EFFICACY OF CHITOSAN PASTE AS INTRACANAL MEDICATION AGAINST
ENTEROCOCCUS FAECALIS AND CANDIDA ALBICANS COMPARED TO CALCIUM
HYDROXIDE

Miss Pasika Thien-ngern

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Endodontics
Department of Operative Dentistry
FACULTY OF DENTISTRY
Chulalongkorn University
Academic Year 2021

Copyright of Chulalongkorn University



v a

1 | v
Usransnnaaslalpaiuinldiduenlglunaassniuinasuimaduinalsnansa WAaaa

uazlALAASatARdFuUsURuLAaTaN lansan laus

UANANN URY

ﬁmﬂﬂﬁwuﬁ’iﬂumwfiﬂmm@ﬁm:mmwﬁﬂzﬁmﬂ?a&lmﬁmm ANRRTNILTEUNR
#1213 TNINLNAULAADUF NIARTIIUANTINARANTS
AMTTIUALNNEANERT INadNTRdNMNINE At
tn1g@nen 2564

«

A1AN V89 NAINTULNNNINENAE



Thesis Title

By
Field of Study

Thesis Advisor

Thesis Co Advisor

EFFICACY OF CHITOSAN PASTE AS INTRACANAL
MEDICATION AGAINST ENTEROCOCCUS FAECALIS AND
CANDIDA ALBICANS COMPARED TO CALCIUM
HYDROXIDE

Miss Pasika Thien-ngern

Endodontics

Associate Professor ANCHANA PANICHUTTRA, D.D.S., M.S.,
Ph.D.

Associate Professor ORANART MATANGKASOMBUT, D.D.S.

Ph.D.

Accepted by the FACULTY OF DENTISTRY, Chulalongkorn University in Partial

Fulfillment of the Requirement for the Master of Science

Dean of the FACULTY OF DENTISTRY

(Professor Pornchai Jansisyanont, D.D.S., M.S., Ph.D.)

THESIS COMMITTEE

Chairman

(Assistant Professor CHOOTIMA RATISOONTORN, D.D.S.,

M.S., Ph.D.)

Thesis Advisor

(Associate Professor ANCHANA PANICHUTTRA, D.D.S., M.S.,
Ph.D.)

Thesis Co-Advisor

(Associate Professor ORANART MATANGKASOMBUT, D.D.S.
Ph.D.)

External Examiner

(Associate Professor PERAYA PUAPICHARTDUMRONG,
D.D.S. Ph.D.)



iii
WAN Feudy : Ussansnmaedlalnmufilfidusnldlunassnniuites e Sumnelsnenda Hdaaa
wazwAuAnndaduaudilTeuiauiuwaadalansantas. ( EFFICACY OF CHITOSAN PASTE AS
INTRACANAL MEDICATION AGAINST ENTEROCOCCUS FAECALIS AND CANDIDA ALBICANS
COMPARED TO CALCIUM HYDROXIDE) & fitfinuman : 5. NRY. AT.ATYTU WILTdRI, 8 7insn

D96, MDY, AT.ATUNY NFIAANLTR

Enterococcus faecalis Waz Candida albicans ¥inwuidunisisdatiniiialunissnenaadasiniy danis

