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Introduction
The goal of endodontic treatment is 
elimination of microbial infection and 
subsequent filling of the root canal system 
facilitating repair of periapical tissues. 
Mechanical instrumentation results in an 
amorphous irregular smear layer composed 
of inorganic and organic material covering 
the dentin surface.[1] The microorganisms 
seated within the dentin tubules are 
protected by the smear layer; which 
greatly reduce the success of endodontic 
therapy.[2] Numerous irrigants and 
techniques have thus been recommended for 
removal of smear layer to achieve proper 
seal of the root canal filling materials.[3]

Irrigants must have potent antimicrobial 
action, be cost‑effective and compatible to 
substrate worked upon.[4] Although irrigants 
are widely used in vital and nonvital teeth, 
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Abstract
Background: Effective management of smear layer ensures adequate clinical success. Use of 
sodium hypochlorite  (NaOCl)/ethylenediaminetetraacetic acid regimen has been the gold standard 
with limitations. Commercial irrigants incorporate surface modifiers to address these drawbacks. 
The aim of this study was to evaluate the cytotoxicity of combination regimens on target and 
nontarget cell lines by trypan blue assay. Materials and Methods:    Nonsurfactant combination 
regimen of chlorhexidine  (CHX) and NaOCl  (2% CHX  +  2.5% NaOCl) and surfactant regimens 
of CHX with cetrimide  (CTR) (2% CHX + 0.5% CTR) and CHX with sodium dodecyl sulfate  (2% 
CHX  +  1% SDS) were prepared. 0.9% normal saline  (NS) and Biopure MTAD  (100%) served as 
control. Cytotoxicity was evaluated on human gingival fibroblast (HGF) and Henrietta Lacks (HeLa) 
cell lines by trypan blue assay. Thirty microliter of the cell suspension was treated with 20 µl of 
irrigants. The cell suspension was loaded into Neubauer chamber after 5  min and cell count was 
performed under inverted microscope and expressed as viability percentage. Results: Nonsurfactant 
combination comprising of 2% CHX + 2.5% NaOCl formed a brownish precipitate while surfactant 
combination regimes were stable without any precipitate formation. NS and 2% CHX + 0.5% CTR 
had greater viability scores on both cell lines. Two percent CHX  +  1% SDS had better viability 
on HeLa but were severely cytotoxic on HGF. Two percent CHX + 2.5% NaOCl and MTAD were 
found to be severely cytotoxic on HeLa with limited viability on HGF. Conclusion: The variation in 
data obtained could be possibly attributed to the difference in the cellular membrane composition and 
mechanism of action of combination regimens. Experimental surfactant regimen 2% CHX  +  0.5% 
CTR shows lower cytotoxicity than MTAD.
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they can be extruded into the periapical 
tissues in fully mature intact root apexes 
and in wide open apex leading to potential 
complications.[5] Thus, cytotoxic potential of 
the irrigant plays a crucial role to the above 
factors making the ideal requirements of the 
irrigant complex. Thus, a definite equilibrium 
needs to be maintained; resulting in 
application of more than one ideal irrigant.[4,6]

Sodium hypochlorite  (NaOCl) has been 
widely used as it fulfills most of the 
ideal requirements and has a profound 
effect on the organic component of the 
smear layer.[7] Ethylenediaminetetraacetic 
acid  (EDTA) affects the inorganic 
component of the smear layer and has a 
lubricating effect in instrumentation.[8] The 
combination of higher concentrations of 
NaOCl  (5.25%) and EDTA  (17%) although 
being a potent combination has been shown 
to display marked reduction in mechanical 
properties of dentin and erosion of dentinal 
tubular microstructure resulting in reduced 
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elastic modulus and flexural strength.[9] Citric acid although 
similar to EDTA finds limited application.[10]

Biopure MTADTM  (Dentsply, Tulsa) is a root canal 
irrigant that contains a mixture of tetracycline isomer, 
citric acid, and a detergent; originally developed by 
Torabinejad et  al. An initial rinse of 1.3% NaOCl is 
required followed by a final rinse of MTAD to affect the 
smear layer suggesting it acts as an adjunct to NaOCl 
rather independently.[11] Numerous commercial products 
such as chlorhexidine  (CHX) PlusTM  (2% CHX with 
surface modifiers), Chlor‑XTRATM  (6%NaOCl with surface 
modifiers); Vista Dental Products, Racine, W. I  and 
CetrehexidinTM  (0.2% CHX with 0.2% cetrimide  [CTR]) 
Vebas, San Giuliano, Milan, Italy, incorporate surface 
active agents to the traditional endodontic irrigants.[12]

Although the antibacterial efficacy and their effect on dentin 
microhardness of surfactant regimens has been reported,[12,13] 
little is known about their cytotoxicity. The role of 
surfactants may play a key role in modulating the toxicity of 
the irrigants employed and thus underlying mechanism need 
to be understood. Thus, the aim of this study was to evaluate 
the cytotoxicity of combination irrigant regimens with and 
without surfactants on cell lines by trypan blue assay.

