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Zhang et al.: Effect of Chinese Medicine Mouthwash in Dental Caries
The objective of this study was to select the optimal ratio of a compound Chinese medicine mouthwash 
containing Magnolia officinalis, Galla chinensis and Geranium strictipes and to evaluate the effectiveness 
of caries prevention through animal experiments, providing a scientific basis for the clinical application of 
compound Chinese medicine mouthwash. Using a uniform design method to screen the optimal compatibility 
of three drugs, rat caries model was established using 30 Sprague-Dawley rats were selected and randomly 
divided into a traditional Chinese medicine experimental group, positive control group and blank control 
group, each with 10 rats. Streptococcus mutans was inoculated and administered in the cariogenic feed diet 
2000 and 5 % sucrose solution. Rat mouths were rinsed with compound Chinese medicine mouthwash (Chinese 
medicine experimental group), chlorhexidine mouthwash (positive control group) and distilled water (blank 
control group). After continuous treatment for 4 w, the rats were euthanized; the effectiveness and safety of 
the compound Chinese medicine mouthwash in preventing caries were comprehensively evaluated through 
colony counting, the Keyes scoring method, changes in rat weight, the organ coefficient, and hematoxylin and 
eosin staining of the buccal mucosa. The minimum inhibitory concentrations of Magnolia officinalis, Galla 
chinensis and Geranium strictipes against Streptococcus mutans are 12, 24 and 30 mg/ml, respectively. The 
optimal formula included 18 mg/ml of Magnolia officinalis, 48 of mg/ml of Galla chinensis and Geranium 
strictipes of 30 mg/ml. After counting the colonies in rats, it was found that the positive control group and the 
traditional Chinese medicine experimental group were significantly lower than the blank control group in 
three indicators, total colony count, Streptococcus mutans colony count and Streptococcus mutans colony level. 
There was no significant difference between the positive control group and the traditional Chinese medicine 
experimental group. Keyes caries score for the Chinese medicine experimental group was significantly lower 
than that for the blank control group in all four levels of caries. After changes in rat body weight, organ 
coefficients, and hematoxylin and eosin staining of rat cheek mucosa, it was found that there was no significant 
difference between the Chinese medicine experimental group and the blank control group. The compound 
Chinese medicine mouthwash has a significant inhibitory effect on the growth of Streptococcus mutans and 
dental caries in rats and it has a certain degree of biosafety as a local oral medication.
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Caries is a disease in which dental hard tissue 
undergo chronic and progressive damage under the 
influence of various factors, mainly bacteria[1]. World 
Health Organization (WHO) ranks dental caries as 
the 3rd most harmful disease to human health after 
cardiovascular disease and cancer. Caries is also one 
of the complications of orthodontic treatment and its 
main manifestation during the orthodontic process is 
enamel demineralization[2]. Caries is caused by the 
acid production of cariogenic bacteria in a suitable 
environment, leading to demineralization of hard 
tissues in teeth[3]. Among them, Streptococcus mutans 

