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and 0.9% Normal Saline Solutions on 

Fibroblasts- An Invitro Study

INTRODUCTION
Periodontitis is a chronic complex inflammatory disease involving 
the supporting structures of teeth such as periodontal ligament and 
alveolar bone leading to gingival recession, pocket formation and bone 
loss [1]. It is a multifactorial disease which is modified by systemic and 
environmental factors [2]. Oral microbiome in dental plaque plays an 
unequivocal role in periodontal pathogenesis [3]. Microbial plaque 
biofilm control is considered to be an established and effective way 
of treating and preventing periodontal diseases [4]. There are several 
methods to control the plaque such as the mechanical and chemical 
plaque control [5]. Ideally, any antimicrobial agent that is used, should be 
able to alter the oral environment in such a way that it is effective against 
the pathogens without altering the tissue homeostasis. [6]. Chemical 
plaque control agents can be delivered in the form of mouthwashes, 
ointments, local drug delivery system etc., [5].

Among the chemicals used in mouthwashes, CHX is the most 
commonly prescribed and most potent plaque control agent [7]. CHX 
is a cationic bisbiguanide which is effective against gram positive, gram 
negative organisms, fungi, yeasts and viruses; and exhibit antiplaque 
and antibacterial properties [8]. Commonly used concentrations of 
commercially available CHX mouthwashes are 0.12% and 0.2%. 
But there are some reported disadvantages to the use of CHX like 
staining of teeth and oral tissues, taste perturbation where the salt 
taste appears to be preferentially affected to leave food and drinks 
with a bland taste, oral mucosal erosion, bilateral parotid swelling, and 
enhanced supragingival calculus formation [9]. In the past, CHX has 
been identified to be cytotoxic for human gingival fibroblasts, osteocytes 
and blood cells [10]. CHX is often prescribed after periodontal surgical 
procedures for postoperative plaque control and the cytotoxicity of 
CHX has created a confusion in this regard [11,12].
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ABSTRACT
Introduction: Periodontitis is initiated by plaque microbes and 
modified by systemic and environmental factors. Treatment of 
periodontitis primarily focuses on plaque control by mechanical 
and chemical means. Chlorhexidine (CHX) mouthwash is 
considered as the ‘gold standard’ chemical plaque control 
agent. But studies have demonstrated cytotoxic effects of 
CHX. However, there is limited evidence available regarding 
the cytotoxicity of other commonly used postoperative 
mouthwashes.

Aim: To evaluate cytotoxicity of commonly used postoperative 
mouthwashes (CHX- 0.12% and 0.2%, 2% povidone iodine, 
3% hydrogen peroxide and 0.9% normal saline solutions) using 
MTT assay on fibroblast cells and to identify the least cytotoxic 
agent.

Materials and Methods: The study was an invitro study 
conducted at Department of Periodontics, PMS College of 
Dental Sciences and Research, Vattapara, Thiruvananthapuram 
in association with Biogenix research centre Poojapura in 
January 2018. The cytotoxic effects of CHX -0.12% and 0.2%, 
Povidone iodine 2%, 3% hydrogen peroxide and 0.9% normal 
saline solution on L929 fibroblast cells were observed using 
inverted phase contrast microscope and images were recorded 
for all the groups. Cytotoxic evaluation was done by MTT {3,(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide} assay. 
Optical Density (OD) was measured and percentage of cell 
viability for each mouthwash was calculated. Statistical Analysis 
was carried out using analysis of variance (ANOVA). Intergroup 

comparison was done using Post hoc analysis (Tukey HSD). The 
p-value <0.05 was considered to be statistically significant. SPSS 
software version 22.0 IBM, Chicago, IL. was used.

