CHAPTER 2

LITERATURE REVIEW A
2.1 Oral Health Disease z '

Oral health is an important component of overal Ith. dWwith good

®

| o N
oral health can communicate better, enjoy a variety o , and'hay, h'glrfguahty
of life, self-esteem, and confidence. Neverthe ajor & n 0@' world’s

tal di@g: oral cancer
ah@?al., 2014).

population was affected by oral diseases. DW ies

and other disease are classified as ora lth))mplicatio

In the majority of countrie%odontal i xis ,(f\o*hmon type of human
N
infection in the world (Preshav‘%ﬁt, 281 9). Reriodo (’)disease is one of the oral

and dental diseases mostly % hu,u s caused bg%reral factors, one of which is
due to the accumulat% c plague. lThé’hances of getting periodontitis

4 $ &
increase along wit&%specit Ng digﬁé patients (Bascones-Martinez et al.,
la

2011). Bacteriaw , a sfi 'ourlet} yer that consistently forms on teeth has
been identi %e main cau o(pe(i‘cj)‘d%ntal disease (Berezow & Darveau, 2011).
N
0 clinic of Y@ an early examination of patient characteristics

wittﬁard clinical measure @h as probing pocket depth would be quite significant

tients who have already been exposed to oral diseases and treatments to examine

in
6 etermine the development of future health or disease (Thomson et al., 2012).



2.1.1 Dental Caries

Dental caries is the localised loss of tooth tissue caused by bacterial ew
Cavities occur as demineralization sites on the peripheral of the enamel \ that
covers the crowns of teeth. The presence of bacteria aggregates adhe*the tooth
surface, which is known as dental plaques (Pitts et al., 2017). Y.

There are reports indicating that S. mutans is a key bac thhe initiation of
carious lesions on enamel surfaces. Although both S§. &:afd S. mitis are

significant teeth colonizers, consequently, it appears to b sig ﬁc oth decay

compared to S. mutans (Szafranski et al., 2017). Sali nd bacteri oﬂu@e the

cter@gpulatlon
e&vence, dental

cavities were described as the accumu allyé%ptococci bacteria

components of the interbacterial matrix, whic

attached. In addition, many types of oral

which are the most prevalent mlcro iSms on \lks rf: es:}f sai et al., 2018).

2.1.2 Periodontitis 1 ¥
stabli
g

Periodontitis h% ed cténa]b'fectlous aetiology (Papapanou &

Susin, 2017). Thes eases ale by t rlodontlum being exposed to dental

plaques that bu on the te c'evelo cter1al colonies at or below the gingival
margins (Sl 7). erlod tlté 1 an attachment loss and inflammatory disease
mainly ause by ]ﬁ 1 p gens in subgingival plaque triggered by the
im ﬂarnrnatory respon@a susceptible host (Yucel-Lindberg & Bage, 2013).
ation is a complex biological process that occurs by infection, autoimmune,

tréss, and tissue damage. Due to large number of bacterial strains in periodontal tissues,

veolar bone loss affects periodontal tissue health that can aggravate the periodontitis

(Martu et al., 2017).



Gingivitis is caused directly by dental biofilm. Gingivitis is characterised by red,
swollen gums and bleeding during tooth brushing and if left untreated, it can p?!!s
to periodontitis. Biofilm growth and development are divided into four stag@j ding
initial adhesion, lag phase, rapid growth, and steady state. As the bi atures, it
shifts from Gram-positive, aerobic flora to one dominated by Gram-n&ﬁ:e, anaerobic
bacteria (Berezow & Darveau, 2011). V

Chronic periodontitis is characterised as the de X-of 'the periodontal
ligament and loss of adjacent bone, which may be ca by 'nWon of the

1 l(Tj\&&Yt'al.,

per@ntiﬁs. In

gingival and the adjacent attachment apparatus as in Figur

2018). Chronic periodontitis develops more s an agér

chronic inflammatory diseases such as peri@dontitis, fi

in maintaining over-activated host waresponse.
reported to detect pathogenic anti@nd pro \'mﬁa 'toxy mediators such as
# S
CXCL8 and TGF-p (Bengtsso %52015). q &
The subgingival miiib}oiolj 1scards b ial cell surface components

such as lipopolysacch% the g‘l' iva ul(:@d may invade gingival cells and

tissue. Plaque biofilffncan spre ow in gﬁbgingival region over time, and the
toxins generatedyby the bacteria™s aquedﬁj%ﬁlm damage the gums. The toxins cause

ibrob have also been

p—

!

