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ABSTRACT: Chronic oral diseases are boring, long-term, and Tooth surface
discomfort intense diseases, which endanger the physical and
mental health of patients constantly. Traditional therapeutic
methods based on medicines (including swallowing drugs,
applying ointment, or injection in situ) bring much inconvenience Diseased rat 000
and discomfort. A new method possessing accurate, long-term, & .
stable, convenient, and comfortable features is in great need. In this <

study, we demonstrated a development of one spontaneous ﬁ e
administration for the prevention and therapy on a series of oral = Ll
diseases. By uniting dental resin and medicine-loaded mesoporous Recovered rat
molecular sieve, nanoporous medical composite resin (NMCR)
was synthesized by a simple physical mixing and light curing method. Physicochemical investigations of XRD, SEM, TEM, UV—vis,
N, adsorption, and biochemical experiments of antibacterial and pharmacodynamic evaluation on periodontitis treatment of SD rats
were carried on to characterize an NMCR spontaneous medicine delivery system. Compared to existing pharmacotherapy and in situ
treatments, NMCR can keep a quite long time of stable in situ medicine release during the whole therapeutic period. Taking the
periodontitis treatment as an instance, the probing pocket depth value in a half-treatment time of 0.69 from NMCR@MINO was
much lower than that of 1.34 from the present commercial Periocline ointment, showing an over two times effect.

UV-curing
420-480 nm

1. INTRODUCTION

Periodontal diseases, dental caries (cavities), oral mucosal
diseases, and lip and oral cancers are among the most prevalent
and chronic oral diseases (COD) worldwide."” A survey
reported that the number of people suffering from these oral
diseases directly reached from 2.5 billion to as high as 3.5
billion from the year of 1990 to 2019. More than 44.5% of the
global population suffered their indirect influences as well. The
unwilling economic expenditure, up to tens of billions of U.S.
dollars, had to be paid for onerous COD therapies every
year.”* Tt is predicted that the prevalence of oral diseases will
increase with global population growth in the coming
decades.>® Aiming on traditional COD therapies, there are
three main methods of administration.” First is systemic
administration, such as swallowing dru§s (and then getting an
effect through systemic circulation).” Second is applying
ointment, and the third is injection on the affected part.
Unfortunately, to reach and maintain effective medicine
concentrations at the lesion site, high doses are often used
by systemic delivery of medicines, which may lead to toxic
gastrointestinal intolerance and resistance.”'’ Applying oint-
ments is not readily to make its residual at the target site,
which would restrict the normal dietetic behaviors and lead to
a strong foreign body sensation.'"'” Injections have to be
increased for open wounds and the presence of foreign bodies
in the subgingival pocket. Constant severe pain is accompanied
by local swelling. Worse, the injections cannot stay in the
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therapy area for a long time, which need to be reinjected every
week."? All the mentioned facts bring quite inconvenience and
discomfort, even more hurt, to patients during the treatment
stage, which disturb seriously patients’ normal social activities
and reduce greatly the quality of life."* Therefore, aiming the
specificity of the oral environment, the dietary needs of
patients, and the comfort level of treatment, a promising
strategy with accurate, long-term, stable, convenient, and even
in situ spontaneous medicine delivery merits is in great need.

Precise medicine delivery systems had the advantages of
high therapeutic efficiency, uninterrupted action, and low
organ toxicity, which have been attracting widespread attention
from the medical and chemical communities. Many successful
delivery systems have been developed, such as chitosan in
cancer, hydrogels in diabetic diseases, liposomes in Alzheimer’s
disease, and iron oxide nanoparticles in neoplastic dis-
eases."> >’ Mesoporous molecular sieve (MMS) is designed
as one of the most ideal medicine delivery materials due to its
adjustable pore size, large surface area, easily modified surface,
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Scheme 1. Schematic of Effective Release of Four Oral Disease Therapeutic Drug Molecules in the Oral Environment
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and excellent biocompatibility. Examples include the combi-
nation with hydrogels for myocardial infarction, with liposomes
for cancer chemotherapy, with gold nanorods for tumor
therapy, and with chitosan for gene therapy.”*™*° Methyl
methacrylate resin (MMR) has a similar color and texture as a
natural tooth, which is often used in dental restoration as a
denture base material.>’™** The motivation is to, through
combining MMS and MMR, form effective medicine carriers
and set up some vectors to achieve local, precise, and durable
medicine release in the oral environment, hoping to achieve
effective treatment on COD.

