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Purpose: Connective tissue reattachment to periodontally damaged root surfaces is one of the most important goals of peri-
odontal therapy. The aim of this study was to develop a root conditioning agent that can demineralize and detoxify the infect-
ed root surface.

Methods: Dentin slices obtained from human teeth were treated with a novel root planing agent for 2 minutes and then
washed with phosphate-buffered saline. Smear layer removal and type I collagen exposure were observed by scanning elec-
tron microscopy (SEM) and type I collagen immunostaining, respectively. Cell attachment and lipopolysaccharides (LPS) re-
moval demonstrated the efficiency of the root conditioning agent.

Results: SEM revealed that the smear layer was entirely removed and the dentinal tubules were opened by the experimental
gel. Type I collagen was exposed on the surfaces of the dentin slices treated by the experimental gel, which were compared
with dentin treated with other root planing agents. Dentin slices treated with the experimental gel showed the highest num-
ber of attached fibroblasts and flattened cell morphology. The agar diffusion assay demonstrated that the experimental gel
also has effective antimicrobial activity. Escherichia coli LPS were effectively removed from well plates by the experimental gel.
Conclusions: These results demonstrated that this experimental gel is a useful tool for root conditioning of infected root sur-
faces and can also be applied for detoxification of ailing implant surface threads.

Keywords: Cell attachment, Collagen, Demineralization, Lipopolysaccharide, Smear layer.

INTRODUCTION

Periodontitis is a chronic disease caused by periodontal
pathogens and results in the destruction of periodontium [1].
To regenerate periodontal tissue, new connective tissue at-
tachments to the root surfaces must first be achieved [2-5].
This process is controlled by fibroblast migration and attach-
ment to root surface collagen fibrils. Root surfaces affected
by periodontal diseases can undergo structural and chemical
changes due to the effects of cytotoxic and other biologically

active substances from periodontal pathogens [6-8]. This bac-
terial contamination prevents the reattachment of gingival
and periodontal cells and cannot be reversed by the use of
conventional scaling and root planing procedures alone, as
they are not able to fully eliminate the infection due to the
production of a compact smear layer [7,9-11]. Because the pres-
ence of a smear layer is unsuitable for reattachment of peri-
odontal connective tissue, the purpose of surface demineral-
ization is to recreate a biologically active substrate for peri-
odontal cellular reattachment [3-5]. Therefore, chemical con-
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ditioning agents are often used to help remove root surface
impurities including minerals and cytotoxic materials derived
from bacterial products [12,13]. The demineralized root sur-
face may also serve as a reservoir and retention site for bio-
logically active extracellular matrix proteins and growth fac-
tors that could positively affect the wound healing environ-
ment [14,15]. In addition, exposed matrix proteins might initi-
ate deposition of calcium and related new minerals, which is
essential for cementum and bone formation [16]. Despite dif-
ferences in clinical applications, ethylenediaminetetraacetic
acid (EDTA), tetracycline, and citric acid have all been used as
conditioning agents [5-7]. Ideally, the demineralization step
should have a balanced aggressiveness to remove all instru-
mentation debris and to dissolve the smear layer and the
mineral phase, properly exposing dentin matrix proteins but
not altering the structural and biochemical properties of the
exposed proteins [5]. In endodontology, EDTA is used to open
calcified canals, to eliminate smear layer with possible infec-
tion [17] and to reduce possible microleakage [18]. EDTA is a
unique molecule that has six potential binding sites for metal
ions. EDTA forms stable complexes with Ca ions, demineral-
izes the root canal surface, and therefore, in some cases, sim-
plifies root canal preparation. Smear layer removal is achieved
with different preparations of EDTA such as liquid, paste [19],
or gel application forms [20]. The aim of this study was to de-
velop a root conditioning agent that can demineralize and
detoxify root surfaces. The base component of the root con-
ditioning agent is the adhesive polymer sodium carboxy-
methyl cellulose (CMC). The proper concentration of CMC
gives the adhesive a gel-like quality, thus making it easy to
apply to the root surface. EDTA and Triton X-100 were in-
cluded in the experimental root conditioning gel. Scanning
electron microscopy (SEM) observation was performed to
verify the removal of the smear layer as well as followed cell
attachment on the clear dentin slices after treatment with
the experimental agent. Type I collagen immunostaining on
dentin slices after treatment with the experimental agent was
observed by confocal microscopy. The antimicrobial effect
and remaining lipopolysaccharides (LPS) levels after treat-
ment were demonstrated by agar diffusion and LPS detection
assays.