¥ ot ] '
& = = = o a

Andaniilszdnsninauiludedndn Ay mﬂﬂﬁnmﬂ@mi'mﬁmﬂuuﬁﬂw%umudﬁﬁ”{g miﬁﬂmﬁﬁﬂgmﬂizmﬁﬁ%
naaevulszaninmaeslalpuiiiandilusfnmeaessniulasiSeuionfuueaid sulaasenlas Tantun
wmafaﬂuﬁuﬁ‘gﬂn@uﬁwm 68 7 Inuthuflundu £. faecalis 19usunw 36 3 vadeluiudungn 14 fu wazin 32
?'n'zi’wi”unzju C. albicans eldinaninideluitu 48 Falus iernliAansaislulefldlupaasmniu wésaniians
adsluleildu Wugmi’]mt,m_iqmjmmwmmLW'@‘VImamﬁumldlummmﬂﬁuimﬂLu_i\‘mzimwvmaml,ﬂu 6 nax laun
nquitlifienlunaessnity, nqu 20% Twaiefiauinanes, ngu 20% Tnsiiau lnanea, ngylalaunanindiefiauing
pag, ngulalnmunaninaian lnarea waznguuaaidaslansanlad ldenlflunaesniudune 7 5u dleam 7
u dleMulunasssnituazgnifuaedne Tnaldirtesiie Protaper next siaetaiieiufliiuldumaaeyudeisie
ANFIENI38 BUAULAZINL A UURIINTIAENES Brain Heart infusion (BHI) agar @114l E. faecalis WAz Yeast
Extract-Peptone-Dextrose (YPD) agar &1115U C. albicans Lﬁm%ﬂw?zy%uuummﬂ?;mL‘%@ dhuntuBunode Wie
dsziliudszAnannenTuwsiazaiin mﬁmi']w’ﬂiza‘w%mwmmmﬂsnﬁumn?@mmmlﬁTﬂ‘ﬁ'mﬁ@@ﬁlﬁ@ﬁﬂuﬁumﬁu
Aal1Egen Taeld One-way ANOVA Uaz post-hoc Games-Howell test HANSANEINLANEe E. faecalis, ngalale
sunantdiefiavinanes, ngalalamusantneiau Inanea filss@vanwlunsandeasetnaiduddyilediay
funquitlifienluaaasendu, ngu 20% Indeiawlnanas uazngu 20% weitau lnamea (P =0.001, 0.003,
0.024, ngulatasunanIndefiaulnanea; P = 0.002, 0.003, 0.014, ngulalnsunanInsian Inanes) nqulatasiu
naninsiau Inamraa ﬁﬂi:ﬁm%mﬂummmL%ﬂmﬂndﬁnq’ume?'ﬂﬂﬂamanimf (P = 0.039) ansAnenlude C.
albicans, nqulataaunanndeiiaulnanea, ngulalamunaniniau nanrea limunguuaadenlansenlas &
ﬂ?zaw%mw‘l,um@ﬁﬁmL%@mﬂﬂdﬂﬂzﬁmﬁiﬁﬁaﬂummmnﬁu (P =0.013,0.005) agﬂim‘immmﬁﬂumiﬂuﬂam
snuiiannaaunsolunisindaide E. faecalis uaz C. albicans iieldenlunassnifudlunan 7 5u nawlalaniu
nanTnaia Inamea filss@nanmluniaindaide £ faecalis innndnguuasideslansantest lalagdemanziiaz

. a e e da X4 &
Aaudugnisaendunitldlunaessniunfandetinigie

AU nedulanaus AVIRDTATAR —..vvoeeeeeeee e,
TnsAnm 2564 AeNDTR B AUTNENRN oo,

A = .
A8deT8 8. ALUTAMIIIN oo,



# # 6175831332 : MAJOR ENDODONTICS
KEYWORD: Enterocccus faecalis; Candida albicans; chitosan; intracanal medication; polyethylene glycol;
Propylene glycol
Pasika Thien-ngern : EFFICACY OF CHITOSAN PASTE AS INTRACANAL MEDICATION AGAINST
ENTEROCOCCUS FAECALIS AND CANDIDA ALBICANS COMPARED TO CALCIUM HYDROXIDE.
Advisor: Assoc. Prof. ANCHANA PANICHUTTRA, D.D.S., M.S., Ph.D. Co-advisor: Assoc. Prof.
ORANART MATANGKASOMBUT, D.D.S. Ph.D.

Introduction: Enterococcus faecalis and Candida albicans are frequently found in persistent
endodontic infection and are resistant to calcium hydroxide (Ca(OH),), a commonly used intracanal medication.
Thus, an effective and safe antimicrobial medication against such refractory infection is necessary in endodontic
retreatment, so we aimed to test the efficacy of chitosan paste against these microorganisms compared with
Ca(OH), in root canals of extracted human teeth. Methods: Thirty-six sterilized human root samples prepared from
extracted premolars and upper maxillary incisors were infected with E.faecalis for 14 days, while 32 were infected
with C.albicans for 48 hours, for mature biofilm formation. The samples were assigned to 6 groups of intracanal
medications: no medication (negative control), 20% Polyethylene glycol (PEG), 20% Propylene glycol (PG),
Chitosan+PEG, Chitosan+PG, and Ca(OH)Z. After 7 days, intracanal surface dentin was harvested using Protaper
next, resuspended, serially diluted and spread on Brain-Heart-Infusion agar (for E. faecalis) and Yeast Extract-
Peptone-Dextrose agar (for C. albicans) for colony count. Antimicrobial efficacy was determined as percentage of
remaining colony forming unit (CFUs) relative to negative control and analyzed using One-way ANOVA and post-
hoc Games-Howell test. The significance level was set at 0.05. Results: For E. faecalis, chitosan+PEG and
chitosan+PG medication significantly reduced viable bacteria compared with negative control, PEG and PG (P =
0.001, 0.003, 0.024, respectively for chitosan+PEG;P = 0.002, 0.003, 0.014, respectively for
chitosan+PG). Chitosan+PG also had significantly higher antibacterial activity than Ca(OH), (P = 0.039). For
C.albicans, chitosan+PEG and chitosan+PG, but not Ca(OH),, showed a significantly lower level of remaining
CFUs compared with negative control (P = 0.013 and 0.005, respectively). Conclusion: Chitosan paste showed
good efficacy as intracanal medication in reducing viable E. faecalis and C. albicans biofilm during 7 days in root
canals. In particular, Chitosan+PG was significantly more effective against E. faecalis than Ca(OH),. Therefore, it

could be developed as an effective alternative medication in endodontic retreatment.
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CHAPTER 1 INTRODUCTION