In this study, we demonstrate a development of one
spontaneous administration for the prevention and therapy
on a series of oral diseases. By uniting MMR and medicine-
loaded SBA-15, one of the famous MMSs, nanoporous medical
composite resin (NMCR), was synthesized by a simple
physical mixing and light curing method. Compared to existing
pharmacotherapy and in situ treatments, NMCR can keep a
very long time of stable in situ medicine release during the
therapeutic period (Scheme 1). Here, aiming the treatment of
periodontitis, dental caries, oral ulcer, and mucosal carcinoma,
we prepared four types of NMCR as a spontaneous delivery
platform. The administration loading minocycline hydro-
chloride (MINO), clindamycin hydrochloride (CA), micona-
zole nitrate (MCZ), and S-fluorouracil (S-FU) was expressed
as NMCR@MINO, NMCR@CA, NMCR@MCZ, and
NMCR@S5-FU, respectively. The structures, morphologies,
BET surface, and medicine release behaviors were investigated.
The antimicrobial properties and in vivo pharmacodynamic
evaluation on periodontitis treatment were evaluated.
Compared to existing pharmacotherapy and in situ treatments,
NMCR can keep a very long time of stable in situ medicine
release during the therapeutic period.

2. MATERIALS AND METHODS

2.1. Materials. Medium and Australian premium fetal
bovine serum (iCell-0500) were purchased from Cybikang.
The MTT cell proliferation detection kit was purchased from
Beijing Solaibao Technology. KB cells, Streptococcus mutans,
Actinomyces viscosus, and Candida albicans were purchased from
Cybikang (Shanghai, China). SD rats were purchased from
Spife Biotechnology (Suzhou, China). EO,(-PO,,-EO,,
(Pluronic P123, Ma = 5800) was purchased from Sigma-
Aldrich. The 3M resin of Filtek-Z250 was purchased from 3M.

The MINO, CA, MCZ, 5-FU, and other chemical compounds
were purchased from Macklin. The multifunction microplate
reader (TECAN SPARK 10M) was purchased from Ruishang,
The clean bench (SW-CJ-2FD) was purchased from Sujing
Antai.

2.2. Characterization. Transmission electron microscopy
(TEM) analysis was performed on an American FEI Tecnai
G20. X-ray diffraction (XRD) analysis was carried out on a
German Brook D8 Advance. Scanning electron microscopy
(SEM) analysis was carried out on a Czech TESCAN VEGA 3
SBH. The UV—vis spectrum was measured on a Shimadzu
UV3600. The Fourier transform infrared (FT-IR) spectrum
was measured on a Nicolet 6700 from Thermo Fisher
Technology. The high-temperature and high-pressure steam
sterilization pot (HVE-50) was purchased from Hirayama. The
constant-temperature oscillator (crystal IS-RDV1) was pur-
chased from American Jing-qi.

2.3. Methods. 2.3.1. Synthesis of SBA-15. The synthesis of
SBA-15 with different pore sizes was referred to some previous
studies.”> ™ Pluronic P123 (2.0 g) was dissolved in 57.0 g of
water and 10 mL of 12 M HCI solution with stirring at 35 °C
until completely dissolved. Then, stirring was continued with
or without 0.4 g of 1,3,5-trimethylbenzene (TMB) as an
expanding agent for 2 h. Tetraethyl orthosilicate (4.3 g) was
added dropwise into the mixed solution and stirred at 38 °C
for 24 h. Then, the precursor was transferred into a Teflon-
lined stainless-steel autoclave and crystallized at 100 °C for 48
h. The sample was filtered, washed with deionized water, and
dried at 60 °C overnight. To remove the surfactant template,
the dried product was heated from room temperature (RT) to
550 °C at a heating rate of 2 °C/min, followed by calcination
in air for 6 h. Finally, SBA-15 white powders with different
pore sizes were obtained and named SBA-15-1 (0.4 g of TMB)
and SBA-15-2 (no TMB).