(S. mutans) is one of the main cariogenic bacteria[4]. 
Early enamel demineralization has a significant 
impact on the microesthetics of orthodontic 
treatment[5]. After enamel demineralization, opaque 
spots or plaques appear on the tooth surface, which 
not only affect the patient’s appearance and endangers 
dental health. In severe cases, orthodontic treatment 
may even need to be discontinued[6]. Although the 
invisible orthodontic technique without brackets 
optimizes the difficulty of oral hygiene compared 
to fixed orthodontic techniques, the large coverage 
area and long wearing time of invisible orthodontic 
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appliances can also cause enamel demineralization in 
poor oral hygiene control, especially in the adolescent 
population[7].
Mouthwash plays an important role in the prevention 
and adjuvant treatment of oral diseases. According to 
the different functions and ingredients, mouthwash 
has different functions and has good effects in 
removing oral odor, preventing dental caries and 
exerting anti-inflammatory effects[8]. Among them, 
anti-plaque mouthwash is one of the self-plaque 
control methods that can enter areas that are difficult 
to reach by toothbrushes, floss and scalers through 
liquid flow, supplementing the shortcomings of 
mechanical plaque control methods[9]. At present, 
commonly used mouthwashes in clinical practice 
contain antibiotics, iodine, ethanol and other 
components, such as chlorhexidine and new iodine-
containing mouthwashes. Long-term use can easily 
cause problems such as tooth discoloration, dysbiosis 
of oral flora and irritation of oral mucosa. Therefore, 
finding effective, safe and long-term mouthwash is of 
notable interest.
Natural medicines have a long history of application, 
low toxicity, side effects which are easy to obtain and 
is cost-effective; they even have bactericidal and anti-
inflammatory effects. Therefore, they are widely used 
in basic research and clinical practice[10]. Traditional 
Chinese medicine preparations are widely used in 
oral cavity and a large number of studies have shown 
that traditional Chinese medicine has good effects 
in inhibiting the growth of cariogenic bacteria[11]. 
However, currently, most of the reports on this type 
of traditional Chinese medicine focus on the effects 
of a single herb and there is limited research on 
traditional Chinese medicine formulas. Traditional 
Chinese medicine formulas reflect the characteristics 
of traditional Chinese medicine symptom 
differentiation and treatment, fully leveraging the 
synergistic effects of drugs and the multitarget effects 
of multiple effective ingredients[12]. With increasing 
attention to the safety of mouthwash, the advantages 
of traditional Chinese medicine mouthwash are 
gradually becoming apparent. However, there is a 
lack of systematic research on traditional Chinese 
medicine mouthwashes from basic components to 
application, leading to gaps in scientific and objective 
knowledge of their therapeutic effects. There are 
few reports on their toxicity and adverse reactions, 
failing to provide an experimental basis for clinical 
application.
Studies have shown that Magnolia officinalis, Galla 

chinensis and Geranium strictipes have inhibitory 
effects on S. mutans[13-15]. Huang et al.[16], research 
has shown that Magnolia officinalis has a significant 
inhibitory effect on glucosyltransferase, which plays 
a crucial role in the development of dental caries. 
Zhang et al.[14], summarized the anti caries effect of 
Galla chinensis, suggesting that it can inhibit oral 
cariogenic bacteria, inhibit tooth demineralization 
and promote tooth mineralization. Xie et al.[17], 
suggests that Galla chinensis may inhibit the 
cariogenicity of the oral biofilm and it appears to be 
a promising source of new agents that may prevent 
dental caries. Peng et al.[15], confirmed through animal 
model experiments that Geranium strictipes has 
an inhibitory effect on dental caries. Yang et al.[18], 
also confirmed that Geranium strictipes can inhibit 
the formation of dental caries. Therefore, based 
on the theory of compound formulas in traditional 
Chinese medicine[19], it is reasonable to predict that 
the compound formulas of these three traditional 
Chinese medicines may have excellent anti-caries 
effects. However, there have been no research 
reports on the combination of these three drugs for 
the prevention and treatment of dental caries. This 
study compounded these three traditional Chinese 
medicines and determined their optimal proportions 
through a uniform design method to prepare a 
compound Chinese medicine mouthwash. Through 
the preparation and animal experiments of compound 
Chinese medicine mouthwash, the biological safety 
and caries inhibition effect of this mouthwash were 
studied, providing a scientific basis for further 
development of safe and effective compound Chinese 
medicine mouthwash.

MATERIALS AND METHODS
Preparation of compound Chinese medicine 
mouthwash:

Materials: Magnolia officinalis, Galla chinensis 
and granules of Geranium strictipes were 
obtained from EFong Pharmaceuticals. Further, 
2,3,5-Triphenyltetrazolium Chloride (TTC), Brain 
Heart Infusion (BHI) culture medium and Mitis 
salivarius (MS) agar base were used in this study.
Bacterial strain and culture conditions: The strain 
used in this experiment was S. mutans (American 
Type Culture Collection (ATCC), 25 175) and was 
obtained from the China General Microbiological 
Culture Collection Center (CGMCC), which was 
anaerobically cultured in BHI medium at 37° in 
an incubator containing 800 ml/l of Nitrogen (N2), 
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100 ml/l of Carbon dioxide (CO2) and 100 ml/l of 
Hydrogen (H2).

Determination of antibacterial effect of each single 
drug: 
Using TTC as a viable indicator, the Minimum 
Inhibitory Concentration (MIC) of Magnolia 
officinalis, Galla chinensis and Geranium strictipes 
against S. mutans was determined using the Oxford 
cup method.

