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Abstract

IS

The objective of this study was to evaluate the cytotoxicity and biocompatibility of two

aluminum chloride containing local hemostatic agents, Racestyptine and a local hemostatic agent

Article in

prototype, Dent-Chula100°. To determine cytotoxicity, primary human gingival and pulpal fibroblasts
were treated with the local homeostatic agents at concentrations of 0.1, 1.0, 2.5, 5.0 or 10.0 % (v/v)
for 15 minutes. The MTT assay was used, with untreated cells serving as control. The biocompa-
tibility test was performed using the lower incisors of twelve 8-week old male Sprague Dawley rats.
The free gingival margin of the lower central incisors was temporarily displaced for 15 minutes using
retraction cords soaked with Racestyptine or Dent-Chula100°. Cords soaked with normal saline served
as a control. Seven days after treatment, the lower jaws were dissected. The H&E stained tissue
sections were histopathologically examined for four pathologic index scores; degree of sulcular
epithelium damage, collagen fiber appearance and orientation, inflammation and vascular reaction.
Two-way ANOVA and Kruskall-Wallis tests were performed for statistical analysis of the in vitro and
in vivo studies, respectively (p < 0.05). Our data revealed that Dent-Chula100® at 5.0 % - 10.0 %
significantly reduced gingival fibroblast cell viability compared with the control group (p < 0.05), while
Racestyptine at 2.5 % - 10.0 % significantly decreased cell viability (o < 0.05). Both Dent-Chula100®
and Racestyptine at 2.5 % significantly reduced pulpal fibroblast cell viability (p < 0.05). The

histopathological data indicated that the periodontal tissues did not incur any significant damage
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after exposure to Dent-Chula100” or Racestyptine. In conclusion, the cytotoxicity of Dent-Chula100”
and Racestyptine was dose-dependent. The in vivo study revealed that both Dent-Chula100® and
Racestyptine were biocompatible with gingival tissues.
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Introduction

Local hemostatic agents have been
widely used in prosthodontic and operative
dentistry because of their effectiveness, safety
and convenience.” Ideally, local hemostatic
agents should provide not only a sufficient
hemostatic effect, but also be biocompatible
with oral tissues.” To reduce the cost of dental
treatment and strengthen Thailand’s bio-
materials research, our group has developed a
local hemostatic agent prototype, Dent-Chula100°.

A previous study has reported that
Dent-Chula100” did not affect the physical and
mechanical properties of the light-cured resin
composite filling materials evaluated.” Following
ISO 4049:2009, Dent-Chulal00® was
demonstrated to not affect the solubility, water
absorption, depth of cure or flexural strength of
the light-cured resin composite materials.
However, the cytotoxicity and biocompatibility
of this local hemostatic agent have not been
investigated. Therefore, the purpose of this study
was to examine the cytotoxic effect of Dent-
Chula100” on primary human gingival and pulpal
fibroblasts. The biocompatibility of this local
hemostatic prototype on gingival tissue was also

investigated using an animal model.

Materials and Methods

The hemostatic agent Racestyptine
(Septodont, PA, USA; 25 % aluminum chloride,
oxyquinol and hydroalcoholic excipient) was used
as the reference material compared with our
local hemostatic agent prototype Dent-Chula100”

(Research Unit of Herbal Medicine, Biomaterial

and Material for Dental Therapy, Faculty of
Dentistry, Chulalongkorn University, BKK, Thailand;
25 % aluminum chloride, 30 % ethanol and
distilled water). The Racestyptine’s expiration
date was at least 6 months after the experiments
were performed.
In vitro study

pH measurement

The pH of the local hemostatic agents
was measured with a pH meter (Orion 420A pH
Meter, Orion Research Inc., Boston, MA, USA). The
measurements were repeated 3 times. The results
were expressed as mean and standard deviation.
Cell culture

