-value of 0.05.

Results
After measuring the zones of inhibition at 24 hours of incubation, the results of each oral bacterium

under study were compared, as outlined in Table 1.

Table 1. Antimicrobial susceptibility of three oral bacteria to P. guajava fractions.

Psidi 192 Fracti S. gordonii F. nucleatum P. gingivalis
siatum guajava Fraction Mean (SD) Mean (SD) Mean (SD)
Methanol Fraction 15.62 £ 0.284 0 % o 9.44 + 0.30P
Dichloromethane Fraction 9.82 + 0.63bc 8.24 £ 0.40¢ 0.0 £ 0.02
Petroleum Ether Fraction 7.24 + 0.38ab 0.0 £ 0.02b 0.0 £ 0.02
0.12% Chlorhexidine 18.14 = 0.30¢d 11.16 £ 0.25¢ 11.80 + 0.47b
1% DMSO + Milli-Q Water 0.0 £ 0.02 0.00% 0.002
p-value# 0.000 0.000 0.000

#Kruskal-Wallis, multiple comparisons (a, b, and c).
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The 1% DMSO + Milli-Q water group showed no zone of inhibition for any bacterial strain.
Additionally, the methanol residue showed no zone of inhibition for F. nucleatum ATCC 10958, the
dichloromethane residue showed no zone of inhibition for P. gingivalis ATCC, and the petroleum ether residue

showed no zone of inhibition for F. nucleatum ATCC 10953 and P. gingivalis ATCC (Figures 2, 3 and 4.

Figure 2. Agar plates containing S. gordonii and the methanol (A), dichloromethane (B), and petroleum
ether (C) fractions of 25 mg/mL guava extracts and the controls, including 0.12% chlorhexidine and
1% DMSO with Milli-Q water.

Figure 3. Agar plates containing F. nucleatum and the methanol (A), dichloromethane (B), and
petroleum ether (C) fractions of 25 mg/mL guava extracts and the controls, including 0.12%
chlorhexidine and 1% DMSO with Milli-Q water.
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Figure 4. Agar plates containing P. gingivalis and the methanol (A), dichloromethane (B), and
petroleum ether (C) fractions of 25 mg/mL guava extracts and the controls, including 0.12%
chlorhexidine and 1% DMSO with Milli-Q water.

The rank-based Kruskal-Wallis test highlighted differences between fractions regarding their effects
on the zone of inhibition of the oral bacteria S. gordonii ATCC 51656 (p=0.000), F. nucleatum ATCC 10953
(p=0.000), and P. gingivalis ATCC (p=0.000). In addition, 0.12% chlorhexidine showed the greatest F.
nucleatum ATCC 109538 (11.16+0.25) and P. gingrvalis ATCC (11.80£0.47) growth control, albeit without
reaching significant differences from the dichloromethane (8.24+0.40) and methanol (9.44+0.30) fractions,
respectively. Furthermore, the methanol fraction showed the highest S. gordonii ATCC 51656 (15.62+0.28)
growth control but without significant differences from 0.12% chlorhexidine (13.14£0.30).

The two (methanol and dichloromethane) fractions that demonstrated the strongest antibacterial
effect in the antimicrobial susceptibility test were used to test the MIC of guava. In addition, considering the
MIC results, the following concentrations were used in the adhesion test: 1.56 mg/mL for the methanol

fraction and 0.78 mg/mL and 3.12 mg/mL for the dichloromethane fraction (Table 2).

Table 2. MIC of P. guajava on S. gordonii, F. nucleatum and P. gingivalis.

Fraction 8. gordonii F. nucleatum P. gingivalis
Methanol 1.56 mg/mL -— 1.56 mg/mL
Dichloromethane 0.78 mg/mL 3.12 mg/mL

The eftects of guava on biofilm adhesion are shown in Table 3, which indicates differences in means
between treatments (F=4026.24, p=0.000). In addition, the Tukey test demonstrated that the group treated
with 0.12% chlorhexidine showed the lowest adhesion (0.07+0.53), followed by the group treated with the 1.56

mg/mL methanol fraction (0.23 £ 0.05), with greater adhesion in the groups treated with the other extracts.

Table 3. Effects of P. guajava fractions on biofilm adhesion.

Extract Fraction 4 Days 7 Days 10 Days Mean*
Guava Methanol (1.56 mg/mL) 0.24 £ 0.01 0.27 £ 0.06 0.18 £ 0.02 0.23 £ 0.05>
Dichloromethane (0.78 mg/mL) 0.62 £ 0.01 0.86 £ 0.05 0.96 £ 0.01 0.81 £ 0.314d
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Dichloromethane (3.12 mg/mL) 0.50 + 0.06 0.33 £ 0.01 0.41 £ 0.00 0.41 + 0.26¢
1% DMSO + Milli-Q H,O (1:1) 1.09 £ 0.02 1.10 £ 0.00 1.28 £ 0.00 1.14 £ 0.84f
Control Chlorhexidine (0.12%) 0.07 £ 0.00 0.09 * 0.00 0.04£0.00  0.07 £ 0.5%
Without extract 0.89 + 0.00 1.04 £ 0.00 1.36 £ 0.00 1.09 £ 0.51¢

#ANOVA (F=4026.24, p=0.000) and Tukey test (a, b, ¢, d, e, and f).

