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Abstract

Introduction: The gram-negative bacterium Porphyromonas gingivalis is a major causative agent of periodontitis in adults. It is also
associated with disorders of the cardiovascular and endocrine systems, rheumatoid arthritis, pancreatic cancer, and Alzheimer’s disease.
Lactic acid bacteria (LAB) present in the oral cavity or introduced as probiotic preparations can support successful treatment of peri-
odontitis due to their antagonism with the pathogen.

Aim: The aim of this study was in vitro assessment of the antimicrobial activity of Lactobacillus spp. and Streptococcus thermophilus
against P. gingivalis.

Materials and methods: The antimicrobial effect of lactobacilli or S. thermophilus from the LBB Culture collection against P. gingi-
valis DSM 20709 was evaluated with the well diffusion assay on Wilkins Chalgren blood agar. Inhibition of the pathogen was evaluated
by measuring the diameter of clear zones around the wells.

Results: Application of milk fermented with selected LAB resulted in a bacteriostatic effect. The most active culture was S. thermophi-
Ius 187/4, followed by L. delbr. ssp. bulgaricus (LBB.B1054, C3/2 and LBB.B120), L. helveticus LBB.H48/1 and L. rhamnosus I-1/13. The
respective reconstituted freeze-dried preparations had a stronger inhibitory effect on the pathogen with the formation of clear bacteri-
cidal zones. The effect of milk acidified with lactic acid was apparent with minimal bactericidal zone observed at concentration of 0.1%.
The effectiveness of the assay was confirmed with Elgydium and Eludril.

Conclusions: P, gingivalis DSM 20709 was sensitive to the metabolites produced in fermented milk by selected strains of L. delbr. ssp.
bulgaricus, L. helveticus, L. rhamnosus, and S. thermophilus. Reconstituted freeze dried fermented milk had a stronger inhibitory effect
compared to fresh samples. Lactic acid produced by lactic acid bacteria was the key component for inhibition of the pathogen.
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INTRODUCTION

Following caries, periodontitis is the second, most fre-
quent chronic inflammatory disease of the oral cavity. It is
initiated as inflammation of the gingiva followed by tooth
loss and bone destruction. Periodontal disease has not
only stomatological consequences, but it can also affect the
cardio-vascular system, the endocrine system, the joints,
etc. One of the causative agents of chronic periodontitis in
adults is Porphyromonas gingivalis. Its major virulent fac-
tors are lipopolysaccharides (LPS), capsular polysaccha-
ride (CPS), fimbriae responsible for adherence to salivary
proteins attachment and a group of cell surface cysteine
proteinases - gingipains.! Also, this pathogen has the
capability of biofilm formation, which makes it one of the
main members of the core “red complex” consortium in
periodontitis?, along with Treponema denticola and Tan-
nerella forsythia. Presently, extensive data of case-control-
led studies have been accumulated proving a statistically
significant relationship between the presence of P. gingi-
valis and periodontal diseases.’ Furthermore, Sato et al.*
showed that P. gingivalis is responsible for the aggravation
of collagen-induced arthritis mainly due to the synthesis
of peptidyl arginine deiminase that produces rheumatoid
arthritis-related auto-antigens. Their results from expe-
riments with mice demonstrated that P. gingivalis was a
mediator between periodontitis and rheumatoid arthritis
through its activity on the intestinal immune system and
microflora. In a review by Ogrendik®, pancreatic cancer is
determined as the fourth leading cause of cancer-related
mortality worldwide and that oral pathogens are linked
to the etiology of the disease. Singhrao et al.® discuss the
potential link between P. gingivalis periodontal infection
and Alzheimer’s disease.

