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Objective The present study aimed to assess in vitro the antibacterial activity, cyto-
toxicity, and the expression of prostaglandin E2 (PGE2) of Bexident post topical gel (BP).
Materials and Methods The broth dilution test was performed to analyze the anti-
microbial activity of BP against Staphylococcus aureus, Escherichia coli, and Streptococcus 
mutans. Minimal bactericidal concentrations (MBCs) and minimal inhibitory concentra-
tions (MICs) were assessed. Cytotoxic activity was performed by the MTT (tetrazolium 
dye) method on human gingival fibroblast (HGF), human bone cells (HBC), and human 
pulp cells (HPC) (from primary cell culture) and HGF-1 from American Type Culture 
Collection. The expression of PGE2 produced by RAW 264.7 cells was determined by 
ELISA utilizing an Enzyme Immuno-Assay Kit.
Statistical Analysis  Shapiro–Wilks  normality  test  and Mann–Whitney U  test were 
performed for all data.
Results The MBCs of BP for S. aureus, E. coli, and S. mutans were found at 25, 50, and 
12.5%, respectively. The MICs for the same strains were found at 12.5, 25, and 3.125%. 
The CC50 of BP gel for HBC, HPC, and HGF, and HGF-1 were 12.5 ± 1.09, 0.37 ± 0.02, 
0.35 ± 0.02, and 20.4 ± 0.02%, respectively. The  levels of expression PGE2 produced 
by RAW 264.7 cells treated with IL-1β exhibit an inverse dose-dependent effect on the 
concentrations of BP gel used.
Conclusion Our results indicate that the BP gel has a great antibacterial effect, ade-
quate biocompatibility, showing a decrease in the expression of PGE2 on cells with 
previously induced inflammation. Due to the above, its use as a healing agent after 
oral surgery seems to be adequate.
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Introduction
The phases of the wound-healing process are hemosta-
sis, inflammation, proliferation, and tissue remodeling or 
resolution. Such as phases are divided in that way only for 
study purposes; however, indeed are overlapping among 
them.1 When the wound-healing process fails, nonhealing 
or delayed healing wounds, which can generate an increase 
in health care costs and a high risk of undesirables collateral 
effects as a secondary infection, excessive intake of nonste-
roids analgesics or even opioid agents. Local delivery of drugs 
has several advantages to systemically administered agents. 
The dose or formulation concentration provided to the site 
can be much higher because the therapeutic agent need not 
be distributed throughout the body before reaching the site 
of action.2

Recently, a new product in gel and mouthwash formula-
tions for postexodontia has been introduced to Spain and the 
Latin American market.3 The components of the Bexident 
Post topical gel (BP, ISDIN, Spain) are chitosan, chlorhex-
idine (CHX), panthenol, and allantoin. Chitosan at 0.5%  
(5 mg/mg) is constituent of BP gel formulation. Chitosan is 
a polysaccharide biomaterial composed of (1 → 4)―linked 
2-acetamido-2-deoxy-β-D-glucan, (N-acetyl D glucosamine 
and 2-amino-2-deoxy-β-D-glucan), a natural carbohydrate, 
cheap, accessible, and obtained through deacetylation of 
chitin, the main constituent of the hard protective outer 
case of a mollusk or crustacean being a nontoxic, biode-
gradable, and biocompatible polymer.4,5 Chitosan is unique 
due to the biological origin of polysaccharide that exhibits 
a cationic nature due to the protonation of its -NH2 groups 
at low pH, and can interact with negatively charged com-
pounds like those present in the bacterial membrane and 
other biological structures.6 Chitosan also has been studied 
for its gel/film-forming properties and bioadhesion capac-
ity due to potential applications in pharmaceuticals.7 The 
pKa value of chitosan (6.3) is adequate to buffer the oral pH 
as much as necessary to avoid the harmful action of acids 
in the oral environment.8 The antibacterial activity of chi-
tosan is attributable to their polycationic structure. The 
electrostatic interaction between the chitosan structure 
and the anionic components from the surface of the micro-
organisms (proteins and lipopolysaccharides from bacteria 
membrane). The interactions are facilitated due to the sur-
rounding pH is lower than the pKa of chitosan.9

