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ABSTRACT

Objective: The purpose of this in vitro study was to compare the cytotoxicity of 0.5-4.5 origanum extract solution (OES),
2% chlorhexidine gluconate (CHX) and 5.25% sodium hypochlorite (NaOCI) with WST-1 test on human periodontal
ligament (hPDL) fibroblasts. Materials and Methods: About 0.5-4.5% OES, 2% CHX and 5.25% NaOCI solutions
cytotoxicity was evaluated with cell culture test using PDL fibroblasts. Viability of hPDL cells was evaluated with
WST-1 (Cell Proliferation Reagent WST-1 Roche) test at 1, 24 and 72" h. hPDL cells were plated at 20 x 10° cells per
well in 96-well plates. Absorbance values were read in optical density 480 nm by ELISA plate reader spectrophotometer.
The statistical differences between various groups were evaluated using one-way ANOVA, post-hoc Duncan’s Multiple
Range test using SAS software. Statistically, a significant difference was considered at P < 0.001. Results: According to
the 1-h cytotoxicity results, 0.5% OES showed the least cytotoxic effect in test groups. There were not found any statistical
significance between 1% OES and 2% CHX. About 5.25% NaOCI showed more cytotoxic effect than 1% OES and 2%
CHX. In 24 and 72 h, different concentrations of OES, 5.25% NaOCl, 2% CHX solutions showed similar cytotoxic effect.
Conclusions: Based on these results, 1% OES and 2% CHX showed similar results and less cytotoxic effect than 5.25%
NaOCI. It could be considered as a favorable solution concentration when OES was used as root canal irrigation solution.

Key words: Chlorhexidine gluconate, cytotoxicity tests, origanum extract solution, sodium hypochlorite, WST-1 test

INTRODUCTION

Success of root canal treatment relies on the proper
removal of pulpal remnant, bacteria and their
byproducts from the root canal system.!" Irrigation
of the root canal system is one of the essential steps for
the elimination of the bacteria and their byproducts
effectively.l? Therefore, ideal irrigation solution has to
be a proper antibacterial and tissue dissolving effect
on the necrotic pulp remnant and minimum toxic
effect on the periapical tissue.l**

Sodium hypochlorite (NaOCl) has been used for root
canal irrigation for a long time because of its good
antibacterial and tissue dissolving effects.”l However,
itis harmful when in contact with periapical tissue.>¢*!
Chlorhexidine gluconate (CHX) has been suggested
as an irrigation solution due to it has antimicrobial
effect and binding on soft tissue and hydroxyapatite
crystal.’! However, the main disadvantage of CHX
is the lack of organic tissue dissolution capabilities.
Hence, different materials had been experimented
alternatively to NaOCl and CHX as irrigation solutions.
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Origanum minutiflorum is a plant and widespread in
the eastern Mediterranean region and southwestern of
Anatolia especially in Isparta, Turkey."" Its extract
especially its oil and solution has an antimicrobial
effect to a lot of microorganisms. Dadalioglu and
Evrendilek!™ have reported that O. minutiflorum
oil has an antimicrobial effect to Escherichia coli,
Listeria monocytogenes, Salmonella typhimurium and
Staphylococcus aureus and Simalary. Baydar et al.'* has
found 1% and 2% Origanum oil has an antimicrobial
effect on Enterococcus faecalis (E. faecalis). Origanum
solution was obtained from origanum oils distillation
water. In a study, Ok tried origanum extract
solution (OES), which is mainly rich in carvacrol and
thymol, and concluded that OES has an antibacterial
effect against E. faecalis within the root canals
alternative to NaOCl and CHX. He also reported that
OES has dissolving effect on the organic compound
of smear layer.["!

The aim of this in vitro study was to evaluate and
compare the cytotoxicity of 0.5-4.5% OES with 5.25%
NaOClI and 2% CHX using WST-1 test on human
periodontal ligament (hPDL) fibroblasts.

