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Abstract 

Purpose: To investigate the therapeutic role of diosmetin in periodontitis and its probable mechanism of 
action. 
Methods: Lipopolysaccharide (LPS) was used to induce periodontitis in periodontal cells. Cell viability 
and apoptosis in response to LPS and diosmetin were evaluated using MTT and TUNEL assays. The 
oxidative stress and inflammatory responses in LPS-induced periodontitis and diosmetin effects in 
periodontal cells were detected using enzyme-linked immunosorbent assay (ELISA). In addition, the 
roles of diosmetin in pyroptosis and Nrf2/NF-kappa B/NLRP3 pathway were analyzed by immunoblot 
assays. 
Results: Diosmetin increased the viability of LPS-induced periodontal cells (p < 0.01). Diosmetin also 
alleviated the oxidative stress of periodontal cells (p < 0.01), reduced the secretion of pro-inflammatory 
factors in periodontal cells, and inhibited cell pyroptosis (p < 0.01). Diosmetin also mediated Nrf2/NF-
kappa B/NLRP3 pathway (p < 0.01).  
Conclusion: Diosmetin alleviates periodontitis by inhibiting oxidative stress and pyroptosis through 
Nrf2/NF-κB/NLRP3 axis. However, in vivo studies are required to validate this finding 
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INTRODUCTION 
 

Periodontitis is known as an inflammatory 
disease caused by bacteria; it leads to the loss of 
periodontal tissues and is the main cause of 
tooth loss in adults [1]. A long-term chronic 
inflammatory environment leads to changes in 
the epigenetic characteristics of cells and 
reduces the regeneration ability of periodontal 
tissues [2,3]. Periodontal tissue consists of the 

gingiva, periodontal membrane, cementum, and 
alveolar bone. The periodontal membrane plays 
an important role in periodontal tissue 
homeostasis, repair, and nutrition [4]. Periodontal 
pathogens induce inflammation and immune 
responses in periodontal tissues and promote the 
expressions of various cytokines, such as 
interleukin-1 (IL-1), tumor necrosis factor-α (TNF-
α), and nuclear factor κB receptor activator [5,6]. 
Recent studies have shown that pyroptosis, 
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which plays an important role in innate immunity, 
was closely related to periodontitis [7]. In contrast 
to apoptosis, pyroptosis involves caspase-1–
dependent inflammatory programmed cell death 
characterized by cell swelling, perforation, lysis, 
and release of cell contents [8]. 
 
Currently, treatments for periodontitis include 
nonsurgical methods such as curettage plus root 
flattening, and medications such as ornidazole, 
levofloxacin, and azithromycin. However, 
dependence on antibiotics greatly limits drug 
therapy. Therefore, it is necessary to continue to 
develop new drugs to effectively treat this 
disease. 
 
Diosmetin belongs to a family of flavonoids found 
in citrus plants and olive leaves [9]. It is reported 
to have a variety of biological properties, such as 
anti-cancer, antioxidant, and anti-inflammatory 
activities. Diosmetin protects LPS-induced 
mouse lung tissues in acute lung injury by 
activating the Nrf2/ HO-1 pathway and inhibiting 
NLRP3/caspase-1. Diosmetin also produces 
synergistic effects in combination with 5-
fluorouracil in colorectal cancer cells [10]. 
Diosmetin protects against cardiac hypertrophy 
via the p62/Nrf2 pathway. In addition, diosmetin 
alleviates cerebral ischemia-reperfusion injury 
(CI-RI) by activation of the Keap1/Nrf2 pathway 
and the inhibition of NLRP3 inflammasomes [11]. 
However, whether diosmetin has therapeutic 
effects on periodontitis has not yet been 
reported. Herein, the therapeutic role of 
diosmetin on periodontitis, and the possible 
mechanism, were therefore investigated. 
 

