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Abstract - Chlorhexidine mouthwash (CMW) is used for decontamination of tooth, implant or prosthetic surfaces to 
treat or prevent local infection. A cell culture model was used to investigate cytotoxicity of CMW employing an MTT 
assay to record cell activity.  Human osteoblast-like cells (HOS TE 85) were seeded. Dilutions of CMW (1:1 to 1:128) 
were made up with culture medium. Positive and negative controls were prepared. Cells were incubated, exposed to 
CMW, for 5 min to 4 h. Diluted tetrazolium salt solution was added.  Plates were incubated for a further 4 h.  Medium 
was removed, dimethylsulphoxide was added, and absorbance at 570nm read. Undiluted CMW caused total cytotox-
icity, similar to positive control. Progessive dilution of CMW was associated with elevated cell survival. Cytotoxicity 
increased with longer time exposures. It was concluded that CMW can be cytotoxic in high concentrations and when 
applied for long time periods. Work is needed to determine effects on other cell types and clinical significance of these 
findings.
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INTRODUCTION 

Chlorhexidine digluconate has been used by the dental 
profession for over 25 years.  It is a symmetrical cationic 
molecule containing two 4-chlorophenyl rings and two 
biguanide groups connected by a central hexmethylene 
chain 1.  This well recognised antimicrobial agent has a 
wide spectrum of activity, encompassing gram-positive 
and gram-negative bacteria 2, yeasts and fungi 3, and some 
lipophilic viruses 4.

The antimicrobial agent has a membrane-active type of 
activity, which damages the inner (cytoplasmic) mem-
brane.  The antibacterial mode of action is thought to be 
as follows: the cationic chlorhexidine molecule is rapidly 
attracted to the negatively charged bacterial cell surface, 
with specific and strong adsorption to phosphate-contain-
ing compounds.  This alters the integrity of the bacterial 
cell membrane and allows the chlorhexidine access to the 
inner membrane; here it binds with the phospholipids and 
leads to an increased permeability of the inner membrane 
and leakage of low molecular weight components, such 
as potassium ions.  

At this stage the effects of chlorhexidine are reversible; 
the removal of chlorhexidine by neutralisers will allow 
the bacterial cell to recover 5.  Lesser damage is caused 
to the cell membrane by low levels of chlorhexidine, but 
as the concentration increases, greater damage to the cell 
membrane is observed, since higher molecular weight 

components are lost from the cell.  Thus, at low concen-
trations chlorhexidine is bacteriostatic and at higher con-
centrations it is rapidly bactericidal 4.  The properties of 
chlorhexidine have led it to be considered a gold standard 
among chemical anti-plaque agents 5 and to have a range 
of proposed uses.  

Despite the vast progress in treating patients with im-
plants, maintaining healthy peri-implant tissues remains 
a challenge for some patients. It is generally accepted 
that if osseointegration is to be achieved, with minimum 
infectious complications, a strict approach to minimise 
bacterial contamination should be used during the inser-
tion of endosseous oral implants 6,7,8.   There is general 
agreement that good oral hygiene and maintenance is 
essential in preventing local problems because implants, 
like teeth, can accumulate plaque and calculus 9. The term 
“peri-implantitis” was introduced to describe a destructive 
inflammatory process affecting the soft and hard tissues 
around osseointegrated implants, leading to the formation 
of a peri-implant pocket and loss of supporting bone.   
Peri-implantitis usually produces a saucer shaped defect 
which is well demarcated.  The bottom of the implant 
retains osseointegration as it is not affected, thus allowing 
bone destruction to proceed without any signs of implant 
mobility until osseointegration is completely lost 10.  The 
main aims of therapy for this condition are to remove any 
bacterial biofilm and associated toxins, to eliminate local 
inflammation and if possible to regain osseointegration 
between implant and bone.  

Numerous methods have been used to clean the implant 
surface, including topical applications of saline, of chlo-
rhexidine, or of citric acid, and use of carbon dioxide (CO

2
) 

laser or air-powder abrasion.  However, no consensus has 
been reached about the most adequate method 11.  
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Contaminants including bacteria, bacterial products, 
calculus and soft tissue cells should be removed with or 
without modifying the implant surface or compromising 
the healing potential of the peri-implant tissues 12.  The 
pre-operative use of chlorhexidine rinse has been shown 
to be effective in reducing the incidence of oral infections 
associated with dental implants and to improve implant 
success rate 7,8. Some operators may also bathe prosthetic 
implant components in chlorhexidine solutions during 
removal and replacement when prostheses are undergoing 
maintenance or repair.