A maijor factor in endodontic failure in root canal treated teeth is persistent infection(1, 2).
Thus, it is critical to have effective disinfection of the root canal system. Among the many steps of
root canal treatment that help to eradicate microorganisms, intracanal medication is an important
part that relies on the efficacy of antimicrobial agents(2). Calcium hydroxide has been used as a
routine intracanal medication. However, certain microorganisms are still frequently detected in failed
endodontic treated teeth, such as Enterococcus faecalis and Candida albicans(3).

E. faecalis is a Gram positive cocci that has a proton pump inhibitor mechanism to tolerate
the alkalinity of Ca(OH), medication. It can resist to a wide pH range, up to approximately pH 11.5,
and could remain after root canal obturation(4). A previous study reported that Ca(OH), has poor
effectiveness against E. faecalis(5). E. faecalis can also suppress the activity of lymphocytes, invade
dentinal tubules, form biofilm and attach to collagen in human serum, which can protect them from
destruction(6). C. albicans is another microorganism that has been reported in persistent post-
treatment apical periodontitis(7). An important virulence factor of C. albicans is the ability to switch
between blastospore and hyphal form. The ability to grow as hyphal form make it able to invade host
tissue and avoid phagocytosis from macrophages(8). Thigmotropism allow C. albicans to penetrate
into deep dentinal tubules(9). C. albicans can form biofilm in 48 hours(10). It can survive in a wide
range of pH, high alkaline environment and ecologically harsh conditions, which allow them to cause
persistent infection(8).

Chitosan is a natural polysaccharide derived from deacetylation of chitin in crustacean
shells. Chitosan has antimicrobial, antifungal properties and enhances wound healing(11). Chitosan
can interact with microbial outer cellular components, the cytoplasm membrane and cytoplasmic

constituents of microorganisms(12). Chitosan also has high biocompatibility and low toxicity; thus, it



could serve as a good alternative medication in endodontic treatment. Chitosan showed inhibitory
effect on planktonic form and biofilm of E. faecalis and C. albicans(13, 14). Our group has previously
showed that certain derivatives of chitosan are effective against E. faecalis and common oral
Candida species, including C. albicans(15-17). In particular, we showed that 1700 kDa and 2100
kDa chitosan are effective against E. faecalis, but they require a long contact time (over 1 hour)(15).
Thus, these chitosan derivatives are promising to be used as intracanal medication. In order to
formulate chitosan into intracanal medication, Polyethylene glycol (PEG) and Propylene glycol (PG)
can be used as vehicles to deliver intracanal medication through dentinal tubules and apical foramen
as they showed better distribution of medication than using distilled water as a vehicle(18). The
results from previous study showed that propylene glycol have antibacterial effect on S. mutans, E.
faecalis, and E. coli by using broth dilution assay(19). Thus, they may also contribute to antimicrobial
activity of the medication. The aim of this study is to develop chitosan paste as intracanal medication
and test its antimicrobial activity against E. faecalis and C. albicans in comparison with Ca(OH), in
the root canals of extracted human teeth

Research questions

In the root canals of extracted human teeth, is chitosan paste as intracanal medication more
effective in reducing the number of E. faecalis and C. albicans compared to Ca(OH), ?

Research objectives

To test the antimicrobial activity against E. faecalis and C. albicans of chitosan paste

compared to Ca(OH), in the root canals of extracted human teeth.



CHAPTER II LITERATURE REVIEW

2.1 Cause of endodontic failure

Several studies found that persistence of microorganisms is the main cause of non-healed
periapical tissue. Lin et al. studied in 236 cases of endodontic treatment failures, they found a
correlation between the presence of bacterial infection in root canal and the persistence of
periradicular rarefaction(2). The study exhibited 79% non healed periapical lesion teeth have
remaining bacteria in root canal system. This studied implied that the microorganisms should be
removed from the root canal before obturation(20). A systematic review studied showed that canals
with negative culture before obturation have higher success rates than positive bacterial cultures
canals(21). There are many cause of persisting of microorganisms such as untreated canal,
anatomical variation (isthmus, fins, accessory canal), inappropriate mechanical debridement,
inadequate filling of the root canal, improper coronal seal and persistence of bacterial infection(22).