Periodontitis therapy involves local cleaning and
smoothing of dental root surfaces, application of oral
hygiene preparations and frequently - systemic antibiotic
therapy. Recently, great interest has been focused on the
application of probiotic bacteria and their effect on oral
pathogens. Numerous studies have shown that the con-
sumption of fermented milk products, lactic acid bacte-
ria probiotic preparations and lactobacilli in particular
can serve as auxiliary tools in the successful treatment
of periodontitis.”!! Most importantly, in vitro studies are
followed by randomized confirmatory control trials. Mat-
subara et al.!? have reviewed 12 such trials up to March,
2016 and have reached the conclusion that oral admin-
istration of probiotics is safe and effective treatment to
accompany antibiotic therapy.

AIM

The aim of this study was in vitro assessment of the anti-
microbial activity of Lactobacillus spp. and S. thermophilus
against P, gingivalis.

MATERIALS AND METHODS

Bacterial strains and culture conditions

The antimicrobial effect of lactic acid bacteria was evaluated
against P, gingivalis DSM 20709 as a test culture. Lactoba-
cilli and S. thermophilus were derived from the LBB Cultu-
re collection (LB Bulgaricum Plc., Sofia, Bulgaria) with the
exception of L. rhamnosus NBIMCC 507 (National Bank
for Industrial Microorganisms and Cell Cultures — Bulga-
ria) and L. reuteri which was isolated from a commercial
probiotic oral food supplement (Table 1). P. gingivalis was
propagated in Wilkins Chalgren broth (CONDA) under
anaerobic conditions at 37°C for up to 72 hours. Enumera-
tion of the viable cells of the pathogen and the well-diffusi-
on assay were performed on Wilkins Chalgren blood agar
(Wilkins Chalgren agar supplemented with 5.0% defibri-
nated sheep blood). Dairy lactobacilli and S. thermophilus
were grown in sterile 10.0% reconstituted skim milk pow-
der for 16 hours at 37°C and used either fresh or followed
by freeze-drying. Thermal inactivation of L. delbr. ssp. bul-
garicus LBB.B1054 prior to lyophilisation was carried out
for 1 hour at 63°C.

Agar well diffusion assay

The agar well diffusion assay was performed as described by
Soleimani et al.!* with minor modifications. Mid log-phase
culture of P. gingivalis (10°-10° cfu/ml) was spread on the
surface of Wilkins Chalgren blood agar. Wells (6.0 mm)
were punched in the agar and filled with 50 ul of 1. fermen-
ted milk sample; 2. reconstituted (with distilled water to
10.0% dry matter) freeze-dried fermented milk; 3. non-in-
oculated milk (negative control); 4. milk, acidified with
lactic acid (0.1-7.0% final concentration) or 5. one of the
commercial preparations Eludril Classic antiplaque mouth
rinse or ELGYDIUM ANTI-PLAQUE toothpaste (both
products of Pierre Fabre ORAL CARE, France) as positive
controls. The inoculated plates were incubated anaerobical-
ly at 37°C for 4-5 days. The inhibition of the pathogen was
evaluated by measuring the diameter of clear zones (mm)
around the wells in which no growth (bactericidal effect) or
supressed growth (bacteriostatic effect) of P. gingivalis DSM
20709 was observed. Average values for four parallel wells
were recorded.

RESULTS

In the agar well diffusion assay, fermented milk or reconsti-
tuted freeze-dried fermented milk containing viable LAB
was introduced into the wells. Therefore, a limited zone of
LAB growth around the wells was observed for some strains,
followed either by a clear zone of bactericidal effect against
the pathogen or a zone of bacteriostatic effect with partial-
ly inhibited growth of P. gingivalis. The application of milk
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fermented with the selected LAB resulted in strain-specific
bacteriostatic effect observed around the wells (Table 1).
The most active culture was S. thermophilus 187/4, followed
by three strains of L. delbr. ssp. bulgaricus (B1054, C3/2 and
B120), L. helveticus LBB.H48/1, and L. rhamnosus 1-1/13.
The inhibitory effect of these strains was comparable to the
L. reuteri strain isolated from a commercial probiotic pre-
paration. Another eight strains had no visible effect on P
gingivalis. For some of the strains, like L. rhamnosus 1-4/1
and L. rhamnosus NBIMCC 507, the correct assessment of
the inhibitory effect was difficult due to the growth of the
LAB around the well.