MATERIALS AND METHODS

Obtaining EOS

Origanum minutiflorum plant materials were dried
in drying cupboard at 35°C, then they distillated in
Clevenger apparatus for 3 h and origanum oil was
obtained. OES, which 0.5%, 1%, 1.5%, 2%, 2.5%, 3%,
3.5%, 4%, 4.5% concentration, was obtained from
mixing 100 mL distilled water and 0.5%, 1%, 1.5%, 2%,
2.5%, 3%, 3.5%, 4%, 4.5% origanum oil respectively.
Gas chromatography (GC) analysis of the essential
oil was performed using a Perkin Elmer Autosystem
GC-type (Perkin Elmer Auto System XL, MA, USA)
chromatograph. GC analysis of OES is shown in
Table 1. Experimental groups in the present study
were composed of different concentrations (0.5-4.5%)
of OES, 2% CHX (Drogsan, Ankara, Turkiye), 5.25%

Table 1: Chemical composition of the oregano
solution (percentage of total peak area)

Components 1% OES 2% OES 5% OES
1-octen-3-ol (31,5) 0.27 0.48 0.66
4-terpineol (42,0) 1.57 2.66 3.40
a-terpineol (47,8) 0.25 0.25 0.55
Borneol (48,0) 248 2.66 4.47
p-cymen-8-ol (56,5) 0.31 0.31 0.23
Thymol (75,4) 1.10 1.00 1.25
Carvacrol (75,7) 93.01 91.90 87.2

OES: Origanum extract solution
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NaOCl (Wizard, Ankara, Turkiye) and a control group
containing only culture medium.

Cell culture

Cytotoxicity of solutions was evaluated on cultured
hPDL fibroblast cells in Research Laboratory, Selcuk
University, Faculty of Dentistry, Konya, Turkey.
The cells were grown in 96-well polystyrene
plates containing Dulbecco’s modified Eagle’s
medium (DMEM) (Biological Industries, Kibbutz
Beik Haemek, Israel), supplemented with 10% fetal
bovine serum (FBS) (Biological Industries, Kibbutz
Beik Haemek, Israel), 250 pug/ml gentamycin
sulfate, (Biological Industries, Kibbutz Beik Haemek,
Israel), 5 ug/ml amphotericin B (Biological Industries,
Kibbutz Beik Haemek, Israel), and were incubeted in
a humidified atmosphere, 95% air and 5% CO, at 37°C
for 24 h in water based incubator (NUAIRE, Fernbrook
Lane N Plymouth, USA).

Cell proliferation assay

The cells were seeded in 96-well culture polystyrene
plates at a fixed number of 20 x 10° cells per well.
Then the cells were treated with 0.5%, 1%, 1.5%, 2%,
2.5%,3%,3.5%,4%,4.5% OES concentrations, 2% CHX
and 5.25% NaOCl were placed into 96-well culture
polystyrene plates. Then the cells were incubated
for 24 h before applying the WST-1 cell proliferation
assay reagent according to the recommendation of
the manufacturer.

Cytotoxicity test

Viability of hPDL cells was evaluated with
WST-1 (Roche, Basel, Switzerland) test at 1, 24 and
72™ h. The test was carried out according to the
protocol described by Babich et al.' WST-1 (4-
[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-
1,3-benzene disulfonate) test is based on the cleavage
of the tetrazolium salt WST-1 (slightly red) to
formazan (dark red) by different mitochondrial
dehydrogenase enzymes.!"!

This study was performed in dark medium at room
temperature. In preparation stage, 18.9 ml DMEM
with 5% FBS and 2.1 ml WST-1 was mixed, and totally
22 ml solution was prepared. WST-1 was diluted
with the rate of 1/10 of 5% FBS DMEM. After 1 h
incubation, 200 ul rate of 1:10 WST-1 including 5% FBS
DMEM added to each well. The plates were wrapped
with aluminum foil, placed into the incubator for
2 h, and then shaken for 1 min at room temperature.
The absorbance values were read in optical density
at a wavelength of 480 nm by an ELISA plate reader
spectrophotometer (Quant Bio-Tek Instruments Inc.,
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Winooski, USA). The other plates of the prepared
cell culture were held in an incubator and repeated
at the end of the 24™ and 72" h. The results revealed
the percentage of the mean optical density of the
treated negative controls, and this was set to show
100% viability.