2.2 Persistence microorganism

Bacteria in chronic infection may penetrate into dentinal tubules which are difficult to
disinfect by mechanical and chemical procedures. Bacteria may remain in niches of root canal
system and form biofiims(23). Gram positive bacteria commonly survive more than Gram negative
bacteria in dehydration, lack of nutrients, changed ion strength, osmotic pressure and present of
antimicrobial condition. Those conditions have been appreciated for Enterococci, Streptococci,
Lactobacilli, Actinomyces, Propioni-bacteria and yeasts(23).

E. faecalis is commonly found in persistent infection canal. It is a non-spore forming
fermentative facultative anaerobe, gram positive coccus. E. faecalis cell is ovoid shape with 0.5-1
m in diameter. E. faecalis has a variety of forms, i.e. single, pairs, short chains but most common in

elongated(24). Several studies by culture technique found that E. faecalis can be detected highly in



failed root canal treated teeth. Gomes et al. investigated microbial sampling of 19 previously treated

teeth with persistent apical periodontitis. The results showed that E. faecalis is the most commonly

isolated species, followed by Streptococcus spp and Provetella(25). Adib et al. found Streptococcus

was the most prevalent at 35%, followed by E. faecalis at 12%(26).

Advanced microbiological culture technique was investigated the microorganisms

associated with primary and secondary endodontic infection. The resulted showed that E. faecalis

was the most dominant microorganism in secondary endodontic infection (36.6%), and C. albicans

(20%)(3). Similarly, E. faecalis was reported the most prevalent species in failed endodontic

treatment teeth(27). They was found as a small percentage of microorganisms in initial root canal

treatment infection but higher percentage was observed in in the failed root canal teeth(28).

Another microorganism that has been reported in persistent post treatment apical

periodontitis is C. albicans. Nair et al. collected 12 samples of asymptomatic persistence periapical

lesion by apical surgery and detected yeast in 2 cases from 9 cases of perpendicular lesions

refractory in failure treated teeth(1). Waltimo et al. reported fungi in 7% of 692 cases of persistent

endodontic infections by culture technique. The result showed that C. albicans was the most

common species isolated(29). Sundqyvist et al removed gutta percha from previously root filled teeth

with asymptomatic apical periodontitis and left empty canal to allow bacteria growth. After 7 days

dentine debris was collected by hand files. They found C. albicans from 2 canals of 24 canals by

advanced microbiological technique(30). Siqueira and Rocas exhibited 9% of C. albicans in 22 root

filled teeth asymptomatic with persistence apical lesion by polymerase chain reaction technique(27).

From previous studies this yeast play an important role in apical periodontitis case.



2.3 Calcium hydroxide intracanal medication

Calcium hydroxide has been used as common intracanal medication for clinical scenarios.
They have several beneficial properties such as antimicrobial activity, antifungal activity, ability to
dissolve tissue, inhibit radicular resorption, induction formation of hard tissue and anti-inflammatory
effect(25).

Therapeutic effect of calcium hydroxide comes from the release of calcium ion and hydroxy!
ion. Antibacterial effect highly depends on dissociation of the ions. The ions are released direct to the
activation of enzymes of the cytoplasmic membrane of bacteria(31). The alkaline properties of
calcium hydroxide are diffused through dentin(32). Direct contact of Ca(OH), with microorganisms in
vitro study was effective in 24 hours(33). In vitro study, the effective time for Ca(OH), as intracanal
medication is 7 days(34). Both Candida and enterococci have several properties that are necessary
to survive in environment of failed treated teeth, including resistance to antimicrobial agents.

2.4 E. faecalis resistance to calcium hydroxide

Molander et al. reported that using calcium hydroxide as intracanal medication may be one
reason for persistence of E. faecalis because it was more tolerant to high pH environment than other
microorganisms. It can resist to wide pH range, up to around 11.5, and survive after root canal
filling(4). The mechanism of high alkalinity tolerance of E. faecalis is the functioning of proton pump
inhibitor. When environmental pH increases, E. faecalis can preserve intracellular pH by pumping
protons across the cytoplasmic membrane. Evans et al. studied the proton pump mechanism of E.
faecalis and discovered that carbonyl cyanide m -chlorphenylhydrazone (CCCP) can block normal
function of proton pump in pH 11.1. The results showed that E. faecalis with CCCP are 20-fold cell
decreased in compared to normal function cell(35). This ability makes E. faecalis adapt to various

environments and survive when environment changes.



In biofilm form, E. faecalis can survive in environment with minimal nutrients and flourish with
nutrient replacement(6, 27, 36). E. faecalis mature biofilm grown for 14 - 21 days is more difficult to
eradicate by antimicrobial agents(37-39). Previous studies have shown that Ca( OH) , has poor
effectiveness against E. faecalis. Ca(OH), is not as effective as other substances by disc diffusion
assay and could not inhibit E. faecalis by root canal direct contact test(5, 31).

