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Abstract

antiseptic rinses have been successfully used in inflammatory states of the gums and oral cavity 
mucosa. antibacterial effects of chlorhexidine, essential oils and some herbs are well documented. re-
action of host tissue to these substances has much poorer documentation. the aim of the study was to 
analyse the influence of chlorhexidine (cHX), essential oil (Eo: thymol, 0.064%; eucalyptol, 0.092%; 
methyl salicylate, 0.060%; menthol, 0.042%) mouth rinses and salvia, chamomile and calendula brews 
on fibroblast biology in vitro. the human fibroblast ccd16 line cells were cultured in incubation media 
which contained the examined substances. after 24 and 48 hours, the cell morphology, relative growth 
and apoptosis were evaluated. Exposure of fibroblasts to cHX, Eo or salvia caused various changes in 
cell morphology. cells cultured for 48 hours with cHX revealed a noticeably elongated shape of while 
cells cultured in high Eo concentration or with salvia were considerably smaller and contracted with 
fewer projections. chlorhexidine, Eo and salvia reduced the fibroblast proliferation rate and stimulated 
cell death. both reactions to Eo were dose dependent. cells exposure to chamomile or calendula brews 
did not change morphology or proliferation of fibroblasts. the results of this in vitro study showed that 
in contrast to chamomile and calendula, the brews of Eo, cHX or salvia had a negative influence on 
fibroblast biology. 
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Introduction
Inflammation and destruction of periodontal tissues 

are considered to result from 125-response of susceptible 
host tissue to the microbial biofilm containing gram-neg-
ative bacteria pathogens present in the oral cavity [1]. The 
subgingival environment is one in which those pathogens 
flourish. Changes in tissue of the periodontal pocket or in 
supragingival plaque lead to changes in the composition of 
the subgingival plaque. Because the supragingival plaque 
removal can decrease periodontal pathogens, mechanical 
plaque removal is the basis of most periodontal treatment 
regimens by professionals and at home. The optimal result 
was observed in non-surgical elimination of plaque from 
periodontal pockets in combination with chemical prophy-
laxis [2, 3]. The antibacterial effect of chlorhexidine, tri-
closan, cetylpyridinium chloride, iodine, essential oils and 
natural antiseptics is well documented [4, 5]. Antiseptics 
are also commonly used in anti-malodour efficacy, sub-

gingival irrigation and in the early postoperative phase. 
However, the reaction of host tissues to their influence has 
been poorly documented [6]. 

In the group of antiseptics the essential oils and herbs 
are believed to have the lowest tissue toxicity, especially at 
the healing stage [7, 8]. Wound healing is a dynamic pro-
cess involving the coordinated action of both resident and 
migratory cell populations within the extracellular matrix 
(ECM) and cytokines. The biologic control of ECM syn-
thesis by fibroblasts at the wound site is a complex process 
depending upon the matrix constituents within the wound 
(collagen types I, III, V, fibronectin and glycosaminogly-
cans) and cytokines/growth factors produced by inflam-
matory cells, keratinocytes and fibroblasts themselves. 
Therefore, fibroblasts play a pivotal role in tissue repair 
as, by their proliferation and ECM synthesis, they control 
collagen deposition at the wound site. They play a vital 
role in the maintenance of healthy periodontium [1, 9, 10].
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The aim of the study was to analyse the influence of 
chlorhexidine (CHX), essential oil (EO) mouth rinses and 
salvia, chamomile and calendula brews on human fibro-
blast biology in vitro to identify the less cytotoxic agents.

Material and methods

Mouthwashes 

In each experiment, commercially available mouth-
washes containing 0.1% CHX or EO containing a fixed 
combination of 4 essential oils (thymol, 0.064%; eucalyp-
tol, 0.092%; methyl salicylate, 0.060%; menthol, 0.042%) 
were used. Herbal brews of salvia, chamomile and calen-
dula were made in a traditional way: 2 grams of each herb 
was brewed in distilled water at the temperature of 90°C 
and then boiled under cover for 10 minutes. The solutions 
were left in sterile, tightly closed containers until they 
cooled down.

