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Chlorhexidine continues to be considered the gold standard in antiseptic treatment due to its high bactericidal
activity. However, some studies reveal the fact that this compound may have some adverse effects both on
tissues and cells at standard concentration frequently used in medical practice. Solutions Chlumsky and
Walkhoff have a remarkable activity in the infection treatment, but the phenol and chlorophenol, respectively,
are substances with a real toxic potential. The purpose of this study was to evaluate the effects of different
products of dental use on viability of two tumor cell lines: A375 – human melanoma cells and B164A5 –
murine melanoma cells. The dental solutions used in this study were: Gluco-Chex - Chlorhexidine digluconate,
Chlumsky and Walkhoff solutions. In order to evaluate the effects of this solutions on cells viability, we tested
3 different concentrations for each solution according to the literature, as follows: Chlorhexidine digluconate
(0.000025, 0.00025 and 0.0025%), Chlumsky (0.001, 0.01 and 0.1%) and Walkhoff (0.001,  0.01 and 0.1%).
The cells were stimulated for 4 and 24 h and the viability was determined by the means of Trypan Blue and
Alamar Blue assays.
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Chlorhexidine is a chemical compound with great
bactericidal activity. It is used in dental practice for: (a)
root canal disinfection, gingivitis controlling [1], (b) for the
treatment of endodontic diseases and periodontal diseases
[2], (c) its inhibitory effect on matrix metalloproteinase
(MMP) [3, 4], and (d) its very good absorption and its
effectiveness at low concentrations [5]. There were
developed several in vitro studies on L929 fibroblasts,
osteoblastic, endothelial or fibroblastic cell lines in order to
evaluate the mechanism of action of this compound [5,6]
which at the present moment is still incompletely
elucidated.

The solutions Chlumsky and Walkhoff have in their
composition camphorated phenol, and parachlorophenol,
respectively, and are used to treat complicated infections.
Studies of these solutions regarding their cytotoxicity are
very limited and the ones that exist are focused on the
antimicrobial activity [7-9].

The aim of the present study was to evaluate the effect
of these three compounds used in dental practice, on two
tumor cell lines viability: human melanoma cell line – A375
and murine melanoma cell line – B164A5.

Experimental part
Materials and methods

The cell lines used in this study were melanoma cell
lines – A375 – human melanoma cell line and B164A5 –
murine melanoma cell line. Both tumor cell lines were
purchased from ECACC (European Collection of Cell
Cultures) at passage no. 2.

The reagents used for cell culture were bought from
Sigma Aldrich and were the following: culture media -
Dulbecco’s modified Eagle Medium (DMEM) high glucose–

4.5 g/L, foetal calf serum (FCS), penicillin/streptomycin
solution, trypsin/EDTA solution, PBS (phosphate saline
buffer), ethanol, trypan blue and Alamar blue. The test
compounds test in the present study were: Chlorhexidine
2%, Chlumsky and Walkhoff solutions.

Cell culture
The two cell lines, A375 (human melanoma cell line)

and B164A5 (murine melanoma cell line) were cultured in
specific culture media – Dulbecco’s modified Eagle Medium
(DMEM) high glucose – 4.5 g/L (HEPES and L-glutamine)
supplemented with 10% FCS and 1% penicillin (100UI/mL)/
streptomycin (100 µg/mL). The cells were kept during the
experiment in an incubator in standard conditions: 5% CO2
and 37°C and were split every second day.

Trypan Blue cytotoxicity assay
One of the methods used in this study in order to evaluate

the cells viability was the tr ypan blue assay. The
mechanism of action is based on the capacity of this
reagent to penetrate the membrane of the dead cells which
become dark blue, whereas the viable cells are bright
suggesting that were not affected by the action of trypan
blue. The A375 and B164A5 cells (1X106 cells/well) were
cultured in a 6-well plate and the next day were stimulated
with different concentrations of the three dental use test
solutions: Chlorhexidine (0.000025, 0.00025 and  0.0025%),
Clumsky (0.001, 0.01 and 0.1%) and Walkhoff (0.001, 0.01
and 0.1%) for 24 h. After the 24h stimulation, the cells were
counted in the presence of trypan blue and the viability
was calculated with specific formula [10].
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Alamar blue cytotoxicity assay
Another assay used for the evaluation of the effects of

the three test compounds on the viability of the A375 and
B164A5 cells was Alamar blue cytotoxicity assay, an
established technique for cytotoxicity and cell proliferation
studies. The principle of this method consists in the capacity
of the viable cells to reduce resazurin to resofurin which is
a molecule that produces a red fluorescence that can be
quantified and the results obtained are quantitative [11].

A375 and B164A5 cells (1X104 cells/well) were cultured
in 96-well plates and incubated over night in specific culture
media. The next day the culture media was replaced with
new culture media that contained different concentrations
of the test compounds: Chlorhexidine (0.000025, 0.00025
and 0.0025%), Chlumsky (0.001, 0.01 and 0.1%) and
Walkhoff (0.001, 0.01 and 0.1%) for 4 and 24 h.  After the
4h/24h of stimulation it was added a volume of 20µL
Alamar blue/well (10% of the total media volume) and the
cells were incubated for 4-5h. Subsequently the absorbance
was read using a spectrofotomer at two different
wavelenghts: 492 and 630 nm (Stat Fax 2100 Awarness
Technology Inc).