Following a protocol approved by the
Human Research Ethics Committee of the
Faculty of Dentistry, Chulalongkorn University,
Thailand (HREC-DCU 2012-043), pulpal and
gingival tissues were obtained from non-carious,
impacted third molars and adjacent non-inflamed
healthy gingiva of 18 - 25 year-old healthy donors.
The tissues were washed 3 times with phosphate
buffered saline solution (PBS), cut into 1 - 2 mm’
pieces and placed into 35-mm culture dishes.
The explants were incubated with growth media
(Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % fetal bovine serum,
10,000 IU/ml penicillin G sodium, 100,000 pg/ml
streptomycin sulfate, 25 pg/ml amphotericin B,
and 1 % L-glutamine) at 37°C in a 5 % CO,
atmosphere. The media was replaced every two
days. When the cells reached confluence, the
cells were subcultured using 0.25 % trypsin - EDTA
solution. All materials were obtained from
Sigma-Aldrich, St. Louis, MO, USA. In the present

study, the experiments were performed using
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cells from the third - fifth passages. Three donor
lines were evaluated.
MTT viability assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay was performed
as previously described.” Briefly, 5 x 104 cells per
well were seeded in 24-well plates for 24 h. The
cells were then washed twice with PBS and
treated with the local hemostatic agents at
concentrations of 0.1, 1.0, 2.5, 5.0 or 10.0 % (v/v)
in growth media for 15 minutes. The pH of each
final concentration of the hemostatic agents in
DMEM is shown in Table 1. Cells incubated with
growth medium alone served as the control

group. Subsequently, the cells were washed 3

Table 1 pH of the hemostatic agents in DMEM

times with PBS and incubated with growth media
for 24 h.

To assess cell viability, the cells were
washed twice with PBS and incubated with
0.5 mg/ml MTT solution for 10 minutes.
The precipitated formazan crystals were dissolved
using dimethyl sulfoxide (DMSO). The optical
density was determined by measuring the light
absorbance at 570 nm with an Epoch Microplate
Spectrophotometer (BioTek Instrument,
Winooski, VT, USA). The background DMSO
absorbance was subtracted from the sample
absorbance. The experiments were repeated 3

times.

Concentration of the hemostatic

agent in DMEM (V/V)

pH

Dent - ChulalOO®

Racestyptine
100.0 1.79 £ 0.01 0.97 + 0.09
10.0 3.70 £ 0.02 3.56 + 0.06
5.0 4.00 + 0.02 3.85 + 0.03
2.5 4.80 + 0.02 4.50 = 0.07
1.0 6.85 + 0.01 6.44 + 0.03
0.1 7.22 £ 0.07 7.20 £ 0.03

Note: pH of DMEM = 7.23 + 0.04
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In vivo study

Following a protocol approved by the
Animal Research Ethics Committee of the
Faculty of Dentistry, Chulalongkorn University,
Thailand (Protocol No. 1132001), twelve male
Sprague Dawley rats (8 weeks old, average weight
350 g¢) were obtained from the National
Laboratory Animal Center, Nakhon Pathom,
Thailand. The rats were kept on a 12-h light/12-h
dark cycle, fed a standard pellet diet and allowed
access to water and food ad libitum. The animals
received general anesthesia consisting of
80 mg/kg Zoletil® (chloral hydrate tiletamine and
chloral hydrate zolazepam; Virbac Laboratories,
Carros, France). The twenty-four lower incisors
were washed with normal saline and randomly
divided into 3 groups: normal saline (control),
Racestyptine-, and Dent-Chula100®-treated groups.
Fifteen mm of retraction cord (No. 000, Ultrapack,
Ultradent Products, Inc., UT, USA) were soaked
with 100 pl of the respective group’s material
for 10 minutes. The free gingival margins of the
incisors were temporarily displaced by the soaked
retraction cord for 15 minutes and the cords were
then removed.

Seven days after treatment, the animals
were sacrificed. The lower jaws were dissected,
fixed in 10 % neutral formalin buffer and
demineralized in 10 % formic acid. The tissues

were dehydrated using graded ethanol-acetone

solutions, followed by paraffin embedding.
Five-um thick serial sections were prepared in
the sagittal (labio-lingual) plane. Three sections
were selected from each specimen. The first
section was obtained from the center of the
tooth. The 2 and 3" sections were obtained 100
pum mesially and distally to the first section,
respectively. The sections were stained with
hematoxylin and eosin (H&E), scanned and
captured using the OLIVIA program (Olympus,
Tokyo).