Experimental plan:
Using Magnolia officinalis, Galla chinensis and 
Geranium strictipes as three investigation factors, 
according to the U8 (85) uniform design table and 
the U8 (85) usage table[20]. The MIC of each drug was 
taken and the drug concentrations were divided into 
8 levels, and fitted into 8 compound formulas with 
different drug combinations (Table 1).

Antibacterial activity testing of various compound 
formulas: 
Using Oxford cup method[21], the antibacterial activity 
of each compound was tested according to the same 
detection method as that of a single drug. Sterilized 
pure water was used as the solvent control group and 
blank Oxford cups without any reagents were used as 
the negative control group which was placed in a 37° 
incubator for anaerobic cultivation for 24 h. After 
cultivation, the diameter of the antibacterial rings 
in each group was measured using a Vernier caliper 
scale and the difference between the diameter of the 
antibacterial rings in the experimental group. The 
control group was used as an indicator of antibacterial 
activity and the experiment was repeated three times.
Detection of the biofilm inhibition rate of various 
compound formulas: Fresh S. mutans bacterial 
solution with Optical Density (OD)600≈0.2 96-well 
plates made of imported Polyvinyl Chloride (PVC) 

material was selected as the attachment of S. mutans 
biofilm. The prepared bacterial solution (120 μl/well) 
and various concentrations of compound drugs (80 
μl/well) were added to the 96-well plates so that the 
final concentration of drugs in each well was the same 
as that of the original compound. In addition, a Blank 
Control (BC) group was prepared by adding 120 μl 
of bacterial solution and 80 μl of sterilized water to 
each well while an experimental background group 
was prepared by adding 200 μl of the corresponding 
original concentration of compound drugs to the 
well, and a blank background group (blank well) was 
set up separately. After adding samples, 96-well plate 
was placed in an anaerobic incubator for constant 
temperature cultivation for 24 h.
96-well plates were cultured and crystal violet staining 
method[22] was used to determine the inhibition rate 
of the drug on the formation of S. mutans biofilm[23]. 
The bacterial suspension from each well was 
discarded and the cells were washed three times with 
distilled water. Then, 30 μl of 1 g/l crystal violet 
solution was added to each well separately. After 
15 min of dyeing, the dye solution was poured out 
from each well and washed repeatedly with distilled 
water. After drying at room temperature, a mixture 
of ethanol and acetone (4:1) was added to each well, 
and the OD600 value of each well was measured using 
Enzyme-Linked Immunosorbent Assay (ELISA) 
technique. The experiment was repeated three times 
and the biofilm inhibition rate of each compound was 
calculated according to the following formula
Biofilm inhibition rate=blankcontrol group-blankbackground 

group-(experimentalcontrol group-experimentalbackground group)/
(blankcontrol group-blankbackground group)
The formula represents the OD600 values 
corresponding to each group.

Different drug concentrations Magnolia officinalis Galla chinensis Geranium strictipes

1 12 36 60

2 14 52 50

3 16 32 40

4 18 48 30

5 20 28 65

6 22 44 55

7 24 24 45

8 26 40 35

TABLE 1: CHANGES IN VIRUS ACTIVITY ON DRY SURFACE
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Optimal Chinese medicine mouthwash was used 
as an important experimental group solution, the 
compound chlorhexidine mouthwash was used as the 
PC group solution, and distilled water was used as 
the BC group solution.
Rats were kept in individually ventilated cages at 
a temperature of 24° with 50 % humidity, 60 air 
exchanges/hour in the cages and 12/12 h light/dark 
cycle with the lights on at 6:00 AM. The maximum 
caging density was 5 mice from the same litter and 
gender starting from weaning. Bedding and wood 
shavings were provided, and all the materials, 
including lids, feeders, bottles, bedding including 
water were sterilized before use.
The research team monitored animals twice daily. 
Health was monitored by weight, food, water intake, 
general assessment of animal activity, panting and 
fur condition, once a day. If serious health problems 
occurred in rats during the experiment, they were 
excluded.

Inhibition of endogenous bacteria: 
Rats aged between (22-24) d were subjected to 
adaptive feeding and endogenous bacterial inhibition 
for a period of 3 d. They were fed uniformly mixed 
with ampicillin sodium (1000 g of regular feed/2 g) 
and drinking water containing penicillin sodium (800 
000 units, 200 ml of physiological saline/bottle). 
Oral cotton swabs were collected from rats aged 25 
d to identify the inhibition of endogenous bacteria in 
the oral cavity.