Results: Cell viability percentages were highest for normal 
saline (87.11%) followed by 2% povidone iodine (73.71%), 
0.12% and 0.2% CHX (24.9% and 24.56%) and the least for 
3% hydrogen peroxide (23.82%). Post hoc analysis showed 
significant difference for all the reagents compared to control 
(p<0.001) except normal saline (p=0.658). The difference 
between povidone iodine and normal saline was not significant 
(p=0.433). Comparison of both concentrations of CHX (0.2% 
and 0.12%) and povidone iodine 2% w/v was significantly 
different with p<0.001, but not with hydrogen peroxide (3%) 
(p=0.899). The comparison between povidone iodine 2% and 
hydrogen peroxide (3%) was significantly different (p<0.001). 
Microscopic findings of CHX and hydrogen peroxide treated 
cells included cell shrinkage, condensed nuclei, membrane 
blebbing and apoptotic bodies. Changes in cellular morphology 
were not observed in cells treated with povidone iodine and 
normal saline solution.

Conclusion: Both 0.12% and 0.2% CHX and 3% hydrogen 
peroxide were found to have significant cytotoxic effects when 
compared to other mouthwashes. The findings of this study 
preclude the use of 0.12% and 0.2% CHX and 3% hydrogen 
peroxide as postoperative mouth rinses due to their possible 
cytotoxic effects. A 2% povidone iodine and normal saline 
solution can be considered as excellent alternatives as they 
were found to be least cytotoxic on fibroblast cells.
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Parameters Mean OD (nm) SD f-value p-value

Control 0.8048 0.1164

71.8618 p<0.001**

Normal saline 0.7011 0.0274

0.12% CHX 0.2004 0.0147

0.2% CHX 0.1977 0.0461

povidone iodine 2% 0.5932 0.0446

3% H2O2
0.1917 0.0389

[Table/Fig-2]: Intergroup comparison of mean Optical Density (OD) of different 
mouthwashes using ANOVA.
*Statistically significant at p<0.05 **Statistically highly significant at p<0.001

after treatment with chemicals for 24 hours and the observation were 
recorded as images. Any alteration in cell morphology or shape, 
such as rounding, cell shrinkage, condensed nuclei, granulation 
and vacuolisation in the cytoplasm of the cells, appearance of 
membrane blebbing and apoptotic bodies were considered as 
indicators of cytotoxicity. 

Cytotoxicity Assay by MTT Method
MTT {3,(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide} 
was then added at a final concentration of 500 μg/mL. The amount 
of formazan crystals formed were measured after 4 hours of MTT 
addition [Table/Fig-1]. The crystals were dissolved in isopropyl 
alcohol and OD was measured at 540 nm. The percentage of 
viable cells/well was estimated by the following calculation: Viability 
of cells (%)=(Absorbance of treated cells)/(Absorbance of untreated 
cells)×100 [20].

Povidone iodine is another commonly prescribed mouth rinse with 
antifungal, antiviral and bactericidal properties. It is considered 
to be less toxic, does not stain and cause any allergic reactions 
or tissue irritation [13]. Povidone iodine also has been used in 
wound care because of its broad antibacterial spectrum, efficacy 
against bacterial biofilms, effects on inflammation, lack of bacterial 
resistance and promotion of healing by activation of monocytes, 
T cells, and macrophages [14].

Hydrogen Peroxide (H2O2) levels above 1% have been found 
to have beneficial effects. A 1.5% H2O2 is used as an adjunct to 
CHX in reducing plaque and in preventing stain development [15]. 
The therapeutic action of hydrogen peroxide is obtained by the 
release of oxygen that kills the putative anaerobes in oral infections 
[15]. A 3% H2O2 is reported to have a beneficial effect in reducing 
gingival inflammation and pocket depth [16]. Normal saline solution 
is effective in preserving gingival health, promoting healing of oral 
ulcers and is also used as a postoperative mouth rinse [17]. But 
there is limited evidence available on the cytotoxicity of povidone 
iodine, hydrogen peroxide and normal saline solution. So, the aim of 
the present study was to evaluate and compare cytotoxic effect of 
0.12% and 0.2% CHX with 3% hydrogen peroxide, povidone iodine 
2% solution and 0.9% normal saline solution.

MATERIALS AND METHODS
The study was an invitro study conducted at Department of 
Periodontics, PMS College of Dental Sciences and Research, 
Vattapara, Thiruvananthapuram in association with Biogenix 
research centre Poojapura in January 2018. Since the study was 
purely an invitro study we haven’t obtained IEC.