Histomorphometric analysis

Histomorphometric analysis was performed
on the stained sections using the Image Pro-Plus
program, version 6.0 (Media Cybernetics, USA).
The examined area was localized as shown in
Fig. 1. The a line was parallel to the root surface.
The apical border (b line) and occlusal border
(c line) of the localized area were set by the
lines drawn through the lowest point of the
junctional epithelium and the highest point of
the free gingival margin, respectively. The b and
c lines were perpendicular to the a line (Fig. 1).

Four histopathological indexes (Table 2)
consisting of degree of sulcular epithelium
damage, collagen fiber appearance and
orientation, inflammation and vascular reaction
were modified from Akca et al." and used to

evaluate each stained section.
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Figure 1 Schematic illustration of the localized area of the gingival sulcus and surrounding

periodontium. J = junctional epithelium, S = sulcular epithelium, O = oral epithelium, B =

9]

alveolar bone, P = periodontal lisgaments, R = root surface. The a line is parallel to the 8

| -

root surface, b line = apical border of the localized area that was set at the lowest point Q

of the junctional epithelium, c line = occlusal border of the localized area that was set at R

the highest point of the free gingival margin, b and c lines are perpendicular to the a line. f)

(&)

Table 2 Histopathological index [modified from Akca et al.’] =
<

Score Degree of sulcular epithelium damage

No damage (epithelium is attached to the connective tissue.)

Slight damage (epithelium attachment to connective tissue is disrupted.)

Moderate damage (epithelial desquamation is evident.)

5 Severe damage (epithelium is completely detached from the connective
tissue.)
Score Collagen fiber appearance and orientation

No alteration in connective tissue (collagen fibers intact and orientation

normal)

Minor alteration in the connective tissue (collagen fibers intact but

orientation disrupted)
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Table 2 Histopathological index [modified from Akca et al.'] (continue)

Score Collagen fiber appearance and orientation (Continue)
2 Moderate alteration in connective tissue (collagen fibers disrupted and
fragmented, but identifiable; orientation of fibers disrupted)
3 Severe alteration in connective tissue (collagen fibers are not identifiable;
the region appears as an amorphous mass)
Score Inflammation (Cells were counted under a 40X object magnification)
0 No inflammation
1 Slight inflammation [minor inflammatory cells in the region, < 10 cells/
localized area (40X)]
2 Moderate inflammation [identifiable inflammatory cells in the region,
10 - 50 cells/localized area (40X)]
3 Severe inflammation [abundant inflammatory cells in the region, > 50
cells/localized area (40X)]
Score

Vascular reaction (Cells were counted under a 40X object magnification)

Normal, no vasodilation, no congestion

Small amount of congested blood vessels [< 10 vessels/localized area
(40X)]

Moderate amount of congested blood vessels [10 - 20 vessels/localized
area (40X)]

Large amount of congested blood vessels [> 20 vessels/localized area
(40X)] or dilated blood vessels

Statistical Analysis

variance (ANOVA) and the Bonferroni multiple

The data were collected and analyzed comparison test. For the in vivo study, the results

using the SPSS program for Windows, version 17.0 were expressed as median and interquartile range.

(SPSS, Chicago, IL, USA). For the in vitro study, The scores of each index were analyzed by the

the results were expressed as mean + standard Kruskal-Wallis test to evaluate the differences

deviation. The percentage of cell viability was between groups. Values of p < 0.05 were

statistically analyzed by two-way analysis of considered as significant.
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Cytotoxicity of the local hemostatic agents
on gingival fibroblasts

The mean pH of Dent-Chula100® and

Racestyptine was 1.79 + 0.01 and 0.97 + 0.09,

respectively (Table 1). Racestyptine significantly

decreased the gingival fibroblast cell viability at

concentrations of 2.5 %, 5.0 % and 10.0 % (v/v),
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while Dent-Chula100° significantly decreased cell
viability at concentrations of 5.0 % and 10.0 %
(v/v), compared with the untreated group
(p < 0.05, Fig. 2). Moreover, at concentrations of
2.5 %, 5.0 % and 10.0 % (v/v), the viability of
Dent-Chula100-treated gingival fibroblast group
was significantly higher than that of the
Racestyptine-treated group (p < 0.05, Fig. 2).
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Figure 2 Percentage of cell viability of human gingival fibroblasts treated with the local hemostatic

agents for 15 minutes and incubated with growth medium for 24 h (MTT assay). Bars labeled

with # indicates statistically significant difference between treated and control groups
(p < 0.05, N = 3). Bars labeled with different letters (a, b) indicates statistically significant
difference between the Dent-Chula100® and Racestyptine-treated groups (p < 0.05, N = 3).