EXPERIMENTAL 
 
Cell culture 
 
Human periodontal ligament cells (HPDLCs) 
were obtained from ScienCell (ScienCell 
Research Laboratories, San Diego, CA, USA) 
and maintained in Dulbecco’s Modified Eagle’s 
Medium (Gibco, Grand Island, NY, USA) 
containing L-glutamine, glucose, 15 mM Hepes, 
200 U/mL penicillin, 270 μg/mL streptomycin, 
and 10 % (v/v) fetal bovine serum at 37 °C in a 
humidified atmosphere of 5 % CO2. For LPS and 
diosmetin stimulations, cells were treated with 
the indicated concentrations of LPS and/or 
diosmetin. 
 
Cell viability 
 
The HPDLCs were plated at the density of 3 × 
103 cells/well in 96-well plates. Cell viability was 
assessed with the addition of MTT solution. Cells 
were incubated for another 4 h and the insoluble 

formazan pellets were dissolved with 
dimethylsulfoxide before the measurement of 
absorbance values at 450 nm wavelength. 
 
TUNEL staining 
 
The HPDLCs were fixed with formaldehyde, 
rinsed with phosphate-buffered saline, and then 
stained using a cell apoptosis detection kit 
(Roche Molecular Biochemicals, Mannheim, 
Germany). The degree of apoptosis was 
measured using a microscope (Olympus, Tokyo, 
Japan). The apoptotic cells were manually 
counted. 
 
Determination of superoxide dismutase 
(SOD), malondialdehyde (MDA), glutathione 
(GSH), and myeloperoxidase (MPO) 
 
The HPDLCs were collected for detection of 
MDA, SOD, GSH, and MPO using relevant 
commercial kits (Jiancheng Bioengineering 
Institute of Nanjing, Nanjing, China). The cells 
were homogenized and centrifuged (1,000×g) for 
20 min, and the supernatant was collected. Then, 
the HPDLCs were added. The samples were 
gently shaken, mixed, and covered for a reaction 
at 37 °C for 2 h. A microplate reader was then 
used to detect the absorbance values of each 
well at a wavelength of 450 nm. The experiment 
was repeated three times. 
 
Enzyme-linked immunosorbent assay (ELISA) 
 
The concentrations of TNF-α, IL-1β, and IL-6 in 
the cell lysates were measured with ELISA kits. 
Briefly, HPDLCs were added to wells. Biotin-
conjugated primary antibodies were then added 
to each well before the addition of avidin-
conjugated horseradish peroxidase. Then, an 
enzyme substrate was added for color 
development. The intensity was measured with a 
microplate reader at a wavelength of 450 nm (R 
& D Systems, Minneapolis, MN, USA). 
 
Quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) 
 
Cellular total RNA was extracted with TRIzol 
reagent (Thermo, Rockford, IL, USA). Total RNA 
was reverse-transcribed into cDNA using M-MLV 
reverse transcriptase (Promega, Madison, WI, 
USA). The cDNA was amplified using the primers 
presented in Table 1. 
 
Western blotting 
 
Proteins were extracted with RIPA buffer 
(Beyotime, Shanghai, China). Then, the total 
proteins were collected and electrophoresed 
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using 10 % SDS-PAGE, transferred to PVDF 
membranes, and blocked with 5 % fat-free milk. 
Subsequently, the membranes were incubated 
with primary antibodies for 1 h at room 
temperature.  
 
Finally, the membranes were conjugated with 
anti-mouse IgG and/or anti-rabbit IgG (Abcam, 
Cambridge, UK) for 1 h. Specific proteins were 
visualized with an enhanced chemiluminescence 
detection kit (Thermo Fisher, Waltham, MA, 
USA). 
 
Gene Forward (5´-3´) Reverse (5´-3´) 

TNF-
α 

GGTGCCTATGTCT
CAGCCTCTT 

GCCATAGAACTGAT
GAGAGGGAG 

IL-1β ACAAGGAGAAGAA
AGTAATGAC 

GCTGTAGAGTGGG
CTTAT 

IL-6 AGACAGCCACTCA
CC 

TTCTGCCAGTGCCT
CTT 

Casp
ase-1 

ATGGCCGACAAG
GTCCTGA 

TTTAATGTCCTGGG
AAGAGGTAGA 

GAP
DH 

AGAAGGCTGGGG
CTCATTTG 

AGGGGCCATCCACA
GTCTTC 

 
Statistical analysis 
 
GraphPad 6.0 was used for statistical analysis. 
Three replicates were performed for each 
experiment. One-way analysis of variance and 
Student’s t-test were used for statistical 
comparisons. A value of p < 0.05 represented 
significance. 
 

