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in mice with experimental periodontitis, providing experimental evidence for understanding how environmental exposure
may be linked to the risk of neurodegenerative diseases by modulating chronic inflammation as a shared pathological
mechanism. Methods This study was approved by the Animal Ethics Committee of the Academy of Military Medical
Sciences. C57BL/6] mice were randomly divided into a control group (C group, untreated), a microwave radiation group
(R group, exposed to microwave radiation only), a periodontitis group (P group, ligation-induced periodontitis only), and
a periodontitis + microwave radiation group (PR group, ligation-induced periodontitis plus microwave radiation expo-
sure). A periodontitis model was established using the silk ligation method. Eight weeks after modeling, the R and PR
groups were subjected to whole-body microwave radiation at 2 800 MHz and 10 mW/cm’ for 10 h/day for 7 consecutive
days. Behavioral tests were conducted: the open field test and elevated plus maze test were used to assess anxiety-like
behavior, the Y-maze test to evaluate spatial memory, and the novel object recognition test to assess learning and
memory abilities. Micro-CT, hematoxylin & eosin staining (HE), and quantitative real-time polymerase chain reaction
(qPCR) were used to analyze periodontal tissue pathology and local inflammation. Serum and brain levels of lipopolysac-
charide (LPS), interleukin-1B (IL-1B), interleukin-6 (I1.-6), and tumor necrosis factor-a (TNF-a) were measured using
enzyme-linked immunosorbent assay (ELISA). The composition of the oral microbiota was analyzed based on 16S rRNA
sequencing. Results Behavioral tests showed that anxiety-like behavior was significantly exacerbated in the R and PR
groups, and spatial and recognition memory impairments in the PR and P groups were more severe compared with the R
and C groups, respectively (P < 0.05). Histological and molecular biological analyses revealed that periodontal inflam-
mation infiltration, alveolar bone resorption, and local expression of pro-inflammatory cytokines (TNF-ca, IL-18, IL-6)
were further exacerbated in the PR and P groups compared with the R and C groups, respectively (P < 0.05). ELISA re-
sults showed that in serum, LPS levels in group P and group PR were increased compared with group C and group R, re-
spectively. The levels of TNF-o, IL-13, and IL-6 in group PR were significantly higher than those in group P and group
R, with a synergistic increase in TNF-a level (P < 0.05). In brain tissue, LPS and TNF-«, IL-1, IL-6 levels in group P
were significantly higher than those in group C; all the above indicators in group PR were significantly higher than
those in group P and group R, and LPS and IL-6 levels showed a synergistic increase (P < 0.05). Oral microbiota analy-
sis found that microwave radiation further reduced microbial diversity on the basis of periodontitis, leading to increased
relative abundances of Lactobacillus and Enterococcus, and decreased relative abundances of Staphylococcus. Correlation
analysis confirmed that these differential bacterial genera were positively correlated with brain inflammation levels and
negatively correlated with cognitive function indicators. Conclusion Microwave radiation exposure can exacerbate cog-
nitive impairment in mice with experimental periodontitis, and its mechanism may be related to aggravated local peri-
odontal damage, disruption of oral microbiota homeostasis, and subsequent induction of systemic and central neuroin-
flammatory cascades.
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a-c: the open field test. a: distance in central; b: time in central; c: entries to the center. d-g: the elevated plus maze test. d: elevated plus maze
tracking plot; the trajectory map of the PR group shows that the distance mice traveled in the open arms was significantly shortened; e: percentage
of distance in the open arms; f: percentage of time in the open arms; g: percentage of open arm entries. h&i: the Y maze test. h: Y-maze trajectory
map; in the trajectory map of the PR group, the lines representing the mice s entries into arm B are thinner, indicating a significant reduction in
the number of entries; i: spontaneous alternation rate (%). j: the novel object recognition test, discrimination index (%); *P < 0.05, **P < 0.01,
##%P < 0.001, ns: no statistical significance, n = 10-12. C group: control group, no treatment; P group: ligation modeling only; R group: microwave
radiation exposure only; PR group: ligation modeling and microwave radiation exposure
Figure 1  Effects of microwave radiation on anxiety-like behavior and cognitive function of mice with periodontitis
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a: HE staining of periodontal tissue; the PR group exhibited more severe periodontal attachment loss and inflammatory cell infiltration; b: three-