Despite the wide use of chlorhexidine for impairing plaque 
formation, controlling gingivitis and disinfecting root ca-
nals, evidence of its genotoxicity is fairly consistent.  A 
review of literature has shown chlorhexidine to be harm-
ful to a number of mammalian cells at doses similar to or 
below those introduced into the oral cavity; for example 
sperm 13, polymorphonuclear leukocytes 14, macrophages 
15, 16, epithelial cells 17 - 22, erythrocytes 17 and gingival and 
dermal fibroblasts 18-21.  In addition chlorhexidine applica-
tion can reduce production of collagen and other proteins 
by gingival fibroblasts at sub-cytotoxic levels, implying that 
it may influence wound healing 22-24.

Chlorhexidine has been shown to be highly cytotoxic 
to periodontal ligament cells, inhibiting double-stranded 
nucleic acid content, protein synthesis and mitochondrial 
activity 25.  Increased DNA damage in buccal mucosal cells 
was detected by a single cell gel assay in individuals that 
rinsed their mouths with chlorhexidine 1.  Genetic muta-
tions were also induced by the breakdown products of 
chlorhexidine in micro-organisms 26.  It has been proposed 
that chlorhexidine may have a general inhibitory effect on 
cells or it may specifically affect protein biosynthesis 25.

However, most of these studies relate to preparations of 
chlorhexidine in an aqueous vehicle. This agent is not 
however available alone: widely used commercially avail-
able formulations include a number of other components 
including ethanol, polyoxyl hydrogenated castor oil, pep-
permint oil, Ponceau 4R (E124, a synthetic red azo dye) 
and sorbitol. These may act to potentiate or reduce both 
the antibacterial effect and the cytotoxicity of the complete 
product.  In this setting the chlorhexidine is diluted by 
the other agents, and although ethanol is known to be 
cytotoxic, there are little data available in the literature 
regarding the toxicity of the other agents in question when 
applied at the concentrations seen in undiluted or diluted 
mouthwashes. As a result, it is important to investigate if 
chlorhexidine mouthwashes may have deleterious effects 
if used in such formulations, since this would relate to 
their clinical application. Eren et al 1 have reported DNA 
damage caused to buccal epithelial cells after rinsing with 
chlorhexidine mouthwash but did not investigate which 
mouthwash elements were responsible, or the phenotypic 
effects of such damage. 

The ultimate goal of using chlorhexidine in periodontology 
and implantology is as a disinfectant; whether it is as an 
adjunct in the treatment of peri-implantitis, when attempt-
ing to regain osseointegration, or its use pre-operatively, in 
reducing the incidence of oral infections associated with 
dental implants 8.  The objective of this investigation was 
to evaluate the cytotoxicity of chlorhexidine mouthwash 
over a range of concentrations and exposure time using a 

cell culture model.   We were primarily interested in the 
effect of the whole product, ie a widely used chlorhexi-
dine mouthwash in the UK, as opposed to the potential 
cytotoxic effect of chlorhexidine alone (as was carried out 
by Chang et al in 2001 25.

MATERIALS AND METHODS 

The tests in this study were carried out according to the 
guidelines of the International Standard (ISO 10993 - Bio-
logical evaluation of medical devices – Part 5: Tests for 
cytotoxicity in vitro methods) 27.