RESULTS 
 
Diosmetin enhances the cell viability of 
HPDLCs 
 
Diosmetin addition improved cell viability when 
cells were stimulated with LPS (Figure 1 A and 
B). In addition, LPS significantly induced 
apoptosis. Furthermore, diosmetin treatment 
relieved the decrease in viability and the increase 
of cell apoptosis (Figure 1 C and D). Collectively, 
the results showed that diosmetin promoted cell 
viability in LPS-induced HPDLCs. 
 
Diosmetin relieves oxidative stress in 
HPDLCs 
 
The inductions of malondialdehyde (MDA) and 
MPO, and reductions of SOD and GSH were 
found in the LPS group. Treatment with 
diosmetin reversed the SOD, MDA, GSH, and 
MPO effects (Fig. 2). These results suggested 
that diosmetin was associated with reduced 
oxidative stress in HPDLCs. 
 

 
 
Figure 1: Diosmetin increased cell viability in human 
periodontal ligament cells (HPDLCs) (A) The structure 
of diosmetin. (B) The cell viability of HPDLCs exposed 
to lipopolysaccharide (LPS). (C) Cell viability of 
HPDLCs exposed to LPS and diosmetin. (D) Cell 
apoptosis as detected using TUNEL staining after 
exposure to LPS and diosmetin. ***P < 0.001 vs. 
control; ^p < 0.05, ^^p < 0.01, ^^^p < 0.001 vs. LPS 

 

 
 
Figure 2: Diosmetin relieved oxidative stress in 
human periodontal ligament cells. The levels of 
superoxide dismutase (SOD), glutathione (GSH), 
malondialdehyde (MDA), and myeloperoxidase (MPO) 
in control, lipopolysaccharide (LPS), and diosmetin + 
LPS treated cells. ***P < 0.001 vs. control; ^p < 0.05, 
^^p < 0.01, ^^^p < 0.001 vs. LPS 

 
Diosmetin relieves LPS-induced HPDLC 
inflammation 
 
The LPS increased the mRNA levels of IL-6, IL-
1β, and TNF-α (Figure 3 A). Diosmetin treatment 
relieved LPS-induced cellular inflammation as 
indicated by a reduction of these cytokine levels 
(Figure 3 A). The levels of IL-6, IL-1β, and TNF-α 
proteins after diosmetin treatment showed similar 
results (Figure 3 B). 
 



Cheng et al 

Trop J Pharm Res, December 2022; 21(12): 2522 

 

 
 
Figure 3: Diosmetin improved lipopolysaccharide 
(LPS)-induced human periodontal ligament cell 
inflammation. (A) The mRNA levels of TNF-a, IL-1b, 
and IL-6 in control, LPS, and diosmetin + LPS cells. 
(B) The protein levels of TNF-a, IL-1b, and IL-6 in 
control, LPS, diosmetin + LPS cells. ***p < 0.001 vs. 
control; ^p < 0.05, ^^p < 0.01, ^^^p < 0.001 vs. LPS 

 
Diosmetin inhibits cell pyroptosis in HPDLCs 
 
The LPS stimulated the expression of caspase-1, 
which was inhibited by diosmetin treatment 
(Figure 4 A), GSDMD-N, and cleaved-caspase-1, 
as well as inhibited the levels of gasdermin D 
(GSDMD). Diosmetin alleviated these changes 
(Figures 4 B and C). Together, these results 
showed that diosmetin inhibited cell pyroptosis in 
HPDLCs. 
 