At concentrations of 0.1 % and 1.0 %
(v/v), the pulpal fibroblast viability in both local
hemostatic agent groups was not significantly
different from the untreated group. However,
at higher concentrations, a significant difference

was detected. Dent-Chula100® and Racestyptine

significantly decreased pupal cell viability at
concentrations of 2.5 %, 5.0 % and 10.0 % (v/v)
compared with the control (p < 0.05, Fig. 3).
However, there were no significant differences
between the Dent-Chula100® and Racestyptine

groups at any concentration (Fig. 3).
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Figure 3 Percentage of cell viability of human pulpal fibroblasts treated with the local hemostatic

agents for 15 minutes and incubated with growth medium for 24 h (MTT assay). Bars labeled

with # indicates statistically significant difference between treated and control groups

(p < 0.05, N = 3). Pulpal fibroblast cell viability was not significantly different between the

Dent-Chula100® and Racestyptine-treated groups at any concentration (N = 3).

Gingival and periodontal tissue response to
the local hemostatic agents

No animals died during or after the
experiment. Seven days after treatment,
clinically healthy gingiva was observed in all
groups. The histopathologic assessment was
evaluated based on 4 criteria; degree of sulcular
epithelium damage, collagen fiber appearance
and orientation, inflammation and vascular
reaction.

The percentages of normal sulcular
epithelium observed in the control group,
Dent-Chula100® and Racestyptine groups were
50 %, 37.5 % and 37.5 %, respectively. The scores

of the degree of sulcular epithelium damage

102

were not significantly different between the
control, Dent-Chula100® and Racestyptine groups
(Table 3). In all the groups, 100 percent normal
collagen fiber appearance and orientation was
observed (Table 4, Fig. 4). The Dent-Chula100®
and Racestyptine groups demonstrated slightly
more inflammation and amount of congested
blood vessels than those of the control group.
However, the scores of the inflammation and
vascular reaction of the control, Dent-Chula100®
and Racestyptine groups were not significantly
different (Tables 5 - 6, Fig. 4). Taken together,
these results indicate that the control group had
a slightly healthier tissue appearance than that
of the Dent-Chula 100° and Racestyptine groups.
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Table 3 Sulcular epithelium damage

Groups Degree of sulcular epithelium damage
Score =0 Score =1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range
Control 4 3 1 0 0.5 1
(N =28)
®
Dent-Chula100 3 4 1 0 1 1
(N =28)
Racestyptine 3 3 2 0 1 1.25
(N=8)
Table 4 Collagen fiber appearance and orientation
Groups Degree of sulcular epithelium damage
Score =0 Score =1 Score = 2 Score =3 Median Interquartile
7))
(N) (N) (N) (N) range (7p]
®
Pt
Control 8 0 0 0 0 0 (@)
(N =8) C
®
Dent-Chula100 8 0 0 0 0 0 ]
O
(N =28) -
Racestyptine 8 0 0 0 0 0
(N =28)
Table 5 Inflammation
Groups Degree of sulcular epithelium damage
Score =0 Score =1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range
Control 5 3 0 0 0 1
(N =28)
®
Dent-Chula100 4 4 0 0 0.5 1
(N =8)
Racestyptine 3 5 0 0 1 1
(N =8)
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Table

6 Vascular reaction

Groups Degree of sulcular epithelium damage
Score =0 Score = 1 Score = 2 Score =3 Median Interquartile
(N) (N) (N) (N) range
Control 2 1 3 2 2 1.5
(N =28)
Dent-Chula100” 0 2 3 3 2 1.25
(N =28)
Racestyptine 0 2 2 [ 3 1
(N =8)