dimensional reconstruction results from micro-CT; a significant increase in alveolar bone resorption was evident in the PR group; c: quantitative

analysis of CEJ-ABC distance; d: qPCR detection results of periodontal tissues; *P < 0.05, **P < 0.01, ***P < 0.001, ns: no statistical signifi-

cance, n = 3. CEJ-ABC: cemento-enamel junction to alveolar bone crest. C group: control group, no treatment; P group: ligation modeling only; R

group: microwave radiation exposure only; PR group: ligation modeling and microwave radiation exposure. TNF-a: tumor necrosis factor-alpha; IL-

1: interleukin-1; IL-6: interleukin-6

Figure 2 Effects of microwave radiation on periodontal tissues of mice with periodontitis

& 2

fifi 21 40 HE G A 25 2L B os (8 3¢) , 5 C4 M
Fe, PAL/NERIE S CAT X K CA3 X 4 28 o0 HE S 5
Fi , 05 434 28 o0 44 H B 46 5 R 41T UL b 22 T HE
G B MR 5 1 4 5 PROZH AT UL A 28 T i A [
g o E I — 2. BT C4,PY
LPS \ TNF-o \IL-18 f IL-6 % & ¥ 34 fin (¥ P<0.05) ;
R L RFEAR S CALAH 22 3 RS 124 5 PR
2H bR TS AR K2 T P AL S R4 (1 P<
0.05) (513d.3e) o WA R Ty 250 rdm , A RS
TRt 4 6T M 2H 20 LPS J% 11L-6 5 4 ¥ 47 16 52 HAE
FH (3 45 P=0.003; P=0.01) , it B 1% & 76 375 % I 41
UG E g 7 T R R 6 B W] H

TR S 00 5 ) 9 /N B JR 2L ) 3 )

ZE b, SO R O B BRI R T R RN R
A0 AR T L5 5 A U IR A L 3
TR AL LU S AE B Ay
25 WEkRBFTREFRA LR KRR
2.5.1 T e G R A /0N BRI T R 2 R Y
SER RO R A R RN BRI TR R 2 R
L 4, 1E o ZHEME 51, Chaol 8405 Shan-
non $§ E0 B Wow , AL B BE = S5 AR
25, SCHAML, PAHMEREEES ZHMY
L. RA S5 cAlEZRRAEit¥E L. PR4LSR
ZHAH L, 7 5 IAH ] A R AR S 34 (P<0.001) , 42 7R Tk
U 8 S R A R AR AL R4 2B i 85 T s TR



OFR&mBIE 202656 H H$34% HF o

* 548 +  Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kqjbfz.com

2] 0

8- ns

6 ns

Serum LPS / (ng/mL)
T

Serum cytokine contents / (pg/mL)

TNF-a IL-1B IL-6

CAl

CA3

— - * O
s E 400
1.0- Eﬂ: * NP .2 355k = p
: * sk = - _
— = 300 R
= . 2 ® ok SR L]
= 038 ns 2 o ns i
0 s I PR
E 0.6 = 200 ns .
~ . [
£ 2
- 0 £ 1007
2 02- 1 z
=
0.0- ;M
C P R PR TNF-o IL-1B 1L-6

a: LPS content in serum; b: inflammatory cytokine content in serum; c: HE staining of brain tissue; neurons in the cornu ammonis (CA) 1 and CA3

regions of the PR group were loosely arranged with pyknotic cell bodies (red boxes); d: LPS content in the brain; e: inflammatory cytokine content

in the brain; *P < 0.05, **P < 0.01, ***P < 0.001; ns: no statistical significance, n = 6. LPS: lipopolysaccharide; TNF-o: tumor necrosis factor-a;