¢

a continuou %mat res n£ im which the body turns on itself, destroying the
\ .

tissues and O:S that ? the tecth. Gums loosen from teeth during this process,

Y—v

generating periodontal pocket@’ get infected (Papapanou & Susin, 2017). Moreover,
c%i pathogenic bacterial species stimulate the host’s immunological and
inflammatory responses, resulting in bone and soft tissue damage (Yucel-Lindberg &

Q&&ge, 2013).



The stages of periodontal disease
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Source: Retrieved from https://drtomwri Mp@l-disease/

Figure 2.1: The stages of periodontal disease from healthy gums hton'?.
periodontitis , _\C}
s X
Diabetes, cardiovascular disease, lung W and\l&s' are tlﬁ\.d‘isease that
may be linked to severe periodontitis (Tsc'w2018 nutr(l@are known to

alter gene expression, resulting in the%ession of in

lis, lp e@re fact over 400 distinct

: . 4
in theweral cavity, @ small number have been

017)

identified as periodontal pat?ﬂs (Piis et aly,
l Q
According to Z@OM), B gin gii{gl A. actinomycetemcomitans have

been linked to tl@genwcalise(il%venﬂe periodontitis and severe adult
periodontitis, Mvel 3 }" gingivalis 's@ram-negative anaerobe bacterium that is
:
; n

=

at@ driving cytokines

such as IL-1, IL-6 and TNF-a (Haji

bacterial species have been ident

agent ( et 016). Bacterial diversity among periodontal

the primar%us'
health ;wease s{at using @RNA sequencing revealed a variation in the

N

co n of the oral micr a (Chen et al., 2015; Liu et al., 2012). Periodontal

%ms are considered to have an impact on systematic health due to the large number

Qnral bacteria involved.


https://drtomwright.com/periodontal-disease/

2.2 Oral Pathogens

For decades, the microbial diversity in the oral cavity has been recogni
identified over 700 distinct bacterial species (Parahitiyawa et al, 2010),@8 the
periodontal pocket area is inhabited by over 400. In addition, the bact iversity of
oral biofilm varies across individuals and is affected by several factefs, such as oral
hygiene, genetics, and age. V

Bacteria surfaces are more sensitive to detachmen K'en bles movement
and the formation of new biofilm colonies on adjace al s c‘?tnqsasi tissues.
that devel acﬁa@vo.the
spl% i d h.@; coating

o

inﬂl\mm ry fo fthe disease,

Pathogenic microorganisms in the biofilm or dental pl

teeth by attaching to host-derived glycoprotei

tooth surface (Marsh et al., 2016) cause the W

which can result in tooth loss (Tsai et wi a é

The main oral bacteria invol ith perlo\nagdi agg\}rrogression, including

N
bone and tissue damage is the a% . gingitalis (Bengtsson et al., 2015;
Darveau et al., 2012). Grams &
T. forsythia are comm%fed

periodontal pathog Wjisher
Bacteria&l;&don 's typ@ff penetrate the gingival epithelial barrier
( ¢
t

). Furth re,’ hﬁrj s evidence that there are variations in the

g%. gingivalis, T. denticola and

i ddm&b[aques and were considered to be

(Zhang et a

S
distribu% erioddntal i ctions&:ross different groups (Heller et al., 2012). Even
tho@ aetiology of chrmiK riodontitis is multifactorial, studies indicated that

s XGram-negative bacteria in subgingival plaque biofilm plays a significant role

6 velopment of periodontal lesions (Preshaw et al., 2012).