2.3.2. Preparation of Medicine Stock Solution. MINO or
CA (0.2 g) was dissolved in 10 mL of water to obtain MINO
or CA solution with a concentration of 20 mg/mL at RT. The
max wavelength (4,,,,) of UV absorption was 222 nm by
MINO solution and 202 nm by CA solution; 0.10 g of MCZ or
S-FU was dissolved in 10 mL of ethanol to obtain MCZ or 5-
FU ethanol solution with a concentration of 10 mg/mL. The
Amax Was 205 nm for MCZ and 265 nm for 5-FU.

2.3.3. Medicine Loading. SBA-15 loaded with medicines
was obtained by a solvent impregnation method.’® Taking the
load of MINO as an example, 0.5 g of SBA-15-1 was added to
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Figure 1. XRD patterns of (A) SBA-15-1 and SBA-15-2 and (B) SBA-1S after loading different medicines; TEM images of (C) SBA-15-1, (D)
SBA-15-2, (E) SBA-15-1@MINO, (F) SBA-15-1@CA, (G) SBA-15-1@MCZ, and (H) SBA-15-2@5-FU. The inset is the top view with the same

scale bar.

10 mL of MINO aqueous solution and the suspension was
stirred vigorously at RT for 24 h to achieve an equilibrium
steady state. Then, the suspension was centrifuged at 6000 rpm
for 20 min. The supernatants were collected and extracted into
a quartz colorimetric ware with a 0.22 y filter syringe. The
solid powders were kept at 60 °C for 24 h for solvent
evaporation. The sample was named SBA-15-1@MINO. The
same methods were used to load CA and MCZ, named as
SBA-15-1@CA and SBA-15-1@MCZ. Because the 5-FU
molecule is much smaller than previous three molecules,
SBA-15-2 without an expanding agent was selected as a 5-FU
carrier, named as SBA-15-2@5-FU.

2.3.4. Preparation of Medicine-Loaded NMCR. Four
groups of NMCRs loading MINO, CA, MCZ, and S-FU
individually were prepared, expressed as NMCR@MINO,
NMCR@CA, NMCR@MCZ, and NMCR@S-FU, respec-
tively. The preparation of NMCR@MINO was taken as an
example. SBA-15-1@MINO (0.01 g) was mixed with resin (0.1
g) by physical stirring for 20 min. The sample was placed in
the steel mold, and the sheet was pressed for 30 s at a pressure
of 60 kg/cm’. A hole punch was used on the sample sheet to
the wafer sample (6 + 1 mm in diameter), and the wafer
sample was irradiated under UV light (420—480 nm) for
curing in 60 s. The same method was used to prepare
NMCR@CA, NMCR@MCZ, and NMCR@S-FU, respec-
tively.

2.3.5. In Vitro Medicine Release Study. The wafer of
medicine-loaded NMCR was accurately weighed and soaked in
a sealed colorimetric ware containing 3 mL of PBS (pH = 7.2).
The released medicine was recorded by a UV—vis spectropho-
tometer every 30 min at A, All the experiments were

performed in triplicate, and the results were reported as
average. The percentage of medicine released was calculated by
eq 1 below:

Percentage of medicine release(%) = —- X 100%

Q, (1)

where Q, is the cumulative amount of medicine released at
time and Q, is the initial amount of medicine loaded.
Measurements are made at RT under static conditions.

2.3.6. Antibacterial Activity. Some Luria-Bertani medium
was imprinted in a Petri dish, on which 100 uL of fluid of
Viscous actinomycetes was spread. A round disk made of 30 mg
of NMCR@MINO was sterilized at high temperatures for 20
min and placed in the center of this Petri dish after cooling
down the disk to RT. The Petri dish was incubated at 37 °C.
At certain intervals, the growth of bacteria and the diameter of
the inhibition zone were recorded to determine the
antibacterial activity of NMCR@MINO. By using the same
method, the determination of antibacterial activity on
NMCR@CA and NMCR@MCZ was carried out on S. mutans
in brain-heart infusion medium and C. albicans in yeast
peptone dextrose medium.