Statistical analysis

The significance of the differences between the means
was evaluated using a one-way ANOVA, post-hoc
Duncan’s Multiple Range test with SAS9.2 (Cary
software, North Carolina SAS Institute Inc. 2004)
software. A statistically significant difference was set
at P <0.001.

RESULTS

Figure 1 shows the effect on cellular viability of 1 h
diluted OES concentrations, 2% CHX and 5.25%
NaOClI. There was a dose-dependent increase in
viability of cells that treated with OES. 0.5% OES
were showed the least cytotoxic effect and OES was
more dependable in lower concentrations. There
wasn’t found any statistical significance between
1% OES and 2% CHX (P > 0.001). 5.25% NaOCl
showed cytotoxic effect, and there weren’'t found any
statistical significance between 5.25% NaOCl and other
(1.5-4.5%) concentrations of OES (P > 0.001). Figure 1
also shows the effect of the cellular viability of 24™ and
72" h of irrigation solutions. According to the results
at 24 and 72 h, all solutions showed similar cytotoxic
effect. The inverted microscope analysis showed that
numerical reduction and morphological differences
have been identified in periodontal ligament cells
[Figures 2 and 3].

DISCUSSION

A lot of in vitro and in vivo tests have been used to
evaluate cytotoxicity of root canal irrigant solutions.
Laboratory studies especially cell culture tests have
often been used lately to evaluate cytotoxicity of
materials.l"”’8! Because these tests are cheap, fast and
acceptable. Cell culture tests are more sensitive
than in vivo tests but must be evaluated within the
limitations of acute toxicity tests.**?!l In this kind of
studies, permanent cell lines such as HeLa or 3T3 cells
and primary diploid cells or oral fibroblasts are widely
used.®! In our study PDL fibroblasts were used.
Because PDL cells are major cells that involve reaction
of endodontic materials in apical tissue and are first
cells that may encounter when irrigation solutions
extrude to apical tissue.®!

0.5% | 1.0% 20% | 2.5% | 3.0% | 3.5%

Control 4.0% CHX | NaOCI
OES | OES | OES | OES | OES
12645 10,775375|0,555375/0,357125| 0,32825 |0,325625| 0,33325 |0,340875|0,320375| 0,3235 | 0,56625 | 035475

1,585 |0,388375(0,318125( 0,33325 | 0,3345 |0,333875| 03465 |0,331875(0,347875(0,332625| 0361 | 0,3435
1,91375 | 0,32025 | 0,32125 [0,325125(0,324125/0,317875(0,318375(0,320875| 0,32125 | 0,32025 |0,349125(0,352875

Figure 1: The result of WST-1 assay of the human periodontal ligament
cells cultured with scaffolds for 1, 24 and 72 h

Figure 2: Image of periodontal ligament cells after application of 4%
Origanum extract solution (OES) with an inverted microscope. After
application of OES, it makes a point out that cell density was decreased. (a)
Control group; human periodontal ligament (hPDL) Inverted Microscope
Image (IMG x10) that taken from unapplied OES. (b-e) hPDL image
(IMG x10) that taken 1 h interval after 4% OES application. (f-i) hPDL
image (IMG x10) that taken 1 h intervals after 24 h 4% OES application

