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Abstract

Objective: The purpose of this study was to assessrthéro effect of ascorbi
acid on the antibacterial substantivity of Tetraolen bovine root dentin pre-
treated with sodium hypochlorite (NaOCI).
Materials and Methods: Eighty dentin tubes prepared from bowiincisor teel
were infected withEnterococcus faecalis for 14 days. The specimens were di-
vided into five groups as follows: Tetraclean; 3@2BlaOCl/Tetraclean; 5.2
NaOCl/ascorbic acid/Tetraclean; infected dentiretufpositive control); and ste-
rile dentin tubes (negative control). At experimentalenof 0, 7, 14, 21 and
days, dentin chips were removed from the canalsdayential sterile lowpee:
round burs with increasing diameters of 025, 02B, @31 and 033 ISO sizes, re-
spectively. After culturing, the number of coloforming units (CFU) we
counted.
Results: In all experimental groups, the number of CFU wasimum in the firs
cultures and the results obtained were signifigatifferent at any time period (p
< 0.05). The Tetracleana@up showed the most effective antibacterial actibal
five experimental periods (g 0.05). NaOCl/Tetraclean group showed the
@c . .| antibacterial activity at all time periods. The Q&l/ascorbic acid/Tetracle
orresponding author: . . ) .
7. Mohammadi, Depart} 9"OUP showed similar antibacterial suivity to the Tetraclean group at
ment of Endodontics, Hgtime periods (p> 0.05).
madan University of Medi] Conclusion: Ascorbic acid prevents the decrease of residu@austerial activit
cal Sciences, Hamedan, Irarof Tetraclean in dentin samples pretreated with GlaO
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INTRODUCTION root canal system and prevention of re-

The success of root canal treatment depenitdection [1]. Due to its complex anatomy,
on the eradication of microorganisms from theith multiple fins,isthmuses, ramifications and
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Figl. Schematic view of used dentin tuk
(adopted from Mohammadi and Shahriari (

accessory canals, it is virtually impossible
mechanical instrumentation to shape and ¢
the entire root canal system [2]. According 1
study conductedy Bystrém and Sundqvis
the number of intracanal microorganisne-
duced 100t000 fold following hand insu-
mentation with stainless steel files and us
sterile saline as a root canal irrigant. Howe'
bacteria were not eliminated complet [3].
Thus, using an appropriate irrigation solut
is essential to remove residual tissue and tc
microorganisms.

Sodium hypochlorite (NaOCI) is the mc
commonly used root canal irrigation solutit
The antimicrobial effectiveness of NaOCI
based on itsigh pH (hydroxyl ions action
The high pH of NaOCI disturbes the m-
pleteness of the cytoplasmic membrane
inhibiting enzymes irreversibly, biosynthe
changes in cellular metabolism and depriv
phospholipids observed in peroxidation i-
pids [4]. Furthermore, NaOCI possesses (-
lent tissue dissolving ability [4]
Tetracyclines have a widange antimicrobig
activity [5]. Furthermore, they have residi
antimicrobial activity.In other words, tea-
cydines are absorbed to dentin immediat
ard are deliver thereafter without missing tr
antibacterial effectivened$]. In the field of
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endodontics, tetracyclines have been use
irrigate rootend cavities [6], to remove tl
smear layer from the instrumented canals
and as an intra-canal sieament [8]. Curret-
ly, there are two antibiot-based root canal
irrigation solutions in the field of endodonti
[5]. MTAD is composed of doxycycline, citr
acid and Tween 80[9]. MTAD has been
shown to have a clinically effective antc-
terial activty [5]. In addition, its antibacteri:
substantivity has been proved in some stu
[10, 11]. The other antibiot-based irrigant,
Tetraclean, (Ogna Laboratori Farmaceu
Muggio, Italy), similar to MTAD, is a mixtur
of an antibiotic, an acid and twcetergents
(propylene glycol and cetrimide) [12]. Hov-
er, the concentration of the antibiotic, x-
yeycline (50 mg mLY) and the type of der-
gent (polypropylene glycol and cetrimidef-
fer from those of MTAD [12]. Recently, o-
hammadiet al. showed that e substantivity
of Tetraclean was significantly greater tf
MTAD and 5.25% NaOCI [13

MTAD as well as Tetraclean do not disso
organic tissues [14]. Therefore, NaOCI shc
be used to dissolve organic tissues. et al.
[15] showed that the antimicbial substantivi-
ty of MTAD was reduced when MTAD wz
applied to 1.3% NaOdkigated dentin. le-
cently, Mohammadiet al [16] showed that
substantivity of Tetraclean was reduced
NaOClirrigated dentin. A study demonstrat
that pretreatment of NaO-irrigated dentin
with ascorbic acid prevented the decreas
MTAD substantivity [17]. Considering tF
closed similarity between the composition
MTAD and Tetraclean, the aim of this stu
was to assess the effect of pretreatmen
NaOCl-irrigated dentin wih ascorbic acid o
the substantivity of Tetracle:

MATERIALSAND METHODS

The method of the present study was modi
from that described by Haapasalo and @rs

[18]. Intact bovine central incisor teeth we
used. In order to clean ardisinfect the sur-
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face, the teeth were kept in 0.5% NaOCI sold-he specimens were kept in an incubator at
tion (Merck, Germany) for up to 7 days. Th&7°C for 24 h to monitor the efficacy of the
clinical crown and apical third were removedterilization. A total of 80 specimens were
from each tooth using a rotary diamond saw aandomly divided into five groups as follows:
1000 rpm (Isomet Plus precision saw, BuehleGroup 1 (20 specimens): Tetraclean (Ogna
IL, USA) under water-cooling. Laboratori Farmaceutici, Muggio, Italy) irriga-
The cementum was removed using polish p#en

per (Ecomet 3, variable-speed grinderGroup 2 (20 specimens): 5.25% NaOCI| and
polisher, Buehler, IL, USA), which resulted inTetraclean irrigation

a center-holed piece of root dentin with a 6<Group 3 (20 specimens): 5.25% NaOCI, as-
mm outer diameter (Fig 1). corbic acid and Tetraclean irrigation

Using a diamond saw, the remained piece &urthermore, 10 sterile and 10 infected dentin
each tooth was cut into 4-mm-thick slices.  tubes were used as negative and positive con
Using an ISO 023 slow speed round bur, theol groups, respectively.In order to contami-
canals of the 4-mm blocks were enlargedate the dentin tubes, isolated 24-h colonies of
(standardized). pure cultures ofE. faecalis (ATCC 29212)
During the procedures, all teeth and dentisuspended in 5 ml of BHI were used. The bot-
slices were preserved in vials containing tajes containing each specimen in groups 1, 2, 3
water to prevent dehydration. In order to reand 4 were opened under laminar flow. Two
move the smear layer, each dentin block wansilliliters of sterile BHI was removed with
placed inside 3 ml of 17% EDTA with a pH ofsterile pipettes and replaced with 2 ml of bac-
7.2 placed in an ultrasonic bath for 10 min anigrial inoculum. The bottles were closed and
irrigated under tap water for 1 hour. kept at 37°C for 14 days. To prevent medium
Thereafter, the mentioned process was cosaturation, 1 ml of freshly prepared BHI was
ducted with 5.25% NaOCI (Merck, Darmstadtreplaced by 1 ml of contaminated BHI every 2
Germany) instead of EDTA. days. Each specimen was removed from its
The specimens were then placed in BHI brothottle under aseptic conditions after 14 days
(Oxoid, Basingstoke, UK) and autoclaved aand the canal was irrigated with 5 ml of sterile
121 C with 1 atm pressure for 15 minutes.  saline and dried with sterile paper points.

Table 1. Mean of the CFU and the standard deviations oaé&cdlis in the experimental arot

Day 0 Day 7 Day 14 Day 21 Day 28
Tet 0.00£0.00 0.00£0.00 0.37+0.65 6.68+2.59 15.35+3.21
SH/Tet 0.20£0.49 4.52+2.24 7.74+2.84 17.28+3.64 34.49+4.54
SH/AA/Tet 0.00£0.00 0.10£ 0.00 0.40£0.72 6.79+3.14 16.24+5.64