A human osteoblast-like cell line (HOS TE85, ECACC No. 
87070202) was used for the study. Numerous in vitro mod-
els using human, animal, non-transformed and transformed 
cells have been described for studying biocompatibility. For 
example, primary cultures of osteoblast cells are advanta-
geous for studies of bone cell metabolism and differentia-
tion because they have not been transformed and retain a 
normal genotype 27-29. However, human transformed oste-
oblast-like cell lines such as MG-63, HOS TE-85, are readily 
available and widely used as representative cell models. 
Although differences have been noted within species and 
between transformed and non-transformed cells 30-32, cell 
lines provide a readily available, safe source, of cells for 
screening studies such as cytotoxicity testing.  Cells were 
cultured in Dulbecco’s Modified Eagles Medium (DMEM), 
supplemented with 10% Foetal Calf Serum, 0.02M HEPES, 
[4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid], 2mM 
L-Glutamine, 1% Penicillin/streptomycin (all Life technolo-
gies) and 150µg/ml Ascorbate (HOS medium).  Cells were 
grown to confluence at 37ºC with 5% CO2 in a humidified 
atmosphere and were trypsinised using Trypsin (Sigma) 
0.02% in Phosphate Buffered Saline (PBS), (Sigma) with 
HEPES (Life technologies).  The cells were resuspended 
in DMEM (10% FCS) and seeded at a density of 1x 104/ml 
into each well 96 well plates. Four plates were set up for 
the different time periods studied.  

Sequential dilutions of sterilised chlorhexidine mouthwash 
(Corsodyl, 0.2%) from 1:1 to 1:128 were made up to 100 
μl with HOS cell culture medium. Controls were also pre-
pared, the negative control was HOS medium alone and 
the positive control was 30% alcohol.  

The HOS cell media was then tipped out of the 4 plates 
with care to prevent contamination of the plates, the dif-
ferent dilutions of mouthwash were added to the HOS 
cells on each of the 96 well plates.  The negative control 
comprised HOS cells with culture media alone, and the 
test control was neat mouthwash with no HOS cell and 
the positive control was 30% alcohol.  The test samples 
and controls were incubated at 37°C with 5% CO

2
 for the 

experimental time periods of 5 min, 10 min, 1h, 2h and 
4h. The MTT assay was then carried out to determine cell 
metabolic activity in the presence of the test samples.  100µl 
of DMEM medium (without ascorbate) was added to each 
well with 10µl of MTT at a concentration of 5mg/ml giving 
a final concentration of the MTT of 5µg/ml. The ascorbate 
was removed from the medium because it interferes with 
the assay. The plates were incubated for 4 hours and the 
contents removed by inverting the plate. The crystals were 
solubilised with 100µl of DMSO (Sigma) and shaken gently 
for 5 min until all the crystals had dissolved.  Absorbance 
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was measured on a Dynatech MR700 micro plate reader at 
test wavelength: 570nm and reference wavelength: 630nm. 
This protocol was repeated for a total of 12 sets of wells 
and plates. 

Statistical methods

Collected data was analysed using Stata 8 for PC (Stata 
Corporation, College Station, Texas). Mean absorbance 
value was calculated for each dilution (n=12) and for all 
five time periods. Frequency distributions were determined 
for all variables. The variables could not all be satisfactorily 
transformed to a normal distribution by simple arithmetic 
functions, and some were handled as categorical data. 
Data were compared between different exposure times 
and concentrations using analysis of variance and linear 
regression, to identify the effect of these factors on cell 
survival after exposure.

RESULTS

Table 1 shows the relative absorbencies for all the test 
samples and controls. Figure 1 shows the effect of time and 
dilution on cytotoxicity of the mouthwash solution on HOS 
cell activity.  The results show that both the concentration 
of mouthwash and the exposure time have an effect on 
cell metabolic activity. As the concentration of mouthwash 
decreased, an increase in metabolic activity of the cells 
was observed. This trend was observed for all dilutions 
of mouthwash tested.  Cells exposed for 5 minutes had 
significantly lower activity (p less than or equal to 0.024) 
than those exposed for 10 minutes at each dilution with 
the exception of 1/8 dilution (p=0.24).  However, it can 
be seen that with each subsequent sequential dilution the 
cell activity increases until dilutions of 1:128 gave results 
similar to negative control samples. Exposure to undiluted 
chlorhexidine mouthwash caused total cytotoxicity, simi-
lar to positive control samples. Cytotoxicity was seen to 
increase with an increase in exposure times.  It may also 
be seen that a 4 hour exposure curtailed most cell activity 
regardless of dilution.