2.3.7. In Vitro Cell Propagation Experiment. KB cells were
seeded in a 96-well plate and incubated with 100 uL of
medium at RT for 24 h. Then, the original medium was
replaced by that with 5-FU and NMCR@5-FU, respectively.
KB cells were incubated sequentially in these fresh mediums
for 6, 12, 24, and 48 h. One hundred microliters of 5 mg/mL
MTT reagent was added in, continuing incubation at CO, to
5%, 37 °C for 4 h. After removing the medium, 20 uL of
DMSO was added into wells, shaking and incubating at RT for
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Table 1. Physicochemical Properties of SBA-15 with and without Medicine Loading

samples SBA-15-1 SBA-15-2 SBA-15-1@MINO SBA-15-1@CA SBA-15-1@MCZ SBA-15-2@5-FU
surface area (m?/g) 564.71 702.18 432.74 424.93 441.56 511.39
pore size (nm) 8.9 5.6 8.3 8.2 8.5 4.9
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Figure 2. FT-IR spectra of (A) SBA-15-1, SBA-15-2, and resin, (B) four kinds of medicines with featured absorptions, (C) SBA-15-1 loading
MINO, CA, and MCZ and SBA-15-2 loading 5-FU and (D) NMCR containing different medicines.

1S min away from light. The optical density (OD) of KB cells
was measured with the enzyme-labeling method at an
excitation wavelength of 570 nm. The cell activity was
calculated by eq 2 below:

OD, — OD’

Cell activity(%) = ——
(%) = oD, — OD/

X 100%
)

where OD; is the OD value of the experiment group, OD, is
the OD value of the untreated control group, and OD’ is the
OD value of the blank background plate.

2.3.8. Animal Experiment on the Establishment of the
Periodontitis Model. The 7-week-old male Sprague—Dawley
(SD) rats were randomly assigned into three groups: (1)
control (normal) group, (2) model (ligation) group, and (3)
sample (ligation + NMCR@MINO) group. Three percent
sodium pentobarbitone (35 mg/kg) was used to anesthetize
rats, and the first molar of the maxilla of the rats was ligated
with a fine stainless-steel wire for 4 weeks. If the ligation
became loose or fair, it was replaced immediately. One week
later, Viscous actinomycetes and S. mutans were applied to the
mouth of the ligation sites five times every other day. During
this period, rats were fed a high-sugar viscous soft diet and 10%
sucrose water. The control group did not experience this
procedure. Then, the stainless-steel wires were removed and
left untreated in the periodontitis rats (model group), whereas
NMCR@MINO (approximately containing 0.36 mg of
MINO) was applied to the tooth surface and cured under
UV light immediately after removing ligation. The infiltration
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status of inflammatory cells and cementum integrity were
further analyzed by a light microscope.

2.3.9. Statistical Analysis. The data was expressed as mean
+ standard deviation (SD). Statistical analysis was performed
with SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). The two-group
and multiple-group statistical analysis was compared by single-
factor analysis of variance and t-test. P < 0.05 was considered
to be statistically significant.

3. RESULTS AND DISCUSSION

3.1. Synthesis and Characterization. The structures of
samples were recorded by the characterization methods of
powder X-ray diffraction (pXRD) and TEM. The pXRD
patterns of the synthesized materials are shown in Figure 1A,B.
Figure 1A displays two curves with a strong peak at 26 around
0.8 and 0.95° and two weak peaks in the range of 1.2 to 1.8°;
these peaks can be indexed to the (100), (110), and (200)
surfaces of the well-ordered hexagonal SBA-1S structure. SBA-
15-1 has a smaller pore size of 5.6 nm, and SBA-15-2 has a
larger pore size of 8.9 nm. Figure 1B displays four curves that
correspond to MINO, CA, MCZ infusing in SBA-15-1, and §-
FU in SBA-15-2, respectively. Every curve has the feature peaks
of SBA-15. Lower intensity than original samples reflect the
effect of medicine infusion, illustrating that the medicine
entered the pores but did not damage the porous structures.
An obvious TEM observation of pore structures from Figure
1C—H verified the pXRD results. Figure 1C,D reveals the
structures of two pure SBA-15 samples with different pore
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Figure 3. Time-dependent UV adsorption curves of (A) NMCR@MINO, (B) NMCR@CA, (C) NMCR@MCZ, and (D) NMCR@5-FU in PBS

solution.

sizes. The diameter of SBA-15-1 and SBA-15-2 was measured
at 8.87 and S5.61 nm, respectively. Figure 1E—H shows the
records after infusing medicine. The length between two walls
in four samples was measured at 8.18, 8.29, 8.52, and 4.93 nm,
which means that there was a little pore contraction after
infusion. It could be assumed that the medicine entered the
pores effectively. All the observations of cross section were
placed in insets. The overall morphology of these six samples
was also recorded by SEM (Figure S1). The original SBA-15
samples had a rod-like shape and no obvious changes on the
morphology after infusion of medicines.