2.2.1 Streptococcus mutans

S. mutans is a Gram-positive, facultatively anaerobic cocci with ovalw
cells. In recent years, collective data has been accumulated indicating th@tans
appears to be a part of the plaque flora, mostly located on carious lesio@%nos et al.,
2019). S. mutans is considered to be the major oral bacteria in the W)n of dental

caries (Matsumoto-Nakano, 2018) and the acidic conditio irm oral favour the

selection of microorganisms with aciduric physiology res 1( enaflel decay (Dani
etal., 2016). .\d
'Y

In 1924, S. mutans was discovered from caries\I€sions (Szafrag iﬁt @017).
Although the aetiology of caries is multifactori tans dre ht to\b/‘g}he main
microorganisms involved (Sabbagh et al., $§ i ion of béfsga with each
other is intended to form a biofilm %rface of

expression in response to changes i%ignallin gn i
N\
known as quorum sensing (QS) t al.OZO 15 rie @elopment factors include

levels of S. mutans as well 00 eT @betes (Ramli et al., 2016).
There are multi@ays forS. matarts @olve for catabolizing sucrose for

acid production. Mgteover, se\le osyltransferase (gtf) enzymes convert sucrose

ost.@% control of gene
;({}f‘population density is

into glucan bir% tei ? gl e extracellular polymer that promotes

the tooth surfaces and other oral bacteria.
NN

se im&\ glucan, a glue-like extracellular polymer that

s

biofilm formation ellular adhesion to tooth surface and other oral
&

pro
@ns (Bowen & Koo, 2011).
S. mutans is not the only microbe involved in the formation of dental caries. S.

utans could change the local environment by developing an extracellular
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polysaccharide-rich and low-pH, thus providing a suitable niche for other acidogenic
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and aciduric bacteria to thrive (Lemos et al., 2019). Moreover, gtfs can bind to other
oral microorganisms and transform them into glucan producers (Bowen & KOOV'U.
There is a study that discovered 73 distinct core genes solely in S. muta% are
involved in glucose metabolism and acid tolerance (Cornejo et al., 2015\

S. mutans is an active microbiota that triggers QS in oral biofWesides that,

these signalling systems of QS also act as cell communicati Mwidely used to
eCe f:

coordinate and carry out colony-wide functions including tors, formation
of biofilms, bioluminescence, sporulation, and conjuga In ,Wns will be
@
, , Y
1ncrease 1 n‘eri{ayon as

ave{ in %Y;utans to
NN .
S rm\tam whlchsm involved in

defending against other oral bacteria ( g aal., 2015): é

S. mutans has multiple Vi\'% factors\k%n ;(éﬁce large amounts of
;Sy N
organic acids from carbohydrat%‘o tolgrate V1r0n<r§?al stress, has low pH, the
production of many secrete%ns;l -ins@e glucan exopolysaccharides
which enhance adhesi teria and a uniluhb'on the tooth surface with other
4 $ &
bacteria (Huang @ISi‘mﬁmore, gtériocins (peptide antibiotics) will be

produced by S% . T 'ins tfj%{ote bacteria in competing for limited
@
nutrients in fi%wiro ment Jsue?)-Nakano, 2018) and inhibit the growth of

generated and emitted chemical signal molecules, w
cell density increases. In addition, QS mechani

regulate the synthesis of bacteriocins or W

NN
adjacen tetial speCi iya G&., 2011).
N
$
2. orphyromonas gingivalis

Q P. gingivalis has long been suspected to be a major member of the periodontal
i

crobiota, playing a role in the development of periodontal disease as well as bone and

tissue damage (Bengtsson et al., 2015). Figure 2.2 shows the colonies of P. gingivalis

11



on media. The Gram-negative oral anaerobe of P. gingivalis implicated in the
development of periodontal disease, an inflammatory disease that can destroy th -
supported tissues that lead to tooth loss (Mysak et al., 2014). P. gingiv '\been

linked to the development of systemic disease via systemic inﬂammatim elevated

circulating cytokines and mediators (Hajishengallis, 2014). Q
N

| &

3

blood a as lggﬁ-pigmented.

