CHAPTER 2

2.1 Periodontal Disease

¥
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Periodontal disease is a chronic dental problem that 0 to 50% of the
world's population (Nazir, 2017). Periodontal disease is a p ickobial biofilm-related
disease that occurs in the subgingival tissue and %nto tlxe p pocket
underneath the teeth bone. The virulent factors from the bacteria dbﬁamnﬁg:ion,

. . . P>
swelling and bleeding of gum tissue and deepen oCKets betwe u1l1 nés'ge and
tooth bone (Michaud et al., 2017). Clinical %r_ ion of gingivitis ,i\n?]ﬁdes the

inflamm

\lmmuner nses. Severe

cases of gingivitis advance to periodonta@% are mark
pockets, resulting in the detachment N S

inflammation and bleeding of gum tissue due to i a

the, formation of deep
33

sue surrounding I@ooth. Periodontal

disease can develop into a more d@ﬁ?us c%?x s the host's immune
system and compromise a person's?t icdpealth ( encl@t al., 2017).
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Management of perio dise

. : , . Ny

diagnosis, and adequat mt%rﬁons atc |l p issue attachments and reduce
biofilm adhesion. Scr% nd paevent' n‘.r% n individual awareness of oral
condition and actionsytaken to iffprove. oral h . Clinical procedures by scaling and
root debridement ommonly employed t ove the calcified plaque or calculus on

- - \ - -

the supragingc' N subgingi I"Ilhe he gum tissue. Other than that, surgical
procedures conducted for, t mo@evere periodontal disease where the healthy
neighbo%&th ape miseeEZ'Graziani et al., 2017). In addition, antimicrobial

treatmﬁts administered as Cagjﬁﬁcttreatment for periodontal disease management
( lantet al., 2017). Due {0 the complexity of the periodontal pathogens dynamic,

/g

su ve treatment is required to eradicate the putative pathogens (Hajishengallis et al.,

). Residual putative pathogens are often detected at the diseased site during
assessmentthus requiring supportive therapy to eliminate the disease-related pathogens

(Mombelli, 2018).



In microbiological aspects, prominent periodontal disease-associated pathogens
were identified from previous studies(Bale et al., 2017). Periodontal disease ism
the balance shift between periodontal pathogens and healthy bacteria. | w
conditions, periodontal pathogens possess larger microbial loads (Curtis et Ir\ The
eﬂ&obes that
survive by utilising the decayed food debris and blood from the affected gingival tissue.
These antagonistic bacteria also promote biofilm formation and p@ﬁple virulent
factors that weaken the immune system(Oliveira et al., 201 W most common
periodontal pathogens are Fusobacterium nucleatum, T. fo Tﬁ

dominant bacteria are mostly Gram-negative, facultative, or obligat

" T'denticola sp., A.
actinomycetemcomitans sp. and the keystone patho . gingivalis (Bhardwaj &
Alwaeli, 2018). These bacteria are found in the periodontal pock sMﬁt@'ﬁto
reach by common oral cleaning procedures. ’ %,
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Iaqd calculus from
-Agn-surgical procedures

2.2Management of Periodontal Biofilm R ;Io i

Non-surgical procedures invoNa/a

supragingival and subgingival area bcinstrumen \I‘he\
cted age I et @2017). Scaling refers to

are scaling and root planing at the

the removal of plaque and c ‘A%)m ingival areag'by ultrasonic instruments
while root planing implies t al aquejon th ikcted root surfaces to preserve
the teeth attachment ( zim., 2OT7). vwev@re is limitation of non-surgical
therapy and it is comnfmect aft asﬁément visit. Examples of limitations are
residual inflammati Nidual boc
site and the rec &aon 0

2017, Momb‘%%w) Fdrt treat s are required in order to overcome the

IimitationQus surgical procedures~and adjunct antimicrobial treatments.
N

2.2.{&microbial Treatm o’

Antimicrobial treatments are administered as adjunct therapy for periodontal

isease managements (Graziani et al., 2017). Due to the complexity of periodontitis
tiology especially the microbiological dynamic for periodontal disease, supportive
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: inabil.@bof equipment to reach plaque at deeper
rl1tal pet_b%’gens (Graziani etal., 2017; Kinane et al.,

periodontal therapy is required to eradicate the putative pathogens (Mombelli, 2018).A



consensus report revealed six randomized controlled trials with systemic antibiotics
administration such as amoxicillin and metronidazole were proven to impr
icrebial

subjects’ condition clinically (Pretzl et al., 2019). Another option of adjunct an

treatment is the application of oral mouthwash to reduce periodontal pa in the
oral cavity especially in the affected area. Extensive researches have be to assess
the efficacy of local antimicrobial agents in the form of mouthwash a n reducing

the microbial loads and improving the clinical condition of periodental patients (Jepsen

& Jepsen, 2016). T
Despite the positive outcomes, the administra@ emid antibiotics and

antimicrobials are risky and supposed to be given after ca congiderati 'ntibiotics
are risky not only because of the adverse effects such usea and hype ersit' , but
the main concern is the emergence of multi drug resistance bacteria (Jepsen.& Jepsen,
2016). Moreover, antimicrobial mouthwash adw?ﬂtion oul@Be weighed properly
due to its drawback such as palatal sensatiw es, th, ora@ters, gingival
numbing and teeth staining (Zhao et g@ Henc stra’é@ are required to
eradicate putative pathogens, prevent biofilm fn@' ,\cou t recolonization of

periodontal pathogens and mediat (@ive i%tgy e@onses (Hajishengallis et
al., 2020; Mombelli, 2018). Du limitationspwith t &sting methods to manage
periodontal disease, various resNhes Mc i\&nntify the novel or supportive
method to assist period%aﬁ%?se treEr?. l §

4

F &
2.2.2 Recent Stra a'\for Perio I Dis%&Management

Mana Nof p rigdo dbeaee_({b}gins by preventing the evasion and virulent
'oao}tal pathogen I\f;wetrj\ egies are required to overcome the dysbiosis

activity of

of oral p %for}n io "f ra@ilm at the early stage and subsequently prevent
the recelonization of pe |odonta.L/Kt'hogens (Mombelli, 2018). Prevention of biofilm
forma n supragingival anb‘g?ogingival lines is important to ensure that there are no
‘@ periodontal pathogens that can recolonize and cause diseased conditions
ziani et al., 2017). A few suggested approaches to assist periodontal disease
Qanagement includes, antimicrobial dental materials, antibacterial photodynamic therapy
(APDT), bioactive compounds from various sources, and probiotics (Gerits et al., 2017;

Jiao et al., 2019).