Materials and Methods
Preparation of irrigants and cell line

This in  vitro study was performed in central research 
laboratory, A. B. Shetty Memorial Institute of Dental 
Sciences, NITTE University. Conventional irrigants: 2.5% 
NaOCl  (Prevest Denpro Limited) and 2% CHX  (Sigma) 
were prepared by serial dilution. Surfactants 0.5% CTR, 
Himedia; 1% sodium dodecyl sulfate  (SDS), Merck were 
prepared by same method. The combination regimens 
include nonsurfactant  (2% CHX  +  2.5% NaOCl) 
and surfactant groups  (2% CHX  +  0.5% CTR and 
2%CHX  +  1% SDS). Biopure MTAD  (Tulsa Dentsply) 
and 0.9% normal saline  (NS) served as control. Henrietta 
Lacks  (HeLa) and human gingival fibroblast  (HGF) cell 
lines were obtained from Manipal life sciences, Manipal 
and cultured at 37°C in a humidified atmosphere of 5% 
CO2/95% air.

Cell culture and storage

The cells were maintained in a growth medium containing 
the following constituents: Dulbecco’s modified Eagle’s 
medium  (Himedia) with 25 mmol/L glucose, 1 mmol/L 
pyruvate, 4.02 mmol/L L‑alanyl‑glutamine, and 10% fetal 
calf serum  (Sigma Aldrich). Confluent cells were detached 
with 0.15% trypsin  (Himedia) for 5 min, following which 
2  ml of complete medium was added and the cells were 
centrifuged at 1000 rpm (180 g) for 5 min. Cell suspension 
was counted using a Neubauer chamber and seeded 
in 96 well microtiter plates  (Himedia) at a density of 
1 × 104 cells per well.

Cytotoxicity evaluation

Cytotoxicity was assessed using trypan blue dye. Thirty 
microliter of the cell suspension was treated with 20 µl 
of irrigants. Fifty microliter trypan blue dye  (0.05%) 
was added and allowed for 5  min. The cell suspension 
was loaded into Neubauer chamber and cell count was 
performed under inverted microscope  (Olympus, India). 
Nonviable cells appear blue stained. At least 200 cells were 
counted per treatment. Vitality percentage was calculated 
using the formula: % viability = average number of viable 
cells/total number of cells × 100.[14]

Results
The mixture of nonsurfactant irrigant combination  (2% 
CHX +  2.5% NaOCl) resulted in a dark brown precipitate 
while surfactant combinations  (2% CHX + 0.5% CTR and 
2% CHX  +  1% SDS) were clear and no precipitate was 
found.

The viability scores on HeLa were 2% CHX  +  2.5% 
NaOCl  (11.8%), 2% CHX  +  0.5% CTR  (72%), 2% 
CHX  +  1% SDS  (65%), 0.9% NS  (93.5%), and 
MTAD  (0%) as seen in Figure  1. On HGF, the following 
values were obtained: 2% CHX +  2.5% NaOCl  (33.75%), 
2% CHX  +  0.5% CTR  (63.75%), 2% CHX  +  1% 
SDS (28.75%), 0.9% NS (66.25%), and MTAD (32.5%) as 
depicted in Figure 2.

Discussion
This in  vitro study evaluated the cytotoxicity of 
experimental combination regimens  (with and without 
surfactant) with commercially available surfactant irrigant 
MTAD. We utilized continuous (HeLa) and primary (HGF) 
cell lines to evaluate the effects by trypan blue assay. To 
the best of our knowledge, this approach has not been 
evaluated, thus highlighting its significance.

In vitro cell culture studies can reveal a great amount of 
information regarding the cytotoxicity of materials used 
and might indicate the effects observed in vivo.[15] The use 
of two different cell lines comprising of target  (HGF) and 
nontarget  (HeLa) in nature helps us to better understand 
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Figure 1: Vitality percentage of combination irrigant regimens on Henrietta 
Lacks
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the underlying mechanism while other parameters are kept 
constant.[16,17] The trypan blue exclusion test is a qualitative 
and quantitative method used to indicate cytotoxicity, 
where dead cells take up the blue stain of the dye, whereas 
the live cells have yellow nuclei.[18]