2.5 C. albicans resistance to calcium hydroxide

An important virulence factor of C. albicans is the ability to switch between blastospore and
hyphal formation. It can grow in any morphologic forms such as blastospores, germ tubes, true
hyphae, pseudohyphae and chlamydospores depend on environment condition. C. albicans can
form biofilm on difference surfaces, thus, albicans species can form biofilm more than other species
such as C. glabata, C. tropicalis and C.parapsilosis. In biofilm form, It can be 100 fold more resistant
to the antifungal fluconazole(8).

Initial period for C. albicans to adherence is 0-2 hour. Fungi begin to form microcolony after
2-4 hours. Yeast switching form budding to filamentous pseudo and true hyphal in 4-6 hour. Hyphal
extensions will help yeast to interlink between micro-colony to form monolayer in 6-8 hour. Complex
biofilm takes time on 3D architecture with spatial heterogeneity after 24-48 hour(10). C. albicans is
able to survive in wide range of pH, high alkaline environment, ecologically harsh condition by
switching of gene expression mechanism. Furthermore Ca”" from calcium hydroxide solution is
necessary for the growth and morphogenesis of C. albicans(8).

Waltimo et al. studied in 7 strains of C. albicans to 4 disinfection with iodide, chlorhexidine
acetate, sodium hypochlorite, calcium hydroxide by filter paper test and found that Ca(OH), had the

weakest effect on C. albicans cells(40). The other study showed that Ca(OH), used 6 hours to



eradicate C. albicans. They concluded that Candida species were highly resistant to calcium
hydroxide solution(41).

2.6 Polyethylene glycol (PEG) and Propylene glycol (PG)

Polyethylene glycols are substance from ethylene oxide. The structure of compound is H-(O-
CH,- CH, ). -OH. They are derived from petroleum and produced by the interaction between ethylene
glycol or ethylene glycol oligomers. They have biocompatible and hydrophilic property that aid in
penetration. It is considered to be safe by U.S. Food and Drug Administration and are used in
medication as excipient in parenteral formulations(42).

Propylene glycol ( CHSO2), or 1,2- dihydroxypropane or 1,2- propanediol, is an organic

compound. The chemical formula is C,H,0, or CH,CHOHCH,OH. The substance consists of two

alcohol functional groups. In the industry, propylene glycol can be produced from propylene oxide,
but in laboratory it can be produced by fermentation method(43). It is clear, colorless, odorless and
viscous. it dissolves in water, acetone and chloroform. Propylene glycol has been used in
pharmaceuticals, preservation in solutions, parenteral nutrition, oral solution and topical
medication(43). The difference between polyethylene glycol and propylene glycol is that
polyethylene glycol is a polymer while propylene glycol is not(44).

Polyethylene glycol and Propylene glycol can deliver intracanal medication through dentinal
tubule and apical foramen better than distilled water vehicle(18, 45). Cruz et al. exhibited that
propylene glycol delivered dye through the root canal system more effectively than distilled
water(18). According to Nalawade study PEG and PG have antibacterial effect to S. mutans, E.

faecalis, and E. coli by using broth dilution assay(19).


https://pubchem.ncbi.nlm.nih.gov/#query=C3H8O2

2.7 Chitosan

Chitosan is a hydrophilic biopolymer gained from alkaline deacetylation of chitin extracted

from shrimp shell. There are three major steps in the extraction procedure i.e.demineralization,

deproteination and deacetylation. First, demineralization shrimp shells are treated with acid. Then the

shrimp shell are washed up until its reach neutral pH and freeze at 80°C overnight for drying.

Secondly, in deproteination, the samples are treated with NaOH followed by washing and drying. The

last method is deacetylation; chitin are treated with strong alkali. The samples are washed until

reaching neutral pH. After drying, the final product is chitosan(46).

Chitosan is a natural polysaccharide consist of copolymers of glucosamine and N-acetyl

glucosamine which biocompatible, biodegradable, bioadhesion and lack cytoxicity(47). It has ability

to form thin film that make chitosan useful to various applications in pharmaceutical industry. It is also

non toxic and non-immunogenic(48). Chitosan is soluble in diluted acid. The properties of chitosan

that related to dental treatment are antimicrobial activity, antifungal activity, and wound healing(11).

The antibacterial mechanisms of chitosan is the binding of cationic charged amino group to

anionic components, such as N-acetyl muramic acid, sialic acid, and neuramic acid, on the bacterial

cell surface. After chitosan interact with the negatively charged surface of outer cellular component,

bacterial growth are suppressed because it impairs the exchanges with medium, chelating transition

metal ions, and inhibiting protein synthesis(12). Varun et al. used chemical mechanism to extract

chitosan from shrimp shell waste and investigated antimicrobial effect against four microbial i.e.