Antimicrobial dental materials are suggested as one of the approach to combat
recolonization of pathogens after clinical treatment (Jiao et al., 2019). There ar
categories of well studied antimicrobial dental materials including dru m
antimicrobial materials, antimicrobial nano-particles, antimicrobial an @
polymers, and antimicrobial peptides incorporated polymers (Ramburruﬂ'&

ouling
2021).1In
example of drug releasing antimicrobial materials, the incorporation oYhhexidine in
dental cements, dental adhesives, dental resins and nanoparticles W studied which
shown the potential of this method to overcome oral patho colonization and
biofilm formation (Boutsiouki et al., 2019; Campos et al., ?;\e/e'lho etal., 2021;

that, !lu\di’egelated to
utcomes in ove in‘b@Eral

timicrobial rifﬁmq ining

I |tie%£i rept%%?:cus and

Kalagi et al., 2020; Takahashi et al., 2006). Oth

antimicrobial dental nanoparticles showed promisin

dental pathogens. A study reported that synthesi
silver nanoparticles (AgNP) exhibited inhibiti

Candida species (Kachoei et al., 2021). In apothe udy‘:‘Xi ynthsi%gi'from green
tea extract and AgNP coated with silicon dioxidesshowed antifificrobjal and anti-biofilm

N

effect against Streptococcus mutans (W es et al. ). Tf@ated examples of

studies involving antibacterial dent@3erials pr\dxigd @nent and potential to
N

overcome recolonization issue. @ &

“ &
Other than that, antibzm p ouﬁi th\ﬁg{f (APDT) was suggested as
one of the new physical rat%s‘fo kilvperio 0 l t@ogens by exposing the affected
site to low-energy Iaser%) mteragﬁMtqs{ei itive agents (Chi etal., 2019). This
method has garnvemest :@e as ai&n( treatment for periodontal disease due
to its non-invasi edur dl Iized@on (Moro et al., 2021). A study reported
the reduction \bbing epth a P‘eed&%’ in diabetic periodontal patients that were

%T seﬁi:?s jun&(ueatment after a non-surgical treatment (Claudio

4

given multi

anothe it Wsé\ discovered that the group of patients receiving
junct treatment rted the absence inflammatory cells, moderate
fiWe Is and neoangiogentﬁs which indicated that the inflammation on the affected
‘%e reduced with the APDT adjunct treatment (Silva et al., 2012). Generally,
ition of APDT as adjunct treatment plays synergistic roles to improve the periodontal

tients' condition which includes eradication of bacteria, modulation of inflammatory

activity which manifested as a better condition of the diseased sites. However, as stated



in the review, APDT treatment needed to be given repeatedly over a period of time and it
is a costly management method (Vohra et al., 2016).

Aside from photodynamic and polymeric approaches, bioactive com mE;n
various sources were also proposed as a strategy to manage periook% sease.
Bioactive compounds have multiple benefits such as antimicrobial, antioxidants, anti-
inflammatory, anti-tumor, and analgesics properties which boost itS¢potential as an
adjunct approach to manage periodontal pathogens and periodonwase (Cicalau et
al., 2021). In example, a study highlighted significant antimi ro&aﬂivities of honokiol

sev&ral periodontal
pathogens of several stages of disease such as A. actinom mco. iMlngivalis,

P.intermedia, Micrococcus luteus and Bacillus swo et al§ 200L). i\ddj_gglly,

Salvadora persica, a well known plant in oral hea ere rep,or d tg'exhi ultiple

and magnolol isolated from Magnolia officinalis plant

actions to improve the periodontal condition as_anti-in matory/action by

suppression of inflammatory cytokines, periodontal

pathogens, and regenerative activity to %

ty a

I tisﬁ(Mekhemar etal.,

2021). Regardless of the efficacy, deeper studie w i nderstand the efficacy
and risks of plant bioactive comp ﬂ) OI"E:J i q

Additionally, bioactiv. ounds~from é‘ri&i@ gae also gained a lot of

research interest as one sup \ppr ach to manage“periodontal disease due to their

multiple actions inclu Waerij an nti-i@%natory activity (Huang et al.,

2021). A study reporte thats\a.l iggtysaccharides from marine algae

Gracilariacaudat M perlodo | tiss
periodontal dis &e effi ?re iré&ied by reduction of oxidative stress as
observed in tC’Sblo d‘;'::?ahd &(\mred concentration of inflammatory related
proteins Qm etx aﬁ) jgr study observed that Eklonia cava ethanolic

extrac cel inflammationfin periedontal disease induced rats and murine macrophage
modekinduced with P. gingiva@ﬁs. The extract was reported to reduce nitrous oxide,
:Mndins, and expression of inflammatory cytokines in murine macrophage tissue

amage in rat model induced with

. Administration of E. cava extract in rat induced with periodontal disease resulted
Q»ignificant reduction of gingival index, alveolar bone loss, matrix metalloproteinases,
nd expression of pathway related to alveolar bone degeneration (Kim et al., 2019).

