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Antimicrobial Effects of Boric Acid Against Periodontal Pathogens
ABSTRACT

Purpose: Boron is a bioactive trace element found in humans and essential for the growth
and maintenance of bone and also has reported anti-inflammatory and antimicrobial activity.
Boric acid is a well-characterised boron-containing compound which reportedly can reduce
periodontal inflammation. Thus, the aim of the current study was to evaluate the possible
bactericidal and/or bacteriostatic effects of boric acid on the periodontal pathogens:

Fusobacterium nucleatum and Porphyromonas gingivalis.

Materials and Methods: Minimum inhibitory concentration (MIC) of boric acid on F.
nucleatum (ATCC 10953) and P. gingivalis (ATCC 33277) were determined by the broth
microdilution method. Overnight cultures were diluted to the following starting
concentrations: 5x10° cfu/ml for F. nucleatum and 5x10° cfu/ml for P. gingivalis. After
incubation for 48h at 37°C in an anaerobic cabinet the absorbance of the cultures was
measured. The minimum bactericidal concentration (MBC) was determined by plating an
aliquot of the cell suspensions on agar plates, and bacteria were counted after incubation at

37°C for 48 h under anaerobic conditions.

Results: Boric acid was able to inhibit the growth of F. nucleatum at a concentration of 780
nM and P. gingivalis at a concentration of 1.56 uM. The MBC of boric acid was 19 mM for
F. nucleatum however using tested concentrations (75 mM-1nm) were insufficient to provide

an MBC for P. gingivalis.

Conclusion: Boric acid may be a possible candidate for providing local antimicrobial actions
on periodontal pathogens and therefore may have potential as a therapeutic intervention in the

management of periodontal disease.



Keywords: Boric acid, Fusobacterium nucleatum, Porphyromonas gingivalis, periodontal

disease, Antimicrobial Drug Resistance, boron



Borik Asitin Periodontal Patojenler Uzerine Olan Antimikrobiyal Etkileri

OZET

Amag: Bor, kemigin gelisimi ve idamesi i¢in gerekli olup antiinflamatuar ve antimikrobiyal
ozelliklere sahip biyoaktif eser bir elementtir. Borik asit siklikla kullanilan bir bor bilesigi
olup periodontal inflamasyonu azaltabildigi gosterilmistir. Bu ¢alismanin amaci borik asitin
periodontal patojenlerden Fusobacterium nucleatum and Porphyromonas gingivalis {izerine

olabilecek mevcut bakterisidal ve/veya bakteriostatik etkilerini incelemektir.

Gereg ve yontem: Borik asitin F. nucleatum (ATCC 10953) ve P. gingivalis (ATCC 33277)
icin  minimum inhibitér konsantrasyonu (MIK) sivi besiyeri mikrodiilisyon metodu
yardimiyla saptanmistir. Gecelik kiiltiirler F. nucleatum icin 5x10° cfu/ml ve P. gingivalis
icin 5x10° cfu/ml konsantrasyonuna seyreltilmistir. Aaerobik bir kabinde 37°C de 48 saat
inkiibasyon sonrasinda kiiltiirlerin  absorbanst  Ol¢lilmiistiir. Minimum bakterisidal
konsantrasyon (MBK) bakteri siispansiyonundan alinan alikotlarin agarlar iizerinde 37°C de
48 saat boyunca anaerobik kosullarda bekletilmesinden sonra bakterilerin sayilmasi sonucu

elde edilmistir.

Bulgular: Borik asit F. nucleatum’un tiremesini 780 nm da P. gingivalis’in tiremesini ise
1.56 uM konsantrasyonda durdurabilmistir. Borik asitin F. nucleatum i¢in MBK degeri 18.75
nM olarak saptanmis fakat denenen konsantrasyonlar (75 mM-1nm) P.gingivalis i¢in MBK

degeri verememistir.

Sonug¢: Borik asit periodontal patojenlere karsi lokal antimikrobial etki gosteren bir aday

olabileceginden dolay1 periodontal hastaligin tedavisinde terapdtik potansiyeli olabilir.