The formulation of BP also contains 0.2% (2 mg/mg) of 
CHX. CHX is a disinfectant widely used in dentistry which 
has not only a limited action over Gram-negative bacteria 
but also is active against most Gram-positive bacteria and 
also fungi.10 Due to their dicationic nature (pH 5.5–6.0), CHX 
can donate protons.11 That pH value could make it compat-
ible with chitosan. CHX has a certain level of cytotoxicity; 
however, its topical application is tolerated.12 Regarding pan-
thenol, this compound is also known as Vitamin B5. It is a 
barrier to enhancing humectant. Allantoin is a compound 
extracted from a plant which is thought to stimulate cell 
growth and wound-healing process while also depressing 
inflammation.13

To our best knowledge, there is no independent in vitro 
study to assess the biological effects of BP topical gel pub-
lished so far. Due to that, the present study aimed to assess 
the antibacterial activity, cytotoxicity, and the expression 
of prostaglandin E2 (PGE2) of Bexident Post topical gel (BP) 
in vitro.

Materials and Methods
Antibacterial Activity
For this study, the bacterial strains used from the stock 
culture collection of the educative institution. The strains 
used were Staphylococcus aureus (American Type Culture 
Collection [ATCC] 29123), Escherichia coli (ATCC 35218), 
and Streptococcus mutans. S. mutans wild strain was previ-
ously isolated and stablished from one patient to the region 
from southwest Mexico and characterized properly by sev-
eral tests. The experiments to determine the antimicrobial 
activity were performed as previously described for the 
broth dilution test.14 Each strain was cultured in selective 
media. After overnight incubation, each strain was trans-
ferred to Mueller–Hinton agar and incubated for 24 hours. 
The starting suspension of each organism was matched with 
0.5 McFarland standard. Then, each bacterial suspension 
was diluted at 1:20. In each 96-well microplate was placed 
Mueller–Hinton broth (100 µL) and twofold dilutions of the 
BP were carried out. Then, 5 µL were inoculated per well of 
the respective strain. For the validity of this test, sterility and 
bacterial growth controls were used. Tests were performed 
at two independent experiments for each strain. The inoc-
ulated microplates were incubated at 37°C for 24 hours. The 
presence or absence of turbidity in each well was recorded. 
Optical absorbance was determined at 595 nm. The results 
were expressed as a percentage of the viable bacteria com-
pared with the controls. Subcultures on Mueller-Hinton agar 
plates of the wells without turbidity were performed. The 
minimal inhibitory concentration (MIC) and the minimal 
bactericidal concentration (MBC) were identified as it was 
previously reported.15

Cytotoxic Assay
Cell Culture
The procedure was performed as previously described for 
the research group; further information of the technique 
could be consulted at the reference.16 Prior approval from 
the bioethics committee, the tissues for primary culture of 
human bone cells (HBC), human pulp cells (HPC), and human 
gingival fibroblast (HGF) were obtained from a 26-year-old 
patient previously written informed consent. HGF-1 was 
obtained from ATCC (ATCC CRL-2014).

Assay for Cytotoxic Activity
The total amount of 1 × 105 cells/mL (HBC, HPC, HGF, and 
HGF-1) were placed into each well of the microplate for this 
test. The BP was inoculated at different dilutions and incu-
bated for a further 24 hours. The MTT assay (Sigma–Aldrich, 
St Louis, Missouri, United States) was used to assess the cyto-
toxicity of BP. The details over the procedure are previously 
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reported for the research group.17 Total 50% of cytotoxic 
concentration (CC50) was calculated. The experiments were 
conducted according to ISO 10990–5 Biological evaluation of 
medical devices—Part 5: Tests for in vitro cytotoxicity.18

Prostaglandin E2 Expression
RAW 264.7 cells (ATCC TIB-71 macrophages (1×105 cells/mL)  
were treated with different dilutions (%) of BP gel for  
30 minutes in the fresh culture medium. The experiment was 
performed accordingly to the previous report for the research 
group by ELISA utilizing an Enzyme Immuno-Assay Kit (R&D 
Systems; Minneapolis, Minnesota, United States).19 All exper-
iments were performed in triplicate.

Statistical Analysis
Assessments are expressed as the mean ± standard deviation 
(SD). Shapiro–Wilks normality test and Mann–Whitney 
U test were performed for all data. SPSS (SPSS, Inc.; Chicago, 
Illinois, United States) software was used for the calculations. 
The p-values minor or equal to 0.05 are considered statically 
significant for the testing differences in medians from the 
data.

