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Implication for health policy/practice/research/medical education:
We revealed that thymol-loaded chitosan nanocomposite (TLCN) had promising antibacterial effects against cariogenic bacterial 
causes. Nevertheless, supplementary examinations are obligatory to elucidate the precise mechanisms and its toxicity.
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Introduction: Tooth decay as the most common infectious-nutritional disease in the world. 
The current work aims to investigate the antibacterial effect of thymol-loaded chitosan 
nanocomposite (TLCN) against Streptococcus mutans and Actinomyces viscosus as the main 
cariogenic bacteria. 
Methods: Antibacterial activity of TLCN was assessed on S. mutans and A. viscosus. The effects 
on protein leakage in the tested bacteria, as well as its cytotoxicity, were studied by Bradford’s 
method and cell viability assay, respectively.
Results: The size of the nanocomposite varied from 100 to 600 nm. The best minimum 
inhibitory concentration (MIC) related to nanocomposite + chlorhexidine was reported 2.66 
for both bacteria. TLCN dose-dependently increased the protein leakage (P < 0.05). The 50% 
cytotoxic concentration (CC50) of nanocomposite against on normal (HGF1-PI1) and cancer 
(KB) cells were 149.6 and 68.4 μg/mL, respectively.
Conclusion: TLCN, especially in combination with chlorhexidine, displayed potent antibacterial 
effects against the main cariogenic bacterial causes. Nevertheless, other examinations are 
required to illuminate the precise mechanisms and its toxicity mainly in clinical settings.
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A B S T R A C T

Introduction
Tooth decay as the most common infectious-nutritional 
disease in the world (1,2) is associated with the dissolution 
and destruction of calcareous tissues of teeth by a mass 
of bacteria that are able to create an environment with 
sufficient acidic (acidogenic) conditions to remove the 
mineral content of dental tissues (3-5). 

Bacteria in the mouth such as Streptococcus mutans 
and Actinomyces viscosus, by metabolizing carbohydrates, 
lead to acid production, demineralization, and tooth 
decay (6). The bacterium, as the main etiological factor in 
tooth decay, can be stable in the environment, including 
mucosal surfaces exposed to salivary flow, with colony 
formation or free life in saliva and uniform proliferation 
but other bacteria cannot survive freely by duplication 

and must attach to the mucosal surface (7).
Nanotechnology, as a part of advanced technology 

related to the products comprising nanoparticles, can 
be used in a variety of industrial and pharmaceutical 
applications (8,9). Since the last decade, the use of 
biopolymers has attracted a lot of interest in scientific and 
industrial research. Unlike synthetic polymers derived 
from petroleum derivatives, biopolymers are very good 
alternatives. The reason for the tendency to them can be 
related to the low cost of extracting them from renewable 
sources and on the other hand to their non-toxic and 
nature-friendly nature (10).

Studies have shown that among the biopolymers used in 
the preparation of bio-nanocomposites, chitosan has been 
the focus of researchers (11). Chitosan (C6H11NO4), 
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because of its low toxicity, economic viability, high efficacy, 
and the possibility of preparing several derivatives from 
it, is very important (12). With its unique structure, this 
biopolymer has found wide application in agriculture, food 
industry, cosmetics, water purification, biotechnology, 
textile, pharmaceutical, medicine, and biomedicine. 
Low price, high biocompatibility, low toxicity, as well as 
acceptable antimicrobial and anti-allergic properties of 
chitosan, have been emphasized as a special biopolymer 
(13). Thymol, as one of the constituents resulting from herb 
essential oils, has some pharmacological and therapeutic 
properties, such as antimicrobial, antioxidant, anticancer, 
and anti-inflammatory activities (14,15). Studies also have 
shown the positive effects of thymol on tooth decay and 
the bacteria that cause it. Thymol is one of the effective 
compounds in some disinfectant mouthwashes that fight 
against dental plaque (16,17). This work was intended 
to assess the antibacterial properties of thymol-loaded 
chitosan nanocomposite (TLCN) on some bacteria of 
caries agents, including S. mutans and A. viscosus.