Anahtar Kkelimeler: Borik asit, Fusobacterium nucleatum, Porphyromonas gingivalis,

periodontal hastalik, Antimikrobiyal Ila¢ Direnci, bor.






INTRODUCTION

Periodontal disease is a chronic inflammatory condition associated with multispecies
biofilms causing destruction of periodontal tissues around teeth'. The periodontal pathogens
Porphyromonas gingivalis (P. gingivalis), and Fusobacterium nucleatum (F. nucleatum)
present in the dental plaque biofilm are associated with disease progression. P. gingivalis is a
non- motile, Gram negative, obligate anaerobic bacilli found in the subgingival sulcus of the
oral cavity and the numbers of this bacterium found in the periodontal pocket has been
positively correlated with periodontitis while levels are lower or almost non-detectable in
cases of subgingival health >. F. nucleatum is a Gram negative anacrobic bacterium that is
considered as an intermediate colonizer bridging the attachment of commensals that colonize
the tooth and epithelial surface with pathogenic species °.

During the treatment of periodontal disease reduction of total periodontal pathogen
load by subgingival and supragingival mechanical debridement is one of the key treatment
steps. However some sub-gingival pathogens may reside in inaccessible areas and,
mechanical therapies alone may fail to eliminate these bacteria present in the host tissues.
Therefore, the use of antimicrobial therapy, such as application of topical antibiotics and
topical antiseptics, adjunct with mechanical debridement has been proposed *. Notably the
use of systemic antibiotics could lead to an increase in bacterial resistance and
superinfections °. Re-infection from non-treated sites may also be a problem in the case of
use of topical antibiotics °. Indeed the application of antimicrobials such as chlorhexidine
(CHX) has been reported to have limited success because of its potential cytotoxicity ' and
limited antimicrobial activity within biofilms ®°.

Boron is a trace element which is essential for the growth and maintenance of bone °,
and it has the reported ability to improve wound and alveolar bone healing '°. Boron-

containing compounds (BCCs) which possess unique and attractive biological properties



including antibacterial, antifungal, antiparasitic, antiviral, and anti-inflammatory activities,
have received increasing attention recently ''. Boric acid is one of the most well-
characterised BCCs reported in the literature and has been found to reduce alveolar bone loss
1213 and periodontal clinical parameters '* '°. A mouthwash form of boric acid was also
found superior compared with CHX in chronic periodontitis patients in improving
periodontal clinical parameters '®. However to date no study has evaluated its possible
bacteriostatic or bactericidal effects on periodontal pathogens P. gingivalis and F. nucleatum.
Thus the aim of the current study was to investigate the minimum inhibitory concentration
(MIC) that shows the inhibitor dose of bacterial growth and minimum bactericidal

concentration (MBC) that reflects the non-viability of bacteria treated with boric acid on P.

gingivalis and F. nucleatum.

MATERIALS AND METHODS
Preparation of Boric Acid

Boric Acid (Sigma-Aldrich, MO, USA) was dissolved in ddH,O 7 The solutions were
sterilized by filter sterilisation using a 0.22 um syringe-filter unit (Merck, Darmstadt,

Germany). Concentrations were prepared ranging between 75 mM to 1 nm.
Bacterial Culture

F. nucleatum (ATCC 10953) was inoculated anaerobically (Don Whitley DG 250 anaerobic
workstation, Don Whitley Scientific, West Yorkshire, England; atmosphere: 80% nitrogen,
10% carbon dioxide and 10% hydrogen) at 37 °C onto blood agar plates (Oxoid, Hampshire,

UK) from a frozen stock for 48 hours '*.

P. gingivalis ATCC 33277 was also grown onto blood agar plates anaerobically (Don

Whitley DG 250 anaerobic workstation, Don Whitley Scientific, West Yorkshire, England,



atmosphere: 80% nitrogen, 10% carbon dioxide and 10% hydrogen) (Oxoid, Basingstoke,

UK) at 37 °C for 72 hours '°.