MATERIALS AND METHODS

Materials

Sodium CMC was purchased from Woonpoong Co. (Seoul,
Korea). EDTA-2Na, Triton-X100, chlorhexidine digluconate,
and citric acid were purchased from Sigma (St. Louis, MO,
USA). Cell culture media were from Gibco (Invitrogen, Grand
Island, NY, USA). Tryptic soy agar was purchased from Difco
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Laboratories (Detroit, MI, USA) containing 15.0 g pancreatic
digest of casein, 5.0 g enzymatic digest of soybean meal, 5.0
g sodium chloride, and 15.0 g agar. Tryptic soy broth was also
purchased from Difco Laboratories (Detroit, MI, USA) con-
taining 17.0 g pancreatic digest of casein, 3.0 g enzymatic di-
gest of soybean meal, 2.5 g dextrose, 5.0 g sodium chloride,
and 2.5 g dipotassium phosphate. Bacterial strains used for
the antimicrobial activity assays included Staphylococcus au-
reus (IFO 2340), Bacillus cereus (IFO 13597), Escherichia coli (IFO
3628), Prevotella intermedia (ATCC256211), Actinomyces israelii
(ATCC12103), and Fusobacterium nucleatum (ATCC 25586)
strains. The strains were stored at -80°C.

Preparation of root planing gel

The experimental planing gel was prepared with EDTA and
Triton X-100 provided by NIBEC (Seoul, Korea). To compare
the demineralization effects and antimicrobial effects, 24%
EDTA, 1% Triton X-100, 0.5% chlorhexidine, and 10% citric
acid were combined in a 3% CMC solution, and the pH was
then adjusted to 7.

Preparation of human dentin slices

Human teeth were extracted as a part of routine treatment
at the Department of Periodontology, Seoul National Uni-
versity. Patient consent was obtained according to the guide-
lines of the School of Dentistry for the use of human samples
in research. Teeth were immediately extracted, crowns were
removed, and the roots were vertically cut and divided into
three specimens (approximately 4x4x1 mm in size) using a
low speed diamond saw under water irrigation. The dentin
slices were planed and stored in phosphate-buffered saline
(PBS), pH 7.4 at 4°C until use. The dentin slices were immersed
for 2 minutes in each root planing agent followed by at least
three washes in distilled water. The controls were not treated
with a root planing agent.

Scanning electron microscopy

Immediately after rinsing, the tissue blocks were fixed in
2% glutaraldehyde in PBS for 15 minutes. After three 5-min-
ute PBS washes, the blocks were subjected to further fixation
with 1% OsO, in 0.1 M PBS buffer for 30 minutes at room
temperature and then rinsed in 0.1 M PBS buffer for 10 min-
utes and twice with distilled water for 10 minutes. Samples
were then dehydrated in a sequence of 70%, 80%, and 90%
ethanol solutions for 10 minutes, followed by washing with
95% and 100% ethanol for 10 minutes in a two times. The
samples were then freeze-dried and mounted onto alumi-
num plates. The dried samples were coated with gold and
observed by field emission scanning electron microscopy
(FE-SEM, S-4700, JEOL, Tokyo, Japan) at a voltage of 15 kV.
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Cell culture

NIH3T3 cells were plated in T75 flasks for continuous pas-
saging in o-MEM medium supplemented with 10% fetal
bovine serum (Gibco, Invitrogen, Grand Island, NY, USA) and
1% antibiotic-antimycotic solution (Gibco, Invitrogen, Grand
Island, NY, USA). The medium was changed twice weekly,
and cells were trypsinized and passaged into fresh culture
flasks at a ratio of 1:4 upon reaching confluence. Cultures were
incubated at 37°C in a humidified incubator with 5% CO..