 
 
Figure 4: Diosmetin inhibited cell pyroptosis in human 
periodontal ligament cells. (A) Caspase-1 mRNA 
levels in control, lipopolysaccharide (LPS), and 
diosmetin + LPS cells. (B and C) The protein levels of 
gasdermin A (GSDMA), GSDMD-N, pro-caspase-1, 
and cleaved-caspase-1 in each group (B). The 
quantification is shown in panel C. ***P < 0.001 vs. 
control; ^p < 0.05, ^^p < 0.01, ^^^p < 0.001 vs. LPS 

 
Diosmetin mediates Nrf2/NF-kappa B/NLRP3 
pathway 
 
The LPS upregulated the levels of p-p65, p-IκBα, 
and NLRP3, and reduced the levels of Nrf2 and 

HO-1. The effects of LPS were abrogated by 
diosmetin treatment (Figure 5). Diosmetin, 
therefore, alleviated periodontitis by suppressing 
oxidative stress and pyroptosis by regulating the 
Nrf2/NF-κB/NLRP3 pathway. 
 

 
 
Figure 5: Diosmetin mediated the Nrf2/NF-kappa 
B/NLRP3 pathway of LCN1. The levels of p-p65, p-
IkBa, Nrf2, HO-1, and NLRP3 in control, 
lipopolysaccharide (LPS)-treated, and diosmetin + 
LPS treated cells. ***P < 0.001 vs. control; ^p < 0.05, 
^^p < 0.01, ^^^p < 0.001 vs. LPS 

 

DISCUSSION 
 
Periodontitis involves chronic inflammation of 
periodontal-supporting tissues and is mainly 
caused by local factors [12]. If gingivitis is not 
promptly treated, the inflammation may spread 
from the gums to the periodontal membrane, 
alveolar bone, and cementum, leading to 
periodontitis [13]. To further improve the 
therapeutic effects of periodontitis, it is necessary 
to further understand the mechanism of its 
progression, so that more effective therapeutic 
drugs can be developed [14]. In this study, 
diosmetin increased the activity of LPS-induced 
periodontal cells, alleviated oxidative stress, 
reduced the secretion of inflammatory factors, 
activated Nrf2 activity, and inhibited the NF-
κB/NLRP3 pathway. 
 
Based on the results of CCK-8 and TUNEL 
assays, diosmetin increased the viability of LPS-
induced periodontal cells. Diosmetin also 
alleviated the oxidative stress of periodontal cells 
and reduced the secretion of proinflammatory 
factors, as determined by ELISA assays. 
Furthermore, using immunoblot assays, 
diosmetin inhibited cell pyrosis in periodontal 
cells. Diosmetin, therefore, served as a drug to 
treat periodontitis. The biological activities of 
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diosmetin have been widely studied. It has 
multiple activities such as anti-cancer, 
antioxidant, and anti-inflammatory effects, and 
experimental results have shown that it had good 
therapeutic effects on cardiac muscle injury, non-
alcoholic steatohepatitis, colitis, and other 
diseases [15]. 
 
Diosmetin protects LPS-induced mouse lung 
tissue from acute lung injury by activating the 
Nrf2/ HO-1 pathway and inhibiting NLRP3/ 
caspase-1 [16]. In this study, an LPS-induced 
cell model was constructed, and the effects of 
diosmetin on inflammation and oxidative stress of 
LPS-stressed periodontal cells were assessed. 
Diosmetin also protected against cardiac 
hypertrophy via the p62/Nrf2 pathway. In 
addition, diosmetin alleviated cerebral ischemia-
reperfusion injury (CI-RI) via the activation of the 
Keap1/Nrf2 pathway and inhibition of NLRP3 
inflammasomes [17]. Similarly, diosmetin 
mediated Nrf2 activity, and inhibited the NF-
κB/NLRP3 pathway, to alleviate periodontitis. 
 
Other studies also revealed that diosmetin 
suppressed the growth and proliferation of HCC 
cells by regulating the cell cycle and lipid 
metabolism. Diosmetin also inhibits apoptosis 
and activates AMPK-induced autophagy during 
myocardial damage upon hypoxia treatment [18]. 
Diosmetin ameliorated vascular dysfunction by 
regulation of the Nrf2/HO-1 pathway in 
hypertensive rats, which was similar to the 
findings in this study. Diosmetin has therapeutic 
efficacy for the treatment of inflammation and 
oxidative stress, so these studies confirmed that 
diosmetin was an effective treatment for multiple 
types of diseases. 
 