E. faecalis, Escherichia coli, Staphylococcus aureus and Enterobacter aerogenes by agar well

diffusion method. The results of zones of inhibitions was significantly more than control(46). Chitosan

is also effective against common Candida and C. albicans on denture base acrylic resin. The results



showed that high molecular weight water soluble chitosan completely inhibited C.
albicans(16).

2.8 Direct contact test & Colony forming unit assay

Direct contact test is an in vitro technique for measuring the effect of close contact between
test bacteria and test material on the kinetic of bacteria growth(49).The colony forming unit ( CFU ) is
a measure of viable clonogenic cell numbers in CFU/mL. This method shows the number of cell that
remain viable. Viable cells must be able to proliferate and form small colonies on agar media after

incubation period(50).
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CHAPTER Il MATERIALS AND METHODS

3.1 Root samples

This study was approved by the Ethics Review Committee for Research, Chulalongkorn

University, Bangkok, Thailand (No.055/2020). Sixty eight intact premolars and upper maxillary

incisors with straight root canal extracted for orthodontic and periodontitis reasons were collected.

Teeth with caries, fractures, cracks or other defects detected by magnifying loupes were excluded.

The tooth samples were prepared using method modified from Carpio-Perochena et al(51). All

extracted teeth were stored in 0.1% thymol until prepared for the experiments. All soft-tissue

remnants on the tooth surfaces were removed without harming the cementum. The crown and the

coronal third of root were removed until the length of each root was 15 mm. The root canals were

enlarged by Protaper next size X4 with 300 RPM speed and 2 gcm torque using a rotary handpiece.

The samples were irrigated with 3 ml of 2.5 % sodium hypochlorite (NaOCI) followed by 1 ml of 17%

ethylenediaminetetraacetic acid (EDTA) to remove organic and inorganic debris. Five ml of distilled

water was used as an irrigation to remove the remaining of prior irrigants. Then, all the roots were

autoclaved for 20 min at 121°C. The external surfaces were sealed with nail vanish. The root samples

were divided into 2 groups, 36 teeth were inoculated with E. faecalis and 32 teeth were inoculated

with C. albicans.

3.2 Preparation of microbial culture

E. faecalis (ATCC 29212) was incubated in brain heart infusion (BHI) broth (Himedia, Mumbai,

India) at 37 C° until log phase. C. albicans (ATCC 90028) was incubated in Yeast extract — peptone-

dextrose (YPD; Oxoid, UK and HiMedia, India) at 30 C° until log phase. The microbial suspension

was adjusted to optical density of 0.5 for E. faecalis and 0.1 for C. albicans at 600 nm for inoculation.
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3.3 Infection of the root samples

Log phase culture (30 M) of E. faecalis or C. albicans was inoculated into the root canals.
For E. faecalis, BHI media was replenished every 48 hours and the samples were incubated for 14
day for mature biofilm formation(37). For C. albicans, the root samples were incubated for 48 hours

for mature biofilm formation(10). All procedures were carried out in a biosafety cabinet.

3.4 Preparation of intracanal medications

The chitosan powder (1700 KDa, Marine Bio Resources, Thailand) was dissolved in 1%
acetic acid (Merck KGaA, Darmstadt, Germany) at 20 mg/ml. The chitosan pastes were prepared by
mixing 1 ml of chitosan solution (20 mg/ml) with 1 ml of Polyethylene glycol (Krungthepchemi,
Bangkok, Thailand) or propylene glycol (Krungthepchemi, Bangkok, Thailand), and 3 ml of distilled
water. The final concentration of chitosan was 4 mg/ml in 20% PEG or PG. The pastes were sterilized
by autoclave.

Calcium hydroxide intracanal medication was prepared by mixing 0.4 g of calcium
hydroxide powder (Faculty of dentistry, Chulalongkorn university, Thailand) with 10 ml of distill water.
The final concentration of calcium hydroxide was 40 mg/ml.

3.5 Antimicrobial assessment

After the specified incubation period, an aliquot of the media from each root sample was plated
on solid media to check for purity and viability of the microbes. Root samples infected with E.
faecalis and those with C. albicans were allocated to 6 groups and treated as follow: group [, no
medication (negative control); group 2, 20% PEG; group 3, 20% PG; group 4, chitosan+PEG; Group
5, chitosan+PG; and group 6, Ca(OH),. Thirty U of the assigned medication were applied into each

root canal. The root samples were incubated at 37°C for E. faecalis and 30°C for C. albicans for 7
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days. After 7 days, the canals were washed with 3 ml of sterile distilled water and Protaper next size

X4 was used at 300 RPM speed and 2gcm torque to remove the medicament.