The ability of P. gingivalis,to i ac}'? s, in@ing gingival epithelial
q
cells (Bengtsson et al., 2015)% and aOwti dot@ells, indicates a feasible
: : : N .
mechanism for its estab shn‘wﬁﬂd su’sequ t ag%aesm to evade the host immune

system (Bengtsson et al., 2015). % ds'ai@;l energy source will be used by P.

O

gingivalis to live @per@:ocke@there is less sugar for energy sources
N
(Hajishengallt ,2\54). s ! c.)(-’

Py

(Kgp) re linked thg development and establishment of P. gingivalis (Zhang

Figure 2.2: The morphology of P. gingiv

\

oteinases are classified as arginine-specific (Rgp) and lysine-specific

et \ ). Through the prod}cot?on of microvesicles carrying proteinase, P. gingivalis

%y cause harm and alter inflammatory response in host cells (Bengtsson et al.,

015).



Fimbriae, capsules, lipopolysaccharide, cysteine proteinases and gingipains are
some of the virulence factors found in P. gingivalis (Zhang et al., 2016). Gingip
essential for the formation of peptides or amino acids, which act as an energ%\rbon
source for the organism (Zhang et al., 2016). Gingipains can be fou e culture
supernatant, membrane surface and cytoplasm. Rgp cleave peptide bonds selectively at

arginine residues, whereas Kgp cleave peptide bonds specifjiallz lysine residues

(Zhang et al., 2016). '

Capsules have a role in P. gingivalis virulen i il!}ﬂ'que host of

"AX
immunological response to bacteria, reducing phago is, and all 'nt b_ft}'ia to

grow. Moreover, P. gingivalis has been shown e c;tx‘q -1, I,g-%: and IL-

8 in fibroblast which suggests that they can*tzigger the

Bachtiar, 2020). Lipopolysaccharidewa potentia
periodontal tissue because it is one %primary\?td%ce

s
J;

2.3  Salvadora persica aY' apl c nt %
Medicinal plal% w wel Dk@l 'an'd}equently used as an alternative

treatment. It is pre kan as si$ ant due to the presence of a variety
of pharmacolo '&d bielogically ac(l}%’ chemicals inside. There are various

N (
functions o %tbat re ric th @ource of phenolic compounds. Most plant-
N
derived piologically dc pou&s with anti-cancer, anti-viral, and anti-bacterial

actiASalvadom persica ( .@fsica) is a native plant from Iran and the Middle East

t%xmstorically been used for oral hygiene (Noumi et al., 2017).

Q The most prevalent S. persica is obtained from the Arak tree, which grows
ostly in Saudi Arabia and other regions of the Middle East (Sabbagh et al., 2020).

Arak tree seldom grows larger than a foot in size and can reach a height of three meters.
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The leaves are thick and small, rounded to ovate, and have a strong mustard scent. The
fruits which look like fleshy berries are small and difficult to see. They may bw
both fresh and dried. S. persica tree can survive in challenging envir(%\ and
withstands soils ranging from extremely dry to highly saturated (Au dy et al.,
2018). Y'

Miswak or S. persica is a Salvadoraceae family mem an locally as the
toothbrush tree. It is a tiny, small tree with soft, pale, yell %Zh t has been used
as a traditional oral hygiene tool throughout Africa, So me cawddle East,

mean§ Pr et'[\/[&féglad

(Rispler-Chaim,

and Asia (Khan et al., 2020). Oral health is a sunnah,

used the miswak stick (Figure 2.3) as a tooth

1992), upon awakening, after meals and bew

the oral cavity as an important aspect @m tre@t with care when

it came to personal dental hygiene ( ]- Eneln,

The World Health Ov%on &V otes and recommends
individual’s daily physical p al plaque with oral hygiene
tools (toothbrush or tr%fbrushr J? a@ll as the removal of subgingival