A single representative colony from each bacteria was inoculated into 10 ml broth for
each bacterial species and cultured for 24 hours. Subsequently, 1 ml of bacterial culture was
taken from the overnight culture and read in the spectrophotometer at 600nm (Jenway 7315,
Cole Parmer, Staffordshire, UK). The bacterial cell concentrations were determined with OD

value according to the growth curve generated '®.
Minimal Inhibitory Concentration (MIC)

MICs of the compound were determined by broth microdilution method previously
described ' *°. Serial dilutions of the boric acid were performed in Schaedler Anaerobe
Broth *! (at a volume of 100 pL per well in 96-well microtitre plates (Thermo-Fischer
Scientific, MA, USA). Each well of a microwell plate was inoculated with 10 pL of the

¥ and

diluted bacterial culture at a final concentration of 5x10° cfu/ml for F. nucleatum
5x10° cfu/ml for P. gingivalis '°. After incubation for 24h and 48h at 37°C the absorbance of
the plates was measured at 600 nm using a microplate reader (ELX800 absorbance
microplate reader, Bio-Tek; USA). The MIC was defined as the lowest concentration of the
compounds tested that completely inhibited growth or produced at least 90% reduction in

absorbance compared with the negative (compound-free) control. The MIC value represented

the average of at least 3 independent experiments '°.
Minimal Bactericidal Concentrations (MBC)

MBC was determined by plating an aliquot of cell cultures (10 pL) from four wells
above the MIC on agar plates %%, and bacteria were counted after incubation at 37°C for 48 h.
The MBC was defined as the lowest concentration of the compound at which more than

99.9% of the bacteria were killed compared with a non-treated control °.



RESULTS

Boric acid concentrations of 75 mM to 1 nm were tested against P. gingivalis and F.
nucleatum for MIC determination (Table 1). The MIC of Boric acid was determined as 780
nM for F. nucleatum. However, a higher dose 1.56 uM of Boric acid was found to be

required for P. gingivalis (Table 1).

After determination of the MIC, aliquots were transferred onto agar plates for determination

of the MBC.

The MBC value of Boric acid was determined to be considerable higher compared
with the MIC value for F. nucleatum being 19mM. No MBC could be determined for P.

gingivalis, concentrations between 75 mM to 1nm could not inhibit the bacteria. (Table 2)
DISCUSSION

Boric acid has previously been reported to have antibacterial effects on some oral
bacteria including Staphylococcus aureus 2, Streptococcus mutans and Enterococcus faecalis
' However no study has evaluated the effects of Boric acid on F. nucleatum and P.
gingivalis. Determination of MIC and MBC of a potential therapeutic agent for use in disease
management is essential to determine the sensitivity and/or resistance of bacteria and, also to
monitor their efficacy. In the present study, the MIC values of boric acid determined for P.
gingivalis and F. nucleatum were determined to be in the uM and nM range respectively, but
the MBC value of F. nucleatum was notably higher (mM range) and, finally no MBC could

be determined for P. gingivalis within the tested concentration range.

Previously boric acid has been reportedly used for the treatment of periodontal

. . . . 1216
disease in human and animal studies

. Kanoriya et al."” evaluated the efficiency of 0.75%
subgingivally delivered boric acid in addition to conventional mechanical therapy and found

that it significant improved periodontal disease parameters including probing depth and



clinical attachment level and reduced the defect depth radiologically compared with the
placebo group over a 6 month treatment period. Singhal et al. '* also investigated the same
concentration of Boric acid gel in addition to conventional periodontal treatment in the
treatment of class II furcation defects at 6 months and reported greater probing depth
reduction and clinical attachment gain and also bone formation in the boric acid gel treatment

group compared with the placebo group at 6 months. Saglam et al. '

