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Antimicrobial Substantivity of Cavity Disinfectants
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Abstract

Objective: Tream af s shudy was to sxarine Ihe arlimicrobial subslantivily of giferent deginfactants comparz; vely

Methads; In s stucy, 2% ohiothaxdine glizanate. 3% banealwarium chigrde, Tubdlicid Red, Corsepsis ard 5.25% sodium
Pypochiorite (MaODl wire tested a8 cavily disinfectants. Ona hungres ant thirty “ve enamal-gentin aiscs were used with agar
gifusior mothed o test anbmicrobal substantvity of disinfeclams agains: Streplocerous mutans: Laciobagsilus acigogmius-and
Cangida altveans. Slatisica analyss was carmead oot using Sib tactonal ANONA ang an analysis of varance wiin Duncan s st of
POz B COMmpan sans

Resulls: Two parcent of chiorhesidine gluconats was effective agansl all bacteria tar 96 hours, Sonsepsis was inhibilory agsing!
5. imgtans gl the 86-toUr time parod, wheeas 03 achivity ar the othar bactena continued for 72 nours, Artircrabial activity of 2%
gEna kanium chicrids continded against all bacienia tar 72 hours. Al she same period, Tubulidid Red shawed actvily against only
5. mutans, NaOC| was effective aganst all baziena only for 24 haurs.

Conclusion: Chiorhesgine-nased solutions shgweo the most effective ard langer lasting antimicroSial activity ints sludy
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Ozet

Amag: Bu gatsmanin amao, farkll kawle dezenfeklaniannin antimrobiyal efmikladinm surekhlign Kargilagtirmal olarak ince-
[ pplal Al

Yorttern: Su gaksmada kavite dezenfektan alarak, klorheksigin givkonat ve benzalkonyom kloririn 2% cdzeition. Consepsis.
Tubulicio Aed ve % 5.25%k sodvum Wipokient (INROCT test edigh Yilz otuz bes ming-dentint diski agar afidzyen ydntem de birikie:
dezenifekianiann Sireplecocous mulans, Lactobachilus acidoghils ve Candida albicans'a kars) antibaidenyel eifinlik steelenmi tost
pailmasgi igin kullanidd, Venlenn istatistiksel analizi ANDVA, 4x5 faktdrpel ANOVA ve Duncan testien kullaniaras yapild:,

Bulguiar: Yiizae dali korheksidin glukonat soliisyony 95 saal siresince wim baklenleos kars etilipol Upnacpsis. 55-=aat zaman
panyodynds sadecs 50 mulansa kars elkiniik ghsteriken, diger baktenler Uzerindekl etkist 72 saat boyunca devam el Yuzde
ik Denzatwonyom kordrurin aniibakienivel akfivites) tom baktenlere Saig) T2 saal devam it Ay-zaman diliminde, Tebiicd
Red sadece 5. mulans a kargr elbi gosterd), NaOClise Kim baklenlare karse sadece 24 saal efkili olablgh.

Sonug: Bu cansmada, klecreksin igenkl selisyantar en offin ve uzon sdrel anhbakienye! akivile gostardier.

Anahitar szelRler: Klorheksidin glukcnzl, benzalkenyum slordr, Kawie dezenfekiam
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Introduction

Bental caries is a pathological process of Jocalized

destruction OF tooth Hssues Iy Lhe activity ot
micronrganisms on fermentabie carhohydrales i
dental  plaguies Kestoralive  procedures such  as
cavily proparation are used Lo remove the infocled
derdin and to make space for restorative materials.
Success crilerly of these procedures are mainly doe
to the ellective removal of inlecled dentin prior to
placing @ resterativee matenal, 1t is known that pulp
that  oocurs after  the  placement  of
restoration depends on the bacterial activity in the