Although freeze-dried fermented milk preparations
were reconstituted with water to obtain the same dry weight
as before lyophilisation, when introduced into the wells, a
stronger inhibitory effect on the pathogen was observed
compared to initial fermented milks with the formation of
clear bactericidal zones (Table 1). In the case of L. delbr.
ssp. bulgaricus LBB.B1054 a valid assessment of the inhibi-
tory effect of the freeze-dried preparation was only possible
after heat inactivation of the culture prior to lyophilisation
to eliminate the growth of LAB around the well.

As with fermented milks, the reconstituted freeze-dried
preparation of S. thermophilus 187/4 showed the strong-
est inhibition of the pathogen among all tested prepara-
tions (Fig. 1). An inhibitory effect was also confirmed for
freeze-dried preparations of L. delbr. ssp. bulgaricus LBB.
B1054 and C3/2, L. helveticus LBB.H48/1 and L. rhamno-
sus 1-1/13, again to a much bigger extent than observed for
initial fermented milks. For strains L. delbr. ssp. lactis LBB.
L1266, L. rhamnosus 1-4/1, and L. rhamnosus NBIMCC 507

Figure 1. Inhibition of P. gingivalis DSM 20709 growth within
clear zones around wells loaded with reconstituted freeze-dried
milk fermented with S. thermophilus 187/4 (agar well diffusion
assay, four parallel wells).

inhibition of the pathogen was only found with the appli-
cation of freeze-dried preparations, confirming the over-
all higher activity of reconstituted freeze dried fermented
milks compared to “fresh” fermented milk.

In the agar well diffusion assay, milk as control had a
negligible effect on P. gingivalis (Table 2). However, the
effect of milk acidified with lactic acid was apparent with
minimal bactericidal zone observed at concentration of
lactic acid as low as 0.1%. As positive controls, the two
preparations used for mouth hygiene, Elgydium (tooth
paste) and Eludril (mouth rinse) gave the maximal antibac-
terial effect observed in this study - inhibition zone of 7.0
mm (Table 2).

Table 1. Inhibition of P. gingivalis DSM 20709 by selected lactobacilli and S. thermophilus strains

Inhibition zone (mm)*

Freeze-dried fermented milk**

Strain
Fermented milk
L. delbr. ssp. bulgaricus LBB.B1054 (2.0)+**
L. delbr. ssp. bulgaricus C3/2 (3.0
L. delbr. ssp. bulgaricus 53/8 0>

L. delbr. ssp. bulgaricus LBB.B130
L. delbr. ssp. bulgaricus LBB.B120

0
(1.0)****
L. delbr. ssp. bulgaricus 69/6P 0

L. delbr. ssp. lactis LBB.L1266 (0.5)

L. helveticus LBB.H48/1 (2.0)

L. helveticus 2096/6 (0.5)

L. rhamnosus 1-1/13 (1.0)r**
L. rhamnosus 1-4/1 QF**

L. rhamnosus NBIMCC 507 QFex

S. thermophilus 187/4 (10.0)

S. thermophilus C2 0

L. reuteri (commercial preparation) (3.0)

2.5 + (0.5)*
1.0+ (1.5)
ND

ND

ND

ND

2.0

2.0 + (1.0)
ND

3.0

4.0

2.0+ (1.0)
4.0 + (0.5)
(1.0)

ND

* bactericidal effect (bacteriostatic effect presented in parenthesis), average from two independent trials; ** freeze-dried prepara-

tions reconstituted in water to 10% dry matter; *** L. delbr. ssp. bulgaricus LBB.B1054 was thermally inactivated before freeze-drying;

**** growth of LAB around the well; ND: not determined
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Table 2. Effect of lactic acid and commercial mouth hygiene
products on the growth of P. gingivalis DSM 20709