IL-1PB: interleukin-1; IL-6: interleukin-6. C group: control group, no treatment; P group: ligation modeling only; R group: microwave radiation ex-

posure only; PR group: ligation modeling and microwave radiation exposure

Figure 3  Effects of microwave radiation on levels of LPS and inflammatory cytokines in the serum and brain tissues of mice with
periodontitis
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Table 3 Results of factorial analysis of LPS and inflammatory factor levels in serum

Serum LPS Serum TNF-a Serum IL-13 Serum IL-6
Factor
F P F P F P F P
R 0.64 0.430 19.53 0.003 4.184 0.054 8.421 0.009
p 12.82 0.002 42.66 <0.001 16.30 <0.001 16.95 <0.001
PxR <0.001 0.980 4.929 0.038 1.615 0.218 2.756 0.113

P group: ligation modeling only; R group: microwave radiation exposure only; PXR: interaction between periodontitis group and microwave radiation

group. LPS: lipopolysaccharide; TNF-a: tumor necrosis factor-ai; IL-13: interleukin-18; IL-6: interleukin-6
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Table 4  Results of factorial analysis of LPS and inflammatory factor levels in brain tissues

Brain LPS Brain TNF-«a Brain IL-1B Brain 1L-6
Factor
F P F P F P F P
R 18.21 <0.001 4.882 0.039 7.032 0.015 27.71 <0.001
P 47.93 <0.001 21.61 <0.001 21.83 <0.001 37.47 <0.001
PxR 11.74 0.003 1.55 0.228 0.157 0.696 8.027 0.01

P group: ligation modeling only; R group: microwave radiation exposure only; PXR: interaction between periodontitis group and microwave radiation

group. LPS: lipopolysaccharide; TNF-a: tumor necrosis factor-ai; IL-13: interleukin-1f; IL-6: interleukin-6
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a: alpha diversity analysis (Chaol index); b: alpha diversity analysis (Shannon index); c: beta diversity analysis (PCoA plot); the samples from the P
and PR groups were tightly clustered; d: beta diversity analysis (NMDS plot); the samples from the P and PR groups were tightly clustered; *P <
0.05, **P < 0.01, ***P < 0.001; ns: no statistical significance. n=9-12. ASV: amplicon sequence variant; PcoA: principal coordinate analysis;
NMDS: non-metric multidimensional scaling. C group: control group, no treatment; P group: ligation modeling only; R group: microwave radiation
exposure only; PR group: ligation modeling and microwave radiation exposure

Figure 4 Effects of microwave exposure on the oral microbiota diversity of mice with periodontitis
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a: Venn diagram; b: composition of oral microbiota at the phylum level; ¢: composition of oral microbiota at the genus level; n = 9-12. C group: con-

trol group, no treatment; P group: ligation modeling only; R group: microwave radiation exposure only; PR group: ligation modeling and microwave

radiation exposure

Figure 5 Effect of microwave radiation on the oral microbiota community structure of mice with periodontitis
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a: LEfSe analysis plot; b: relative abundance of Enterococcus; c: relative abundance of Escherichia-Shigella; d: relative abundance of Bifidobacte-
rium; e: relative abundance of Ligilactobacillus; f: relative abundance of Acinetobacter; g: relative abundance of Staphylococcus; *P < 0.05, ** P <
0.01, **%P < 0.001, ns: no statistical significance, n = 9-12; LDA score: linear discriminant analysis score. LEfSe: linear discriminant analysis ef-
fect size. C group: control group, no treatment; P group: ligation modeling only; R group: microwave radiation exposure only; PR group: ligation
modeling and microwave radiation exposure

Figure 6 Effect of microwave radiation on differential oral microbial species of mice with periodontitis
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Heatmap of correlations between differential oral bac-

teria and host phenotypic parameters; *P < 0.05,

#*p < 0.01, ***P < 0.001, n = 8-12; CEJ-ABC:

cemento-enamel junction to alveolar bone crest; LPS:

10.5

lipopolysaccharide; TNF- a: tumor necrosis factor- a;

IL-1B3: interleukin-18; IL-6: interleukin-6.
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