Figure 3: Image of periodontal ligament (PDL) cells after application
of 2% Chlorhexidine gluconate (CHX) with an inverted microscope.
Both numerical reduction and morphological differences have
been identified in PDL cells. Fusiform morphology of PDL cells has
undergone differentiation. (a) Control group; human periodontal
ligament (hPDL) Inverted Microscope Image (IMG %10) that taken from
unapplied CHX (b-e) hPDL image (IMG x10) that taken 1 h intervals
after CHX application. (f-i) hPDL image (IMG x10) that taken 1 h
intervals after 24 h CHX application
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Cytotoxicity assays have been developed based
on different parameters like metabolic activity
and DNA synthesis associated with cell viability
and cell proliferation.?! Metabolic activity-based
assays measure mitochondrial activity of cultured
cells related with energy metabolism of cells and
cell growth.!”! The 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) measures
mitochondrial activity of liability cells.* With changing
metabolic activity of biomaterials, it is sensitive and
easy test.”l WST-1 (sodiumb5-(2,4-disulfophenyl)
-2-(4-iodophenyl)-3-(4-nitrophenyl)-
2H-tetrazoliuminner salt) works similarly withMTT by
reacting with the mitochondrial succinate-tetrazolium
reductase forming the formazan dye.” The WST-1
test can be quantified in 0.5-4 h without an additional
solubilization step (Roche). But the MTT assay requires
52-72 h to complete. WST-1 based assays are quick
and reproducible. In the present study WST-1 test
was used to evaluate the effects of different irrigation
solutions on the viability of PDL fibroblasts in vitro.

Irrigation plays an important role during root canal
treatment. Biocompatibility with its antimicrobial
and tissue solvent effect should be considered while
choosing an irrigation solution. Chemical injury
occurs when periapical tissue exposed to irrigation
solution that is not biocompatible,*”! and also the
tissue reaction to the root canal irrigation solution is
influenced by type, volume and concentration of the
irrigant.*!

NaOCl has been widely recommended in root canal
irrigation for along time because of its necrotic and vital
tissue solvent capacity and its antimicrobial activity.
It has been stated that its antimicrobial effect and
cytotoxic effect increases with its concentration. 621
Yesilsoy et al.P!! evaluated the toxic effect of 0.5%,
2.5% and 5.25% NaOCl solutions cytotoxicity at 2 h,
2 days and 2 weeks and indicated that 5.25% NaOCl
cause destructive reactions when it introduced to the
root apex. Ongag et al.®?l evaluated 5.25% NaOC],
cetrimide (Cetrexidine; Vebas, San Giuliano, Milan,
Italy) and 2% CHX solutions cytotoxicity and found
that 5.25% NaOCl had more cytotoxic effect than
Cetrexidine, CHX and control groups. In their
study, in the 5.25% NaOCI group, they found no
statistical significant difference between the 3-time
periods (2 h, 48 h, and 2 weeks). The result of their
study is consistent with the present study. There was
no statistical significant difference between the 3-time
periods (1 h, 24 h, and 72 h) in NaOCl groups.
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Alternative to NaOCl, CHX has evaluated for root canal
irrigation. Boyce et al.’¥ and Huth et al.** evaluated
the cytotoxic effect of CHX and have found highly
cytotoxic to fibroblast cells. Yesilsoy et al.’!! also
evaluated CHX and found moderate inflammation
after 2 days and reported that the formation of foreign
body granuloma 2 weeks later. Tatnall et al.l* evaluated
NaO(], HZOZ’ and CHX to fibroblast cells and they
found all solutions showed cytotoxic effect but CHX
showed the least cytotoxic effect. 1 h results of the
present study revealed that CHX showed less cytotoxic
effect than 5.25% NaOCl and 1.5-4.5% OES (P < 0,001),
and there were not found any statistically significance
between 2% CHX and 1% OES (P > 0,001). At 24 and
72" h cytotoxicity evaluation, there were no statistical
significance between irrigation solutions (P > 0,001),
and all solutions showed cytotoxic effect.

CONCLUSION

The present study showed that the cytotoxicity of the
solutions depends on the concentrations used. 0.5%
OES showed less cytotoxic effect than other solutions.
1% OES and 2% CHX showed similar results and
showed less cytotoxic effect than 5.25% NaOCIL. It can
be considered as a favorable solution concentration
when OES was used as irrigation solution.
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