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[Abstract] Objective The goal of this study was to investigate the effect of the Toll-like receptor-4 (TLR-4) inhibi-
tor TAK-242 on bone resorption in severe periodontitis in rats in order to provide an experimental basis for finding new
adjuvant treatments for severe periodontitis. Methods Eighteen three-week-old male Wistar rats were randomly divid-
ed into three groups (n = 6). One group was the control group, and the other two groups were modelled with severe peri-
odontitis in bilateral maxillary molars ligated with 5-0 silk thread containing P. gingivalis ATCC33277 (periodontitis
and TAK-242 groups, respectively). The TAK-242 group was injected with TAK-242 (2 mg/kg) in DMSO every other
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day through the tail vein from the first day of silk ligation, and the other two groups were injected with DMSO solvent at
the same proportion of body weight for 8 consecutive weeks. At the end of the 8th week, rats in the 3 groups were sacri-
ficed, and maxillary specimens were taken. Three-dimensional reconstruction was achieved after micro-CT scanning to
measure the distance between the enamel cementum boundary and alveolar crest at specific sites to assess the amount
of bone loss. The parameters related to alveolar bone and bone microstructure were analyzed, and the pathological
changes of periodontal tissue were observed by hematoxylin-eosin (HE) staining. Alveolar bone resorption was observed
by Methyl Green staining, and the distribution of osteoclasts was observed by anti-tartrate acid phosphatase double stain-
ing (TRAP). Results Micro-CT quantitative analysis showed that alveolar bone resorption in the periodontitis group
and TAK-242 group was significantly higher than that in the control group. Compared with the periodontitis group, bone
loss of the mesial and distal root resorption sites of maxillary first molars was significantly reduced in the TAK-242
group (P < 0.001), the bone mineral density (P < 0.05) and bone volume/total volume fraction (P < 0.01) were signifi-
cantly increased, and the number of trabeculae and the trabeculae thickness (P < 0.01) were relatively increased. The
trabecular separation (P < 0.01) and trabecular structure model index were significantly decreased. In the periodontitis
group, the bone exhibited a sparse and porous honeycomb structure, with deterioration of the trabecular structure and a
shift towards a rod-strength structure. In the TAK-242 group, the bone microstructure was improved, the bone volume
was enriched, the distribution of trabeculae was relatively denser and the trabecular structure shared more similarities
with the control group. HE staining displayed that the attachment loss and bone absorption were significantly higher in
the periodontitis group and TAK-242 group than in the control group. Compared with the periodontitis group, MG stain-
ing displayed significantly alleviated bone absorption in the TAK-242 group. TRAP staining showed that osteoclast infil-
tration decreased in the TAK-242 group compared with the periodontitis group (P < 0.001). Conclusions The TLR-4
inhibitor TAK-242 can alleviate bone resorption in severe periodontitis and improve the porous, sparse and disorganized
inflammatory bone trabecular structure in rats.

[Key words] severe periodontitis; Toll like receptor-4; alveolar bone; inflammatory bone resorption; micro-
CT; bone microstructure; TAK-242; bone volume/total volume fraction; the number of trabeculae; trabeculae
thickness; trabecular separation; rod structure
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Severe periodontitis was established by ligating the neck of bilateral maxillary
molars with 5-0 silk thread containing P.gingivalis

Figure 1  Establishment of rat model of severe periodontitis
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Control Periodontitis TAK-242

a-c: the CEJ-ABC distance (red line) indicates the amount of alveolar bone defect, the alveolar bone defects of the maxillary first molar
were greatest in the periodontitis group, and the loss of alveolar bone was significantly reduced in the TAK-242 group; d-f: sagittal view,
the shape of the alveolar bone in the root bifurcation area of the maxillary first molar, the changes of alveolar bone resorption in the root
bifurcation area between the groups showed the same trend in a three-dimensional diagram. CEJ: cementoenamel junction; ABC: alveo-
lar bone crest

Figure 2 Three-dimensional reconstruction of alveolar bone by micro-CT
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Table 1  The micro-CT measure parameter values in each group Xxs,n="06