Results and Discussion
Antibacterial Activity
In the broth dilution test, the variability in the sensitivity 
results for the antimicrobial agents lies to different inoculum 
size, pH, and incubation time. In the current study, the high-
est dose tested was 50% of the BP gel (equivalent to chitosan 
at 25 mg/mg and CHX at 1 mg/mg) due to the procedure of 
the test is performed, it requires that the same amount of the 
gel (100 µL) and broth (100 µL) be placed at the initial dose 
wells, and then serial dilutions are made. However, the bacte-
rial inhibition of all strains under study was complete, since 
no colony was observed in subcultures. The percentages of 
bacterial growth are enlisted in ►Table 1 and ►Fig. 1, respec-
tively. At the maximum dose tested, the strain that had the 
highest growth inhibition was S. aureus, showing statistical 
significance. However, there was no significant difference in 

the bacterial growth for S. aureus compared with S. mutans at 
25, 6.25, and 3.125% of BP gel.

Overall, E. coli showed less growth inhibition than S. aureus 
in all doses tested. For S. aureus, E. coli, and S. mutans, the 
MBCs were found at 25, 50, and 12.5% of the BP gel, respec-
tively. The MICs for the same strains were found at 12.5, 25, 
and 3.125%. The chitosan and CHX mixture have been used in 
diverse research groups. In other work, it was found the MICs 
of the chitosan solution at 5 g/L and the CHX at 0.125 g/L 
against S. mutans.20 The chitosan/CHX gel (at 2%, 1:1 ratio) 
was studied for the reduction of Enterococcus faecalis in vitro, 
showing good results for endodontic retreatment.21 Besides, 
the combination of chitosan/CHX was used as a mouthwash 
in patients with periodontitis, and a significant reduction 
in the number of bacteria of those patients was found.22 It 
has even been proposed that chitosan has a synergistic effect 
with CHX23 since in different studies a better effect has been 
observed when both compounds are combined compared 
with CHX alone.24-26

Cytotoxic Activity
►Table 2 and ►Fig.  2 showed the results of the test. The 
CC50 was 12.5 ± 1.09, 9.8 ± 0.01, 8.2 ± 0.08, and 5.7 ± 0.4% 
for HBC, HPC, HGF, and HGF-1, respectively. For HBC, there 
was a significant difference between all doses, except 
for 3.125% in comparison to 1.5625% of BP gel, while for 
HPC and HFG, both showed significant differences at each 
dose. For HFG, there were statically significant differences 
between all doses except the control (0%) compared with 
the lowest dose tested. The most susceptible cell line was 
HFG-1 at the highest dose tested. In general, there is no 
significant difference between the cytotoxicity exhibit 
from HPC and HGF. According to that, slight cytotoxicity 
and reduced side effects of chitosan have been reported.27 
Similarly, in vivo studies have been reported an acceptable 
compatibility and that over 1.5 g/kg for rats while 5.2 to 
10 g/kg for mice, and 150 mg/kg for dogs as the 50% lethal 
dose (LD50).28-30 On the other hand, in the current study 
were found dissimilar results of BP gel for cytotoxicity 
of HGF cells (ATCC cell line compared with primary cell 

Table 1  Results of the microdilution broth test show the bacterial growth for the strains under study exposed to Bexident post 
topical gel

Dose of BP (%) Staphylococcus aureus Escherichia coli Streptococcus mutans

Mean (%) ± SD Mean (%) ± SD Mean (%) ± SD

0.0 100.0A,a ± 3.39 100.0A,a ± 1.15 100.0A,a ± 2.82

1.5625 2.1750B,a ± 2.20 2.5609B,a ± 0.10 1.4380B,b ± 0.24

3.125 1.7528B,a ± 2.35 2.4176B,b ± 1.11 1.2500B,a ± 0.98

6.25 1.3849C,a ± 2.41 2.3062B,b ± 0.38 0.9958C,a ± 1.01

12.5 1.1254C,a ± 1.54 2.2654B,b ± 0.68 0.6507C,c ± 0.56

25.0 0.8712C,a ± 2.52 1.1380C,b ± 0.51 0.5828C,a ± 0.74

50.0 0.0035D,a ± 0.17 0.0544D,b ± 1.16 0.3580D,c ± 1.81

Abbreviations: BP, Bexident post topical gel; SD, standard deviation.
Note: Same letters are not statistical significant different. Uppercase letters represent differences between the doses and lowercase letters represent 
differences between the strains using in both Mann–Whitney U test. p ≤ 0.05.
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culture). In other studies, it has been described different 
responsiveness to compare both types of cells since ATCC 
cell line is constituted for immortalized cells.31