Figure

104

4 Representative histopathological images of the gingival sulcus of the control group (a, d),
Racestyptine group (b, e) and Dent-Chula100® group (c, ) 7 days after treatment at 10X
magnification (a - ¢) and 40X magnification (d - f). Normal appearance of the sulcular and
Jjunctional epithelium is present in all groups. Normal appearance of the collagen fiber
orientation is also seen. Inflammatory cells are rarely seen in any group. Dilated and
congested capillaries are present in the Racestyptine and Dent-Chulal100®-treated groups.
J = junctional epithelium, S = sulcular epithelium, O = oral epithelium, C = connective
tissue, R = root surface, black arrowheads = congested capillaries, scale bar = 100 um
(@-c), 50 um (d - f).
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Discussion

Local hemostatic agents have been used
in operative and prosthodontic dentistry for
hemostasis and in retraction cord used in the
temporary displacement of the free gingival
margin. Both clinical and animal studies have
shown that gingival retraction methods tend to
produce transient damage to the gingival sulcus
epithelium, junctional epithelium and the
underlying gingival tissue.” Consequently,
gingival fibroblasts can be directly exposed to
local hemostatic agents via the disruption of the
epithelial layer by the retraction procedure.””
In addition to its use in retraction cord for the
temporary displacement of the gingival margin,
local hemostatic agents are also used to control
pulp bleeding before direct pulp capping and
pulpotomy procedures.”™ Therefore, the
cytotoxicity of the hemostatic agents on human
gingival fibroblasts and dental pulp fibroblasts
was evaluated in our study.

The clinical application of gingival
retraction cord is usually not longer than 10
minutes.” However, local hemostatic agents can
remain in the gingival sulcus after removing the
retraction cord. To confirm the toxicity and
biocompatibility of the two hemostatic agents in
our study, we used an exposure time of 15
minutes in our in vitro and in vivo studies.

Cytotoxicity evaluation is necessary to
assess the biocompatibility of dental materials’.
According to I1SO 10993-5, the MTT assay is an
acceptable method to evaluate the cytotoxicity
of a biomaterial. This assay measures the

conversion of a yellow water-soluble MTT dye

into a purple formazan crystal that is produced
by active mitochondria.” This colorimetric
method is recommended as an economic,
accurate and reliable test for cytotoxicity
determination.”” The MTT test not only evaluates
cell - biomaterial interaction, but also relates to
the number of viable cells.”” In our study, the
MTT assay was used to determine the viability
of cells after exposure to local hemostatic agents.
Aluminum chloride, the active ingredient in
Dent-Chula100® and Racestyptine, has been
reported to be an effective and commonly used

17,21,22

hemostatic agent. The hemostatic effect of
aluminum chloride is due to its aluminum ions,
which act primarily by precipitating tissue proteins
and inhibiting the transcapillary movement of
plasma proteins.” Moreover, aluminum ions have
no systemic contraindications and few effects on
vasoconstriction.””

The cytotoxicity of Dent-Chula100® and
Racestypine likely results from their active
ingredient, aluminum chloride.”” Acidity is an
important property of aluminum chloride. To
prepare a hemostatic agent, aluminum chloride
is dissolved in alcohol. This reaction turns the
neutral pH of alcohol into a powerful acidic
solution. Thus, higher concentrations of aluminum
chloride results in increased acidity of that
solution. Indeed, we observed that cell
proliferation was not affected at aluminum
chloride pH levels near physiologic pH. In contrast
when the aluminum chloride pH dropped
precipitously at concentrations of 2.5 % and
above, cell cytotoxicity rose in kind. The results
of our study indicated that the local hemostatic

agents, at concentrations of 2.5, 5.0 and 10.0 %
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(v/v) reduced the cell viability of gingival and
pulpal fibroblasts. These results are consistent
with those of Kopac et al. who found that 10 %,
50 % and 100 % (v/v) of 25 % aluminum chloride
in culture medium reduced cell viability.”

In previous animal and clinical studies,
aluminum chloride has been reported to have a
deleterious effect on tissue.””” Used as a
hemostatic agent, aluminum chloride caused
hydrotropic degeneration, hyperemia and an
inflammatory cell infiltration.” However, aluminum
chloride is still the most popular gingival
retraction agent.”” In our study, histomor-
phometric analysis showed that 25 % aluminum
chloride was biocompatible with the sulcular
epithelium and underlying connective tissue
compared with normal saline.