Table 4 outlines the multivariate repeated measures analysis of the effects of guava fractions on
biofilm adhesion. All statistics reveal that adhesion varied over time (p=0.000) and that the effects of one guava
fraction can differ from those of other fractions over time (p=0.000). In addition, Mauchly’s sphericity test
(p=0.425) indicated the presence of sphericity, which indicates that the repeated measures analysis is

appropriate.

Table 4. Effects of guava on biofilm adhesion by repeated measures analysis®.

Effect Multivariate Statistics Value F p-value
Time Pillai’s Trace 0.968 168.699 0.000
Wilks” Lambda 0.032 168.699 0.000
Hotelling’s Trace 30.673 168.699 0.000
Roy’s Largest Root 30.673 168.699 0.000
Time * Fraction Pillai’s Trace 1.854 30.484 0.000
Wilks” Lambda 0.002 52.019 0.000
Hotelling’s Trace 86.657 86.657 0.000
Roy’s Largest Root 80.175 192.42 0.000

#Mauchly’s sphericity test (W=0.056, p=0.425).

Discussion

Considering that periodontal disease results from an imbalance in the oral ecosystem that affects
periodontal tissues [22,237, this disease must be prevented and/or treated because it is closely linked to
systemic problems [247]. Therefore, effective plaque control strategies have become the guiding principle for
prevention of plaque-related diseases such as periodontitis [257].

Few studies have examined the control of microorganisms associated with periodontal disease based
on natural products. Therefore, this study was proposed to evaluate the antibacterial and antiadhesion activity
of P. guajava fractions extracted from its chloroform residue.

In a previous study, Millones-Gémez et al. [17] found that both the crude extract and the chloroform
portion of guava showed antimicrobial efficacy against . gordoniz, with a mean zone of inhibition diameters of
10.4 mm and 9.12 mm at a concentration of 50 mg/mL, respectively. In the present study, of the three P.
guajava fractions analyzed, the methanol fraction showed antimicrobial action against S. gordonii and P.
gingrvalis. The dichloromethane fraction also showed antimicrobial activity against S. gordoniz and
Fusobacterium. Furthermore, Shetty et al. [187] demonstrated that the ethanol extract of P. guava has greater
antimicrobial activity against P. gingivalis than the methanol fraction. Similar results have been reported for
Indian P. guajava [26,277]. Some solvents can attract components as a function of their polarity, which is
reflected in their biological properties [287.

Biofilm adhesion inhibition was shown by a decrease in the mean OD. P. guajava leaf extracts contain
chemical compounds with antiadhesion properties derived from flavonoids and polyphenols. Flavonoids consist
of active substances, such as flavone and naringenin, and flavone has been shown to inhibit biofilm formation.
These compounds can interfere with the quorum signaling pathway by disrupting the interaction between
acyl-homoserine lactone (AHL) and its receptor. AHL is an autoinducer or signaling molecule of Gram-

negative bacteria used in the quorum sensing process [297. Naringenin also plays a role in inhibiting biofilm
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formation through its activities as a quorum sensing inhibitor. The action of naringenin in inhibiting the
quorum sensing system is likely caused by the combination and reduction of AHL molecules and by the
transcription factor Lux-R, followed by a decrease in the expression of the quorum sensing-related gene [307.
Quorum sensing is one of the regulatory mechanisms of extracellular polymeric substances (EPSs), commonly
known as polysaccharides, and plays a role in bacterial biofilm formation. Therefore, if the quorum sensing
pathway is inhibited, EPS formation will also be inhibited, thereby inhibiting bacterial biofilm formation [317].
Based on these results, the mean OD of the samples treated with the methanol fraction of P. guajava
showed a moderate decrease in adhesion to the biofilm, apparently representative of the antibacterial effect
shown on 8. gordoniz, the microorganism responsible for biofilm adherence in periodontal biofilm models
[82,337. Despite the promising results, it should be emphasized that this experimental trial does not reflect the
complex polymicrobial and environmental interactions present in the oral cavity. Environmental interactions
are present in the oral cavity. On the other hand, complementing the results of this study with the separation
and identification of the components, understanding the therapeutic targets, as well as the mechanisms of
action of these propolis would help to the mechanisms of action of these propolis would help to evaluate new

molecules for the formulation of new pharmacological supplies that could be valuable in the field of dentistry.

Conclusion
The methanol fraction of P. guajava had an antibacterial effect on S. gordonii and P. gingivalis, and the

1.56 mg/mL methanol fraction decreased biofilm adhesion.
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