Cell attachment test

Because the square dentin slices did not fit into the round-
ed culture wells, the appropriate number of cells per well was
suspended in 50 pL of a-MEM medium, and the suspension
was placed directly on the surface of the dentin block. After a
1-hour incubation period, 250 pL of culture medium was add-
ed to the suspension, and it was further incubated for 24 hours.
The dentin slices were then fixed in 2% glutaraldehyde in
PBS for 15 minutes following the method described in the
scanning electron microscopy section. The dried samples
were coated with gold and observed by FE-SEM at a voltage
of 15 kV.

Immunohistochemistry

Immunolabeling of the root dentin specimens was per-
formed using mouse monoclonal immunoglobulin G (IgG)
anti-type I collagen (Sigma Chemical Co., St. Louis, MO, USA)
to identify the presence and distribution patterns of collagen
according to the method described by Breschi et al. [21] with
some modifications. Briefly, specimens were rinsed in PBS at
pH 7.4 and incubated in blocking buffer (1% bovine serum
albumin [BSA] in PBS) for 1 hour at room temperature. Pri-
mary antibody incubations were performed overnight in 1%
BSA/PBS (1:500) at 4°C, and the specimens were then washed
three times for 10 minutes with PBS. Samples were incubat-
ed with fluorescein isothiocyanate (FITC) conjugated goat
anti-mouse IgG (1:1,000 in 1% BSA/PBS) as a secondary anti-
body, for 1 hour at room temperature and then washed with
PBS three times for 10 minutes. Observation of collagen struc-
tures was accomplished using an Olympus FV-300 laser scan-
ning microscope operated with FluoView software (Olympus,

Tokyo, Japan).

Agar disk diffusion assay for antimicrobial activity

S. aureus, B. cereus, and E. coli cultures were placed in 5 mL
of tryptic soy broth, which was then incubated with constant
agitation at 37°C for 24 hours. At this stage, the cultures of S.
aureus, B. cereus, and E. coli each contained approximately 10°
colony-forming units (CFU) per mL. Bacterial concentrations
were determined spectrophotometrically (OD at 520 nm) by
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species-specific curves. All strains were diluted in PBS and
plated in concentrations of 10° and 107 bacteria/mL on tryptic
soy agar plates and were incubated at 37°C for 24 hours. The
number of bacterial cells in each culture was calculated by
multiplying the number of colonies by the dilution factors. P.
intermedia, A. israelii, and F. nucleatum were plated to concen-
trations of 10° and 107 bacteria/mL on Columbia agar plates
containing Vitamin K (0.1%) and hemin (0.25%).

Twenty microliters of root planing agents and PBS were
applied to the filter paper disks, which were allowed to dry at
37°C and then placed on the bacteria-inoculated agar plates.
After application of these substances, the plates were incu-
bated under aerobic and strictly anaerobic conditions at 37°C.
The inhibition diameters (ID) were measured after 5 days of
incubation by two calibrated blinded examiners. The experi-
ments were repeated at least four times.

Lipopolysaccharide removal test

Bacterial endotoxin concentration was detected using the
HEK-Blue LPS detection kit (InvivoGen, San Diego, CA, USA).
An LPS standard (E. coli K12 LPS) was coated on 24-well plates
at a concentration of 100 ng/mlL, allowed to incubate over-
night at 4°C and then washed three times with PBS. Root
conditioning agents (200 pL) were applied to each well for 2
minutes and then washed three times with PBS. HEK-Blue
cells were resuspended in detection media to a concentra-
tion of 4x10* cells/well and then seeded onto 24-well plates
and incubated overnight at 37°C. The absorbance was mea-
sured at 620 nm using a microplate reader (BioTek, Winooski,
VT, USA). The absorbance values of wells coated with endo-
toxin-free water and washed with PBS served as blanks. The
relative absorbance ratio was determined by the following
equation:

Relative absorbance ratio=absorbance of LPS coated and
sample-treated well/absorbance of endotoxin-free water-
coated well

Statistical methods

All measurements were conducted in triplicate and ex-
pressed as mean+tstandard deviation. A Student’s t-test was
performed to compare the statistical significance of the agar
diffusion assay and the LPS removal test. P-values of <0.05
were considered statistically significant.