Pyroptosis is caspase-1–dependent inflammatory 
programmed cell death characterized by cell 
swelling, perforation, lysis, and release of cell 
contents, which differs from apoptosis. Pyrotopia 
also contributes to the development of many 
diseases, including periodontitis [19]. However, 
the precise molecular mechanism of this process 
remains unknown. In this study, diosmetin 
suppressed pyroptosis in LPS-induced 
periodontal cells. 
 

CONCLUSION 
 
Diosmetin increases the activities of LPS-
induced periodontal membrane cells, alleviates 
oxidative stress, reduces the secretion of 
inflammatory factors, and inhibits pyroptosis via 
Nrf2/NF-κB/NLRP3 pathway. Therefore, 
diosmetin may serve as a drug of choice for 
periodontitis. 
 

DECLARATIONS 

 

Acknowledgements 

None provided. 

Funding 

None provided.  

Ethical approval 

None provided. 
 
Availability of data and materials 
 
The datasets used and/or analyzed during the 
current study are available from the 
corresponding author on reasonable request. 
 

Conflict of Interest 

 

No conflict of interest associated with this work. 

 

Contribution of Authors 

 

We declare that this work was done by the 

authors named in this article, and all liabilities 

pertaining to claims relating to the content of this 

article will be borne by the authors. Mingxuan 

Cheng, Pu Wang, and Di Wu designed the 

experiments and conducted them, analyzed and 

interpreted the data, and prepared the 

manuscript with contributions from all co-authors. 

 

Open Access  
 

This is an Open Access article that uses a 

funding model which does not charge readers or 

their institutions for access and distributed under 

the terms of the Creative Commons Attribution 

License (http://creativecommons.org/licenses/by/ 

4.0) and the Budapest Open Access Initiative 

(http://www.budapestopenaccessinitiative.org/rea

d), which permit unrestricted use, distribution, 

and reproduction in any medium, provided the 

original work is properly credited. 

 

REFERENCES 
 

1. Li A, Du M, Chen Y, Marks LAM, Visser A, Xu S, Tjakkes 

GE. Periodontitis and cognitive impairment in older 

adults: The mediating role of mitochondrial dysfunction. 

J Periodontol 2022; 93(9): 1302-1313. 

2. Baurecht H, Freuer D, Welker C, Tsoi LC, Elder JT, 

Ehmke B, Leitzmann MF, Holtfreter B, Baumeister SE. 

Relationship between periodontitis and psoriasis: A two-

Revised%20December%202022/Cheng%20et%20al8-revised-ACC-extra%20rapid.docx#_ENREF_15
Revised%20December%202022/Cheng%20et%20al8-revised-ACC-extra%20rapid.docx#_ENREF_16
Revised%20December%202022/Cheng%20et%20al8-revised-ACC-extra%20rapid.docx#_ENREF_17
Revised%20December%202022/Cheng%20et%20al8-revised-ACC-extra%20rapid.docx#_ENREF_18
Revised%20December%202022/Cheng%20et%20al8-revised-ACC-extra%20rapid.docx#_ENREF_19


Cheng et al 

Trop J Pharm Res, December 2022; 21(12): 2524 

 

sample Mendelian randomization study. J Clin 

Periodontol 2022; 49(6): 573-579. 

3. Camilloni A, Nati G, Maggiolini P, Romanelli A, Latina R. 

Chronic non-cancer pain in primary care: an Italian 

cross-sectional study. Signa Vitae 2021; 7(2): 54-62. 

4. Zhao D, Wu MZ, Yu SY, Pelekos G, Yiu KH, Jin L. 

Periodontitis links to concurrent systemic comorbidities 

among 'self-perceived health' individuals. J Periodontal 

Res 2022; 57(3): 632-643. 

5. Wu Z, Ji X, Shan C, Song J, Zhao J. Exploring the 

pharmacological components and effective mechanism 

of Mori Folium against periodontitis using network 

pharmacology and molecular docking. Arch Oral Biol 

2022; 139: 105391. 

6. Jin B, Dong W, Sun D, Cai B, Wu P. Yangjing capsule 

attenuates cyclophosphamide-induced deficiency of 

testicular microcirculation in mice. Trop J Pharm Res 

2020; 19(3): 603-608. 