However, marine algae are hard to source due to their location, expensive extraction

10



process and a lot of study are required to assess the extraction procedure that gives a
large yield from the algae (Bleakley & Hayes, 2017).

Onto the other potential management strategy, probiotics were suggeﬁ%v;ew
reviews as a novel supportive treatment to improve periodontal condition a inhipition of

periodontal pathogens colonization, biofilm formation, anti-inflammatory activity, and
regenerative properties (Coenye et al., 2020; Gerits et al., 2017; Mahasngh & Mahasneh,

2017). \/
T !

Probiotics, by the definition of the World Health Organiza oM,’a@Z’I’ive
microorganisms that, when administered in adeq ount confer eal’h b\sct%fit on
the host" (Martin & Langella, 2019). In recenty bi 'cs’e i for hqg;in health
had been proven in various studies. Probioti cm O:\?pes of microorganisms
such as bacteria, fungi and yeast (San%%ﬁ., 2019). teria{grobiotics are the

most common probiotics that have been s d throughoutithe ye@ince the discovery

of probiotics in the last century. T@jst comm ;te az\‘elﬁiied are Lactic Acid
Bacteria (LAB) from the Lactob‘%and Biffido riur@ws (Chalas etal., 2016).
There are a lot of other identiw biotics aside/fArom <é~t.’wo-mentioned genus.
N
Nowadays, it t bg studie tha?prlobiﬁ come from various sources,
oas,

including fermented fo ry proda dﬁuqa}n breast milk. Foods such as kimchi,

fermented soy grai Ngmilk,lch ;
beneficial life bﬂ&(Ko utkins, 2@@9. Other than that, probiotics also come
' a'ag'{ﬂre

from certain getables ‘alhu sources (Roobab et al., 2020). A few

that there are few s!%?ns of probiotics available in human breast milk
(Riaz R% al., 201%; garl'as‘%:&., 2019).
4 i

ce the discovery of p.@lotics, researchers have been focusing on the efficacy

2.3 Probiotics in General Health

nd yoghurt are the most known sources of these

xotics for health benefits (Pujia et al., 2017). The most prominent studies are the

efits of probiotics for gut health and the balance of microbiota in the stomach, the
oility to modulate the immune system, alleviate topical problems and studies for the
prevention of urogenital infections (Abatenh, 2018; Pujiaetal., 2017). There are also rare

strain-specific studies of probiotics for health benefits including neurological benefits,

11



endocrine disease management and the production of specific bioactive for medicinal
purposes (Sanders et al., 2018).

Probiotics' benefit for gut health includes the ability of probioticssto age
inflammation in the intestinal tract. Probiotics have been studied for their e hgainst
inflammatory bowel disease (IBD) such as Crohn's disease and ulcerative colitis
(Palumbo et al., 2016). Other than that, probiotics are also known their benefits
towards immune system regulation. Probiotics established thewunication with
intestinal epithelial cells to regulate macrophages and nd?’ells with a lower

l

inflammation effect (Maldonado Galdeano et al., 2019).

Besides, probiotics are beneficial in the modulation o Men@ui et
al., 2017). Studies found that the administration of prohioti h:lm_rﬁs‘}s had
shown a significant effect in the restoration of lung sults ¥rom mice

- ; b .
models showed that probiotics suppress cer %\Qompo efts including
eosinophils, neutrophils,IL-IBandInglc'Weairw i ma&) Spacovaetal.,
2020; J. Zhang et al., 2018).

Probiotics are also studied fo&j abil@:\i;u e eé;(}wptoms of eczema and
atopic dermatitis. The presence%o icsth gut IS @}en to be beneficial in the
regulation of several immunN one aus@%bersensitivity (Maldonado
Galdeano et al., 2019). A fewles irt i the@\eociation between the intake of
probiotics and its effe% pic d‘g i ‘_l rﬁ&ms in mice models. The study
showed suppressedaactivity o d Th(?f/%ells that are responsible for the
inflammatory ac@ at !c d atitis(ﬁler than that, IL-10 works to inhibit
inflammatorye})hgses atare re@ul@)&d)vhen treated with probiotics (Holowacz et

7
al., 2018) ¢ s
N
k P <

231 biotics for Oral Heal hVY.
&

T

apy to maintain oral health and to assist the healing process for compromised oral

N
\The benefits of probiotics were also studied in the oral health field as an adjunct
Aer

Ith conditions such as dental caries, gingivitis, halitosis, and periodontal disease (Pujia
etal., 2017). Antimicrobial properties of probiotics against S. mutans, cariogenic bacteria

had been reported in a study where probiotics isolated from kefir exhibit excellent

12



antimicrobial and anti-biofilm activity. The study investigated the mechanism of
inhibition in the S. mutans gene and reported that probiotics downregula?@
an

expression of carbohydrate metabolism and regulatory protein genes that areﬁq& t

for biofilm formation and stress responses (Jeong et al., 2018). %
Aside from that, probiotics also exhibit antimicrobial activity agﬁ&ndidiasis
pathogens, including Candida albicans, Candida glabrata, Candida krus€i, and Candida
tropicalis (Jgrgensen et al., 2017). Probiotics-based oral care cowlg species such
cgr.!pecies were tested
er thk administration

of probiotics. Probiotics administration reduced pathogen ecie$ bacteri c'Junts and
improved gingival tissue conditions that were determ based on bleedin on@;&ing
percentage, probing depth and gingival inflammékjex jS in rio-Aé_gS et al.,
2017). Although the effects of probiotics might able'to counter all @mrs of oral
disease, probiotics might become a new amgi!nwal Ithca@:onsequently,
researchers are moving towards the ap 'cg@of probiotics an @naﬂve or adjunct

treatment for periodontal health improvements.
p P \T {\
S

: [ )
2.3.2 Probiotics for Periodo @h “«
&
X
|

Probiotics have been?mchetj'n denta hea@ one of the sources to support
the prevention of path% onizat} nan I‘J'i!)fn&ormation. In periodontal health,
probiotics were deduced to be beneficialFin two(r%jor ways that are direct antagonism
towards periodoM ge |and indirect T%ct on periodontal health that includes
modulation of mat@ry, component &_supportlve roles in gingival epithelial cells
restoration (Mahasneh&Mahas h,"20 7; Pujiaetal., 2017).