These differences were statistically significant for different 
dilutions and different exposure times (after exclusion 
of controls): one way ANOVA for variations in dilutions 
for standardised exposure time and one way ANOVA for 
variations in exposure time for each dilution both showed 
statistically significant associations with absorbance output 
and hence cell vitality (p<0.001). Linear regression analy-
sis of absorbance readings by dilution and exposure was 
also carried out after exclusion of controls and confirmed 
these findings (p<0.0001, r2=0.34).  Further analysis using 
t-tests revealed that there were differences in cell vitality 
between exposures of 5 and 60 minutes at dilutions of 
1/16 (p<0.0001), 1/32 (p=0.0826), 1/64 (p=0.0115), and 
between exposures of 5 min and two hours for these dilu-
tions (p<0.0001, p<0.0001, p=0.0001, p<0.001 respectively) 
and between 1 and 2 hours for 1/128 dilution (p=0.0002).  
The pattern of results illustrated in Figure 1 was assessed 
and t-testing suggested that significant reductions in cel-
lular vitality occurred at all concentrations for a 5 minute 
exposure (p≤0.0043 for each concentration compared to 
negative control).  For exposures of 5 minutes, progres-
sive significant increases in cell survival occurred as dilu-
tions increased from 1/8 to 1/128 and to negative control 
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(p≤0.033, with the exception of 1/64 vs 1/128 dilutions, 
where p=0.084). Similar changes were seen for progressive 
dilutions at 10 minute exposures (p≤0.0041). For exposures 
of 1 and 2 hours, progressive dilutions gave significant 
increases in cell survival only as dilutions increased from 
1/16 to 1/128 and to negative control (p≤0.0471).
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DISCUSSION 

The MTT assay is used to measure cell activity.  This assay 
uses a tetrazolium salt and detects only living cells hence, 
it is a measure of cell metabolic function, dependent on 
the intact activity of a mitochondrial enzyme, succinate 
dehydrogenase, which is impaired after exposure of cells 
to toxic surroundings and the signal detected is dependent 
on the metabolic activity of the cells in question 33-35.  The 
MTT is converted to a blue formazan by mitochondrial de-
hydrogenases.  This enzyme is only present in intact, living 
cells; hence the blue colour produced and absorbed should 
be proportional to the number of viable cells present.  

The graph presents a general trend exhibiting an increase 
in cell metabolic activity with each sequential dilution; thus 
indicating that toxicity of chlorhexidine mouthwash can 
be reduced when diluted. The results also suggest that an 
increase in exposure time of cells to the mouthwash can 
have a direct effect on cell viability and metabolic activity.  
The decrease in metabolic activity implies that chlorhexi-
dine mouthwash has induced an effect on cell membrane 
integrity resulting in cell damage and subsequent death.  

As stated above, we were interested in the effects of a com-
bined formulation of chlorhexidine with other chemicals: 
in order to test the degree of toxicity for which chlorhexi-
dine itself is responsible, it would be necessary to test the 
effect of the dissolving solution, containing all the other 
mouthwash components, on the cells. It is known that 
polyethoxylated castor oil is of relatively low cytotoxicity 
compared to antiseptics such as benzalkonium chloride or 
cetylpyridinium chloride 36. Even so, the results seen here 
mirror those reported by others 19, 25, 37, 38 for cytotoxicity to 
periodontal fibroblasts following exposure to chlorhexidine 
alone, with similar relative reductions in cellular vitality 
for similar concentrations of chlorhexidine. Wilken et al. 
39 have suggested that the cytotoxicity of chlorhexidine-
containing oral preparations relates more to the effects of 
chlorhexidine than other elements such as alcohol. Zhang 

et al. 35 have also reported similar results for a commercial 
chlorhexidine preparation with 0.12% chlorhexidine glu-
conate (as well as other ingredients), and Shahan et al. 23 
have reported that wound irrigation with such a preparation 
may impair wound healing in a murine model, although 
this may only be for 48 hours postoperatively. This is at 
odds with the results of Mobracken and Wengstrom 40, who 
suggested that slower healing was apparent for up to 7 
days when a site was treated using chlorhexidine acetate 
solution. Alleyn et al. 41 also elegantly illustrated how the 
pre-treatment of dentine surfaces could adversely influ-
ence the responses of fibroblasts subsequently exposed 
to these surfaces by assessing cell attachment. No other 
assessments of vitality were carried out. 