7. Simpson TC, Clarkson JE, Worthington HV, MacDonald 

L, Weldon JC, Needleman I, Iheozor-Ejiofor Z, Wild SH, 

Qureshi A, Walker A et al. Treatment of periodontitis for 

glycaemic control in people with diabetes mellitus. 

Cochrane Database Syst Rev 2022; 14; 4(4): 

CD004714. 

8. Sengul V, Guney Z, Kurgan S, Onder C, Serdar MA, 

Gunhan M. Evaluation of salivary and serum methylated 

arginine metabolites and nitric oxide synthase in 

advanced periodontitis patients. Clin Oral Investig 2022; 

26(7): 5061-5070. 

9. Zhang G, Wang L, Pan J. Probing the binding of the 

flavonoid diosmetin to human serum albumin by 

multispectroscopic techniques. J Agric Food Chem 

2012; 60(10): 2721-2729. 

10. Shen Z, Shao J, Dai J, Lin Y, Yang X, Ma J, He Q, Yang 

B, Yao K, Luo P. Diosmetin protects against retinal 

injury via reduction of DNA damage and oxidative 

stress. Toxicol Rep 2016; 3: 78-86. 

11. Liu J, Ren H, Liu B, Zhang Q, Li M, Zhu R. Diosmetin 

inhibits cell proliferation and induces apoptosis by 

regulating autophagy via the mammalian target of 

rapamycin pathway in hepatocellular carcinoma HepG2 

cells. Oncol Lett 2016; 12(6): 4385-4392. 

12. Lu F, Qi GG, Fang W, Zhang X, Zhou J, Yu XF, Li XJ. 

Causes of Emergency Bleeding after Nonsurgical 

Periodontal Therapy in Adult Periodontitis Patients: A 

Retrospective Analysis. Appl Bionics Biomech 2022; 

2022: 1579574. 

13. Khodadadi N, Khodadadi M, Zamani M. Is periodontitis 

associated with obstructive sleep apnea? A systematic 

review and meta-analysis. J Clin Exp Dent 2022; 14(4): 

e359-e365. 

14. Garcia-Parra MI, Jimenez-Coello M, Carrillo-Avila BA, 

Hernandez-Cortazar I, Chavez-Cortez G, Martinez-

Aguilar VM. Quantification of osteoprotegerin plasma 

levels in patients with periodontitis. P R Health Sci J 

2022; 41(1): 5-8. 

15. Ge A, Ma Y, Liu YN, Li YS, Gu H, Zhang JX, Wang QX, 

Zeng XN, Huang M. Diosmetin prevents TGF-beta1-

induced epithelial-mesenchymal transition via 

ROS/MAPK signaling pathways. Life Sci 2016; 153: 1-8. 

16. Zhang Y, Jiang Y, Lu D. Diosmetin suppresses neuronal 

apoptosis and inflammation by modulating the 

phosphoinositide 3-kinase (PI3K)/AKT/Nuclear factor-

kappaB (NF-kappaB) signaling pathway in a rat model 

of Pneumococcal meningitis. Med Sci Monit 2019; 25: 

2238-2245. 

17. Wang C, Li S, Ren H, Sheng Y, Wang T, Li M, Zhou Q, 

He H, Liu C. Anti-proliferation and pro-apoptotic effects 

of diosmetin via modulating cell cycle arrest and 

mitochondria-mediated intrinsic apoptotic pathway in 

MDA-MB-231 cells. Med Sci Monit 2019; 25: 4639-4647. 

18. Si Q, Shi Y, Huang D, Zhang N. Diosmetin alleviates 

hypoxia-induced myocardial apoptosis by inducing 

autophagy through AMPK activation. Mol Med Rep 

2020; 22(2): 1335-1341. 

19. Lee DH, Park JK, Choi J, Jang H, Seol JW. Anti-

inflammatory effects of natural flavonoid diosmetin in IL-

4 and LPS-induced macrophage activation and atopic 

dermatitis model. Int Immunopharmacol 2020; 89(Pt A): 

107046. 

 