Inoculation of cariogenic bacteria:
Rats aged between (26-28) d were infected with 
cotton swabs soaked in saturated S. mutans 
suspension (1 ml/rat) in their oral cavity. On 29th d, 
oral cotton swabs were collected from rats to detect 
the colonization of S. mutans.

Drug manipulation:
During the period from 25 d to the end of the 
experiment, the BC group, PC group, and EG were 
all fed a diet of Keyes 2000 and 5 % sucrose aqueous 
solution. After 30-50 d, sterile cotton swabs were 
dipped in 1 ml of experimental solution from each 
group until saturation. The remaining solution was 
applied to the tooth surface, tongue and oral mucosa 
of the rat molars, and the remaining solution was 
injected into the rat’s mouth for rinsing to ensure that 
the solution was properly administered. Experimental 
drug intervention was conducted twice a day, with 
each quadrant treated for 15 s. After treatment, feed 

Cytotoxicity testing of various compounds: The 
cytotoxicity of each compound was detected using 
the Cell Counting Kit-8 (CCK-8) method[24]. 3rd 
generation gingival fibroblasts with good growth 
status were prepared after trypsin digestion and 
inoculated into a 96-well plate at a density of 6000 
cells/well. After 24 h of cultivation in a 50 ml/l CO2 
incubator at 37°, the original culture medium was 
discarded. An experimental group, experimental 
background group, control group and blank 
background group were set up. Dulbecco’s Modified 
Eagle Medium (DMEM) culture medium with 
different combinations of drugs was added to each 
experimental group. The experimental background 
group was composed of each group’s drug solution; 
negative control group was composed of DMEM 
culture media with Phosphate Buffered Saline (PBS), 
10 μl CCK-8 solution and 100 μl DMEM medium. 
After 5 min, aspiration the solution from each well 
was discarded, rinsed and then 10 µl of CCK-8 
solution and 100 μl of DMEM was added to each 
well under dark conditions. After incubation for 2 h, 
ELISA was performed to detect the OD value at a 
wavelength of 450 nanometers and the results were 
recorded. The experiment was repeated for three 
times and the cell viability was calculated using the 
following formula
Cell activity=experimental group-
experimentalbackground group/control group-blankbackground 

group 

Application of multi-index comprehensive 
evaluation method to screen out the optimal 
compound formula:
The rescaling method was applied to perform 
dimensionless treatment on the antibacterial effect. 
Using the multi-index comprehensive evaluation 
method[25], the above three experimental indicators 
were weighted by 1/3, and their Comprehensive 
Index (CI) Z (Z=1/3 cell activity+1/3 biological wave 
inhibition rate+1/3 cell activity) was calculated. The 
compound with the highest Z-value was considered 
the optimal compound.

Animal model preparation:
Experimental grouping: 30 male Sprague-Dawley 
(SD) aged 21 d were randomly divided into a 
traditional Chinese medicine Experimental Group 
(EG), Positive Control (PC) group and BC group, 
with 10 rats in each group. Rats were randomized, 
using a computer based random order generator 
and the weight of the rats was recorded daily. 
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Fig. 1: Schematic diagram of the division of scoring units for rat mandibular molar pits and grooves

Statistical analysis was performed according to the 
Keyes caries scoring method[26].
The main organs namely, heart, liver, spleen, lungs 
and kidneys, were collected on 51st d, dissected and 
weighed. The organ coefficients of each major organ 
in each rat were calculated.
Organ coefficient=organ weight/body weight×100 %
Oral mucosa collection: The buccal mucosa 
of the same part of each rat was cut to a size of 
approximately 2 mm×4 mm. The cells were fixed 
in 4 % paraformaldehyde solution for 24 h. After 
Hematoxylin and Eosin (H&E) staining, the integrity 
of the oral mucosal tissue structure, the degree of cell 
arrangement and the presence of adverse reactions 
such as proliferative changes, inflammatory reactions 
and necrosis were observed under a microscope.
Keyes scoring method for mandibular molar pit 
and fissure caries in rats: According to the Keyes 
caries scoring system[26], pit and fissure caries are 
classified into four levels namely, pure Enamel (E) 
caries, which refers to caries lesions confined to the 
enamel layer; mild Dentin (Ds) caries, refer to caries 
that affect <1/4 of the enamel and outer layer of 
dentin; moderate Dentin (Dm) caries, refers to caries 
that affect 1/4 to 3/4 of the thickness of the dentin and 
widespread Dentin (Dx) caries, refers to the depth of 
caries that exceeds 3/4 of the thickness of the dentin 
and even affects the entire dentin layer. As shown in 
fig. 1, the scoring units for each mandibular molar 
groove are 7 for the 1st molar, 5 for the 2nd molar 
and 2 for the 3rd molar. By observing the range of 
caries, according to the Keyes scoring criteria in rat 
molars with the naked eye, four levels of caries were 
scored and summed; the severity of molar caries was 
evaluated overall using the four levels of caries.