Dentin samples from the root canal surfaces were harvested by using Protaper next size X5 at
300 RPM speed and 2gcm torque and collected in 1 ml of phosphate buffer saline solution. Serial
dilutions were performed and 100 M of each dilutions were plated on BHI agar for E. faecalis and
YPD agar for C. albicans. Plates were incubated for 24 hours at 37°C for E. faecalis and 48 hours at
30°C for C. albicans. Colonies were counted and calculated into percentage of remaining viable
microorganisms relative to the negative control. All experiments were performed in duplicates and
repeated 3 times ( except for the PEG and PG groups for C. albicans where only one sample/group

was available for two of experiments ).

3.6 Statistical Analysis

Shapiro-Wilk was used to test for normality of the data. Welch’s ANOVA was used to analyze
the differences in percentage of remaining viable microorganisms after treatment among groups,
followed by Games - Howell test to compare the data between experiment groups. Data were
analyzed using IBM SPSS Statistics for Windows, Version 22.0 (IBM, Armonk, New York, USA).

A P-value of < 0.05 was considered statistically significant.
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CHAPTER IV RESULTS

After 7 days of treatment with various medications, the remaining viable microorganisms in
the root canals were examined by plate count. The results are shown in Figure 1 for E. faecalis and
Figure 2 for C. albicans. For E. faecalis, the average percentage of remaining bacteria in both
chitosan+PEG (9.68% 8.6%) and chitosan+PG (3.0212%) groups was significantly lower than that of
the negative control (102.741:26%), PEG (85.71425.3%) and PG (45.28117.9%) groups. (P=0.001,
0.003, and 0.024, respectively for chitosan+PEG; P=0.002, 0.003, and 0.014, respectively for
chitosan+PG). In addition, the PG group showed a significantly lower remaining E. faecalis than the
negative control (P=0.015). Ca(OH), (46.38123.4%) also had a significantly lower level of remaining
E. faecalis than the negative control group (P=0.034). Chitosan+PG could reduce the bacteria to a
level that is significantly lower than the Ca(OH), group (P=0.039) but this was not significantly
different for the chitosan+PEG group (P=0.071).

For C. albicans, both chitosan+PEG (24.771 20.5%) and chitosan+PG (7.57114.6%)
groups harbored significantly lower remaining viable C. albicans compared with the negative control
(105.40136.5%) (P=0.013 and 0.005, respectively). However, they were not significantly different
from PEG (122.06171.7%) and PG (95.36164.8%) groups (P=0.292, and 0.441, respectively for
chitosan+PEG; P = 0.206 and 0.293, respectively for chitosan+PG). In contrast, PEG, PG, and
Ca(OH), (41 .191£38.1%) were not significantly different from the negative control (P=0.997, 1.00, and

0.1086, respectively).
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Figure 1: Percentage of remaining viable E. faecalis after treatment with intracanal

medication relative to negative control.

Negative control group (102.74126%), 20% Polyethylene glycol (PEG) group
(85.7125.3%), 20% Propylene glycol (PG) group (45.28117.9%), calcium hydroxide
(Ca(OH),) group (46.38123.4%), chitosan+PEG group (9.681 8.6%), chitosan+PG

group (3.0212%)
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Figure 2: Percentage of remaining viable C. albicans after treatment with intracanal

medication relative to negative control.

Negative control group (105.40%36.5%), 20% Polyethylene glycol (PEG) group
(122.0671.7%), 20% Propylene glycol (PG) group ( 95.36164.8%), calcium hydroxide
(Ca(OH),) group (41 .19138.1%), chitosan+PEG group (24.77% 20.5%) , chitosan+PG

group (7.57%£14.6%)
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CHAPTER V DISCUSSION AND CONCLUSION

In this study, we showed that 1700 kDa chitosan (4 mg/ml) paste has good antimicrobial
efficacy against E. faecalis and C. albicans biofilm in human root canals. The results suggest that
chitosan paste could be developed into an alternative antimicrobial intracanal medication in cases
with persistent infection.

Microbiological investigations found a complex community of bacteria and fungi in root
canal treated teeth with persistent infection chronic apical periodontitis(1, 3). This suggests that
previous endodontic treatment could not efficiently control these microorganisms. Mechanical
instrumentation using larger size rotary instruments may help to remove bacteria and fungi in the root
canals, but it cannot completely eradicate microbes in complex root canal structures and excessive
instrumentation weakens root dentin(52-54). Thus, the use of effective antimicrobial intracanal
medication can overcome the limitations of instrumentation to reduce microorganisms in complex
anatomy of the root canals. Ca(OH)2 has been used as routine intracanal medication, but it was not
effective against E. faecalis and C. albicans(35, 55-57). Several studies have identified E. faecalis
and C. albicans as important microorganisms using culture-dependent and molecular techniques(3,
27, 58). For example, a recent study used culture-dependent methods and showed that the most
prevalent microorganisms in root canal treated teeth was E. faecalis (36.6%) and followed by
C. albicans (20%)(3). Studies using PCR detected E. faecalis at a prevalence of up to 77%, and
C. albicans up to 35%, of failed root-filled teeth(27, 58). Although E. faecalis was not the most
abundant bacteria detected by metagenomic studies, it was observed at a greater frequency or
proportion in secondary apical periodontitis than primary infection(59, 60). Thus, persistence of these

microorganisms in the root canals are problematic for endodontic treatment and effective
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antimicrobial agent against persisting E. faecalis and C. albicans in root canal system is clearly
needed(5, 40, 57).