[rre pared

infection

cavily  rather  than  loxic  effects ol
restorative malerals, Thus, elimination ol hacteria
in a prepared cavity Is one of the most imporant
procedares doring restorative trealments, However,
thi: procedures vsed in the eatment of cares do
not abways eliminate all of the microorganisms in
isspes ! A have

tdemonsirated that the bacleriz [eft in the dentin of

resicl il number  of  studies
e cavily coukl maintain their aclivily Tor a long

Hime® Bacloda invading  the  tooth/restoration
nterface are known to be the main cause of pulpal
infhwnmation, pulp sensitivily and secondary caries,”
The persisting bacterial presence and leakage along
the interface between the filling and cavity walls
may e invalyved iy deyelopment of recurrent caries
and  subsequent ol inflammation, Theretors,
usade ol an anlibacterial  solution cafter cavily
preparation has been recommendeg o disinfect

clentin®

Lhat a number of
solulions can e used as cavity disinfectants ¥ The
currenl generation of disinfectants contains 2%
chlothexidine  gluconate as the  primary
inaredicnt in addition to benalkoniom chlodde.”
While the majority of the invesligations have
focused on the immediate antimicrobial action of
thie disinfectants, anlimicrabial substantivity is also
one of  the  desired

Frevious studics have shown

active

propeerties of @ cavity
clisinfectant. %Y The abilily of drugs to adsorb onto
and bind to sofl and bard lissues [§ known as
stebistantivity, '™ The slow release of the drg friom
the tissucs antimicrobial
effect.'! If the disintectant mainlains its activity for

a long time period, il may provide more effective

frovides @ prolonged

antimicrolial. protection. Furthermore,  prolonged
antimicrobial activity s particularly impotan! when
the bacterial leakaoe ocowrs from e tooth sorfe
via marginal gap formation belween a tooth and

restorative material,

The purpose of this study was Lo examing the
antimicrobial substantivity ol different disinfoctant
sclutions comparatively,

Materials and Methods

[Msiniectant
thesir

solutions tested in Lhis study el
active tngredients are shown i Table L.
Antimicrobial activity of each disinfectant  was
evaluated afgainst the following baclerda provided
from the stocks of the Depatment of Basic and
Inctustrizl Schoeal ol
Sfreplecoccus matans COUG
Lactobacillus acidophilus LA-CH-S DVS, Candicda
alhicans AFCC 10259,

Microbiclogy, Sciency, Eoge

University: f3149,

All bacteria were culluree] overnighl at 37°C in
veast-glucose  Lbroth  (concentration  of  glucose
exlract 2% yeast extracl 290 (DHca, Detrabl, M1,
LEAL Ther, the broth culture was diluted ten fold,
and agrown as above tooa density of 0% colony
forming wnils- (clu)ml which was conlinmed iy
viable cell count and by oplical density using a
230 mm spectrophotometer (Cary S0-Bio UV-visible
spectrophotometer,. Mulgrave,.  Australian, Brain.
Heart Infusion Agar o Difco) was performed into agar
Plates. Five wells (2 mm in depth and 4 mm in
diametery were punched equidistantly in each agar
plate using A sterile steel punch. The Bacteda were
Swabbed aver the surfaces of the agar plates in twao
directions by the cotton-tipped applicator,

Table I, Ddsinfectant solutions kel in this sty

Froduct Active ingredients Manufacturer

Laboraloay made 2% Bovgathommm chlornde tam Sam, |slpnbul

Labaratimy rmade 2% Chilorbesidime aucemale Parangaaiin, Asihkadrg

s pais 200 Chloe e o ke Ulgearde sl Ullah . LS4

Eamicsdas 525N Sadiarn Wypachionile Lewer, ISttt

Tiabrulac i Red U Benzatkan e Silonde tilabal Dental

o COFTAL 1% Boulionn oaride

Phalascy, Swdadon




Antimicroblal effects of cavity disinfectants were

tested wusing enameldentin dises, One handred andd

thirty  five  enameldentin dises  obtained  frony
buman miastlary and mandibular premolar teeth
were used, The cnamel dentin discs were cul

perpendicular 1o long axis of the teeth above the
pulp chamber atter lhe occlusal surfaces werc
removed, seoas 10 expose the derdin using & sk
spoed diamond saw (isomet, Buchler L, Evanston
1L, USAD under copinus water Spriy, The ciscs were