Cell culture 

All experiments were conducted on non-malignant 
human fibroblasts cell line CCD16 (American Type Cul-
ture Collection; USA). CCD16 cell line was transferred 
in aseptic conditions from freezing medium RPMI 1640 
(gibco; USA), 30% Fetal Bovine Serum (FBS; gibco), 
10% DMSO (gibco) to 90 mm sterile petri dish (Sarstedt, 
germany) containing 10 ml of growth medium with the 
following composition: RPMI-1640 medium, 10% FBS, 
antibiotics: penicillin 100 mg/ml and streptomycin 100 
mg/ml (gibco) and 2 mmol/l L-glutamine (gibco). Cells 
were grown in aseptic conditions, in incubator with con-
trolled temperature of 37°C, 5% CO

2 
and 100% humidity 

conditions. 
Cells were cultured until they formed a monolayer. 

After having received 90% confluence the cells were de-
tached with trypsin-EDTA (0.25% trypsin containing 0.01% 
EDTA) solution. After 5 minutes of incubation, complete 
growth medium was added to inhibit the reaction. Cell sus-
pension was transferred to petri dishes and the culture medi-
um was added at the volume ratio of 1/10. Cells prepared in 
this procedure were used for further investigations.

Effects of rinses on fibroblast proliferation

On a day prior to rinses stimulation cells were pas-
saged to 35 mm petri dishes, with the cell number of 4 × 
105 per plate. 1.25 ml of cell suspension in the culture me-
dium was supplemented with 250 µl of each rinse. In each 
experiment CHX 0.1%, essential oils in concentration of 
10% (EO 10), 50% (EO 50) or 100% (EO 100) of the com-
mercially available concentration, salvia, chamomile and 
calendula brews were used. 10% of ethyl alcohol solution 
was used as a control for CHX and EO (both CHX and EO 
are alcohol-based preparations; 0.1% CHX contains 7.2% 
of the alcohol whereas EO contains 22% of ethyl alcohol).

The morphological observations were made under the 
Diaphot Eclipse TC (Nikon) microscope. On each plate cells 
were counted within three 2.54 mm2 areas, marked with an 
ink objective marker (Nikon). For morphological character-
ization of the dead cells, fluorescent dyes were used after 48 
hours of cell incubation. Early signs of apoptosis in intact 
cells at the level of chromatin structure (chromatin conden-
sational and fragmentation) were visualized with 0.1 µg/ml 
Hoechst 33342 dye (excitation at 365 nm, emission above 510 
nm; Sigma, germany). Permeabilization of the plasma mem-
brane, occurring during necrosis or late phases of apoptosis, 
was found with propidium iodide stain (excitation at 530-560 
nm, emission above 580 nm; Sigma, germany). 

The relative increase in the cell numbers (Rn) after  
24 and 48 hours of incubation was calculated according 
to the following formula: Rn = (Tn/To) × 100%; Tn – the 
number of cells after 24 or 48 hours; To – the number of 
cells at the beginning of the experiment. 

Statistical analysis

For statistical analysis, graphPad InStat software was 
used. u-Mann-Whitney and Kruskal-Wallis nonparamet-
ric test (with Dunn’s multiple comparisons test) was used.  
P < 0.05 was considered significant.

Results

Fibroblast morphology 

The control cells were characterised by a high diversity 
of shapes. Usually there were elongated cells with sever-
al projections (Fig. 1A). The fibroblast nucleus was big, 
round or oval, with nuclear chromatin with granular struc-
ture with two nucleoli clearly seen (Fig. 1B). No change of 
cell morphology was noticed after 24 or 48 hours. 

In comparison to the control group, the fibroblasts cul-
tured for 24 hours in the incubation medium with the addi-
tion of alcohol contain a smaller number of projections and 
after 48 hours their morphology did not differ substantially 
from the control cells (images not shown).

The fibroblasts cultured with CHX for 48 hours were 
considerably elongated (Fig. 1C); they had few narrow 
projections. The strongly condensed granular nucleic chro-
matin structures were observed (Fig. 1D). 

The morphology of cells cultured with EO 10 did not 
significantly change both after 24 and 48 hours. The cells 
cultured for 48 hours with EO 50 or EO 100 were consid-
erably contracted with narrow projections (Fig. 1E); many 
dead cells were observed (Fig. 1F).