For this study, commonly used postoperative mouthwashes i.e., 
0.12% and 0.2% CHX, 2% povidone iodine, 3% hydrogen peroxide, 
0.9% normal saline solution and growth medium alone Dulbecos 
Modified Eagles Medium (DMEM)) as the control have been used. 
Normal saline solution was prepared by diluting 9 g of salt in 1 litre 
of water. L929 (adipose tissue Fibroblast) cells were procured from 
National Centre for Cell Sciences (NCCS), Pune, India and maintained 
in DMEM (From Gibco, Invitrogen). Cytotoxicity was measured by 
MTT assay (colorimetric assay) [18]. It’s based on the property of 
the living cells to reduce soluble yellow tetrazolium salts to blue 
formazan crystals [18]. International organisation for standardisation 
has recommended the use of L929, CCL163, CCL171 and SaOS2 
cell lines for the evaluation of cytotoxicity of dental materials in invitro 
studies [19]. Among these L929 cell line has been widely used [19].

The methodology followed was as described previously [20]. 
Culturing of the cell line was done using tissue culture flask of 25 
cm2 containing DMEM which is supplemented with 10% Fetal 
Bovine Serum (FBS), L-glutamine, sodium bicarbonate and antibiotic 
solution. Antibiotics used were Penicillin (100 U/mL), Streptomycin 
(100 μg/mL), and Amphotericin B (2.5 μg/mL). Cell lines were 
cultured in a 5% CO2 incubator (NBS Eppendorf, Germany) at 37ºC. 
Two-day-old confluent monolayer of cells were allowed to trypsinise 
and the cells were suspended in a 10% growth medium, 100 μL cell 
suspension with a density of (5×104 cells/well) was seeded in a 96 
well tissue culture plate and further incubated at 37ºC in a humidified 
5% CO2 incubator and allowed to reach the exponential phase of 
growth (cell counting was done using Haemocytometer, Sigma).

Cytotoxicity Evaluation
Cells were treated with freshly prepared 0.9% normal saline 
solution, 2% povidone iodine, 3% hydrogen peroxide, 0.12% CHX 
and 0.2% CHX and kept for 24 hours in an incubator at 37ºC. 
Wells maintained with growth medium alone was considered as the 
control. Experiment with each chemical was repeated in 5 wells.

Cytotoxicity Assay by Direct Microscopic Observation
Inverted phase contrast microscope (Olympus CKX41 with Optika 
Pro5 CCD camera) was used for direct microscopic examination 

[Table/Fig-1]: MTT assay plate.

STATISTICAL ANALYSIS
Data were represented as mean±standard deviation and percentage. 
SPSS software version 22.0 IBM, Chicago, IL was used. Statistical 
Analysis was carried out using analysis of variance (ANOVA) for 
intergroup comparison along with Post hoc analysis (Tukey HSD). A 
p-value <0.05 was considered to be statistically significant in all the 
comparisons. Analysis was done with software.

RESULTS
Mean optical densities and results of statistical analysis (ANOVA) 
of intergroup comparison between control, normal saline solution, 
0.12% CHX, 0.2% CHX, 2% povidone iodine and 3% hydrogen 
peroxide solutions are represented in [Table/Fig-2]. The difference 
was found to be  statistically significant with p<0.001.

[Table/Fig-3] shows results of Post hoc analysis to find out where 
the difference occurred between specific groups. Post hoc analysis 
showed significant difference for all the reagents compared to control 
(p<0.001) except normal saline (p=0.658). The difference between 
povidone iodine and normal saline was not significant (p=0.433). 
Comparison of both concentrations of CHX (0.2% and 0.12%) and 
Povidone iodine 2% w/v was significantly different with p<0.001, 
but not with hydrogen peroxide (3%) (p=0.899). The comparison 
between Povidone iodine 2% and hydrogen peroxide (3%) was 
significantly different (p<0.001).
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From [Table/Fig-4] cell viability percentages were found to be highest 
in 0.9% normal saline solution (87.11%) followed by 2% povidone 
iodine w/v (73.71%) whereas, it was lowest for CHX formulations of 
both concentrations (24.9% and 24.56%) followed by 3% hydrogen 
peroxide (23.82%).