Two percent CHX was chosen as the primary irrigant 
of choice based on our previous study results.[19] 2.5% 
NaOCl had similar effect of 5% NaOCl to form precipitate 
with 2% CHX and caused reduced antibacterial 
efficacy.[20] Surfactants 0.5% CTR and 1% SDS had 
antibacterial efficacy even when used alone or in 
combinations with CHX even at lower concentrations.[21] A 
contact time of 5 min was chosen for the irrigants with the 
cell lines because MTAD (as per manufacturer’s instruction) 
requires the above time as a final rinse in clinical 
endodontics.[22]

Our study results revealed that nonsurfactant combination 
regimen comprising of 2% CHX + 2.5% NaOCl was highly 
cytotoxic on HeLa and HGF. The possible explanation 
could be due to the interaction between the irrigants 
resulting in precipitate formation.    The precipitate which 
possibly contains para chloroaniline is cytotoxic, and thus, 
these irrigant combinations should never be attempted in 
clinical endodontics.[23]

The surfactant combination comprising of 2% CHX + 0.5% 
CTR had higher viability scores next to NS. CHX and CTR 
are cationic in nature and thus possibly could not have 
interacted resulting in higher viability on both cell lines. 
The cationic environment of the molecules encourages 
linking with anionic phospholipid bilayer on the cell 
membrane and is capable of altering the cytoplasmic 
membrane integrity. Inactivation of the enzymes of 
cytoplasmic membrane brings serious consequences such 
as protein denaturation and cell death.[24]

On the contrary, 2% CHX  +  1% SDS had better viability 
on HeLa but were found to be highly cytotoxic on HGF. 
CHX being cationic and SDS being anionic interact with 
each other resulting in charge neutralization and thus may 
have accounted for limited permeability of SDS across the 
cellular membrane on HeLa.[25] The possible explanation 

for lower viability on HGF may be attributed to tertiary 
structure unfolding in the submicellar and chain expansion 
in the micellar range of SDS concentrations resulting 
in perturbation of protein structure. SDS can solubilize 
proteins, leading to rapid influx of cationic CHX across the 
cellular membrane causing damage to cytoplasmic contents 
and cell death.[26]

MTAD contains 0.5% polysorbate  (tween 80); a nonionic 
emulsifier, viscous, water‑soluble yellow liquid. Lower 
concentration of citric acid  (4.25%) present in the irrigant 
could have contributed to cytotoxicity of the irrigant as 
well.[27] Tetracycline analogs  (doxycycline in MTAD) have 
been shown to inhibit matrix metalloproteinases and to 
induce apoptosis in several cancer cell types. They were 
found to be cytotoxic and also cause DNA damage as well; 
thus resulting in nonviability of HeLa cells and limited 
viability on HGF.[28] However, the underlying mechanism 
may be presumed principally due to the acidic nature of 
MTAD  (pH  4) that could have caused cellular lysis in 
addition to the above factors.[29]

Our study results are in accordance with Onçağ et al. who 
stated 2% CHX and cetrexidin  (0.2% CHX  +  0.2% CTR) 
had lower toxicity than 5.25% NaOCl.[30] Estrela et  al. 
used cetylpyridinium chloride  (CPC) in concentrations of 
0.1% and 0.2% as an endodontic irrigant for management 
of infected canals.[31] Dong et  al. reported that SDS is 
cytotoxic when used alone.[32] On the contrary, Barbosa 
et  al. reported that a combination of calcium hydroxide 
and SDS can be used as an endodontic irrigant.[33] Fiume 
et al. reported that SDS in products intended for prolonged 
contact with the skin, concentrations should not exceed 
1%.[34]

Marins et  al. found MTAD to be genotoxic on 
murine fibroblast cell and did not cause cell death. 
The lower concentrations of MTAD used  (in contrast 
to manufacturers instruction) could have accounted 
for higher cell viability scores.[35] Zhang et  al. stated 
that MTAD was not cytotoxic when assessed by 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide method.[36] As stated by Eisenbrand et  al., single 
cell comet assays which are an integral part of cytotoxicity 
are not recommended on samples showing more than 30% 
cytotoxicity and thus were not performed.[37]

The results of this study confirm that cell membrane was 
the main target of the irrigants employed, with differences 
in their mechanism of action. Variability among the two 
cell lines may be attributed due to the differences in 
the structure, metabolism, and composition of the cell 
membrane. The use of target tissue may simulate close 
replica to in vivo clinical situations.

Conclusion
Experimental surfactant combination regimen  (2% 
CHX  +  0.5% CTR) appears to be promising alternative 
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Figure 2: Vitality percentage of combination irrigant regimens on human 
gingival fibroblast
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irrigant being least cytotoxic, cost‑effective, and readily 
prepared in vitro than MTAD or other commercial surfactant 
irrigants  (nonavailable in India). Further studies on tooth 
models are required to confirm the results obtained.
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