Prostaglandin E2 Expression
The activity of COX-1 and COX-2 is directly related to pros-
taglandin production. The production of prostaglandins 
induced by several cell types when a proinflammatory 
event occurs.32 It is known that macrophages produce PGE2 
after interleukine-1β (IL-1β) activation due to this cyto-
kine is a mediator of the proinflammatory response and 
is related to cell proliferation, differentiation, and apopto-
sis. It has been described that in the initial wound stage, 
the tumor necrosis factor (TNF)-α and IL-1β are produced, 
while the shutdown of TNF-α and IL-1β at such stage of 

the inflammation facilitates wound healing. In contrast, 
the prolonged blockade may negatively affect the healing 
process.33 On the contrary, in an in vitro model, it has been 
previously reported that 5 ng/mL of IL-1β as the optimal 
dose for the production of pro-inflammatory cytokine.34 
In the present study, it was evaluated the effect of chi-
tosan on cyclooxygenase pathway by PGE2 expression in 
RAW 264.7 cells treated with IL-1β, which significantly 
enhanced the PGE2 production and the addition of BP gel 
resulted in a statistically significant decrease of PGE2 pro-
duction in IL 1β-treated cells. Note that PGE2 production by 
RAW 264.7 cells wasinversely dose-dependent to the dilu-
tions of BP gel. However, in the absence of IL-1β activation 
did not reduce the basal PGE2 formation. The results of the 
PGE2 expression are shown in ►Table 3 and ►Fig. 3.

Fig. 1 Graph of broth dilution test against different strains.

Table 2  Cytotoxicity results of Bexident post topical gel in contact with different cell lines

Dose of BP (%) HBC HPC HGF HGF-1

Mean (%) ± SD Mean (%) ± SD Mean (%) ± SD Mean (%) ± SD

0.0 100.0A,a ± 7.0 100.0A,a ± 4.5 100.0A,a ± 1.3 100.0A,a ± 6.1

0.78125 89.1B,a ± 2.5 91.1B,a ± 4.0 89.5B,a ± 3.5 97.8A,b ± 7.2

1.5625 66.0C,a ± 1.7 82.5C,b ± 6.3 84.1C,b ± 3.1 85.7B,b ± 5.3

3.125 69.6C,a ± 4.8 78.8D,b ± 2.3 79.1D,b ± 3.3 70.9C,a ± 5.7

6.25 58.2D,a ± 3.9 60.8E,a ± 2.1 50.7E,b ± 2.8 46.3D,c ± 4.1

12.5 50.1E,a ± 1.7 42.0F,b ± 7.5 48.5E,a ± 4.5 38.7bE,c ± 6.3

25.0 24.2F,a ± 2.8 21.7G,b ± 1.0 23.5F,a ± 1.4 24.9F,a ± 0.3

50.0 15.5G,a ±1.1 12.7H,b ±1.9 18.2G,c ±1.8 10.9G,b ± 2.3

Abbreviations: BP, Bexident post topical gel; HBC, human bone cells; HPC, human pulp cell; SD, standard deviation.
Note: Same letters are not statistical significant different. Uppercase letters represent differences between the doses and lowercase letters represent 
differences between the cell lines using in both Mann–Whitney U test. p ≤ 0.05.
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Regarding clinical use, it has been reported the results of 
different studies using BP showing good results. For instance, 
a clinical study for assessing the wound healing process and, 
level of trismus, facial swelling, and pain performed in 50 
patients with bilaterally third molars indicated for oral sur-
gery, which were randomly assigned to a placebo group or an 
experimental BP group; and it was found during 1 to 14 day 
that no differences in mouth opening, facial swelling, and 
pain were showed in comparison to the controls; however, 
the wound healing score was better in the BP group, both on 
day 7 and day 14 of follow-up.35 Probably, the BP gel applica-
tion after surgical injury resulted in a faster healing wound 
that could be attributed to the decrease in PGE2 production 
due to chitosan anti-inflammatory action.