RESULTS

Removal of dentin smear layer

Fig. 1 shows the surface of a dentin slice treated with of the
each root conditioning agents. No specimens subjected to
the surface cleaning treatment showed residual calculus or
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Figure 1. Surface morphology of human dentin slices after treat-
ment by tested root conditioning agents as analyzed by scanning
electron microscopy. Each root planing agent was applied to dentin
slices for 2 minutes and washed with phosphate-buffered saline. (A)
Experimental gel, (B) ethylenediaminetetraacetic acid, (C) citric acid,
(D) chlorhexidine, (E) Triton X-100, and (F) no treatment. Magnifica-
tion x500.

amorphous debris on the surface. These samples also revealed
a thick, mineralized dentin smear layer. Nowhere in the spec-
imens were the dentin surfaces or any patent dentinal tubules
visible. Citric acid-, chlorhexidine-, and triton X-100-treated
dentin slices were covered with homogenous smear layers
and no observable open dentinal tubules. Remnants of de-
bris were seen in most of the dentinal tubules. The surfaces
of samples treated with 24% EDTA for 2 minutes showed re-
moval of the smear layer. However, partially patent dentinal
tubules were visible on the dentin surfaces. Approximately
half of the tubules were plugged, but the total number of vis-
ible tubule openings was higher than in citric acid-, chlorhex-
idine-, or triton X-100-treated dentin slices. The dentin sur-
face was readily visible in all root planed "diseased" areas as
evidenced by lack of a smear layer and an abundance of pat-
ent dentinal tubules. The experimental gel-treated root sur-
faces showed complete smear layer removal and displayed
widened dentinal tubules, which appeared as funnel shapes
due to the removal of the peritubular dentin. The root canal
walls were free of debris, and the dentinal tubule entrances
were visible.

Figure 2. Histochemical study of the exposed type I collagen on
human dentin slices by confocal microscope. Each root planing
agent was applied to dentin slices for 2 minutes and then washed
with phosphate-buffered saline. (A) Experimental gel, (B) ethylene-
diaminetetraacetic acid, (C) citric acid, (D) chlorhexidine, (E) Triton
X-100, and (F) no treatment. Magnification x100.

Exposure of type I collagen

Fig. 2 shows exposed type I collagen on the surface of den-
tin slices treated with each root conditioning agent. Signifi-
cant differences between the specimens were identified for
both type I collagen fibrils. The experimental gel-treated
specimens revealed the highest FITC labeling for type I col-
lagen fibrils, confirming the exposure of the organic matrix.
Twenty-four percent EDTA-conditioned samples revealed
FITC labeling for collagen fibrils that appeared lower than
the observed labeling of the experimental gel-treated sam-
ples due to the remaining smear layer on the dentin slices.
Specimens that did not receive any treatment showed no ap-
parent FITC labeling in dentin slices, thus confirming that
collagen fibrils were not visible. In the cases the of citric acid-,
chlorhexidine-, and Triton X-100-treated specimens, FITC la-
beling was almost undetectable, as collagen fibrils were still



Journal of Periodontal
& Implant Science

JPI

Figure 3. Histochemical study of the attached cell morphology of
human dentin slices by scanning electron microscopy. Each root
planing agent was applied to dentin slices for 2 minutes and
washed with phosphate-buffered saline. (A) Experimental gel, (B)
ethylenediaminetetraacetic acid, (C) citric acid, (D) chlorhexidine, (E)
Triton X-100, and (F) no treatment. Magnification x500.
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embedded in the mineralized components of the dentin
slices.

Cell attachment

Fig. 3 shows the morphology of attached cells on the sur-
face of dentin slices treated with each of the root condition-
ing agents. The cells exhibited distinctly different morpholo-
gies depending upon the surface treatment agent. When
cultured on experimental gel-treated dentin, NTH3T3 cells
formed a monolayer. The cells had cellular extensions and
seemed to be flat. Cells grown on 24% EDTA, citric acid,
chlorhexidine, or Triton X-100-treated dentin slices were
smaller and somewhat elongated, with a more cuboidal
shape than cultures grown on experimental gel-treated sur-
faces. On surfaces that received no treatment, individual cells
were small and round in appearance and no cellular exten-
sions were observed.