Tet =Tetraclean; SH=sodium hypochlorite; AA=ascorxid
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The outer surface of the specimens was cominimum in the first cultures (day 0) in all ex-
ered with two layers of nail varnish to prevenperimental groups and there were statistically
contact of the medicament with the externalignificant differences between the obtained
surface. Afterwards, specimens were fixed aesults at any time period (p = 0.03). The Te-
the bottom of wells of 24-well cell culturetraclean group showed the most effective anti-
plates using decontaminated sticky wax, whichacterial action at all five experimental periods
also obliterated the apical surface of the rogp < 0.001). The NaOCl/Tetraclean group
canal. Finally, the irrigating solutions wereshowed the least antibacterial activity at all
inserted into the canal lumen with sterile 3-ntime  periods. The NaOCl/ascorbic ac-
plastic syringes and 27-gauge needles until tiddTetraclean group showed similar antibac-
dentin tubes were totally filled. terial substantivity to the Tetraclean group at
Solutions were removed using sterile papeal time periods (p= 0.002).
points ten minutes after placement into the lu-
men. In group 2 samples, dentin tubes wei@ SCUSSION
firstly filled with 5.25% NaOCI for 10 mi- Enterococcus faecalis was chosen for the fol-
nutes. The NaOCI solution was then removddwing reasons: (i) its prevalence in root-filled
with sterile paper points and dentin tubes weteeth with periradicular lesions using culturing
filled with Tetraclean for 10 minutes. and polymerase chain reaction (PCR) methods
However, in group 3 samples, dentin tubas 24-70% and 67-77%, respectively [19]. (ii)
were filled with 10% ascorbic acid solution forts capacity to endure prolonged periods of
10 minutes before using Tetraclean and aftstarvation until an adequate nutritional supply
removing 5.25% NaOCI solution. becomes available has been demonstrated [19].
The specimens were then incubated at 379@) It can induce infection separately (as
for 28 days to maintain humidity. At experi-mono-infection) [19]. The method of the
mental times of 0, 7, 14, 21 and 28 days, depresent study was a modification of that pro-
tin chips were removed from the canals witposed by Haapasalo and Orstavik [18]. Using
sequential sterile low-speed round burs witthe mentioned method, each consecutive bur
increasing diameters of 025, 027, 029, 031 astze removes only 0.1 mm of the dentin thick-
033 ISO sizes, respectively. Each bur removetess around the root canal. According to the
approximately 0.1 mm of dentin around thenicrocomputed tomography (CT) studies,
canal. The powder dentin samples obtainembmparatively huge areas of the root canal sur-
with each bur were immediately collected irfaces leave untouched by files [20]. Therefore,
separate test tubes containing 3 ml of freshlysing an irrigation solution is necessary to im-
prepared BHI. Thereafter, I00L from each prove the debridement of the canals. For im-
test tube was cultured on blood agar. Growingrovement of the efficacy of root canal irri-
colonies were counted and recorded as CFU.gants, the irrigants must be in contact with the
dentin walls and debris [21]. The closeness of
RESULT this approximation is related to the wettability
The results were presented as mean ;4.0®f the irrigant on dentin surface and wettability
CFU. The positive control group showed viaef irrigants has a strict correlation with their
ble bacteria at all experimental times, whickurface tension [21]. The surface tension is
indicated the efficiency of the method. Thelefined as “the force between molecules that
average number of CFU in each specimen pfoduces a tendency for the surface area of a
this group was 120. In contrast, the negativeuid to decrease” [22].
control group showed no viable bacteria at aBurface tension is the force between molecules
experimental times. The number of CFU wathat decreases the surface area of the irrigant.
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Endodontic irrigants should have very low sur5.25% NaOCI[29]. Torabinejad et al. [30]
face tension. This force reduces the penetrdemonstrated that when MTAD was used as
tion depth of the liquid into a capillary tubeinitial rinse followed by the use of various
[23]. Enhancing the wettability of an antimi-concentrations of NaOCI| as final rinse, a
crobial irrigant increase its protein solubilitychemical reaction happened between NaOCI
and improves its efficacy in the uninstruand the residual MTAD, which caused forma-
mented parts of the root canal [23]. Despite th@n of a brown solution in the root canal. They
strong antimicrobial activity of NaOCI againstproposed that such a phenomenon might be
E. faecalis, even in the form of biofilm [4], its caused by the dentinal absorption and release
high surface tension [24] does not allow it t@f doxycycline present in MTAD and the final
reach bacterial stocks in the depth of dentinahse of NaOCI [30].

tubules and canal irregularities. To overcom€&he reaction of NaOCI with either doxycycline
this problem, some antibiotic-based irrigatioor citric acid in MTAD is not an acid-base
solutions (i.e. MTAD and Tetraclean) with lowreaction. Rather, it is a redox reaction that in-
surface tension have been introduced. Newvolves the oxidation of doxycycline by NaOCI
generation of endodontic irrigants combine EL7]. Tay et al. [15] examined the effect of
powerful detergent effect with a strong antimiNaOCI-MTAD interaction on the antimicrobi-
crobial efficacy. al substantivity of MTAD in dentin. Findings
Therefore, it is recommended to use NaOGemonstrated that the use of 1.3% NaOCI as
with MTAD or Tetraclean. In fact, in the an initial rinse resulted in a 30% reduction in
present study, the effect of ascorbic acid (vihe substantivity of MTAD. This study [15]
tamin C) was assessed on the reversing thkso showed that treating the NaOCI-irrigated
oxidative potential of NaOCIl as a reducinglentin with ascorbic acid prevented the inte-
agent. Findings demonstrated that treatment i@ction between NaOCI| and MTAD. In anoth-
NaOCI-irrigated dentin with 10% ascorbic acer study, Mohammadi et al. [16] found that
id for 10 minutes prevents reduction of theubstantivity of Tetraclean in NaOCI-treated
substantivity of Tetraclean by prohibiting oxi-dentin reduced significantly. The reduction of
dation of doxycycline by NaOCI. Reducing thehe substantivity of Tetraclean and MTAD can
activity of ascorbic acid has been demonstrdbe attributed to the partial loss in the substan-
ed previously [25, 26]. tivity from the doxycycline component.
Ascorbic acid also prevents photodegradation

of tetracycline isomers (doxycycline and mi-CONCLUSIONS

nocycline) [27, 28]. Using a human dentinVithin the limitations of the present study, in
tube model, Mohammadi and Shahriari [10NaOCI-irrigated dentin, ascorbic acid pre-
demonstrated thatsidual antibacterial activi- vented the decrease in the substantivity of Te-
ty of MTAD was significantly greater thantraclean.

CHX. In another study using bovine dentin
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