N, adsorption—desorption isotherms were measured at 77 K
to evaluate the infusing degree of medicines. Table 1 lists the
surface areas and pore sizes of two SBA-15 and four medicine-
loaded SBA-15 samples. With medicine loading, the surface
area of SBA-15-1 decreased by 23.37, 24.75, and 21.81% and
the pore size contracted by 6.7, 7.8, and 4.5% corresponding to
@MINO, @CA, and @MCZ, respectively. The surface area
and pore size of SBA-15-2 decreased by 27.17 and 12.5% after
S-FU infusion. Combined with TEM observation and BET
results, it can be speculated that the existence of these four
types of medicine molecules in SBA-15 was adsorbing to the
inner and outer surfaces.

The states of surface groups on all involved compounds and
materials were recorded by an FT-IR spectrometer. Figure 2A
shows the characteristic IR spectra of base materials, SBA-15-1,
SBA-15-2, and self-curing resin. Both the two SBA-1S samples
have the same IR signature; the peaks located around 1220,
1074, and 804 cm™! could be attributed to the vibration
stretching and bending modes of Si—O—Si bonds. The peak at
972 cm™" could be attributed to the vibration bending modes
of the Si—OH groups. The main components of self-curving
resin include bisphenol A-glycidyl methacrylate and triethylene
glycol dimethacrylate. The vibration peaks at 2930, 1718, and
1168 cm™ correspond to CH;, C=0, and C—O groups. The
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broad peaks at 950—1150 cm™! correspond mainly to C—H,
COOR, and R—O—R’ groups. Figure 2B shows the infrared
spectra of the four medicine molecules used in the delivery
system. The labeled peaks show the functional groups of the
corresponding medicines to study the interaction between
mesoporous SBA-15 and medicines. As seen, MINO has N—H,
OH, and C=0 featured peaks at 3473, 3350, and 1581 cm™};
CA has N—H, OH, and C=0 featured peaks at 3264, 3064,
and 1681 cm™}; MCZ has N—H, C=N, C-N, and C-0O
featured peaks at 3182, 1477, 1332, and 1085 cm™Y; and 5-FU
has N—H, C=0, and C—F featured peaks at 3134, 1664, and
1248 cm™!, respectively.”’~** Usually, the group of OH and
N-H shows wavenumbers around 2500—3400 and 3100—
3500 cm ™, respectively. In this figure, some functional groups
show a slight shift because these groups were affected by
nearby groups such as benzene groups’ vibration or the
influence of hydrogen bonds.

Figure 2C reveals the graft state when the medicine was
infused into SBA-15 pores. The featured absorption peaks of
SBA-15 perfectly matched that shown in Figure 2A, but all the
peaks from medicines vanished nearly. It implies that the
adsorption of medicine in SBA-15 resulted in almost all the
groups of N—H and O—H of medicine molecules connecting
to part Si—OH groups of SBA-15. Figure 2D shows the IR
spectra of these four medicine delivery systems by combining
resin and medicine-loaded SBA-1S. Only resin features could
be indexed. Combined with these IR spectra and SEM
observations (see Figure S2), the SBA-15@medicines should
be fully encased by resin. Furthermore, the dispersion of N and
F elements not contained in the resin was used to verify the
overall dispersion of medicine-loaded SBA-15 by EDS
characterization. As shown in Figure S3, the dispersion of
SBA-15 in the resin is excellent, and no agglomeration is found.