also compared the
effects of a 0.75% boric acid mouthwash with chlorhexidine on clinical parameters and
bacterial counts for several periodontal pathogens including P. gingivalis, Tannerella
forsythia, and Treponema denticola at 3 months in chronic periodontitis patients. They
reported a significant reduction in bleeding on probing, probing pocket depth and clinical
attachment level in moderate periodontal pockets (probing depth >5 and <7) at the 1 month
treatment period however no differences were found for bacterial counts in any time period
up to 3 months. In the current study the maximum tested concentration was (75mM=0.50%)
lower than all of the three clinical studies reported above. The ability of Boric acid to reduce
periodontal pathogen infection may be due to the bacteriostatic effects of the compound on P.
gingivalis that was shown in the current study. However, the compound should also be tested
on biofilms as it is known that this growth mode results in bacteria being more resistant to
antimicrobial agents **. The previously mentioned studies also provided data on the toxicity
of these boron containing compounds on gingival fibroblasts and periodontal ligament cells,
reporting that 0.75% boric acid did not exhibit any adverse effects. However no data was
reported regarding the cytotoxicity of the compounds on osteoblasts or keratinocytes and
these are major cell types present in the oral cavity and relevant to periodontitis pathogenesis.

Further studies should also be conducted to confirm the safe dose for this compound on these

cell types as this would have clinical relevance.

10



In the literature in vivo studies have also evaluated the effects of boric acid as a
dietary supplement for the treatment of experimental periodontitis in rats. Saglam et al. "2
applied boric acid at 3mg/kg daily for 11 days in rats with experimental periodontitis and
they concluded that administration of boric acid may reduce alveolar bone loss by affecting
the Receptor activator of nuclear factorkappa B ligand (RANKL)/Osteoprotegerin (OPG)
ratio which is a good indicator of bone turnover in experimental periodontitis. Demirer et al.
3 also evaluated the effects of the same dose of Boric acid over the same time period
(3mg/kg administered daily for 11 days) on periodontal inflammation and
osteoblast/osteoclast number in rats with experimental periodontitis. They detected
significant improvements for periodontal inflammation and bone formation in rats
supplemented with boric acid. However the two studies '> ' did not report on any data for
bacterial counts preventing any discussion about the compound’s antimicrobial effects in
experimental periodontitis.

In the literature the effects of boron compounds on microorganisms was also
evaluated and Boron containing compounds were found to impair protein synthesis and the
activity of certain enzymes including serine-protease, B-lactamase *°. In the current study
although we detected some inhibitory effects of boric acid on P. gingivalis and F. nucleatum

the exact mechanism of action of the compound on the bacteria has not been elucidated and is

the focus of future studies.

This is the first study to show the antimicrobial effects of boric acid on P. gingivalis
and F. nucleatum. Therefore, boric acid may have potential to use as an antimicrobial agent
including mouthwash and gel in the management of periodontal disease. In future, bone
protective and anti-inflammatory effects of boric acid will also be assessed in vitro that may

also extend the use of boric acid in the field of periodontology.

11



CONCLUSION

Our findings established MICs of 780 nM and 1.56 uM respectively of boric acid for both F.
nucleatum and P. gingivalis. Therefore, boric acid has antimicrobial effects towards
periodontal pathogens, that can make it a desirable antimicrobial agent in mouthwash or
subgingival gel for periodontal disease management. Further work is required to evaluate the
possible anti-inflammatory potential and bone protective effects of boric acid on periodontal

inflammation in vitro, which may widen the application of boric acid in periodontology.

12
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Table 1: MIC of Boric Acid on F. nucleatum and P. gingivalis

Bacteria Concentration
800 | 400 | 200 | 100 | S0 | 25 [12.5)6.25]3.12 | 1 56| 780 | 390 | 195
uM | uM | uM | uM UM | uM | uM | pM | uM uM | nM | nM | nM
F. nucleatum S S S S S S S S S S
P. gingivalis | S S S S S S S S S S R
S: Sensitive, R: Resistance
Bacteria Concentration
375 18.75 93 4.68 2.34 1.17
75 mM
mM mM mM mM mM mM
F. nucleatum N-G N-G N-G G G G G
P. gingivalis G G G G G G

Table 2: MBC determination of Boric Acid on F. nucleatum and P. gingivalis

N-G: Non-growth, G: Growth
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