and water were withheld for 2 h. The drug intervention 
experiment lasted for 3 w and the health status of the 
rats, including weight, was recorded daily.

Sample collection:
Saliva collection: On 50th d, 0.2 % 0.4 ml/100 g of 
pilocarpine nitrate was injected into the abdominal 
cavity of each rat. 100 μl/rat of stimulating saliva 
was collected and diluted 1000 times. 10 μl of this 
saliva was evenly applied to BHI medium to count 
the total bacteria in the rat’s mouth. Another 10 μl 
was applied to Murashige and Skoog (MS) medium 
to orally administered S. mutans to rats, the number 
of Macrophage (M) colonies was counted and all 
culture media were incubated under anaerobic 
conditions of 80 % of N2, 20 % CO2 at 37° for 12 h 
for S. mutans colony counting. 
S. mutans colony level=(S. mutans colony count/
total colony count)×100 %
Collection of mandible samples: After 51 d, all 
the rats were euthanized under anesthesia with 
pentobarbital sodium. The mandibles of the rats were 
dissected and treated in a high-pressure steam pot for 
5 min. The soft tissue on the jawbones was cleaned 
and rinsed thoroughly. The mandible samples of the 
rats were then placed in a 0.4 % ammonium urea 
solution (with 10 % paraformaldehyde solution 
added) and stained for 12 h. Using a 0.1 mm thick 
and 25 mm diameter ultrathin diamond chip, the 
dental arch was cut open along the mesial and distal 
directions of the mandible, and the caries of the rat 
mandibular molars were evaluated using the Keyes 
caries scoring method under a stereomicroscope. The 
range and depth of ammonium urate infiltration into 
rat teeth represent the extent and severity of caries. 
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Statistical methods:
Statistical analysis was performed for the 
measurement of the data using Data Processing 
System (DPS) version 9.01 statistical software. A 
binomial stepwise regression was conducted with 
the CI-Z as the dependent variable “y” and the three 
factors of Magnolia officinalis, Galla chinensis and 
Geranium strictipes as independent variables “x”. 
The inspection level was Alpha (α) was found to be 
0.05. Further, statistical analysis was performed using 
Statistical Package for Social Sciences (SPSS) version 
23.0 and GraphPad Prism 8.0 version statistical 
software was used to generate the statistical graphs 
for the measured data. Shapiro-Wilk test was used 
to test the normality of the data. Antibacterial effect, 
biofilm inhibition rate, cell activity, oral bacterial 
count, S. mutans level, Keyes score for mandibular 
molar caries, weight change and organ coefficient 
in rats all showed normal distribution, expressed 
in the form of (x̄±s). The statistical method used 
Analysis of Variance (ANOVA) to analyze whether 
there were statistically significant differences in oral 
bacterial counts, levels of S. mutans, Keyes score of 
mandibular molar caries change in rat weight and 
organ coefficients among the groups.

RESULTS AND DISCUSSION

MIC of each single drug against S. mutans was 
studied. Using the Oxford cup method, the 
antibacterial activity of each compound was tested 
according to the same detection method as that of 
a single drug. MIC of Magnolia officinalis, Galla 
chinensis and Geranium strictipes against S. mutans 
are 12, 24 and 30 mg/ml, respectively. 
Data processing and analysis of various compound 
formulas and optimal compound formula results were 
analysed. Using Magnolia officinalis, Galla chinensis, 