Agar disk diffusion assay and removal of LPS

Differing degrees of inhibition of bacteria growth were
found with the experimental gel, 24% EDTA, chlorhexidine,
and PBS (Fig. 4). The experimental gel-treated disks inhibited
more than 23 mm of bacterial growth for six strains. The stu-
dent’s t-test analysis showed a statistically significant differ-
ence between the ID of the experimental gel and that of PBS.
The ID measurements of 24% EDTA and chlorhexidine were
lower than that of the experimental gel. However, the inhibi-
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Figure 4. Comparative study of the antimicrobial activity of root planing agents. (A) Inhibition diameter of aerobic bacteria cultured agar
plate. (B) Inhibition diameter of anaerobic bacteria cultured agar plate. 1: experimental gel, 2: ethylenediaminetetraacetic acid, 3: citric acid,
4: chlorhexidine, 5: Triton X-100, 6: phosphate-buffered saline (PBS). The data represent the mean+SD from triplicate experiments (N=4).
*P<o0.05, compared to PBS-treated filter paper diameter.
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Figure 5. Normalized lipopolysaccharides (LPS) levels remaining
on the Escherichia coli LPS coated wells after treatment with root
planing agents. 1: experimental gel, 2: ethylenediaminetetraacetic
acid, 3: citric acid, 4: chlorhexidine, 5: Triton X-100, 6: no treatment.
The data represent the mean+SD from triplicate experiments
(N'=4). "P<0.05, compared to no treatment.

tion by Triton-X100 and citric acid failed to reach statistical
significance relative to PBS. The pattern of anaerobic bacte-
rial growth was similar to that of aerobic bacterial growth.
The normalized LPS level is shown in Fig. 5. LPS derived
from E. coli was coated on 24-well plates overnight, root plan-
ing agents were added, and the wells were washed with PBS.
An untreated well washed with PBS served as the control.
The HEK-Blue cells were seeded and incubated overnight.
According to the manufacturer, the HEK-Blue LPS Detection
kit is based on the ability of proprietary HEK-Blue cells engi-
neered to be extremely sensitive to LPS to recognize struc-
turally different LPS from gram-negative bacteria and lipid A,
their particular toxic moiety for TLR4 detection. The presence
of very low concentrations of LPS, starting as low as 0.3 ng/
ml, is detected by the HEK-Blue-4 cells, leading to the acti-
vation of NF-kB. By adding a specific detection medium,
NF-«B activation can be quantified spectrophotometrically.
The absorbance at 620 nm increased as the remaining LPS
concentration increased. The experimental gel-treated wells
showed the lowest LPS level when compared to wells treated
with other root planing agents. Cells treated with Triton X-
100-treated showed similar LPS level with experimental gel-
treated wells. Twenty-four percent EDTA and chlorhexidine
treated wells showed slight removal of the LPS compared
with untreated wells. Chlorhexidine had no effect on the re-
moval of LPS, even when used as an antimicrobial agent. In
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contrast, Triton X-100 had significant effects on the removal
of LPS.

DISCUSSION

The smear layer has been described as a layer composed of
very small particles of mineralized collagen matrix [22]. Stud-
ies have suggested that the presence of this smear layer in-
terposed between the root surface and the adjacent connec-
tive tissue may serve as a physical barrier to the development
of a connective tissue attachment to the root surface [s]. It has
been shown that EDTA treatment of root dentin by burnish-
ing action results in the removal of the smear layer [23]. In
the current study, surfaces that received only root planing
treatment presented an amorphous, irregular coating with
little evidence of patent dentinal tubules. This characteristic
appearance was probably due to the presence of a surface
smear layer. Treatment with citric acid, chlorhexidine, or tri-
ton-X100 was not effective for the removal of the smear lay-
er. In periodontal therapy, citric acid has been the most com-
monly used root planing agent [24], but a recent study has in-
dicated that EDTA may be an alternative choice [23]. In vivo
study by other group reported that conditioning with EDTA
solution with neutral pH did not evoke tissue necrosis, how-
ever, conditioning with acidic citric acid induced necrosis of
flap along with adjacent periodontium even in 20 seconds of
exposure [23). A recent in vitro study demonstrated that EDTA
applied for 3 minutes and citric acid applied for 20 seconds
by the rubbing technique could remove mineral build-up
from the dentin surfaces, exposing a matrix structurally re-
sembling collagen fibers of the unmineralized predentin [8].
Treatment of dentin specimens with 24% EDTA and the ex-
perimental gel resulted in partial and total disappearance of
the amorphous surface, respectively. The application of the
experimental gel was more effective than 24% EDTA in re-
moving the smear layer.