3.2. In Vitro Studies on Sustained Medicine Release.
The releasing behaviors of MINO, CA, and MCZ molecules
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Figure 4. Photograph of the inhibition zone of (A) NMCR@MINO, (B) NMCR@CA, and (C) NMCR@MCZ (three kinds of Petri dishes with
diameters of 60, 90, and 120 mm were used to culture different species of bacteria). (D) Percentage plot of cell growth.

from NMCRs were investigated in phosphate buffer (PBS) at
pH 7.2, respectively. Figure 3 shows the medicine release
curves to time, where the four curves have similar two-staged
releasing profiles within 10,000 min. In the beginning, half
amounts of medicines about 6.5% MINO, 13.1% CA, 11.2%
MCZ, and 8.8% 5-FU were dissolved quickly from SBA-1$ at
the times of 210, 630, 870, and 480 min, respectively. The
concentration of medicine in solution increased quickly, and
the results corresponded to the very sharp upward curves in
figures. Then, they were involved into long sustained release
processes. The concentration of medicine in solution increased
steadily, corresponding to gently rising curves. As seen, even
testing at the 7th day (10,080 min), only 12.9% MINO, 26.2%
CA, 224% MCZ, and 17.5% 5-FU were released. By using
MINO as comparison, the releasing behaviors of SBA-15-1@
MINO and RESIN@MINO were tested (see Figure S4) under
the same releasing conditions. On SBA-15-1@MINO, the
concentration of MINO in solution stopped increasing after a
quick dissolution in 80 min, 45.2%.

MINO was released by calculation. That is to say, the
MINO molecule can be free in and out of SBA-1S5 pores. Based
on the 100% amount adsorbed into pores, about 45% could be
released indeed but hard for the rest 55% to be released under
RT conditions. On the contrary, only 12.8% MINO could be
released from the RESIN@MINO system in a shorter time of
60 min, then stopping the release. That means that most of the
MINO molecules were trapped in resin with some strong
interactions between active chemical groups. Fortunately, while
curving resin wrapped SBA-15 as a porous coat, the releasing
behavior could be effectively controlled. It would be expected
that the therapy can cover 3.5 cycles (the therapeutic cycle of
periodontitis is 7 days, 12.9 is about 2/7 of 45.2) and achieve
long-term and stable treatment effectiveness. CA, MCZ, and §-
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FU also show the same results, the medicines were released
rapidly from SBA-15 and RESIN, and most of the medicines
could be trapped in the resin through some strong interactions,
resulting in the release being stopped. Further, medicines
released from NMCRs experienced two steps. One is the fast-
releasing step, resulting in a high concentration of medicine,
which could effectively kill bacteria. Then, followed a slow and
long-term releasing process with a low medicine concentration,
which could effectively inhibit the growth of bacteria.

3.3. In Vitro Studies on Antibacterial Activity and Cell
Proliferation. Two birds with one stone were achieved.
MINO, CA, and MCZ have biological anti-inflammatory and
antibacterial activities, which can effectively inhibit the
reproduction of Gram-positive bacteria. 5-FU is an anti-
metabolic medicine that is often used to defend cancer. Here,
the effects of NMCR@MINO, NMCR@CA, and NMCR@
MCZ on defensing common pathogenic bacteria (Viscous
actinomycetes, S. mutans, and C. albicans) and the effect of
NMCR@S5-FU on inhibiting KB cells were investigated. As
comparison, the inhibition zones of antibacterial (IZAB) were
measured and recorded at 1st, 4th, and 7th days.

Figure 4A displays the antibacterial effects of NMCR@
MINO on defending Viscous actinomycetes. The diameter of the
IZAB is about 18 mm at the 1st day, 16 mm at the 4th day, and
14 mm at the 7th day. Although the length of its diameter was
reduced slightly, NMCR@MINO maintained good antibacte-
rial activity still and kept on going. Similarly, Figure 4B,C
displays the antibacterial effects of NMCR@CA and NMCR@
MCZ on defending S. mutans and C. albicans. The diameter of
the IZAB of NMCR@CA kept about 52 mm and that of
NMCR@MCZ kept about 21 mm at the 7th day. All the
results confirmed the sustained release of the medicines and
showed good antibacterial properties.
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Figure S. Photograph of dissected molars of rats at the (A) control group, (B) model group, and (C) sample group (labels a, b, ¢, and d indicate the
endodontium, dentin, dental enamels, and periodontal parts, respectively). (D) SBI and (E) PI plots of control, model, and sample groups. (F)
Compared PPD plots of control, model, sample groups’ and references’ results.