and Geranium strictipes as three evaluation factors, 8 
compound combinations were designed based on the 
uniform design U8 (85) and usage table. A binomial 
stepwise regression analysis was conducted using 
the comprehensive indicator Z as the dependent 
variable “y” where antibacterial effect, biofilm 
inhibition rate and cell activity were considered to 
be X1, X2 and X3 respectively and were termed 
as independent variables. The regression equation, 
y=0.38345+0.01539X2-0.00019X12-0.00017X22-
0.00013X32+0.00018X1X3 was obtained and the 
significance test showed p=0.03<0.05 (R=0.9937, 
Standard error (S)=0.0251 and F=31.6848), 
indicating high reliability and statistical significance.
After optimizing the obtained regression equation, it 
was determined that when the CI-Z was maximized, 
the combination of various factors was the optimal 
compound which included 18 mg/ml of Magnolia 
officinalis, 48 mg/ml of Galla chinensis and 30 mg/
ml of Geranium strictipes (Table 2).
After statistical analysis, the results of oral bacterial 
count and S. mutans level in rats were studied (fig. 
2). After pairwise comparison of each group, it was 
found that the total bacterial count index in BC group 
(438.80±40.46) was significantly higher than that in 
EG (36.10±10.05) and PC group (11.70±2.67). There 
was no significant difference between PC group and 
EG group. S. mutans colony count index in BC group 
(270.70±23.40) was significantly higher than in EG 
(8.70±2.75) and the PC group (2.40±0.84). There was 
no significant difference between PC group and EG 
group. In terms of S. mutans colony level indicators, 
BC group (0.62±0.04) was significantly higher than 
EG group (0.24±0.03) and PC group (0.21±0.06). 
There was no significant difference between PC and 
EG groups.

Group Antibacterial effect Biofilm inhibition rate Cell activity Comprehensive index Z

1 0.53±0.14 0.26±0.10 0.61±0.32 0.37±0.06

2 0.85±0.11 0.45±0.05 0.29±0.11 0.48±0.04

3 0.74±0.13 0.59±0.05 0.79±0.23 0.55±0.06

4 0.88±0.04 0.83±0.08 0.43±0.37 0.66±0.07

5 0.09±0.07 0.67±0.03 0.16±0.08 0.28±0.04

6 0.55±0.05 0.69±0.06 0.42±0.18 0.48±0.04

7 0.39±0.04 0.75±0.09 0.76±0.22 0.49±0.09

8 0.71±0.09 0.76±0.09 0.56±0.35 0.59±0.08

TABLE 2: RESULTS OF THE ANTIBACTERIAL EFFECT, BIOFILM INHIBITION RATE, CELL ACTIVITY AND 
COMPREHENSIVE INDEX Z OF EACH COMPOUND
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Keyes scoring results of caries in rat mandibular 
molars were analysed. The mandibular molars 
of rats in each group were observed under a 
stereomicroscope (fig. 3). In BC group, significant 
pit and fissure caries were observed in the mandibular 
molars of rats. No smooth surface caries were 
observed in the mandibular molars of rats in each 
group. The pit and fissure caries of each group of rats 
were measured using the Keyes scoring method (fig. 
4). After pairwise comparison of each group, it was 
found that E level of caries, BC group (16.70±3.59) 
was significantly higher than the EG (5.40±1.35) and 
PC group (1.70±1.25); this group was significantly 
higher than EG group (p<0.01). In Ds level of pit 
and fissure caries, BC group (11.00±3.02) was 
significantly higher than the EG (2.60±0.70) and PC 
group (0.40±0.52); PC group was significantly higher 
than EG group (p<0.05). Similarly, Dm level of pit 
and fissure caries, BC group (5.20±1.14) denoted 
significantly higher score than EG (0.40±0.52) and 
PC groups (0.10±0.32). There was no significant 
difference between the PC and EG groups. Further, 
Dx level of pit and fissure caries, showed high score 
in BC group (1.70±0.95) than EG (0.10±0.32) and 
PC groups (0.00±0.00). No significant difference was 
found between PC and EG groups.
Weight changes and organ index results of rats were 
assessed. Statistical analysis was conducted on the 
body weight and organ index of each group of rats 
(fig. 5). After pairwise comparison, there was no 
significant difference between the groups.
H&E staining results of oral and buccal mucosa of rats 
were evaluated. Oral mucosa of rats was collected, 
stained with H&E, and microscopically observed 
to determine the integrity of the oral mucosal tissue 
structure, the degree of neat cell arrangement, and the 
presence of adverse reactions such as proliferative 