'3

calculus by a spec ent \'he treat accessrble for treating periodontal
disease (WHO, Q

ech J (E} dement in periodontal therapy, different
medlca rrnses and long-term drug release systems are

performed as therq@ﬁc agent (Eid Abdelmagyd et al., 2019). There are

Ea trategies for periodontal therapy, including mechanical and chemotherapeutic

Q py. Periodontal scaling is the most effective way to inhibit this harmful
flammatory process. Dental scaling procedures to remove soft and hard dental

residues are used by dentists (Sahni et al., 2012). However, bacteria can live inside

14



tissues or in deep pockets that are inaccessible to instruments, removing all pathogens
during scaling and root planning techniques is not always effective. This resulte?ﬂk

use of antibacterial and chemotherapeutic agents as adjuvant and cor%n\utary

therapy (Mekhemar et al., 2021). *

2.3.1 Composition in Salvadora persica Extracts
Recent studies of S. persica showed a secondary o;e profile. The sticks

of S. persica were found to be more effective w com rw synthetic
L ]

Alrumman, 2016). This is because, S. persic

(Balto et al., 2017), anti-plaque, aphr ia aleﬁ\' anal antlpyretlc
astringent, diuretic, and bitter stomaa\%ns (Kh L., 2@) When using S.
persica as a chewing stick, it posses%eanm V, t ,a'\B\hty to remove plaque,

N
and the potential to reduce gln ding (Al Judaibi, @)

<o

S. persica therapeutic.agen forI> ealth ca plamed by their mechanical
action when used for %g as we J p‘banacologlc active components as

cif
2
shown in Table 2.1 ese 1ncl 1cally &We substances such as tannins, which
inhibit the gluc l fer e to ce plaque and periodontal disease and
resins used otect ag n;?tafcat‘ﬂAl Bratty et al., 2020). It is possible to state
that S. pérs xtractS ‘31nly e substances with a significant history of human

ther&c treatment and no s@(s safety concerns (Mekhemar et al., 2021).

N
N



Table 2.1 Important bioactive constituents found in S. persica extracts.

Bioactive constituent Biological activity References
Benzylamides Antibacterial (Khalil, 2006)
activity
Trimethylamine and salvadorine  Antibacterial and (Ahmad & jagopal,
gingiva-stimulating 2014)
effects
Benzaldehyde, benzyl nitrile and Antimicrobial (Haque i1, 2015)
benzyl isothiocyanate effects §

N,

2.3.2 Antibacterial Actions of Salvadora persica Extragts A?nsI t Oral Pathogens

Fresh leaves, twigs and roots of its small tree used i%al herbal
medicine for asthma, cough, rheumatoid arthritis and ézal hygiene (Abo 'nefrtl‘,)ém 4).
The existence of a volatile active antimicrobi ent resulted jin a ‘?,ghiﬁcant
antibacterial activity against the tested microorgafisms. Sspersica extr f?mhance oral

health and prevent the formation of dent@ He
ingredients that have been shown t a%lly aqk ica }Qo have therapeutic
13

s
: Sﬁv‘%Fi urq%\% is a widely used plant

advantages (Eid Abdelmagyd et al.}
“« Q-
in traditional medicine in Aer Middle nd ﬁéffor the treatment of a wide
\
range of diseases, especi llyﬁr period'ntal alth @reatment (Nordin et al., 2020).
It has been discova:d that? Sppérsit Qg, efficient against microorganisms

involved in the f@ of eLtal que, @ as S. aureus, S. mutans, S. faecalis, S.
g

pyogenes, L. @lus Psae if&safa&f C. albicans (Noumi et al., 2017). Further
study has %that both ethanol exane extracts had the highest antibacterial
’

actionSa E. faecalis, ang C@?cans (Balto et al., 2017).

\Several studies have icﬁtiﬁed S. persica extracts have high sensitivity against

dies Qae edicinal plant

-negative bacteria, especially P. gingivalis. This might be due to Gram-positive

theria that have thick peptidoglycan cell wall, which provides higher resistance to

penetration by compounds in S. persica (Rafiei et al., 2017).



Source: Retrieved from https://www.healthben

Figure 2.3: Chewing stick of S. pers
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https://www.healthbenefitstimes.com/miswak/