The addition of salvia to the medium significantly 
changed the cell morphology – a considerable part of the 
fibroblasts was contracted, they had few long and narrow 
projections (Fig. 1g). The cells presenting chromatin 
changes typical for apoptosis were observed (Fig. 1H).
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Fig. 1. The morphology of fibroblasts line CCD16. A and B: The fibroblasts in the control group were characterised by 
high diversification of shapes. The centrally located nucleus revealed the granular structure of nucleic chromatin with 
two nucleoli. C and D: The morphology of fibroblasts after 48-hour-culture in medium with CHO 0.1%: most cells were 
elongated, demonstrating isolated projections with strongly condensed granular nucleic chromatin structure. E and F: The 
morphology of fibroblasts after 48-hour-culture in medium with essential oils: cells were considerably contracted with 
narrow projections; many dead cells were observed (F). g and H: The morphology of fibroblasts after 48-hour-culture 
in medium with salvia brew: most cells were round-shaped and had isolated narrow projections; the increasing number 
of apoptotic and necrotic cells was observed (H). A, C, E, G – no staining cells. B, D, F, H – cells stained with a mix of 
propidium iodine dye (dead cells – pink nucleus fluorescence) and Hoechst 33342 (living cells – blue nucleus fluores-
cence); microscope magnification 20× 
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The morphology of chamomile stimulated cells did not 
significantly change. The cells incubated in the culture medi-
um with a calendula solution were characterised by well-de-
veloped and numerous projections (images not shown). 

Fibroblast proliferation

In the dishes with the control group cells, the ini-
tial number of cells was considered as 100%. After 24-
hour culture, the number of cells increased to 112.4 
±1.3%, whereas after 48 hours, it reached 137.4 ±5.8% 
(p < 0.001). Control cells exhibited normal staining with 
Hoechst 33342 dye. Isolated dead cells were observed. 

In comparison with the control group, the 24-hour-cul-
ture of fibroblasts in the medium with alcohol did not 
significantly change the relative growth of cells in the 
dishes: 110.2 ±10.3% vs. 112.4 ±1.3%, p > 0.05. After 
48-hour-culture the increase in the number of cells was 
smaller than in the control group, but the difference was 
not statistically significant (121.3 ±12.5% vs. 137.4 
±5.8%; p = 0.06). Isolated dead cells were observed. 

Effects of chlorhexidine on fibroblast 
proliferation

Chlorhexidine caused a gradual decrease in the num-
ber of cells in the cell culture. In comparison with the con-
trol group, both after 24 (85.1 ±10.3% vs. 112.4 ±1.3%, 
p = 0.0007) and 48 hours (75.9 ±12.9% vs. 137 ±5.8%, 
p = 0.002) of culture the difference was significant. After 
48 hours of incubation, 8.9 ±1.9% of cells demonstrated 
apoptotic changes (chromatin condensation and fragmenta-
tion) or cell death (PI positive staining). 

Effects of essential oil on fibroblast proliferation

The exposure of fibroblasts to EO at a concentration of 
10% caused a higher increase in the number of cells in the 
dishes both after 24- and 48-hour culture as compared with 
the control group, but the difference was not significant: 
111.8 ±14.9% vs. 112.4 ±1.3% (p = 0.3) and 139.5 ±29.5% 
vs. 137.4 ±5.8% (p = 0.8), respectively. Essential oil at 
concentrations of 50% and 100% added to the culture me-
dium caused a significant decrease in the number of cells 
in the culture dishes both after 24 hours (78.3 ±14.4% and 
52.8 ±9.6%, respectively) and 48 hours (50.7 ±18.0% and 
33.7 ±20.8%) of culture. The differences were significant 
both in comparison with the control group (p < 0.001) and 
with cells cultured with EO 10, p < 0.001 (Fig. 2). After 
48-hour-culture with EO 50 or EO 100 the percentage of 
dead or apoptotic cells was 12.1 ±6.2% and 29.2 ±11.3%, 
respectively (p < 0.05). 

Effects of salvia on fibroblast proliferation

Salvia caused a gradual decrease in the number of cells 
on the plates. In comparison with the control group, both 

after 24 and 48 hours of culture, the difference was signif-
icant: 77.1 ±1.81% vs. 112.4 ±1.3% (p < 0.001) and 45.6 
±17.4% vs. 137 ±5.8% (p = 0.001), respectively. After 
48 hours of culture with salvia, the percentage of dead or 
apoptotic cells was 15.4 ±8.2%.