C

NN
%i} t antagoni fp aé\otics against periodontal pathogens involves two

mowt are competition f@)\attachment sites on gingival tissue and nutrient

r:Mnents, besides the pr(hhction of antimicrobial agents by the probiotics as
i

as L. rhamnosus, L. reuteri Prodentis, L. plantarum and many

in clinical settings and several positive outcomes were reporte

z

ary metabolites. It is well studied that probiotics secrete a wide range of

d crobial agents such as hydrogen peroxide, antimicrobial peptides, bioactive
mpounds and various organic acids (Allaker& Stephen, 2017). A few studies have

investigated the direct effect of probiotics against periodontal pathogens.
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In a study, the direct effect of probiotics against periodontal pathogens was
investigated based on the viability of periodontal pathogens P. gingivali
nucleatum when being co-cultured with Streptococcus dentisani cell-free sdggr\ ant
over a time course. The result showed a reduction of P. gi ‘ﬂ)and F.
nucleatum growth by 35% to 38%. The study deduced that the result miq’&grelated to
the disruption of the pathogen's cell walls as observed by scanning el icroscope
(SEM) and competition for nutrients available in the culture media@ -Fernandez et
al., 2019). Another study highlighted the direct effect of probiotiesjiapreventing the co-

aggregation of periodontal pathogens and biofilm attachme riod')ntal pathogens.

5au oe!g%on with P.

gingivalis and F.nucleatum which prevents the two péogens from forming asyn@lstic
I

The study findings showed that Lactobacillus brevis BBE-

actions to exhibit virulent activity. The result also ighted that L. vi! BB? Y25

| line'c ed Q/Yﬁe stated

attafé&(nt to human

&
Hydrogen peroxide, antimicrobial pepti WT ﬁgd fatty acids are a
S

few common antimicrobials agent g@d by prebidtics(C u@p&KamaI-Eldin, 2020).
. ? )

had better adherence to the human oral epit

pathogens that prove the idea of probiotics' yrole i omg\e
epithelial tissue (Z. Fang et al., 2020). C¢)

Antimicrobial activity of com obioti care MU containing Weisella
cibaria strain from CheonnzNedii1 sity A(ANeiseIIa cibaria CMU) was

investigated and characterizedin a recent stu y.l T@microbial activity of the Oral
CMU supernatant aga%lodontgi at g;ngQ s characterised to determine the
possible compone ﬁsj\the ;@ tha%aﬂ antimicrobial properties. The gas
chromatography &anal is. revealed tt&(x he cell-free supernatant of OralCMU
contains 37 di h&fatt aeid (}Hign—.&/formance liquid chromatography (HPLC)
analysis s@hat ctic) acid v;évpresent in the supernatant at the highest
concen% ollowe scetic id and citric acid. Organic acid and fatty acid

by'probiotics provide able environment for low-pH bacteriocin (Shokri et

produc
aI.NﬁSI; .‘Other than organic ahis and fatty acids, antimicrobial peptide of the lysozyme

- acetylmuramidase that can cleave the peptidoglycan layer is also an active

omponent of the antimicrobial activity. Apart from that, OralCMU supernatant also
creted hydrogen peroxide under aerobic conditions. The stated antimicrobial agents

might be the underlying component that exhibits antimicrobial activity against

periodontal pathogens (Lim et al., 2018).
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The indirect effects of probiotics on periodontal health were investigated
including the modulation of inflammatory responses. The ability of probiagi
modulate inflammatory responses was recorded in a study where the supplementations of
multi-strain probiotics to male rats with apical periodontal disease were inv, e% The
probiotics dietary supplements showed downregulation of IL - 6, ifi@
activator of NF-«xB ligand (RANKL) and reduction of mature osteoTells. Aside
from the inflammatory interleukins, RANKL plays an importaat, role*in periodontal
inflammation due to its ability to induce uncontrolled bone ?@(lon which is not

e

ffect of the stated

receptor

favourable for normal bone function (Weitzmann, 201
inflammatory interleukins and RANKL downregulatio

bse eWstological
study of the rats' tissue that showed that rats with pegbiotics treatme ese‘nt{&'l’ess
intense inflammation on the tissue when being ¢ ed to the honétreatment groups

(Cosme-Silva et al., 2021). 4 \/Y_
YA
mal

Single-strain probiotics, Bifidobactew Iactis.@actis) HNO019

were administered to male Wistar rat@m of irn suﬁﬁsion. The results

showed downregulation of IL - 1B and RA and uprn tic&) L - 10 that plays a

protective role in periodontal i %tion.%rﬁly \'ﬁhe regulation of stated
. é ) &

components assists osteoproteg of the RANKL pathway.

bse\ in the rats' tissue and bone

The modulations of inflammamsp n
structure. The treatment grodps pres?nted ess ive inflammatory infiltrates,
numerous fibroblasts, onty's interstitia e@e% nd intact collagen fibres. The bone

structure study rmt the r]o %ent gé»{)s showed higher bone porosity and a
0 a

lower percentag rea filled with bo@lssue that agreed with the pathological
findings. The @mm ical (?/'remgéj a significantly greater expression of beta
defensin w. iS4 nateb?ti pep&de for gingival epithelial tissue health (Oliveira

etal.,z%Q- ’ | ‘Zé\

e other mode of proh@action to improve periodontal health is the supportive

s

r Ningival epithelial tissue regeneration. It is well known that probiotics can assist

repair and have been widely tested on various sites (Allaker& Stephen, 2017). A

Qdy investigated the balance of pathogenic bacteria P. gingivalis, and
robiotics Lactobacillus reuteri on wound healing activity. The study deduced that
imbalance of pathogenic species in the oral condition might impair the ability of