treatment groups tukey hSD p-value

Control vs normal saline 0.658

Control vs 0.2% CHX <0.001**

Control vs 0.12% CHX <0.001**

Control vs Povidone iodine 2% w/v <0.001**

Control vs 3% hydrogen peroxide <0.001**

Normal saline vs 0.12% CHX <0.001**

Normal saline vs 0.2%CHX <0.001**

Normal saline vs Povidone iodine 2% w/v 0.433

Normal saline vs 3% hydrogen peroxide <0.001**

0.2% CHX vs 0.12% CHX 0.899

0.2% CHX vs Povidone iodine 2% w/v <0.001**

0.2% CHX vs 3% hydrogen peroxide 0.899

0.12% CHX vs Povidone iodine 2% w/v <0.001**

0.12% CHX vs 3% hydrogen peroxide 0.899

2% povidone iodine w/v vs 3% hydrogen peroxide <0.001**

[Table/Fig-3]: Post hoc analysis (Tukey HSD) for comparison of specific groups.
*Statistically significant at p<0.05 **Statistically highly significant at p<0.001

DISCUSSION
The present study was conducted to evaluate and compare the 
cytotoxic effects of commonly used postoperative mouthwashes 
(0.2% and 0.12% CHX, 2% povidone iodine, 3% hydrogen peroxide 
and normal saline solution) using microscopic examination and MTT 
assay and a statistically highly significant difference p<0.001 was 
obtained on comparing intergroup optical densities. Comparison 
between the groups shows significantly higher cytotoxicity for all the 
reagents compared to control (p<0.001). When compared to normal 
saline, cytotoxicity of povidone iodine was comparable (p=0.433). 
Cytotoxicity of both concentration of CHX (0.2% and 0.12%) and 
hydrogen peroxide (3%) was significantly higher compared to 
povidone iodine (p=0.899). In the present study, the cell viability 
percentages found in descending order were for saline, 2% 
povidone iodine, 0.2% and 0.12% CHX and 3% hydrogen peroxide. 
Microscopic findings of CHX and hydrogen peroxide treated cells 
included cell shrinkage, condensed nuclei, membrane blebbing and 
apoptotic bodies. Changes in cellular morphology were not observed 
in cells treated with povidone iodine and normal saline solution.

The cytotoxic effect of CHX on fibroblasts was reported previously 
in many other studies. Alleyn CD et al., found that a 3 minute 
exposure of 0.12% CHX had a cytotoxic effect on periodontal 
ligament fibroblasts [21]. Wilken R et al., demonstrated that there 
was an immediate cell fixation into tissue cell surfaces when 
exposed to 0.2% CHX [22]. Louis SM and Pearson RM, in his study 
demonstrated  cell membrane disruption and fixation of cytoplasmic 
contents of PMNs when exposed to 0.2% CHX [23]. Here, similar 
results were obtained with 0.2% and 0.12% CHX.

Studies by Chang YC et al., and  Rajabalian S et al., found that 
CHX was cytotoxic to cultured human periodontal ligament and 
gingival fibroblasts even at a very low concentration (0.0001% or 
greater) [24,25]. In another study by Coelho AS et al., cytotoxicity of 
CHX was found to be higher than that of an enzymatic mouthwash 
containing lysozyme, lactoferrin and lactoperoxidase [26]. Coelho AS 
et al., observed block in G2/M phase and cell death by necrosis due 
to CHX [26]. It has also been observed in other studies that CHX 
impairs human fibroblast attachment to the root surfaces [27] and 
thus affects cellular proliferation and total protein production when 
examined invitro [28]. The present study results are in agreement with 
several authors who associated CHX with cytotoxic effects in gingival 
epithelial cells [29], in periodontal ligament cells [24], in keratinocytes 
[30,31], in macrophages [32], in osteoblasts and in osteoclasts [33-
35]. Several studies have also reported that CHX causes lysis of 
erythrocytes and neutrophils [36,37], protein synthesis is inhibited 
in fibroblasts [28,38] and fibroblasts adhesion and production of 
matrix components were also reduced [10,39]. Eren K et al., in their 
study had used 0.12% CHX mouthwash twice a day for 18 days and 
reported DNA changes in oral epithelial cells and lymphocytes [40].