Group Control Periodontitis TAK-242 P, P, P;
Bone lose/tarm mp 1.170 + 0.162 1.685 + 0.068 1.464 + 0.114 <0.001 0.011 0.011

DpP 0.661 + 0.102 1.600 + 0.200 1.362 + 0.144 1.878 3.241 0.062
BMD/(mg/cm) 977.28 + 29.09 868.25 + 32.09 951.01 + 59.85 <0.001 0.356 0.014
BV/TV 0.630 + 0.058 0.389 £ 0.116 0.576 + 0.065 0.001 0.162 0.006
Th.N./(1/mm) 6.990 + 1.187 7.559 + 1.100 8.188 + 1.813 0.409 0.066 0.308
Th.Th./mm 0.152 +0.029 0.099 = 0.009 0.117 + 0.008 0.002 0.016 0.004
Th.Sp./mm 0.094 + 0.018 0.130 + 0.039 0.077 £ 0.013 0.062 0.089 0.009
SMI 0.68 + 0.92 1.32 £ 0.90 0.88 + 1.38 0.031 0.743 0.130

MP: mesial palatal root; DP: distal palatal root; BMD: bone mineral density; BV/TV: bone volume/total volume fraction; Th.N.: number of trabeculae; Th.
Th.: trabeculae thickness; Th. Sp.: trabecular separation; SMI: structure model index; Pi: control group vs. periodontitis group; Pa: control group vs. TAK-

242 group; Ps: periodontitis group vs. TAK-242 group
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The pseudocolor coding shows smaller trabecular bone thickness and smaller trabecular bone spacing in blue/green, and red shows

larger trabecular bone thickness and larger trabecular bone spacing. ROI: region of interest

Figure 3 Three-dimensional reconstruction pseudocolor coding map of the microstructure of alveolar bone trabecular

bone in ROI
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Control Periodontitis TAK-242

The yellow arrow indicates the position of the alveolar bone crest. In the control group, the binding epithelium was located at the enamel
cementum boundary, there was no obvious inflammatory cell infiltration, and there was no absorption of the alveolar ridge. In the peri-
odontitis group, the gingival junction epithelium proliferated to the root, lost adhesion, showed inflammatory cell infiltration, the alveolar
ridge height decreased and alveolar bone resorption was apparent, indicating that the periodontitis model was successfully established.
Compared with the periodontitis group, the loss of periodontal attachment and alveolar ridge absorption height decreased in the TAK-
242 group

Figure 4  Pathological observation of each group of periodontal tissue by HE staining (X 40)
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Control Periodontitis TAK-242

x 40

X 100

The shape of alveolar bone in the root bifurcation area of the control group was regular, and the root was connected by complete and continu-
ous fibers. The bone edge was smooth and complete, the boundary was clear, and no obvious absorption lacuna was found. Compared with the
control group, the alveolar bone in the root bifurcation area of the periodontitis group was absorbed to the root tip, and only a small amount of
alveolar bone was distributed at 1/3 of the root tip, with irregular shape, irregular edge boundary, clear bone resorption lacunae and a richer
bone marrow cavity structure. In the TAK-242 group, the height of alveolar bone decreased, the bone resorption was 1/3 above the root, the
bone edge was regular, the boundary was clear, and the bone resorption was limited

Figure 5 Observation of alveolar bone resorption in the root furcation zone in each group by Methyl Green staining
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The osteoclasts were distributed on the surface of the bone resorption lacunae (green arrows). These osteoclasts observed by microscopy were

purple multi-nucleated giant cells with three or more nuclei. TRAP staining showed diffuse distribution of bone resorption in the periodontitis

group, and active osteoclasts were observed in bone resorption lacunae, the bone marrow cavity space and bone surface attached to the peri-

odontal ligament. In the TAK-242 group, there were bone resorption lacunae, a small amount of osteoclast infiltration and less inflammatory

cell infiltration; *** P < 0.001; Oc.N.: number of osteoclasts

Figure 6 Observation and quantitative analysis of osteoclasts on the bone resorption site in each group by TRAP staining
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