We found that inflammatory cells were
rarely detected in the tissue sections of any group
7 days post-treatment. From our review of the
literature, studies on the effect of aluminum
chloride on the inflammatory cell response are
inconclusive.” Kopac et al. reported that
Racestypine-treated gingival tissue in animals
showed a severe inflammatory cell infiltration 7
days after treatment.’ In contrast, an animal study
by Acka et al. found that aluminum chloride only
induced a slight inflammatory cell infiltration into
the gingival tissue.” Moreover, a clinical study by
de Gennaro et al. revealed that there was no
significant difference in gingival inflammation
between the untreated control group and
aluminum chloride-treated group 7 days post-
treatment.” A possible explanation for this
variation is the differences in immune responses

among rats, dogs and humans.’

A vascular reaction was the only sign of
inflammation present in our histologic results.
A vascular reaction is an early sign of acute
inflammation.” Vasodilation and increased blood
vessel permeability occurring after a chemical
stimulus results in decreased blood flow and
dense packing of red blood cell in capillaries.””
In our study, more congested and dilated
capillaries were found in the Dent-Chula100” and
Racestyptine groups than that of the control
group; however, the difference was not significant.

In our in vivo study, the power analysis
of the four histopathological indices; degree of
sulcular epithelium damage, collagen fiber
appearance and orientation, inflammation and
vascular reaction, were varied. For the
inflalmmation and vascular reaction indexes,
the power analysis, 0.85 and 1.00, respectively,
were acceptable. However, the power analysis
of the collagen fiber appearance and orientation
and degree of sulcular epithelium damage were
low (0 and 0.27, respectively). The reason for this
is that none or very slight differences were
observed between the groups. To achieve the
appropriate power of all 4 indices, 180 animals
for the experimental, commercial and control
groups were required. Therefore, to minimize the
number of animals used in our study, the sample
size was set as eight for each group.

Dent-Chula100” has demonstrated in vivo
biocompatibility at 7 days post-treatment and
did not affect the physical and mechanical
properties of light-cured resin composite filling
materials.” Future clinical studies on the safety
and effectiveness of Dent-Chulal00” are still

required.
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Conclusion

In our in vitro study, Dent-Chula100® had
a cytotoxic effect on human gingival fibroblasts
and pulpal fibroblasts at 2.5 % and 5 % Vv/v,
respectively. However, Dent-Chula100® and
Racestyptine were biocompatible with gingival
tissues seven days after treatment. Our data
suggests that Dent-Chulal100® is a safe local

hemostatic agent.

Acknowledgement

We thank Professor Visaka Limwong and
Associate Professor Dr. Dolly Methatharathip for
their valuable suggestions. This work was
supported by the 100" Anniversary of
Chulalongkorn University Fund (Ratchadaphisek-
somphot Endowment Fund). For assisting with
histomorphometric analysis, we thank Associate
Professor Dr. Wijit Banlunara, Department of
Pathology, Faculty of Veterinary Science,
Chulalongkorn University. We thank Dr. Kevin
Tompkins, Chulalongkorn University, for assisting

with the manuscript.

References

1. Benson BW, Bomberg TJ, Hatch RA, Hoffman
W Jr. Tissue displacement methods in fixed
prosthodontics. J Prosthet Dent 1986;55:175-
81.

2.Donovan TE, Gandara BK, Nemetz H. Review
and survey of medicaments used with gingival
retraction cords. J Prosthet Dent 1985;53:525-
31.

3. Liu CM, Huang FM, Yang LC, Chou LS, Chou

MY, Chang YC. Cytotoxic effects of gingival
retraction cords on human gingival fibroblasts
in vitro. J Oral Rehabil 2004;31:368-72.

4.Kopac |, Batista U, Cvetko E, Marion L.
Viability of fibroblasts in cell culture after
treatment with different chemical retraction
agents. J Oral Rehabil 2002;29:98-104.