The dentin organic matrix is characterized by a complex
network of fibrillar and globular structures [21,25). Type I col-
lagen represents the main component of the dentin fibrillar
network and is held together by non-collagenous proteins
[21,26]. Standard cleaning procedures such as scaling and root
planing resulted in a thick smear layer mainly determined by
residual inorganic debris and microparticles of dentin/ce-
ment organic matrix [8,27]. Because this smear layer acts as a
physical barrier to reattachment [28], it negatively affects cell
growth and may enclose bacterial colonies and toxins [27].
Various chemical treatments have been suggested over the
years to remove the smear layer and disinfect the remaining
substrate [29]. It was demonstrated that the application of the
experimental gel was effective for exposing collagen fibrils
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by removing smear layer from the surface of the dentin and
thus improved cell attachment on the root surface. The de-
mineralized dentin surfaces are more biocompatible with
NIH3T3 cell attachment than untreated dentin surfaces. De-
mineralization of dentin surfaces might more effectively ex-
pose such collagen fibrils and allow them to undergo an en-
hanced periodontal regeneration process. The attachment
rate of fibroblasts was significantly higher when compared
to the control group, supporting the reported results that the
experimental gel appeared to promote early cell and tissue
colonization by providing a more biocompatible surface for
cell and tissue attachment.

The antimicrobial effect of the experimental gel resulted
from the chelation of cations from the outer membranes of
bacteria [30]. In a clinical study, Yoshida et al. [31] examined
the effectiveness of 15% EDTA solution used in combination
with ultrasound treatment. After 1 week, no bacteria could be
found in 93 root canals out of a total of 129 cases. EDTA proved
to have a greater antimicrobial effect than saline. Chlorhexi-
dine was the first antimicrobial agent shown to inhibit dental
plaque formation and the development of chronic gingivitis
[32]. The antibacterial mode of action is explained by the fact
that the positively charged bis-biguanide molecule is rapidly
attracted by the negatively charged bacterial tooth surfaces
and oral mucosal cell surfaces due to substantial increase of
antibacterial activity through controlled release of the agent
[33]. It was demonstrated that the experimental gel exerted
more antimicrobial activity than chlorhexidine, even if
chlorhexidine was used as a common oral antimicrobial agent.

The 0.1-0.5% Triton X-100 has been used as a permeabiliz-
ing agent in eukaryotic cells and preparations with concen-
trations higher than 1%. Triton X-100 has the ability to per-
meabilize the bacterial cell wall. Schnaitman reported that
the nonionic detergent Triton X-100 removed 50% of LPS
from E. coli with no alteration in morphology of the cell wall
[34]- Gram negative bacteria contain, in the outermost mem-
branes of their cell walls, an LPS complex generally referred
to as endotoxin that is capable of inducing many biological
effects (e.g., complement activation, cytotoxicity, and bone
resorption). A polysaccharide moiety is a potent antigen that
can elicit antibody formation even in submicrogram concen-
trations [35]. Anaerobic Gram-negative bacteria have been
frequently isolated from root canals of endodontically treat-
ed teeth; consequently, their endotoxins may affect the peri-
apical tissues and exert a role in the pathogenesis of inflam-
matory lesions of pulpal origin [36]. The experimental gel
used in this study was effective for antimicrobial activity and
removal of LPS.

In conclusion, the experimental gel sufficiently demineral-
ized, detoxified, and also exposed type I collagen on dentin
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slices. Antimicrobial activity of aerobic and anaerobic bacte-
ria was clearly demonstrated by agar diffusion assay, and E.
coli-derived LPS was removed after treatment with the ex-
perimental gel. Taken together, these results show that the
experimental gel may be useful as a root conditioning agent
for dentin surfaces and can also be used to detoxify infected
implant surfaces.
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