Inhibition zone

Controls (mm)*
Milk (0.5)
Milk, 0.1% lactic acid 1.0
Milk, 1.0% lactic acid 1.5
Milk, 3.0% lactic acid 4.0
Milk, 5.0% lactic acid 3.0
Milk, 7.0% lactic acid 6.0
Elgydium (tooth paste) 7.0
Eludril (mouth rinse) 7.0

* bactericidal effect (bacteriostatic effect presented in parenthe-
sis), average from two independent trials

DISCUSSION

Several studies emphasize the relation between altered oral
microflora and the presence of periodontal disease. Van Es-
sche et al.!* performed a large scale study to demonstrate
the prevalence of bacterial isolates antagonistic to P. gingi-
valis, Prevotella intermedia, Fusobacterium nucleatum and
Aggregatibacter actynomycetemcomitans in samples from
healthy individuals compared to patients with periodon-
titis. Comparing these isolates with seven commercial-
ly available probiotic bacteria, the authors found that the
effect of the latter was much stronger and that all of the
probiotic strains inhibited P. gingivalis. Koll-Klais et al.'®
found that P. gingivalis was inhibited by oral lactobacilli
and that in healthy individuals a prevalence of obligatory
homofermentative species was observed compared to chro-
nic periodontitis patients. Both authors!*!® attribute the
effect of lactic acid bacteria on the pathogens mainly to the
production of large amounts of organic acids, such as lactic
and acetic acid, and especially to the inability of P. gingivalis
to grow at pH bellow 6.5.1 In terms of dietary nutrition,
a comprehensive study of 942 subjects confirmed that con-
sumption of lactic acid foods may have a beneficial effect
on periodontal diseases.’

In our study, milk acidified with lactic acid clearly and
in concentration-dependent manner inhibited the growth
of P. gingivalis forming clear bactericidal zones around the
wells (Table 2). However, although all tested lactobacilli
and S. thermophilus strains produced lactic acid to coagu-
late milk, the presence and extent of pathogen inhibition
was strain-specific. This indicated the presence of other
metabolites that play an essential role in the inhibition of
P, gingivalis. One example is the synthesis of hydrogen per-
oxide that is a function of the activity of specific oxidases
in L. delbrueckii strains.!” Moreover, in our experiments,
reconstituted freeze-dried preparations of milks fermented
with lactic acid bacteria showed stronger inhibitory effect
than the initial fermented milks. Although with the same

lactic acid content, fresh fermented milk cultures generated
only zones of bacteriostatic effect on the pathogen, while
the corresponding reconstituted freeze-dried prepara-
tions formed clear zones of bactericidal effect. This may be
attributed to the destruction of a portion of the bacterial
cells during lyophilisation and the liberation of intracel-
lular content, including inhibitory substances (Table 1).
Alternatively, stress factors may accumulate in lactic acid
bacteria in the freezing process that increase the activity of
the freeze-dried preparations. Many species of lactic acid
bacteria are capable of producing antibacterial peptides
such as bacteriocins.!® Bacteriocin production has been
also described for L. delbr. ssp. Bulgaricus." Interestingly,
bacilli were found to produce a cold-shock protein-like
bacteriocin.?’ It may be possible that cold shock and freez-
ing may increase the production and availability of such
antibacterial substances in the lactic acid bacteria cultures
included in our experiment.

In our study, growth of lactobacilli around the well on
Wilkins Chalgren blood agar was observed, especially
with L. delbr. ssp. bulgaricus and L. rhamnosus strains, but
this did not result in significantly larger inhibition zones
which may be explained by the sensitivity of P. gingivalis
only to metabolites already accumulated in fermented milk
or reconstituted freeze-dried fermented milk preparations.
Also, in the case of L. delbr. ssp. bulgaricus LBB.B1054,
where the culture was heat-inactivated prior to lyophili-
sation, clearly P. gingivalis was inhibited by heat-stable
metabolites rather than by viable cells. The complexity of
the mechanism of inhibition of P. gingivalis by lactobacilli is
well demonstrated in the study of Samot and Badet!? where
52 of a total of 66 autochthonous oral lactobacilli slightly
inhibited the growth of this pathogen, but only 7 produced
hydrogen peroxide, the inhibiting activity was independent
of Proteinase K treatment, and higher activity was observed
for facultatively heterofermentative cultures.