22005 mm it beht and 4-0.5 nme mocdlameter

The outer sudace  of  the enamel. where the
diamaebters of The dises exceed 3005 mm, was
abraded  with a Moo @56LF.3 14010 diamond-

linishing bur (Romet Lemgo, Oermany) inoa high-
speed handpiece with water coolant until the proper
dimensions  was  obtained. In order oo remove
s laver, all sorfaces of the enamel-dentin discs
were etched with 33% phosphorc acid (3M Denta)
Mraducts, St Paul, MM USAY Tor 13 secands, rinsed
with watetr for |5 trieal with

seconds  and

compressed  air bor 100 seconds. They propare:)|
cramel-dentin
F21°¢ fer L5

disintleclant,

dises were autockave sterilized ial

mint belore applicalion ol the

The disinfectants were appiied for 60 seconds with
a sterile brush applicator thoreughly in order to
trzal all swifaces of lhe enamelkdentin discs. The
discs wore then air deied and placed on o slerile
bletter paper. Immediately after e inoculation of
e plates, the breated enamel-dentin discs were
placed in the prepared wells; All procedures were
carded cub upder aseptic condilions i a laminar
airflow cabinel. All plates were incubaled acrobically
ab 37°C Tor 24 howrs: Adter incubalion, the diameter
al the inhibition zone was measured in millimeters
in Lwo locations with a dial caliper, and the average
caloulated aller the substraction of dise diamelers
4 feome inhibition cone diamelers.

In order o determine the residual antimicrobial
activilty of the disinfectants, lhe treated c¢namel-
dentin discs were removed from the agar plates and
transferred o fresh inoculated plates, This process
wis repeated lowr mes at 24 hourintervals until
disinfectant  selutions  lest  their -antimicrebial
activitics, Statistical analysis was ¢airied out using

EU Dishet Fak Derg 200425 7575

ATOVA Randomized
Dresian and an analysis ol vardsnoe wilh Duncan's

4x5 factarial cCompletely

teest  af u'.ulh'pl[-‘ comparisonk. The  lewved of

sigmlicancewas sel as pahis.

Resulls

While disinlectants used in s study demoenstraled
antimicrobial activity against all three bacteria, there
wep statistically sionilicant differences among tham
[p=0005) The diamseters of Lhie inhibilon rones
prodoced byocach disinfectonl ot diflerenl Lo
periods are showe in Table 2,

When  the  anbimicrabial cavity
disinfectants  against Sfreplocooons mans  was
cvaluated  throughout  all

henzalkonium

activity of  he

time  periods; 249
Consepsis  and 2y
chlorhesidine gluconate showed the most effective
mhibitary activity, tollowed by Tubulcid Red, MaOCl
had less inhibitory effect o Streptococcis miitans
Wiraph 1.

chloricke,

braall imee petrioels, 29% chlorhesicdine glucoale bael
the highest inhibitory effect on both Laetolar s
and  Candida [prathrss,
Antimicrobial activities of 2% bewzalkonium chloride
and Consepsis were less effective than that ol 2%
chlorhexidine gluconate. but more elleclive Lhan
thase of Tubelicid Red and MaQC (Graphs 2 and 31,

acidophilus albicans

Inhibitory aclivily ol 2% chlorhexidine gluconate
was effective: against all bacterda for 96 hours,
Consepsis showed effective inhibitory activity only
against Streplococcus mutans at the BG-hour Hime
period, whereas ts  activity on Lactobacillus
acidophilus and Candida albicans continued o

T2 howars,

Two percent of benzalkonium chioride was eHective
anainst all three bacteria lor 72 hours. AL the 72-
hour time period, Tubulicid Red showed  activity
only againsl Streplococcus mutans and i§s activity
against uther bacteria conlinued for only 48 hours,
MadCl showed antimicrobial activity agamsl alk threc
hactetia only for 24 hours. None of the disinfectants
showed antibacterial activity against all three
Bavteria used in this study at 120-hour time period.
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Table 2o tameter of imkibition sones inomilinrelers preduced By Gach wisinfostat anainst all iheee Backesin IMEAan <501 =14