Materials and Methods 
Production and separation of nanocomposites
The nanocomposite was synthesized by the process defined 
earlier (18) with some adjustments. The characterization 
of TLCN was considered through a scanning electron 
microscope (SEM), nano-sizer-zeta-sizer, and Fourier-
transform infrared spectroscopy (FTIR).

Bacterial strains
Actinomyces viscosus strain with PTCC 1202 and S. 
mutans strain with ATCC 35668 and were kept in Tryptic 
Soy Broth (TSB) at 37°C in 5% CO2. Then, the McFarland 
0.5 solution was provided as previously described (18).

Antibacterial activity
In this work to assess the antibacterial effects, we 
determined the minimum inhibitory concentration (MIC) 

of TLCN on the tested bacteria through broth micro-
dilution method based on the Clinical and Laboratory 
Standards Institute (CLSI) procedures (19). The last 
concentration of the TLCN without any bacteria was 
stated as the minimum bactericidal concentration (MBC) 
of TLCN (20). 

Effects of nanocomposite on protein leakage in bacteria
The activity of the synthesized nanocomposite on protein 
leakage was studied as previously elucidated (21). In 
summary, the tested bacteria were exposed to TLCN for 
2 hours. After that, the upper phase (50 µL) was mixed 
with 950 µL of Bradford reagent. Bradford’s method was 
then applied for assessing the protein content by reading 
its absorbance at 595 nm (BioTek, USA).

Cytotoxicity effects 
Cancer (KB) and normal (HGF1-PI1) cell lines were 
prepared from the Pasture Institute of Iran, to evaluate 
the cytotoxicity effects of nanocomposite through the cell 
viability assay (22,23). Firstly, the cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM), improved 
with fetal bovine serum (FBS) (15%), pen/strep (100 µg/
mL). They were treated with the different concentrations 
of nanocomposite for 72 hours at 37°C with 5% CO2, and 
50% cytotoxic concentration (CC50) was then determined.

Statistical analysis
SPSS software (version 21.0) was applied for statistical 
analysis. P < 0.05 was reported as a significant level.

Results 
Nanocomposite characterization
The synthesized TLCN were uniform in shape with sizes 
from 100-600 nm with a mediocre size of 295 nm (Figure 
1). The synthesized nanoparticles showed peaks at 3142 
cm, which were linked to the amino group, peaks in the 
ranges of 2967 and 2785 were connected with the C-H 

Figure 1. Size (A) and scanning electron microscope analysis (B) of thymol-loaded chitosan nanocomposite.
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bond, peaks at 1649 was carboxyl group of chitosan, 
and the peaks of 580 were the ether bonds (C-O-C), 
respectively (Figure 2). The existence of these peaks in 
nanocomposite with no development of covalent bonding 
shows the synthesis of chitosan nanocomposite loaded 
with thymol. Based on the obtained findings, the presence 
of a peak change and crushing was also detected at 3502 
cm, which was associated to O-H and N-H stretching 
group and could be caused by the interactions among the 
molecules.

Antibacterial effects on cariogenic bacteria
Table 1 shows the results of MIC and MBC after 3 
replications for nanocomposite, chlorhexidine, and 
nanocomposite + CLX combination on both bacterial 
species. The best MIC related to TLCN + CLX was shown 
2.66 μg/mL for both tested bacteria. The TLCN + CLX 
in evaluation with CLX had a better antibacterial effect 
(P < 0.05).

Effects of nanocomposite on protein leakage in bacteria
The protein leakage after treating S. mutans and A. viscosus 
with TLCN at 1/2 MIC, 1/3 MIC, and 1/4 MIC is shown 
in Figure 3. The findings exhibited that the exposure of 
the tested bacteria to TLCN, dose-dependently increased 
the protein leakage; whereas at 1/2 and 1/3 MIC markedly 
(P < 0.05) elevated the protein leakage in the tested 
bacteria.

Cytotoxicity effects of TLCN on cell viability 
The cytotoxicity activity of TLCN was studied on HGF1-
PI1 and KB cells after 72 hours incubation (Figure 4). The 
MTT results exhibited that the CC50 of nanocomposite 
against KB and HGF1-PI1 were 68.4, and 149.6 μg/mL, 
respectively.