Strong inhibition of P. gingivalis was also observed for
S. thermophilus 187/4. Although in yoghurt, cocci are
weaker acid producers, Zhu et al.? found that both S. ther-
mophilus and L. delbr. ssp. bulgaricus inhibited the growth
of P. gingivalis, but only if yogurt bacteria were inoculated
first as early colonizers. This suggests that the mechanism
of antagonism between S. thermophilus and P. gingivalis
may be competition for substrate. Another study showed
that S. thermophilus may reduce oral malodour by inhibi-
tion of P. gingivalis growth and neutralizing volatile sulfur
compounds produced by the pathogen.!! Again, in our
study, the same effect of activation of the inhibitory effect
by freeze-drying was observed with S. thermophilus 187/4
with bacteriostatic effect of fermented milk enhanced to
bactericidal effect of the lyophilized preparation (Table 1).

Stamatova et al.” tested the inhibitory activity of lac-
tobacilli against five clinical isolates of P. gingivalis and
determined that L. casei ATCC 344 was the most potent
culture inhibiting four of the pathogen isolates, followed by
L. rhamnosus strain that showed the highest activity against
three of the P. gingivalis isolates. Nevertheless, the authors
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observed only “slight inhibition of growth” of P. gingivalis
by 40% of the tested lactobacilli and no inhibition of the
pathogen by L. delbr. ssp. bulgaricus strains. This discrep-
ancy with our results for L. delbr. ssp. bulgaricus LBB.B1054
and C3/2 can be explained by the difference in the anti-
microbial activity test method which in the experiment of
Stamatova et al.” was streak line method on Brucella agar,
while in our study we used the well-diffusion assay testing
directly fermented milk preparations on Wilkins Chalgren
blood agar and P. gingivalis DSM 20709 as a test culture.
Notably, with the agar-overlay method, Stamatova et al.’
have observed inhibitory activity of L. delbr. ssp. bulgaricus
strains against other oral pathogens such as some species of
streptococci and A. actynomycetemcomitans.

In vitro selection of potential probiotic lactic acid bac-
teria should be followed by clinical trials. The results of
this study supported the performance of initial trials with
freeze-dried preparations of L. delbr. ssp. bulgaricus LBB.
B1054 and S. thermophilus 187/4 with encouraging results
showing favourable change in the species distribution of
bacterial species in patients with periodontitis, decrease of
P, gingivalis counts and improvement of periodontal status
after additional intake of the probiotic preparations.?!??

CONCLUSIONS

The agar well diffusion assay showed that P. gingivalis DSM
20709 was sensitive to the metabolites produced in fermen-
ted milk by several species of lactobacilli (L. delbr. ssp. bul-
garicus, L. helveticus, and L. rhamnosus) and S. thermophilus
in a strain-specific manner, with L. delbr. ssp. bulgaricus
and S. thermophilus being the typical microflora of yoghurt.
Reconstituted freeze dried fermented milk samples had
a stronger inhibitory effect compared to fresh fermented
milks which suggests that a better effect may be achieved
by application of probiotic preparations in a lyophilized
form. Clearly lactic acid, produced by lactic acid bacteria,
was among the active metabolites inhibiting the pathogen.
The heat-treated preparation of L. delbr. ssp. bulgaricus LBB.
B1054 preserved its inhibitory activity emphasizing that it
is the metabolites rather than viable cells that were the me-
diator of the effect of P. gingivalis inhibition for this strain.
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Pe3lome

BBepeHwue: IpamoTpuiatensHas 6akTepus Porphyromonas gingivalis ABNAeTCA OCHOBHOI IPUYMHOI IAPOJOHTUTA Y B3POCTIBIX. ITO
TaKoKe CBA3AHO C HAPYIIEHMAMY CepIedHO-COCYAMCTON 1 SHIOKPVYHHOM CUCTEM, PeBMaTOMJHBIM aPTPUTOM, PAHOM MOfKETyHOYHOI
Kere3bl ¥ 60JIe3HBIO ATIbIITelIMepa.