5. Serichetaphongse P, Tasachan W, Sahawat D,
Thunyakitpisal P. Effect of gingival retraction
solution prototype (Dent-Chulal00) on the
water absorption, water solubility, depth of
cure and flexural strength of light cured
composite resins following 1SO 4049 (2009).
CU Dent J 2011;34:213-22.

6. Mosmann T. Rapid colorimetric assay for
cellular growth and survival: application to
proliferation and cytotoxicity assays.
J Immunol Methods 1983;65:55-63.

7. Akca EA, Yildirim E, Dalkiz M, Yavuzyilmaz H,
Beydemir B. Effects of different retraction
medicaments on gingival tissue.
Quintessence Int 2006;37:53-9.

8.Kopac |, Cvetko E, Pavlica Z, Marion L.

Gingival tissue inflammatory response
following treatment with chemical retraction
agents in Beagle dogs. Pflugers Arch
2001;442:R145-6.

9. de Gennaro GG, Landesman HM, Calhoun JE,

Martinoff JT. A comparison of gingival
inflammation related to retraction cords.
J Prosthet Dent 1982;47:384-6.

10. Harrison JD. Effect of retraction materials on

the gingival sulcus epithelium. J Prosthet
Dent 1961;11:514-21.

11. Woychesshin FF. An evaluation of the drugs

used for gingival retraction. J Prosthet Dent

Chantarawaratit et al., 2016 107

in press

Article



Article in press

12.

13.

14.

15.

16.

17.

18.

108

1964;14:769-76.

Ruel J, Schuessler PJ, Malament K, Mori D.
Effect of retraction procedures on the
periodontium in humans. J Prosthet Dent
1980;44:508-15.

Phatale S, Marawar PP, Byakod G, Lagdive SB,
Kalburge JV. Effect of retraction materials on
gingival health: a histopathological study.
J Indian Soc Periodontol 2010;14:35-9.
Odabas ME, Ertak M, Cinar C, Tuzuner T,
Tulunoglu O.Cytotoxicity of a new
hemostatic agent on human pulp fibroblasts
in vitro. Med Oral Patol Oral Cir Bucal
2011;16:e584-7.

Stanley HR. Pulp capping: conserving the
dental pulp--can it be done? Is it worth it?
Oral Surg Oral Med Oral Pathol 1989;68:628-
39.

SchrOder U. Effect of an extra-pulpal blood
clot on healing following experimental
pulpotomy and capping with calcium
hydroxide. Odontol Revy 1973;24:257-68.
Nemetz H, Donovan T, Landesman H.
Exposing the gingival margin: a systematic
approach for the control of hemorrhage.
J Prosthet Dent 1984;51:647-51.

Sylvester PW. Optimization of the tetrazolium
dye (MTT) colorimetric assay for cellular growth
and viability. Methods Mol Biol 2011;716:157-

19.

20.

21.

22.

23.

24,

25.

68.

Fotakis G, Timbrell JA. In vitro cytotoxicity
assays: comparison of LDH, neutral red, MTT
and protein assay in hepatoma cell lines
following exposure to cadmium chloride.
Toxicol Lett 2006;160:171-7.

Ciapetti G, Cenni E, Pratelli L, Pizzoferrato A.
In vitro evaluation of cell/biomaterial
interaction by MTT assay. Biomaterials
1993;14:359-64.

Shah MJ, Mathur S, Shah A, Makwana RG, Shah
A. Gingival retraction methodes in fixed
prosthodontics: a systemic review. J Dent Sci
2008;3:4-10.

Tarighi P, Khoroushi M. A review on common
chemical hemostatic agents in restorative
dentistry. Dent Res J (Isfahan) 2014;11:423-
8.

Polat NT, Ozdemir AK, Turgut M. Effects of
gingival retraction materials on gingival blood
flow. Int J Prosthodont 2007;20:57-62.
Trowbridge HO, Emling RC. Inflammation : a
review of the process.1” ed Chicago:
Quintessence; 1997. p. 3-9

Gleissner C, Kempski O, Peylo S, Glatzel JH,
Willershausen B. Local gingival blood flow at
healthy and inflamed sites measured by laser
Doppler flowmetry. J Periodontol 2006;77:1762-
T1.

J DENT ASSOC THAI VOL. 66 NO. 2 APRIL - JUNE 2016