15



mesenchymal stem cell (MSC) homeostasis which is important in the wound healing
process. The results showed that the balanced condition of pathogenic and prebioti

species selected for this study improves gingival MSC migration, fun$
restoration of osteogenic factors function. The wound healing impr \%t with
probiotics culture in the oral cavity was also observed physically where Mke with P.
gingivalis and L. reuteri showed accelerated wound healing on gi issue. The
underlying mechanism was revealed with the molecular study on W alis and it was

proven that reuterin from L. reuteri inhibits LPS actions on gingi esenchymal stem

cell (GMSC) activity and osteogenic factors (Han et al., 2

‘é_

In a clinical study, probiotics Bifidobacterium an is subsp. (B. lactis)

HNO019 in lozenges form was given as an adju%the scaling a otch:ing

procedures for chronic periodontal disease patientS. khe study ‘r'ep rtedithe i ement
in clinical observations such as the reduction of ;?Rprob}'n% (PPD) fsom >7 mm
In" additi

M e st@eported that
administration of the lozenges reduce hcgloniza 0 ed-@ﬂplex bacteria and

lowered the level of inflammatory agents™(in emQK 2 . In another study,
reduction of PPD was also reported. rou Inister d.@(h adjunct probiotics L.
reuteri DSM 17938 and L. reuteni PTA 528%lozen er clinical procedures to

remove calculus. Additionally\,6he rjio i easeﬁh)gression based on clinical

parameters were also eWe prabioti ro@mpared to the placebo group
(Laleman et al., 2020). s y

&
Y =
2.4 Lactobacillus rhamnos (§</

!
3
Lac acilhls rhamn isé@-positive, rod-shaped lactic acid bacteria that

have thegpotential to'be scregened foé*}ntimicrobial activity against P. gingivalis. This
isgbic bacterfa that a%&'red as thick white colonies on MRS agar (Collins et

L. rhamnosus exhiB’i%?multiple benefits on general health especially on the
% | health, allergic reaction modulation, urogenital health, and oral health (Segers

beer, 2014). A study reported the benefit of L. rhamnosus CNCM [-3690 for the
intestinal health where the administration of L. rhamnosus CNCM 1-3690 on mice model
stimulated mucus production and cytoprotective response which subsequently protect the

intestinal wall from inflammation (Martin et al., 2019). Additionally, the benefits of L.
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rhamnosus was also prominent in the alleviation of atopic dermatitisin children, where a
study reported the children administered with probiotics supplementation r
significant reduction of atopic dermatitis after three months of intervention. Iﬁ% jon,

the study also reported the reduction of allergy scoring in the group ad r‘(’ with
probiotics supplementation (Cukrowska et al., 2021). Other than that, a s orted the
antimicrobial activity of L. rhamnosus GG isolated from vaginal area urogenital

pathogens which showed that L. rhamnosus is important for the regulation of urogenital
microbial balance (Stivala et al., 2021). L. rhamnosus is also Yoﬂ in oral health for
multiple purposes especially in the disease related to path iCc vas")n.

L. rhamnosus was studied for its benefits on ora Ith i M]‘t such as
improvement of dental caries and oral candidiasis. A climical study repo ed'tha@s&'thy
individuals administered with milk containing L. nosus;u lementation Showed
7 As for L. Fid@mnosus-benefits on
of "L. rRamnosus L@O reduced the

pseudomembranous candidiasis on tor@n inthe mo@and the effect of L.
rhamnosus L8020 protective action agai Can% .\was, réVealed in the gene
expression of mice treated with L t@cxsus 2).@2021).

@

L. rhamnosus has bee\éstigat S0 gf &h?ﬁotential probiotics to be

developed as periodontal di junet therapy. Th iotics were found to exhibit
antimicrobial activity ina f udies ald th
reported in a few clinical%s (JQQK 20 orales et al., 2016). The excellent
antimicrobial acti N its t{1ani ation i%téﬁ‘:/c‘al evidence required an in-depth
study regardingq)%golec cit ofeé%amnosus exposure on the periodontal
pathogens an%e fect on gfial ééae expression that affected the pathogens'
colonizat'ch biofilm faormatio &'fﬂs in-depth study might give insight into
develo % adjun{t tnfent dg can directly inhibit periodontal pathogens and

pre\nq&'ofilm formation. \Q’

S

reduction of cariogenic bacteria (Rungsri et al.,

oral candidiasis improvement, administra

lihica nificance of L. rhamnosus was
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2.5 Microbiology of Periodontal Disease

Pathogenic dental bacteria growths are usually encouraged by the remains ofifood
debris resulting from poor oral hygiene practices or high sugar intakes (Per al.,
2016). The pathogens break down nutrients in food, such as carbohydram oteins,
as a nutrient source (Scannapieco & Gershovich, 2020). Some perigdontal pathogens
like P. gingivalis and T. denticola can utilize blood and protein in th&;ns from the
inflamed gum tissue as a source of nutrition (Brown et al., 2019; LMfah etal., 2017).

z\I.cz'vity since birth
consisting of the beneficial, core, and pathogenic speci ising the,oral cavity(Curtis
et al., 2020). The shift of microbial load in the oral cavity fro nM‘dkéQased
condition clearly indicates periodontal disease de t (Deo & r‘uk!’q%%Olg).
Initially, the healthy oral microbiota contained eficia%rj%gbacteria,
then the balance of the three groups shifted where \esies be{E@ a dominant
colonizer in the oral cavity. The shift ofé’( is QS( monstrated in
Figure 2.1. \

A vast number of microbial species have inhabite

O

Shift of microbial

balance

- ]
¢~ =Beneficial species = Core species | = Pathogenic species

L

4
Fi m The shifting of mic?o(aal balance in oral microbiota from normal condition to

dis condition.