changes, inflammatory reactions, and necrosis. As 
shown in fig. 6, the oral mucosal tissue structures of 
the PC group, EG and BC group were all intact, with 
neatly arranged cells, and no adverse symptoms, such 
as proliferative changes, inflammatory reactions, 
or necrosis, were observed with no significant 
differences.
In orthodontics, caries is a persistent and widespread 
problem caused by the demineralization[27]. The 
current enamel remineralization therapy has 
limited impact on post orthodontic vitiligo lesions; 
so preventing caries is particularly important for 
orthodontic treatment[28]. Research has shown 
that multiple bacteria are closely related to dental 
caries. As S. mutans is the most closely related oral 
streptococcus to dental caries, so inhibiting the 
growth of S. mutans plays an important role in the 
prevention of dental caries[29]. This study is mainly 
divided into two parts; primarily, the preparation and 
screening of compound Chinese medicine mouth 
wash and its optimal compounds were carried out. On 
this basis, animal experiments were conducted with 
reference to the classic rat caries model to further 
study its biological safety, inhibitory effect on S. 
mutans, and preventive effect on caries, providing a 
scientific basis for subsequent clinical applications.
The in vitro antibacterial effect and plaque biofilm 
inhibition rate of this study showed that the compound 
Chinese medicine mouthwash had a significant 
inhibitory effect on the growth of S. mutans and 
plaque biofilm formation, which is consistent 
with the research results of Ren et al.[13-15]. Animal 
experiments were conducted using rat oral colony 
count and S. mutans colony level as indicators. The 
results showed that the total oral colony count and 
colony count were lower than that of the BC group 
and there was statistical significance. This confirms 

Fig. 2: Count of oral bacteria and level of Streptococcus mutans in rats
Note: ****p<0.0001, (  ): Positive control group, (  ): Blank control group and (  ): Chinese medicine experimental group
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that the compound Chinese medicine mouthwash 
has inhibitory effects on the growth of S. mutans and 
the formation of plaque biofilms. The results of this 
study showed that there was a statistically significant 
difference in the Keyes score of rat mandibular 
molar caries between the EG and BC group where 
Keyes score of mandibular molar caries in the EG 
group was significantly lower than the BC group. 
This confirms that the compound Chinese medicine 
mouthwash has an inhibitory effect on dental 
caries. The main mechanism of drug in preventing 
dental caries is its direct inhibitory effect on the 
growth, acid production and sugar production of 
cariogenic bacteria[30]; inhibition of the adhesion of 
cariogenic bacteria and affecting the morphology, 
structure and activity of dental plaque biofilm[31]; 
inhibition of tooth demineralization and promoting 
remineralization and improving the acid resistance 
of teeth[32]. Traditional Chinese medicines, due to 
their complex compositions often have a synergistic 
effect of multiple anti-caries mechanisms[33]. The 
synergistic mechanism of the three traditional 
Chinese medicines in this study is not yet clear and 

further research should be conducted in the future.
Results of this study showed that there was no 
significant difference in weight change or organ 
index between the EG and BC group of rats. The oral 
mucosal tissue structure of the EG was intact, with 
neatly arranged cells and no adverse symptoms such 
as proliferative changes, inflammatory reactions, 
or necrosis. There was no significant difference 
compared with BC group. This indicates that the 
compound Chinese medicine mouthwash has no 
harmful effects on the health of rats and it has a 
certain degree of biosafety as a local oral medication.
The limitation of this study is that it confirms the 
inhibitory effect and biocompatibility of compound 
Chinese medicine mouthwash on S. mutans and 
dental caries. However, the taste of compound 
Chinese medicine mouthwash is bitter and artificial 
administration in animal experiments can avoid the 
problem of poor compliance. If further studies are to 
be conducted in the future, it is necessary to consider 
improving the taste of the compound Chinese 
medicine mouthwash.

Fig. 3: Observation of mandibular molars under a stereomicroscope in each group of rats, (A): Positive control group; (B):  
Traditional Chinese medicine experimental group and (C): Blank control group

Fig. 4: Key score for caries in rat mandibular molars
Note: *p<0.05, **p<0.01 and ****p<0.0001, (  ): Positive control group, (  ): Blank control group and (  ): Chinese medicine 
experimental group
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Fig. 5: Changes in body weight and organ index of rats

Fig. 6: HE-stained sections of the buccal mucosa of rats in each group, (A): Positive control group; (B): Traditional Chinese 
medicine experimental group and (C): Blank control group
Note: Magnification factor 200X
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