Effects of calendula on fibroblast proliferation

After 24 and 48 hours of culture of fibroblasts in the 
medium with calendula, a gradual increase in the number 
of cells on the plates could be observed. The increase was 
slightly higher than in the control group: 146.6 ± 35.7% vs. 
112.4 ±1.3% (p = 0.14) and 183.2 ±60.5% vs. 137.4 ±5.8% 
(p = 0.13), respectively, the difference was not signifi-
cant. No apoptotic structural changes were observed after  
48 hours of culture.

Effects of chamomile on fibroblast proliferation

After 24 and 48 hours of the culture of fibroblasts in 
the medium with chamomile, an increase in the number 
of cells on the plates could be observed. However, it was 
slightly lower than in the control group: 101.8 ±13.6% vs. 
112.4 ±1.3% (p = 0.14) and 118.6 ±39.8% vs. 137.4 ±5.8% 
(p = 0.34), respectively. No apoptotic structural changes 
were observed after 48 hours of cell culture.

Chlorhexidine and EO at the concentrations of 50% 
and 100% and salvia caused a significant decrease in the 
relative number of cells on Petri plates. The comparison of 
these substances proved that both after 24 and 48 hours of 
culture, the highest decrease could be observed in media 
with salvia and EO 100 (p < 0.001). The effects caused by 
CHX and EO 50 after 24 hours of incubation did not differ 
significantly (p > 0.05), but after 48 hours the decrease in 
the number of cells was significantly higher with EO 50 
than with CHX, p < 0.05 (Fig. 2A and B).

Discussion
For many years antiseptic rinses have been success-

fully used in inflammatory conditions of the periodontal 
tissues and oral cavity mucosa. Their efficacy has been 
confirmed in clinical and laboratory investigations. EO 
contains a fixed combination of 4 essential oils as active 
ingredients (thymol, 0.064%; eucalyptol, 0.092%; methyl 
salicylate, 0.060%; menthol, 0.042) and kills microorgan-
isms by disrupting their cell walls and inhibiting enzymatic 
activity [11]. Essential oil reduces the possibility of in-
fection with herpes viruses HHV-1 or HHV-2 and the in-
fluenza virus by nearly 100% [12]. Essential oils prevent 
bacterial aggregation, slow bacterial multiplication, and 
extract endotoxins [13]. In order to evaluate the influence 
of EO on fibroblasts three concentrations of the rinse were 
used: 10%, 50% and 100%. The obtained results indicate 
that growth inhibition is proportional to the applied con-
centrations. Essential oil 10% caused a slight cell growth, 
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whereas the solutions of 50% and 100% caused a consid-
erable decrease in the cell number. Similar results were 
shown by Flemingson et al. [14]. It is necessary to stress 
that the cell morphology was not changed. Simultaneously, 
the clinical and morphohistological studies on the tissue 
healing process by Kozlovsky et al. [15] stress the absence 
of inhibition of epithelial cell proliferation by EO 100%, 
which contradicts results we obtained.

Chlorhexidine bigluconate efficiently eliminates 
gram-positive and gram-negative bacteria, their vegeta-
tive forms, yeasts, fungi, protozoa as well as viruses. It 
modulates the metabolism of candida fungi and causes 
reduction of their pathogenicity [16]. Due to the interac-
tion between chlorhexidine bigluconate molecules and the 
bacterial wall and the mucoproteins of the mucin layer 
it maintains prolonged action in the environment of the 
mouth. 0.1% CHX is considered to be one of the most ef-
fective substances preventing the development of pellicle 
[11]. The ability of chlorhexidine to non-selectively kill 
oral microbiota also makes it an excellent agent to indis-
criminately affect mammalian cells. In fact, the effect of 
chlorhexidine on a variety of mammalian cells has shown 
this drug to be a toxic agent at doses similar to below 
those introduced into the oral cavity [17]. The results we 
obtained point to the negative influence of CHX both on 
cell proliferation and morphology. Cell apoptosis and con-
traction were observed. Shakespeare et al. [18] obtained 
similar results in their studies. The studies comparing 
the antibacterial effect of EO and CHX indicate that both 

mouth rinses showed considerable antimicrobial effects on 
the monospecies biofilm in vitro. EO showed a stronger 
bactericidal effect but had a weaker bacterial inhibitory ef-
fect than CHX [11]. Due to the fact that both rinses contain 
ethyl alcohol, the influence of 10% alcohol on fibroblasts 
was also examined. Alcohol varies in the concentration 
used in products, from typical of around 7% to greater of 
25% [19]. On administration, cell contraction could be ob-
served. After 24 hours their shape was close to normal, but 
they had a reduced number of projections and the total cell 
count was slightly higher. The obtained results indicate 
that 10% alcohol does not inhibit fibroblast proliferation. 
According to Sliepen et al., the ethanol solution at a con-
centration below 30% did not show antimicrobial effects 
on s. mutans biofilms [20]. The presence of alcohol in  
a mouth rinse containing 0.10% CHX has no deleterious 
effects on healing capacity. On the contrary, it helps stim-
ulate wound healing [21]. The combination of CHX plus 
alcohol is superior for healing, CHX alone does not show 
any significant difference compared with the control [21].