Mormnounokucrsie 6axrepun (MKB), mpucyTcTByoLmue B IOTOCTI PTa U IPMHUMaeMble B KaueCTBe IIPOOVOTIKOB, MOIYT COLPOBO-
XKJIATh YCIIeNIHOe TeueHre TAPOOHTHUTA 3-3a X aHTaTOHU3MA C BO3OyAuTeTeM.

Lenb: Ilenbio faHHOrO MCCIeNOBaHWs ObUIO BBINOMHUTb in Vilro OLIEHKY aHTUMMKpPOGHOI aktmBHOCTH Lactobacillus spp. n
Streptococcus thermophilus npotus P. gingivalis

Marepuanbl 1 mMeToAbl: AHTUMUKPOOHBI 9 ekt makrobaunmn wim S. thermophilus ns xomnexkuyn kynsryp MKB nporus
P, gingivalis DSM 20709 onjeHMBaIu ¢ UCIIONb30BaHMeM MeTozia Ay y3nn B TyHKax KpOBSHOTO arapa YuikuHca-Janrpena. VIHrn6u-
pOBaHue IATOreHOB OLIEHNBA/IM ITyTEM M3MEPEHN:A AMaMeTpa YMCThIX yIaCTKOB BOKPYT IYHOK C arapoM.

Pesynbrarbl: [IpuMeHeHre MOIOKa, depMeHTNpoBaHHOrO BbiOpaHHbIM MKBD, BbIsbIBamo Gakreprocrarmdeckuit abdexr. Han-
6oree aKTUBHOII KynbTypoit 6bina S. thermophilus 187/4, 3a neit cneposana L. delbr. ssp. bulgaricus (LBB.B1054, C3/2 u LBB.B120),
L. helveticus LBB.H48/1 u L. rhamnosus 1-1/13. CooTBeTCTByIOIINe THOPUIN3MPOBAHHbIE IIPEIIAPAThI, BOCCTAHOB/IEHHBIE U3 CYXO-
IO MOJIOKA, OKa3bIBa/lyu GoJee CHIbHOE MHIMOUpYOLee [eiicTBUe Ha BO3OyaMTeNs ¢ 00pasoBaHMeM YMCTHIX GAKTEPULMAHBIX 30H.
Sddext MomOKa, TOXKUCIEHHOTO MOIOYHOI KUCIOTOIL, ObIT O4eBUeH ¢ MUHMMAIbHBIMIU OaKTepUIMIHBIMY 30HAMM, HAabOTIOTaeMBbl-
M1 IIpy KoHIeHTpauumsax 0.1%. OddexTuBHOCTb aHaNMM3a MOATBepKAeHa mpenapaTamu Elgydium u Eludril.

3akntoueHune: P. gingivalis DSM 20709 6511 4yBCTBUTE/IEH K METaboMMUTaM, IPOAYLMPYEMbIM B (epMEHTVPOBAHHOM MOJIOKE OTO-
6panHbiMy wtammamu L. delbr. ssp. bulgaricus, L. helveticus, L. rhamnosus u S. thermophilus. JInodunusupoBanHoe pepMeHTUPOBaH-
HO€ MOJIOKO, BOCCTAHOBJICHHOE I3 CYXOTO MOJIOKA, YIMEJIO 60JIee CYTbHBI MHIMOupyonmii ¢ dekT, 4eM cBexie 06pasibl. MonoyHas
KIC/IOTa, TPORYIIMpPYyeMas MOJIOYHOKVC/IBIMY OaKTepUAMY, ObIa K/TIOUeBHIM KOMIIOHEHTOM B IIOfIAB/IEHNN ITIATOTEHa.

KnroueBble coBa

nHrnbuposaunue, Lactobacillus, mapogontut, Streptococcus thermophilus
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