Cytotoxicity screening, as indicated by the ISO-10993-Part 
5 guidelines 27, recommends an indirect method as a rapid 
and effective way of assessing the effect of any toxic leach-
able or agent on cells in vitro. In addition, the guidelines 
recommend that both a positive control (one that causes a 
detrimental effect) and a negative control (one which does 
not have a toxic effect) should be included in the tests. In 
this study, alcohol was used as the positive control. This 
satisfied both the ISO recommendations and also repre-
sents a major constituent of the chlorhexidine mouthwash 
(which contains 5.7% ethanol). Human osteoblast-like cells 
have been used in this study, and although this may not 
seem comparable with native cells involved in the clinical 
situation, the protocol used is consistent with standard ISO 
tests for cytotoxicity. Chlorhexidine has been proposed as 
a means of disinfecting the surfaces of failing implants as 
part of a process to try to develop re-osseointegration, and 
so it is not impossible that residues of such agents may 
come into contact with bone cells at some point. Even so, 
these potential complications must be weighed against 
the proven antibacterial effects of such agents and their 
ability to prevent plaque formation.  Furthermore, issues 
of clearance of chlorhexidine from a surgical site have not 
been addressed in this study, and further work is needed 

Figure 1: the effect of time and dilution on cytotoxicity of chlorhexidine 
solution to Hos cells: bar = 1 s.e.
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to equate the results reported here to the dynamics of 
blood flow and chemical clearance in a healing wound 
area in vivo.

In previous investigations using cells from the periodon-
tium, chlorhexidine has been shown to affect cell prolifera-
tion, as well as total protein production in vitro 19.  The 
study undertaken by Mariotti and Rumpf  24 showed that 
the effects of chlorhexidine on retarding proliferation of 
gingival fibroblasts occur rapidly. Other in vitro studies 
also demonstrated that a short exposure to chlorhexi-
dine was equally effective in impairing human gingival 
fibroblast function as longer exposure times 41 and that 
short exposure was sufficient to damage epithelial cells 
19. Similar results for impaired cell function (expressed as 
nitric oxide production) at low doses, followed by cytotox-
icity for higher doses have also been described for murine 
peritoneal macrophages 16. 

Ribeiro et al 42 demonstrated that chlorhexidine digluconate 
intake induces primary DNA damage in rat leukocytes and 
oral mucosal cells, and hypothesised that chlorhexidine 
may bind to proteins, contribute to alterations of cellular 
functions and induce DNA damage.  

The results for 5 minute exposure time point appear to 
be an anomaly, with cells having a lower activity than at 
10 minutes.  This does not correlate with the rest of the 
findings where an increase in exposure time resulted in a 
fall in cell metabolic activity. A possible explanation could 
be that the short exposure time period involved several 
technical steps, and, as a result, the cells were disturbed 
and it is possible that the short time period was insufficient 
for cells to recover resulting in a lower activity as recorded 
by the absorbance readings.

The negative control without mouthwash showed the 
highest metabolic activity for each time point studied, 
indicating no deleterious effects on the cells and normal 
metabolic activity.  The positive controls revealed a fall 
in activity at most time points, as predicted.  The studied 
also showed that reduction in cellular metabolic activity 
in the presence of neat mouthwash was greater than for 
the positive control, confirming its cytotoxicity. 

Therefore, within the limitations of this study, it would 
appear that exposure of cell lines to this formulation of 
complete chlorhexidine mouthwash may have cytotoxic 
effects. Obviously these results cannot be fully extrapo-
lated to the clinical situation without further work, and 
the degree to which this agent may influence clinical heal-
ing is uncertain.  In addition, the development of newer, 
combined chlorhexidine-containing mouthwashes 43-46 
may lead to less cytotoxic preparations, but this has not 
yet been investigated in published literature. The effect of 
any such toxicity may be more significant if the agent is 
applied to exposed connective tissue rather than surgical 
wounds closed by sutures.

CONCLUSION

This study suggests that chlorhexidine mouthwash can 
be cytotoxic in high concentrations and when applied 
for long periods of time.  The ability of chlorhexidine to 
non-selectively kill oral microorganisms makes it the gold 
standard of antimicrobials, explaining its wide usage.  

However, chlorhexidine-induced effects on cells suggest 
that this drug is toxic to cells at concentrations far below 
those that are introduced into the oral cavity.  This may 
have implications if such agents are employed to disinfect 
the surfaces of implants and prostheses in situ.
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