TIME DISINFECTANT S, amutans L. acidaphilus C.oalhicans
2% Benzalbodium chioeda SiAL TR (PO R T 15 3000, 17!
S norhesiine ghugonate 22.56:0530 (F10 = R Rl B RN L Rtih
e o s i 230551 5 65,5 4 R RREY
S R e [A0-rA! 45 40 =tk At | Zodid= 10,55
Tl Kesd 2590 =0.Gr" | R R B Ty Lo FasmnT!
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Graphy 1. Antibacterial activity of disinfeckants ogairsl Graph 2. Anliactenal activity of disinfectants against
Sfreptonoro s ulans, Lactvbhacitiug agidaphiius.
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Graph 3. Anlibocteria activily ol disistectants against
Cangigi alhicany

Discussion

The agar diffusion fesh s generally an accepted
method W test antimicrobial  activity  of  dental
mitteriabs: Flacement of the material te be tested in
well that was punched In the agar plate is a
commonly used technigue ' For this method, the
rones of growth inhibition provided by the materials
depend on Lhe loxicity of the material against lhe
Bacteria lested, Althowgh this method s simple,
lonw-priced and can be re-applied casily, substrate’s
[H, incubation pedod, and he capacity of diffusion
of disinfectant into the culture medium may affect
antimicrobial activities of tested materiats thal have
placed in agar plates '® Gultz el al.5 have previously
described the using of treated enamekdentin discs
with disinfectant solution In agar diffusion test to
determine the antibacterial activity of disinfedtant,
Iy the: present study, this method was used Lo
investigate the antimicrobial substantivity of Lhe
cavity disinfectants, The enameldentin discs were
[aced in new agar plates al 24-hour intervals until
they lost Eheir antimicrobial activity, In a previous
study, Hibeiro and Ericson'® have used lhe similar
method Lo assess the antimicrobial substantivity of
chlorhexsiding  glucorale-containing dlass. iongmer
cements.

In this study, Lhe residual antimicrobial activities of
disinfectans were examined against Strepiococcus
mutans, lLaclobacillus acidophilus and  Candida
albicans, The first two microorganisms are thought

to be invelved wilh recurrent Buman  caries, 't
Candida albicans s tound in 3540 %y ol adult oral
cavities and was selecled Lo evaluaie Lhe elfects of

Lthe antimicrobial agents on eukaryotic cells.

Chiorhexidine gluconate, particularly due to its
subislantive  antimicrobial  properties,  has  been
recoanized as an effective oral antimicrobial agent
foar uses in perodontal therapy and caries pravention
and as 4 therapeotic agenl for aral infections in
general.!'! Chlarhexidineg gluconate is a  broad-
speclium antibacleyial agent and ils use has heon
generalized over the two decade for the
chemical contral ol bacterial plaque and prevention
of the dental caries. Positively charged molecules of

chlorhexidine gluconate can adsorb onto  the

[rast

dentin'™ and prevent microbial colonization on the
dentin surface for some me 7 Although its initial
activity was decreased in lime, 2% chloricxidine
wsed  in this  study
effective inhibitory activity against all three bacteria
for 96 hours. White et al® have reported that

glucenate  selution showed

residual antimicrobial activily remained throughout
the: 72-howr testing period when root canals were
irdigated with 2% chlorhesidine gluconate during
the preparation.  However,
activily continued only for 6 to 24 hours after
0.12% chlorhexidine  gluconate,
Komorowski et al.? used bovine dentin rool model
for testing the antimicrobial
demonstrated thal treatment of dentin willy 00.2%
chlorhexidine gluconate for 7 days did induce
antimicrobial substantivity over a period of 21 days,
whereas S-min treatment failed, The resulls of these
two studies have indicated thal substantivity is
influenced by the concentration of the disinfectant
and the contact periogd of Lhe disinfectant with
dental stroctures. In our study, Lhe contact period

mechanical resicieal

irrigation  with

substantivity anl

of the cavity disinfectants with enamel-dentin discs
was BOoseconds, 1T the treatment fme was longer
than 60 seconds, antimicrebial substantivity would
have probably been longer.