Discussion
We revealed that the lowest MIC of TLCN + chlorhexidine 
was 2.66 μg/mL for the tested bacteria, indicating 
both bacteria displayed the equal sensitivity to this 
nanocomposite. Similarly, the TLCN + chlorhexidine 
nanocomposite showed the lowest MBC at 2.66 μg/mL for 
both bacteria. Therefore, it can be concluded that TLCN 
at 2.66 μg/mL, in addition to inhibiting the growth of 
bacteria, also caused their death. So far, several studies 
confirmed the role of thymol in controlling bacteria 
responsible for tooth decay (24). Khan et al showed that 
thymol inhibits growth and reduces biofilm formation by 
S. mutans with the IC50 54 μg/mL (25). Laboratory results 
obtained from the study of Alvarez Echazú et al showed 
that thymol-chitosan hydrogels have antimicrobial effects 
against Staphylococcus aureus and S. mutans for 72 hours 
and antioxidant effects for 24 hours (26). In a study by 
Wattanasatcha et al (27), thymol in sub-micron sizes had 
antibacterial effects and inhibited the growth of E. coli, S. 
aureus and P. aeruginosa. In the study by Lee et al (28), a 

Figure 3. Effects of the thymol-loaded chitosan nanocomposite on the 
leakage of protein in the tested bacteria at 1/4 of the minimum inhibitory 
concentration (MIC), 1/3 MIC, and ½ 2 MIC. (mean ± SD). *P < 0.05 
compared to the control group. DMSO: dimethyl sulfoxide; SDS: sodium 
dodecyl sulfate.

Figure 2. Fourier-transform infrared spectroscopy spectrum of the synthesized nanocomposite.

Table 1. Antibacterial effect of the synthesized nanocomposite on Streptococcus mutans and Actinomyces viscosus

Drug
Minimum bactericidal concentration (µg/mL) Minimum inhibitory concentration (µg/mL)

Actinomyces viscosus Streptococcus mutans Actinomyces viscosus Streptococcus mutans

Nanocomposite 8.0±0.0 7.3±1.15 7.3±1.15 6.6±1.154

Chlorhexidine 5.33±2.4 4.66±1.15 5.33±2.4 4.66±1.15

Nanocomposite + Chlorhexidine 2.66±1.154* 2.66±1.154* 2.66±1.154* 2.66±1.154*

*P < 0.05 significant difference compared with the chlorhexidine.
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combination of clove oil and thymol displayed a potent 
antimicrobial activity against S. mutans and S. sobrinus. 
Zhu et al (29) also showed the promising antibacterial 
effects of thymol microencapsulation in poly (lactide-co-
glycolide) (PLGA) against E. coli and S. aureus.

Considering the antimicrobial mechanisms of these 
nanocomposites, we found that exposure of tested 
bacteria with nanocomposite dose-dependently increased 
the protein leakage; whereas at 1/2 and 1/3 MIC markedly 
(P<0.05) elevated the protein leakage in the tested bacteria 
compared with the control group. Studies have shown 
that the antimicrobial activity of thymol is through 
the cytoplasmic membrane disruption and outflow of 
intracellular substances, which result in bacterial death 
(30). One of the main mechanism actions of thymol, which 
leads to the reduction and inhibition of bacterial growth, 
is related to its effects on the bacterial cell membrane, 
because thymol is a strong compound that is harmful to 
the outer membrane (30,31). 

As the first step to evaluate the toxicity of new agents 
that are used as mouthwashes for the treatment and 
prevention of tooth decay, we tested the cytotoxicity effects 
of the synthesized thymol loaded chitosan nanocomposite 
against human normal (HGF1-PI1) and cancerous cells 
(KB) of the mouth. Concerning the cytotoxic activity 
of thymol loaded chitosan nanocomposite, we showed 
that the CC50 value of nanocomposite against KB and 
HGF1-PI1 cells were 149.6 and 68.4 μg/mL, respectively, 
representing the cytotoxic effects of TLCN on cancerous 
cells; however, TLCN was nontoxic for normal cells.

Conclusion
These results revealed that TLCN, especially in 
combination with chlorhexidine, displayed potent 
antibacterial effects against S. mutans and A. viscosus 
as the main cariogenic bacterial causes. However, 
extra examinations are mandatory to clarify the exact 
mechanisms and its toxicity mainly in clinical settings.
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