Some clinical indications on the safety of the BP gel 
remain unclear such as its use in children. On the other 

hand, the warning on the label instructs the patients allergic 
to shellfish to consult a dentist. Chitin is covalently linked 
to proteins—when came from crustaceous—due to that the 
warning about the potential allergy could be presented. 
It has been reported in a pilot study that glucosamine is 
probably safe for patients with shellfish allergy,36 which 
is relevant since glucosamine and N-acetyl-D-glucosamine 
are copolymers that constituted the chitosan.9 However, 
the isolated, when the chitosan has been purified as a plain 
polysaccharide, that process reduces its allergy potential37 
since the allergic to shellfish is detonated by tropomyosin 
protein—which causes IgE-mediated hypersensitivity after 
ingestion,38 not by a polysaccharide. Even so, the chitosan, 
by itself, like any substance could trigger an allergic reac-
tion even if the patient does not have any previous aller-
gic reaction, so the patient should be instructed so that if 
he/her observes any adverse reaction when applying the 
BP gel, discontinue its application, and go to the dental 
practitioner office for an examination. Therefore, in future 
studies that lead to answering these questions should be 
conducted.

Recently, it has been developing materials like mem-
branes, beads, hydrogels, and fibers from chitosan for 
potential use in dentistry. Cahyanto research team devel-
oped a chitosan-collagen membrane from Barramundi 
(Latescalcarifer) for guided tissue regeneration techniq-
uefor periodontal therapy.39 Further, periodontal ligament 
cells sheet and arginine-glycyl-aspartic acid-modified chi-
tosan scaffold for periodontal tissue regeneration showed 
biocompatibility and high cell proliferation in a horizontal 
periodontal defect model.40 On the other hand, chitosan 
hydrogels (chitosan-H-propolis, chitosan-H-propolis-ny-
statin, and chitosan-H-nystatin) treated dentine gave 

Fig. 2 Relative cell viability for different cell lines in direct contact with Bexident post topical gel.

Table 3  Results of prostaglandin E2 production after 
interleukin-1β activation using enzyme-linked immunosorbent 
assay method

Dose of BP 
(%)

RAW 264.7 cells

Without IL-1β
Mean (ng/mL) ± SD

With IL-1β
Mean (ng/mL) ± SD

Basal 1.09A,a ± 0.08 31.12A,b ± 0.59

12.5 0.92A,a ± 0.08 19.93B,b ± 0.82

25 0.98A,a ± 0.07 15.14C,b ± 0.77

50 0.93A,a ± 0.09 12.29D,b ± 0.88

Abbreviations: BP, Bexident post topical gel; IL, interleukin; SD, standard 
deviation.
Note: Same letters are not statistically significant different. Uppercase 
letters represent differences between the doses and, lowercase letters 
represent differences between the IL-1β (absent or present) stimulation 
using in both Mann–Whitney U test. p ≤ 0.05.
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significantly high shear bond values by their swelling 
properties and antioxidant effect.41 Besides, the anticari-
ous mats of chitosan fibers containing Garcinia mangos-
tana extract have shown promising results to prevent 
dental caries.42,43

Also, chitosan has been widely used for diverse purposes 
as in solutions for regenerative medicine. This encompasses 
the inclusions of nanoparticles by electrospinning, which is 
exemplified by the fact that chitosan and silk fibroin com-
posite, collagen chitosan, agarose chitosan, and chitosan 
with a fiber-forming agent have broad research for their use 
in neural tissue regeneration, bone regeneration, wound 
dressings, mucoadhesive mats, and other applications.6

Conclusion
The limitations of this study were that, like all in vitro 
studies, the data of the results are not fully extrapolated 
to the clinical performance. However, the in vitro design 
of this study allowed us to determine the biological prop-
erties of BP gel. The results of the present study indicate 
that the BP gel has a great antibacterial effect, adequate 
biocompatibility, showing a decrease in the expression of 
PGE2 on cells with previously induced proinflammatory 
activation. Due to the above, its use as a therapeutic agent 
after oral surgery seems to be adequate. In the future, 
genotoxic effects and other in vivo tests in animal models 
with appropriate follow-up time intervals are necessary 
to determine if prolonged use for other clinical conditions 
does not represent a risk.
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