Consepsis demonstrated less effective and shorter
lasting. antimicrobial
Streplococcus

activity (excepl  against
mutans)  than 2% chlorhexidine
glucenate solution. The reason for the dilference

between the results of bwo disinfectants may
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depend on its. higher viscosity, because viscous
solutions can nob diltuse Inte denstin disc casily.
Sisly-second applicationdime might nol be enoagh
L the complete absorption of Consepsis by dentin
slises, Substantive anlimicrobial activily impared by
chlorhexidine gluconale is known to depend on Lhe
amount o chlorhexidine

glucanale  molecules

available Lo anteracl with dentin,

When Brannstrom and Mvlsorg® had firsl proposed
the concept of disinfecting teeth, the recommended
agent bengalkonium
disintectant, Tulaublcil.

wis il chiloride-asad
fenzalkoniim chioride is q
quaternany ammoninm compound and bactericidal
acgenst and  some

grant-posilive gran-negative

Bacioria, with ltlle or no effect against luberele

i

Bracitli and spore-torming microbes '™ Brannstrom
and Myborg®™ had repoded thal oo bacteria were
delected on the cavity walls and no pulpal reactions
were abserved when the cavities had been treated
willy Tubsuelicid before placement of a restoration. In
a orecent study, Gultz ed all’ demonstrated that
chlorhexicine  gluconate-based cavity disinfectan!
had 1he most effective antibaclerdal activily and was
follonwed I3 Bisnzalkonium chioride. based
disinizctant, Rl and Lo” have
suguested thal Bendallomiem chicride also has the
residual

Tulbsuliciel Chan

antimicrobial chlorhexidine

activity as
present study,

thioride-containing disinlectants had  lang lasting

glucoarate, e e bonzaikonium

antimicrobial activitics. Antimicrobial activity of 2%
bemraikonling chloride was effective [or 72 hours
dgainst all theee microomanisms, while: Tubulicid
aclivity  continued  or 72
Sfreptococcls and 48 against
Lactobaciflus cacidophilus and  Candida allsicans.
Bed containg O02%  elhylenediamine-
telraacetic acid for e removal of the smear layer,
and a high concentration 1% of scdiam Mueoride in

Rixtls [ars  against

mutans hotrs

Fiilanifleil
addition 1o Q. benzalkonium chloride,?! Lower

benzaikontum chloride content of Tubulicid Hed
may be responsible for s Jower and shorder lasting

antimicrobial — activity  in comparison  to 2%
henzalkonium chloride.
The antibaclenal effecliveness of MaOdl s owell

docimented.#? The germicidal abilily of NaQg)
stems from the formation of hypochlorous acid

whan in contact with organic debiris: Hypoo iloraws
aciel exerts fts effect by the oxidalion of sulfhydi
groups  of  bacterdal  enzyime systems thereby
disrupling the melabolism ol the microorganis, -
The pse of 5a0C] as a cavity disinfeclant has been
controversial becawse it removes the collagen layer
and prevenls hylridization,* Since its antimicroshial
effect has Been proven, 5.25% NadCl has been
adopled as a positive contral for studies an bacterial
arowth o anlibacterial achivily,® Provious studies
have shown that MaQCl may be effective  on inltial
exposure, but it s net a substanlive aolimicrobial
Agend® Also in our study, 5:23% MaOC) did not
show substantive antimicrobial activity in Hhe gl
forme W the solution Form o sodiuny by podbilorite
Had been used, its antimicrobial substantivily could
have been lonoer,

Conclusion

According to the fndings and within e Dmitations
of Lhis slady, il can be concheded that among the
tested disinfectants, chiorbexicinge based solulions
appoaretd o have e most eflective and  |osger
lasting ackivity,
chiornde-based  solutions also showed substantive
activity, bul antimicrohial
[fmited than chlorhexidine
gluconate bascd disinfectants. It should be noted
that this study was pesformed
conditions and direct exlrapolation ol a clinical
situation must be done with caution,

antimiderobial Benzalkonium

anthmicrolyial Lhieir

aclivities were muore

under Mmoo vl
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