On the other hand, natural products with anti-inflam-
matory properties, such as green tea, aloe, manuka or tea 
tree oil, are more and more frequently used in ready-made 
mouth rinses [22, 23]. Clinical tests confirm their high ef-
ficacy. Although less potent than Peridex, the Natural Den-
tist Healthy gums Oral Rinse, containing aloe vera, was 
a more effective antimicrobial than EO in inhibiting the 
growth of oral bacteria in vitro [5]. streptococcus and cap-
nocytophaga species were reduced most in the herbal rinse 

Fig. 2. The effect of alcohol, chlorhexidine 0.1% (CHX), essential oils (EO) in dilution of 10% (EO 10), 50% (EO 50), 
100% (EO 100) and salvia, chamomile or calendula brews on the relative changes of the number of cells in percent after 
24 (A) and 48 (B) hours of culture

* statistically significant differences: CHX vs. control 
** EO 50, EO 100 vs. control and EO 10
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groups, however Veillonella parvula was reduced most in 
the essential oil and chlorhexidine groups [4]. Herbal ex-
tracts mostly have the anti-inflammatory effect.

Chamomile (Matricaria chamomilla l.) is one of the 
important herbs in medicine with pharmacological prop-
erties. They show the anti-inflammatory, antiseptic, car-
minative, healing, sedative and spasmolytic activity [24]. 
The active compounds in the chamomile are α-bisabolol 
and spiroether, which inhibit the secretion of histamine, 
serotonin and bradykinin. in vitro and in vivo studies report 
the fact that chamomile causes wounds to heal sooner than 
corticosteroid treatment [25]. The herb stimulates faster 
formation of the epithelium [26]. Our studies proved that 
it does not influence the fibroblast morphology.

Apart from its anti-inflammatory and antibiotic effect, 
the calendula reduces the permeability of capillary walls. It 
accelerates healing of wounds [27]. However, it is a weak-
er inhibitor of adherence of microorganisms than CHX 
[28]. When the calendula brew was applied, favourable 
morphological changes in the cell structure could be ob-
served. They were manifested by numerous and elongated 
projections and an increased number of cells. This fact is 
confirmed by the studies [29] which say that extracts of 
calendula officinalis stimulated the proliferation and mi-
gration of fibroblasts at low concentrations.

For centuries salvia brew has been used as a disinfec-
tant and astringent. The experiments by Al-Bakri et al. [30] 
point to the antibacterial effect of some of salvia varieties. 
Ursolic acid is a component of salvia. The anti-inflamma-
tory effect of ursolic acid (ID50 = 0.14 µM/ml) was twice 
as strong as that of indometacin (ID50 = 0.25 µM/ml) used 
as a non-steroidal anti-inflammatory reference compound 
(NSAID) [31]. The applied salvia brew had negative in-
fluence on the number of cells and their morphology.  
A considerable part of the fibroblasts was contracted and 
the cells had few, narrow and elongated projections. The 
negative influence of salvia on fibroblast metabolism was 
also observed by He et al. [32] who noticed the inhibition 
of collagen synthesis in the cells.

Conclusions 
The study demonstrated that certain components of 

antiseptic rinses used in inflammation of gums and oral 
mucosa, apart from their undoubted antibacterial action, 
can negatively affect biology of human fibroblasts in vi-
tro. Oral cavity fibroblasts represent a group of hetero-
genic cells and their reaction to antiseptic rinses requires 
further research. Considering our results it seems possible 
that permanent or high concentration application can lead 
to atrophic changes of periodontal tissue. Chamomile and 
calendula extracts with strong antibacterial properties were 
the only mouth rinses that did not show anti-proliferative 
effects on fibroblast cells and in calendula case accelerates 
healing of wounds.
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