N
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The establishment of periodontal-related pathogens began with the early
colonization of Streptococcus and Actinomyces species among the health
microbiota. These early colonizers contributed to the growth of late colmg?g
providing the substrates and creating a favourable environment for the | t%nlzers'
activities (Valm, 2019). An example of this relationship is shown ir&teraction
between Streptococcus gordonii and P. gingivalis, where the haemo tivity of S.
gordonii lysed the oxidised haemoglobin in blood cells into the W t P. gingivalis
can utilize. Other than that, S. gordonii also encourages the Yﬂmg activity of P.

I

gingivalis in periodontal biofilm (Brown et al., 2018). A e'eo or'ization of early
colonizers and involvements of important peri pa Wch as A.
actinomycetemcomitans, P. gingivalis, F. nucleatugT. forsythia, andyT. de‘h@a, a

stable biofilm is formed, and it encourages the sy tiC actions bygpathogens within
4
\ \/Y-
N o
< )

The aggregation of periodontal dise \h@?ia complex microbial
communication leads to the formatien o tab*e ymicr biad:gi-ofilm and presents itself
as plaque. Polymicrobial biofi e community f\‘fari bacteria gathered together
by several extracellular matki me een the @umtissue and the hard teeth.
The plaques are usually{present,on the surfac bet\/@ he teeth and the subgingival line

between the gum tissue and teeth % Lg@;OIS).
Biofilm i@ ca '!y begins withﬁ attachment of early colonizers to the

N .
he &.ﬂy colonizers, such as Streptococcus

mutans and Actingmyces speci V\flrll @m exopolysaccharides (EPS) matrix that
s%

atur'ati n of bi fil@}nd the inclusion of other periodontal pathogens

encoura
into thi%w at the la rsta'ae %‘Eysciak etal., 2016). Then, the inclusion of putative

nucleatum into the\ﬁ%ﬁlm community acted as the bridging species that

the biofilm layer.

2.5.1 Biofilm Formation

spx
pr d the colonization of late antagonistic colonizers such as P. gingivalis, T.

thia, and T. denticola. The stated putative pathogens damage the host tissue by
rupting gingival tissue as a source of nutrients and interfering with the host's immune

responses (Jiao et al., 2019). After biofilm maturation, the plaque form calcified into

calculus, which appears as a hard layer on the subgingival line. The calcification of
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plaque into calculus is also detrimental because it provides oxygen scarce area where

anaerobic Gram-negative antagonistic pathogens can thrive and affect the host i
regulation (Gedif Meseret, 2021). \

The calcification of biofilm will cause difficulties in removing (byqlivary
movement, teeth brushing or interdental cleaning. This condition requires professional
non-surgical procedures by scaling or root planing(Balaji et al., 2019; ath & Umesh
Nayak, 2014). Pathogenic bacteria in the biofilm possess multipMent factors that
exhibit destructive effects on the gum tissue and teeth attaghm side affecting the

prolileration. Insome

S gw'systemic
circulation (Jiao et al., 2014).A few key pathogensim%wriodorr:lil bi |Ir"| ar ed
‘Socransky's red-complex bacteria, includingT: forsythi?, .

gingivalis (Socransky etal., 1998). Other than 'revlexbe@ ;antagonistic species
such as F. nucleatum, A. actinomycetemcomitans, Prevetella’i terme@nd Eikenella

corrodens were also found in dysbi% ilm from.pe odoaékdisease patients
(Reinhardt et al., 2019). The similarities of all the sU{d ies 5@ at these pathogens
t secrete various types

are Gram-negative bacteria with li accha@ﬁ&a

of endotoxins that trigger highers 9

matory responses Q/@ayama & Ohara, 2017).
\ A
N
2.5.2 Synergistic Actigns o eriodorlal P hq)g(t}
:

In dysbiotic gonditions gatior(f(;( certain species exhibit synergistic
upregulation ofv&r&gen '
upregulation MrgP an
three genesmpr inent in

presencqwd gingi'ya IS

upregulatedisuch as kpsD, ecf,' pg@?d inpA. The kpsD and ecf genes are involved in the

de% nt of resistant poly§m°,%harides on the cell surfaces. The other two virulent
g

host's immune responses and causing irregularities in epithel

severe cases, the virulent factors of periodontal path

enticala and P.

prese% f Prevotella intermedia dead cells, the
lge @ere expressed by P. gingivalis where all
'ndlrva@virulent activities (Herrero et al., 2018). In the

d” cells,~some virulence genes in P. intermedia were

ge hand inpAare responsible for the haemolytic activity of P.
0 media (Rodriguez Herrero et al., 2017).

The aforementioned 'red-complex bacteria’ also exhibit the mutual interaction
where T. denticola was found to bind only with P. gingivalis and T. forsythia. T.
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denticola acted with P. gingivalis in fibrinogen hydrolysation-induced bleeding and
interfered with tissue repair. On the other hand, P. gingivalis and T. forsythia wer

to upregulate type 11 fimA and bspA genes when aggregated together (Mahalakﬁ{i al.,
2017). The synergistic relationship between the 'red complex bacteria’ was o‘ﬁ) cause
cell death by various factors on macrophages that triggered the secretiongdogenous
molecules that facilitate Toll-Like Receptors (TLRs). These endogenwnlecules also
triggered the release of the proteolytic components from T. dentiégla which caused the
degradation of cytokines. The continuous trigger and stressor acti w
brought detrimental effects on the cardiovascular system ( mc'n).