Figure 4D compares the percentage of cell growth in the
control group (Gl column) and model and sample groups
intervened by S-FU (G2 column) and by NMCR@S-FU (G3
column) at 6, 12, 24, and 48 h. Gl was always 100%,
representing the free growth of KB cells without any
restrictions. G2 was 53, 86, 96, and 94% to G1 corresponding
to the observation at 6, 12, 24, and 48 h. It can be seen that at
early time (before 6 h), the S-FU could limit effectively the
growth of KB cells. But with time passing at 12—48 h, 5-FU in
the solution had not prevented KB cells from proliferating.
That represents 5-FU being rapidly exhausted. The results
(G3) of NMCR@5-FU compared with the control group (G1)
indicate relative reductions of 92, 83, 68, and 16%. That
represents a continuous release of medicine with an
appropriate amount and the achievement of long-term and
stable restriction on the KB cell growth.

3.4. In Vivo Evaluation of Periodontitis. In vivo
therapeutic research against periodontitis was carried on SD
rats. Figure S5 shows the procedure of applying NMCR@
MINO onto one molar surface of an SD rat. For evaluating the
degree of recovery from periodontitis, the comparison of
hematoxylin—eosin (HE) staining on the sections along the
mesiodistal plane of molars, at a half treatment period of 21
days, was recorded. Figure SA shows the top observation of
dissected molars with healthy endodontium, dentin, and
continuous dental enamels of a control rat. All parts could
be observed clearly. On the contrary, cementum and tissues
infected by periodontitis presented discontinuous dental
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enamels and broken dentine with a large number of
inflammatory and infiltrated cells, wherein the coronal plane
of the teeth could easily be found (shown in Figure SB). Figure
SC displays the observation of the therapeutic result at the half
treatment period. With the therapy of NMCR@MINO,
although there still were little infected parts, the infiltration
of inflammatory cells in dentin was much reduced and the
dental enamels returned to be continuous. The periodontal
cementum and tissues recovered and new ones grew up. The
indicators of the sulcus bleeding index (SBI) and plaque index
(PI) on control, sample, and model groups were then checked
to verify the status of recovery. As shown in Figure SD, the SBI
value of the control group is 0.47, where the other two values
of model and sample groups are 3.00 and 1.90. The PI values
are shown in Figure SE. For the normal rats, the periodontal
condition was good, only a small amount of the dental plaque
appeared, and the PI value was 0.41. In the rats with chronic
periodontitis, a large amount of the thick dental plaque was
found at the gingival margin, and the PI value was 1.65. After
NMCR@MINO treatment, the number of dental plaques was
significantly reduced and the periodontal condition was
gradually restored, and the PI value decreased to 0.89. It
showed that, with the continuous treatment by MINO released
from NMCR, the SBI value reached an average reduction of
36.71% and the PI reached 46.07%. Both the results reflect that
the treatment of periodontitis is highly efficient.

Thereafter, the most general indicator of probing pocket
depth (PPD) was tested and compared with those from refs 43
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and 44 (Figure SF). The PPD values of control, model, and
sample groups were 0.31, 2.23, and 0.69, respectively, which
reached a significant average reduction of 69.06%. Compared
with some references and two commercial therapeutic varieties,
Metronidazole compound, Periocline, LCOMP, MINO-M-
SAIB, and Metronidazole Stilus (PPD values about 1.59, 1.38,
1.03, 1.34, and 1.32), the NMCR@MINO appeared to be
almost twice as effective as current treatments.

4. CONCLUSIONS

In conclusion, we reported a very simple method of preparing
some NMCRs by combining dental resin and MMSs as an in
situ spontaneous medicine delivery system. This system
allowed a gentle release of medicine molecules from the
dual-channel structure that consisted of straight channels of
mesoporous SBA-15 and cross-linking networks of composite
resin. The developed NMCRs loaded with MINO, CA, MCZ,
or 5-FU had excellent antibacterial and anti-inflammatory
properties. Taking the in vivo therapy of periodontitis on SD
rats as an example, the system (using MINO as the loaded
medicine) was proved to greatly improve the speed of healing.
We are looking forward to expanding it into an adjunctive
promoting strategy of healing other oral diseases, such as
dental caries, oral ulcer, buccal mucosa cancer, lip cancers, etc.,
with in situ, accurate, spontaneous, long-term, stable, and
convenient medicine delivery merits.
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