The antimicrobial efficacy of chitosan appears to be related to the type of microbes, type of
chitosan, positive charge density, molecular weight, concentration, chelating capacity, and water
solubility of chitosan(61). Our group has previously showed that 1700 kDa chitosan and 2100 kDa
chitosan could effectively kill E. faecalis at an MBC of 2mg/ML(15). However, it needed a long
contact time of over 10 min, so it may be more effective when applied as a root-canal medication
rather than an irrigant. In addition, we also showed that these chitosan derivatives has a minimum
fungicidal concentration against C. albicans at 4 mg/ml (17). Thus, in this study, we formulated 4
mg/mL of 1700 KDa chitosan in 0.2 % acetic acid into a paste for application as an antimicrobial
intracanal medication. We used 20% PEG or PG to confer good flowability for easy handling and
enhance penetration into dentinal tubules. In addition, PEG has hydrophilic property, so it can
remove water, which is essential for microbial growth. However, it did not affect E. faecalis much

when compared to the control group(19). Propylene glycol can inhibit the growth and proliferation of
microbes and fungi because the structure of glycol (Methyl and propyl p — hydroxybenzoate) can

interrupt surface tension of bacterial cell wall(62).

Our results showed that chitosan paste could eliminate more E. faecalis than the negative control,

PEG, and PG groups. Chitosan+PG showed greater antibacterial effect against E. faecalis biofilm

than PG, and also greater than Ca(OH), groups. Although E. faecalis could resist to Ca(OH), by a

proton pump mechanism, our result showed that Ca(OH), was better at reducing viable E. faecalis
than no medication(63). However, other studies found that Ca(OH), fail to eliminate E. faecalis

biofilm(64, 65). Since PG could also reduce E. faecalis compared with negative control, the
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combined effect of both chitosan and PG may explain why chitosan+PG is the most effective in this
experiment.

Chitosan is positively charged and could interact with the negatively charged microbial cell
membrane, while PG can help intracanal medication to penetrate deeper in dentinal tubules and it
also has germicidal activity(19, 66). Similarly, chitosan-propolis nanoparticles was shown to be
effective at eliminating E. faecalis biofilm after 7 days of medication(67). Chitosan has the ability to
remove smear layer that contain organic and inorganic substances which may prevent the
penetration of medication into dentinal tubules. Chitosan also has high chelating effect to eliminate
dentin calcium ion(68). From an in vitro study, 0.2% chitosan as irrigant can remove more smear
layer and cause less dentine erosion than 17% EDTA(69). Thus, chitosan is a promising alternative
option for intracanal medication, either alone or in combination with other active ingredients,
especially in secondary infection where persistent E. faecalis infection may play important roles.

We also found that chitosan paste was effective against C. albicans biofilm as both chitosan
groups had significantly less remaining viable C. albicans than the negative control. We could not
detect significant differences among other groups, likely due to the wide variations in the CFU
results. For C. albicans, Ca(OH), was not significantly different from the negative control group. Our
results suggest that Ca(OH), is more effective against E. faecalis than C. albicans. This is
concordant with a report by Ercan and colleagues(70).

Microorganisms in biofilm are more tolerant to antimicrobial agents, and this is the form that
are found in the root canals(8, 38). Thus, we simulated such biofiim condition in this study using
extracted human root specimens inoculated with E. faecalis and with C. albicans. We allowed
sufficient time for them to form mature biofilm and penetrate in dentinal tubules, ie, 14 days for E.

faecalis and 48 hours for C. albicans, according to previous reports(10, 38, 71). Our results showed
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that chitosan paste could significantly reduce the number of viable microorganisms for both E.

faecalis and C. albicans in this root canal biofilm model. Thus, it has a great advantage over

antibiotics medication which are effective against only bacteria, but not fungi. Nevertheless, this

biofilm model was of single species, unlike in vivo conditions where multiple species coexist in a

community. Therefore, further studies on multi-species biofilm and clinical trials should be performed

in order to develop chitosan paste for future clinical applications.

Conclusion

In this root canal biofilm model, chitosan paste could significantly reduce viability of E. faecalis and

C. albicans when used as intracanal medication for 7 days.
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