NY.

I_ST

ese bacteria also

2.6 Porphyromonas gingivalis

P. gingivalis is the most significant species ameng thefpathogéns p{/é@nt in the
periodontal biofilm. P. gingivalis isaGram-negatlg, non- m d-sh éQ"bacteriathat

colonize as black-pigmented colonies on CM agar n in Figure 2.2, due to

haemolytic activity (Chu etal., 1991). &
in the biofilm that forms on the deep*subgingiv ar? t t\ep pocket between the
gum tissue and teeth surface W@;n |a rce. c}
4]
P. gingivalis is identN a 'ke patk@éh' in the microbiology of

periodontal disease. P. inwﬁlis ir]/olv i mo@ynergistic actions with other
ification of} ule e"f(lic@“ln the biofilm community. Other

than that, P. gingiveﬂga oi hdeQ the 'r(&omplex bacteria' group, where this
group of bacteria jS'detriment lo gingival tii{, and causes inflammatory interference.
Besides, the M of - gingiyalis i tﬁaoral microbiome marked the shift of the
muaty fr tl*& n(i.gobial load to a dysbiosis condition where the

abundange 0 thog’n' bacteria iséh\gher than the core species and healthy bacteria

(Olsenflet aM2017; Rei ardf'et{IJYiOlQ).
S

pathogens as well as a

microbial ¢

\I‘he presence of P. gingivalis in the oral microbiota indicated that periodontal
tion is at the irreversible phase, where all the damage done by the periodontal

d ogens and inflammatory actions will require clinical treatments. Even without the
plification through synergistic actions, P. gingivalis already possess multiple virulence
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factors that are detrimental not only to the gum tissues but also to the innate immune

responses and systemic circulation.

2.6.1 Virulence Factors :(')

P. gingivalis virulent factors are functional for a lot of sthi including
colonization and recolonization inside the oral cavity, evasion of the im responses,
subduing the host immunity, intercellular entry, nutrient explaitationy’and secretion of
antagonistic factors. Multiple virulence factors that are expréssed by P. gingivalis include
fimbriae, gingipains, lipopolysaccharides (LPS), pr , Capsule' formation and

adhesin components (Jia et al., 2019; Jun et al., 2017).

@
|
2.6.1.1 Fimbriae S
One of the most well studied P. gingivav ent adro isffimbrial,protein or
ontom

e iiné‘&.e responses

D,
>

fimbriae. Fimbriae usually play synergistic acti
and encourage attachments to the host ell% ofil on (I\Q{(ayama & Ohara,
2017). Fimbriae are protein filaments th present surf@of a bacterial cell
that promotes adhesion and invasioCﬁhe hostec\s.gm @romote the adhesion

of P. gingivalis to the early col%thod&ns a COL@ the formation of stable
polymicrobial biofilm. Thereﬁ\t types Ofidi briamﬁ‘o’[ein that are long fimbriae
encoded by the FimA gene ort fimbri ncod@?‘oy the mfal gene where both
fimbriae have the func msio '!nd ;ﬂﬁ@natory properties. In addition, the
gene expressions of fimbrial'protei

t pported by a few accessory genes in the groups
of Fim and mfa g@u ters.(Bostanci & Behbasakis, 2012; Hasegawa & Nagano,

N
2021). \ : ‘_l (_)(./

Lo@riae encaded b (t-He FimA gene together with its accessory
genes, ‘@, imC,"F' a'ud F@ﬁ\itiate P. gingivalis inclusion in the biofilm of
earl@i ers by exploiting mgshost oral substrates such as lactoferrin, proline-rich
protein, glycoproteins and filﬁhogen proteins (Hasegawa & Nagano, 2021). These

tes were exploited to promote the adhesion of pathogens to the host tissue. Long

riae mediate the co-aggregation of P. gingivalis with other pathogens in the process

biofilm stabilisation. An example of this function is the mediation of P. gingivalis co-
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aggregation with another putative pathogen, T. denticola, via specific signalling to its

receptor (Enersen et al., 2013).
On the other hand, short fimbriae are encoded by the mfal ge ﬁ

supported by the accessory proteins encoded by mfa2, mfa3, mfa4 and m&ytgas. The
accessory proteins are essential in the regulation of fimbriae formation and*functions

(Hasegawa & Nagano, 2021). Whilst long fimbriae are involved in the early phase of
biofilm formation, short fimbriae are said to be involved in the rew activity as the
iaTnduce attachment

i rec‘aptors and then
thenecessj I adhesin

\‘Z'

K
Fimbriae also play an important role in e induction qf infla atorYactlvmes
|ae ar r'bVoIved in the
I-like Receptors (TLR)
ZO@QFhe long fimbriae

tory responses. The

poly-microbial biofilm develops. Additionally, short fim

of P. gingivalis surface proteins with most streptococcal
suppress the mechanism as the biofilm developed to ad

requirements (Enersen et al., 2013; Xu et al., 2020)

and manipulation of immunity responses. Long d sho
induction of inflammatory responses by e%‘ dlffg’p

to trigger severe inflammatory actions

exploit Toll-like Receptor 2 (TLR2)"in the md?\co\!