Scratch assay
This technique is a wound healing-like method

developed in vitro and it is used to determine the effect of
the test compounds on the migration of the tumor cells.

A375 and B164A5 cells (2X105 cells/well) were cultured
in 12-well plates and were let to adhere to the plate for 24h
(until the confluence was at 90%). The media was removed
and there were done scratches using a pipette tip of 10µl.
The detached cells were washed with PBS and the cells
were stimulated with different concentrations of test
compounds: Chlorhexidine (0.000025, 0.00025 and
0.0025%), Chlumsky (0.001, 0.01 and 0.1%) and Walkhoff
(0.001, 0.01 and 0.1%) for 24 h. There were taken pictures
at different time points: 0, 3 and 24h using a camera (Optika
Microscopes Optikam Pro Cool 5 and Optika View).

Results and discussions
The present study was proposed in order to evaluate the

effect of three of the most used products in the dental
practice, chlorhexidine, Chlumsky and Walkhoff solutions
on the viability of two cancer cell lines: A375 – human
melanoma cells and B164A5 – murine melanoma cells.
We used 3 different concentrations for each compound
and the cells were stimulated for 4 and 24h. The cytotoxic
effect of the compounds was checked by the means of
Trypan blue and Alamar blue cell viability assays.

In the case of human melanoma cell lines – A375, our
results indicate that the highest cytotoxic effect (approx.
10% viable cells) was observed after the stimulation with
Walkhoff solution, even at the lowest concentration used
in the study (0.001%). A cytotoxic effect was also observed
at the highest concentration of Chlumsky solution (0.1%).
Our data showed that A375 cells were less sensitive to
chlorhexidine solution effects, the viability of the cells being
decreased only with (25-30%) as compared to the other
solution when we obtained a 10% viability (fig.1). Similar
results were obtained when we checked the viability using
Trypan blue assay (data not shown).

When we stimulated the cells for 4h with the test
solutions, it was obtained a similar cytotoxic effect, but
the results weren’t as significant as the ones obtained after
24h stimulation.

The stimulation of the murine melanoma cells B164A5
with Walkhoff solution led to similar results as the ones
observed for the human melanoma cells, a significant
percent of death cells being observed even at the lowest
concentration. Our results indicate that B164A5 were
affected by chlorhexidine solution, too, the highest
cytotoxic effect being observed at the highest
concentration. An unexpected result was obtained in the
case of the middle concentrations of both chlorhexidine
(0.00025%) and Chlumsky (0.01%) solutions, when the
viability of cells was around 80%. The highest concentration
of Chlumsky solution (0.1%) induced cell death in a

Fig. 1. The cytotoxic effect of the dental test
compounds, chlorhexidine, Chlumsky and Walkhoff

solutions, on human melanoma cells – A375.  The
cells  were stimulated with 3 different

concentrations/ test compound for 24h and then we
tested the effect of this compounds on human

melanoma cells viability using Alamar blue assay. As
control we used A375 cells non-stimulated. The

experiments were done in triplicate

Fig. 2. The cytotoxic effect of the dental test compounds,
chlorhexidine, Chlumsky and Walkhoff solutions, on
murine melanoma cells – B164A5.  The cells  were

stimulated with 3 different concentrations/ test
compound for 24h and then we tested the effect of this
compounds on human melanoma cells viability using

Alamar blue assay. As control we used B164A5 cells non-
stimulated. The experiments were done in triplicate
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significant percentage (aprox. 90%) (fig. 2). Similar data
were obtained for Trypan blue assay (data not shown).

  It is well-known that tumor cells are characterized by
a high capacity of migration during second tumors
development. Taken into account the results obtained
regarding the cytotoxic effects of the test compounds, we
decided to test the effect of these solutions on the capacity
of tumor migration by using Scratch assay. Eloquent results
were obtained for the murine melanoma cells and these
data will be presented further in figure 3.

Taken into account the results that we obtained for the
cell viability assay, we tested the effects of these
compounds on cells migration by using only the
concentrations that not induced a significant cell death of
the cells (the lowest and the medium concentrations:
0.000025 and 0.00025% - for Chlorhexidine and 0.001 and
0.01% -  for Chlumsky and Walkhoff solutions). As it can be
seen from figure 3, an inhibitory effect on tumor cells
migration was detected only in the case of the highest
concentrations used in this experiments, whereas the
lowest concentrations were associated with a stimulatory
effect of cell migration capacity. These data suggest the
fact that the test solutions were able not only to induce cell
death, but also to inhibit tumor cell migration, the effects
being dose-dependent.

Fig. 3. The inhibitory effect of Chlorhexidine, Chlumsky and
Walkhoff solution on the capacity of migration of murine melanoma

cells – B164A5

Conclusions
Our results indicate that Chlorhexidine digluconate

solution 2% induced in a small percentage the cell death
of the tumor cells. Chlumsky solution at the highest
concentration used in the study affected seriously the
viability of both tumor cell lines. A high cytotoxic effect in
case of both A375 and B164A5 cells was observed after
stimulation with Walkhoff solution (all three
concentrations), changes in cells shape being detected
after first hours post-stimulation. The effect of the test
compounds on the migratory capacity of tumor cells was
dose-dependent: the lowest concentrations had a
stimulatory effect, whereas the highest concentrations
were associated with an inhibitory effect. Further studies
are required in order to elucidate the underlying mechanism
of action of these dental solutions.
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