Flemingson et al., evaluated the cytotoxicity of CHX mouthwash 
according to concentration of mouthwash and time of exposure 
[12]. They evaluated the metabolic activity of human gingival 
fibroblasts after exposing the cells to CHX mouthwash at different 
concentrations for 1 minute, 5 minutes and 15 minutes. A 51.7% 
reduction in the metabolic activity after 1 minute of exposure to CHX 
(0.002%), 62.1% reduction after 5 minutes and 72.6% reduction 
after 15 minutes were reported. Using concentrations equal to or 
higher than 0.02%, the metabolic activity was reduced by more 
than 90% in all of the tested groups.

In the present study, 2% povidone iodine had significantly less 
cytotoxicity (73.71% cell viability) compared to H2O2 and CHX. But 
there are conflicting results that povidone iodine can be cytotoxic at 
concentration of 5.0% to 0.05% when tested in canine embryonic 
fibroblasts [41] and at concentration of 1% in human gingival 
fibroblasts [42]. In a study, by Lineaweaver W et al., suggested that 
a concentration of 0.001% has bactericidal activity and it has no 
toxic effect on human fibroblasts [43].

[Table/Fig-4]: Graphical representation of percentage of cell viability.

[Table/Fig-5] demonstrates microscopic examination revealing 
cytotoxic changes like necrosis and rounding of cells in wells 
treated with hydrogen peroxide and CHX whereas normal cellular 
morphology was maintained in all other groups.

[Table/Fig-5]: Microscopic examination of fibroblasts after 24 hours of treatment 
with different mouthwashes: (5a) 0.2% chlorhexidine; (5b) 0.12% chlorhexidine; 
(5c) 2% povidone iodine w/v; (5d) 3% hydrogen peroxide; (5e) 0.9% normal saline 
solution; (5f) Control (Blue arrow- cell shrinkage, yellow- condensed nuclei, Green- 
Membrane blebbing, grey- apoptotic bodies, Black arrow- Normal unaltered cell 
from the growth medium).
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In the present study, hydrogen peroxide was found to have greatest 
cytotoxicity than other agents. This was in accordance with other 
studies conducted by Palmqvist P et al., and Kiyoshima T et al., 
in which they demonstrated the cytotoxicity of H2O2 to Gingival 
fibroblasts at a concentration of 50 μM [44,45]. In another study 
by Furukawa M et al., highly concentrated (15%) H2O2 caused 
inflammation in gingival fibroblasts and had toxic effects which also 
represent marked changes in cell morphology [46].

In an invitro study by Huynh NC et al., the findings were in accordance 
with the present study. It was concluded that the use of saline 
enhances the wound healing capacity and has a beneficial effect 
on human gingival fibroblasts [17]. Saline solution enhances human 
gingival fibroblast cell migration, alters the structure of cytoskeletal 
molecules and enhances extracellular matrix gene expression.

Limitation(s)
The present study was an invitro study and controlled clinical 
trials should be conducted in future to verify the present study 
findings. The clinical efficacy of the tested agents should also be 
compared in terms of antiplaque and anti-inflammatory effects to 
select the most appropriate mouthwash for postoperative use. 
Another limitation was the lack of use of human gingival fibroblasts 
instead of L929. Due to the lack of the facility of human gingival 
fibroblasts, future studies can be conducted with the same to 
overcome these drawbacks.

CONCLUSION(S)
On comparing the cytotoxicity of commonly used postoperative 
mouthwashes, it was demonstrated that cytotoxic effects of normal 
saline and 2% povidone iodine were significantly less compared 
to 0.12% and 0.2% CHX as well as 3% hydrogen peroxide. Even 
though CHX is considered as the gold standard antiplaque agent, 
we have to be cautious when we prescribe it during immediate 
postoperative period. Based on the results of the present study, 2% 
povidone iodine and normal saline solution as excellent alternative to 
CHX for postoperative use could be recommended. Future clinical 
studies can provide more evidence in this regard.
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