stimulation of TLR2 together wit I erQ ccelq@ﬂng factors, specifically
CD14 stimulates the upregul |nfla tor cyto i such as IL-8, IL-6, IL-1p
and tumour necrosis factor -a) promotes y cell apoptosis and increase

bone resorption aCtiVit‘EJIE etal., 201 .M nwm@ hort fimbriae were less studied
but assumed to epr0|t another TL \ﬁ.h S tFr %R4 pathway that results in a similar

inflammatory exp stheh’ LR athwa ajlshengallls&Dlaz 2020). Other than
that, similar to ngl can pulate neutrophil signalling to evade
phagocyt03|s ultaned e s%'t',he expression of inflammatory responses that

are favou P.gi b} a & Potempa, 2017).
2.6.1

alns

s

glpalns are surface*tg@teme proteinases which is categorised into two main

gr s One group of gingipain is Arginine-gingipain (RgP) encoded
bysegpA and rgpB gene while the other one is Lysine-gingipain (KgP) encoded by kgp.
Qmost 85% of proteolytic activity by P. gingivalis is caused by gingipains (Bostanci
&Belibasakis, 2012). The important modes of gingipain action are by degradation of the
epithelial adhesion complex and ability to cleave extracellular proteins. Arginine-
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gingipain (RgP) mostly involved in this action. Degradation of the epithelial barrier

caused penetration of P. gingivalis LPS, peptidoglycan and gingipains itself into
tissue. Physically, the degradation of the epithelial barrier manifests as the det t of

periodontal tissue from the teeth' surface (Takeuchi et al., 2019).
nterk!e with the

After the penetration of gingipains into the host cell, gingipains i
regulation of immune responses and exhibit proteolytic activity to ewe the immune
responses. Then, gingipains interrupt the regulation of polym uclear (PMN)

myeloid cells to evade bacterial elimination by neutrophil c otaxis (Sochalska&

Potempa, 2017). Other than that, inactive gingipains skew the di erenﬁatlon of T cells

into Th17 cells, which is important to fight bacteri vasion ses bone
degeneration when being in excess (Glowczyk et w) Glr;{paln alro a&x. the
regulation of macrophage, 1gG dependent opsonisa interfe ; alling,
and exploit IL -8 signalling to cause contmuTla tion‘and e bacterlal
phagocytosis (Castro et al., 2017; Hou ew 17;

Interestingly, gingipains are also invol d(@coordl ion egu@an,and maturation

of fimbrial protein gene expressmn The selecti ess ! gi_p&l S action on protein
contributes to the invasio n| o 'm@une responses by P.
gingivalis (Hocevar et al. 201% ((C}(?

2.6.1.3 Lipopolysaccharid \ N
The LPS layer qzn P. gingivalj wt@nbrane has been studied for its

antagonistic effect on theperio ntalptiésués “LPS was studied to induce severe

inflammatory res@ |nte|rupt| mmu@%i}nalllng (Nakayama & Ohara, 2017).
of

The heterogene So |vallt3J§faces also caused arrays of unnecessary

mflammatory ses ne i dhc f&?] of LPS was studied to dominantly exploit
one of th %e ecD:}(T Rs is TLR2, which induced the over secretion of
TNF % IL- 6, IL g caused inflammation (Bostanci &Belibasakis,
20 the other hand, the @ommant form of P. gingivalis LPS stimulates TLR4

a |ator MD2 complex that induces interferon responses factor (IRF) 1,5and 7 (Jia

, 2019). The heterogeneity of LPS and its differential responses support the theory of
Ompulatlon of host immune responses by P. gingivalis.
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2.6.1.4 Capsules, Adhesins and Hemagglutinins
Aside from the stated virulence factors, P. gingivalis also possess
capsules that are the external structure made up of polysaccharides enve% the

that encapsulated P. gingivalis showed higher resistance towards phago

bacterial cell and protecting it from external stress and bactericidal actio %stated
W&compared

to the non-encapsulated P. gingivalis. However, non-encapsulated P. lis showed
better adhesion on host tissue compared to the encapsulated strain{eXu et'al., 2020). This

is proven by the comparison of two P. gingivalis strains, P. gingivalis)V83 with capsules

and P. gingivalis ATCC 33277 without capsules showing di vels‘ of adhesion and

assi tngregation
the ied'inf\é;‘rion

with encapsulated P. gingivalis has augmented wirulence factors t caljséé':f\igher

-en@lated P.
o

Adhesins component in P. gingi a% ed'to thﬁﬁtxulence factors of

the pathogens. The adhesins componEMr w

resistance (Mendez et al., 2019). The presence of caps

of P. gingivalis with another pathogen such as F. nu

disease severity compared to the mixed
gingivalis (Polak et al., 2017).

ign Of the surface protein

such as gingipains and fimbrial Asi that, dhesins domain also

contributes to the formation of in=gin iﬁains

pathways. Adhesins such asNagg inv (% in hemagglutination and

N
hemolysis of erythrocytes tWitateée-r?c ui ﬂﬁi (Nakayama & Ohara, 2017).
B

Hemagglutinin encod hagA,‘h @hg(q/ were found to be higher inP.
gingivalis isolated eriodcln ients c;q&pared to isolates from healthy persons.
Hemagglutinins are“also identified as one o.ﬁbe contributing elements to the adhesion

of P.gingivale' to the gingival e h‘gl‘al (is%r{e asides from its hemagglutination activity
, 2019).

mrplerF&?nat trigger different TLRs

(Mendez e

)
ws typesx ﬂzﬁingiéz virulent factors and its multi-faceted actions

depmﬁon its environment,@éunding pathogens, nutrition acquisition, and external

s;Nhowed the capability of P. gingivalis to subvert the host's immune responses to

amage instead of causing a bactericidal effect on the pathogens. The mediation of
Qﬁrent pathways to trigger various inflammatory responses and evades phagocytosis
Iso plays a beneficial role in the invasion of P. gingivalis and inflammatory actions that

manifests as plaque, bleeding gum, and tissue degeneration that is shown clinically as
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deep pocket and alveolar bone degradation. Various disease managements are practised

currently to combat periodontal disease as a whole and P. gingivalis i
specifically. 2
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