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Chapter 222

ABSTRACT

Diabetes mellitus is a well-recognized risk factor for periodontitis. The goal of the 

present study was to elucidate whether oxidative stress and nuclear factor erythroid 

2-related factor 2 (Nrf2) participate in the aggravation of periodontitis by diabetes. 

For this purpose, we assigned Wistar rats to control, periodontitis, diabetes, and 

diabetic periodontitis groups. Two weeks after induction of diabetes by streptozotocin, 

periodontitis was induced by ligation. Two weeks later, periodontal tissues and blood 

were harvested and analyzed by stereomicroscopy, immunohistochemistry, and 

real-time polymerase chain reaction. We found that ligation induced more severe 

bone loss and periodontal cell apoptosis in diabetic rats than in normal rats (p<0.05). 

Compared with the control group, periodontitis significantly enhanced local oxidative 

damage (elevated expression of 3-nitrotyrosine, 4-hydroxy-2-nonenal, and 8-hydroxy-

deoxyguanosine), whereas diabetes significantly increased systemic oxidative damage 

and suppressed antioxidant capacity (increased malondialdehyde expression and 

decreased superoxide dismutase activity) (p<0.05). Simultaneous periodontitis 

and diabetes synergistically aggravated both local and systemic oxidative damage 

(p<0.05); this finding was strongly correlated with the more severe periodontal 

destruction in diabetic periodontitis. Furthermore, gene and protein expression of 

Nrf2 was significantly downregulated in diabetic periodontitis (p<0.05). Multiple 

regression analysis indicated that the reduced Nrf2 expression was strongly correlated 

with the aggravated periodontal destruction and oxidative damage in diabetic 

periodontitis. We conclude that enhanced local and systemic oxidative damage and 

Nrf2 downregulation contribute to the development and progression of diabetic 

periodontitis.
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ABSTRACT

Aim: To elucidate whether mitochondrial dysfunction contributes to aggravated 

periodontitis in diabetes.

Materials and Methods: 64 wistar rats were randomly assigned into four groups: 

control, periodontitis, diabetes, and diabetic periodontitis. Two weeks after induction 

of diabetes, periodontitis was induced by silk ligation for 2 weeks and thereafter 

evaluated by assessing alveolar bone loss and apoptosis of periodontal cells. 

Mitochondrial oxidative stress was detected by MitoSOX staining. Mitochondrial 

function was determined by measuring ATP production, and by assessing 

mitochondrial DNA copy number, expression of electron transport chain complexes, 

and biogenesis with real-time PCR.

Results: Significantly severer bone loss, enhanced periodontal cell apoptosis and 

mitochondrial oxidative stress were found in the rats with diabetic periodontitis 

than the others. Furthermore, diabetic rats with periodontitis presented severer 

mitochondrial dysfunction than lean rats with periodontitis, as reflected by 

compromised ATP production, decreased mitochondrial DNA copy number, reduced 

gene expression of electron transport chain complex I subunits, and impaired 

mitochondrial biogenesis (p<0.05). Multiple regression analysis further indicated 

a close correlation between these mitochondrial events and bone loss in diabetic 

periodontitis.
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ABSTRACT

Diabetic periodontitis (DP), a major complication of diabetes, demonstrates increased 

incidence and severity of periodontal destruction compared to periodontitis. 

Mitochondrial oxidative stress and dysfunction have a crucial role in the pathogenesis 

of DP. Silibinin exerts strong antioxidant and mitochondria-protective properties. Our 

aim was to investigate the effect of silibinin on DP and the underlying molecular basis 

thereof. The DP model was established by streptozotocin injection and ligation in rats, 

and periodontal ligament cells exposed to hydrogen peroxide was established as in 

vitro model. Pathological examination revealed that silibinin mitigated alveolar bone 

loss and periodontal cell apoptosis involved in DP. Additionally, silibinin improved 

mitochondrial function, as evidenced by decreased generation of reactive oxygen 

species in mitochondria, enhanced adenosine triphosphate production, augmented 

mitochondrial DNA copy number, increased expression of electron transport chain 

complex I, and enhanced mitochondrial biogenesis. Furthermore, the expression of 

peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α) was 

downregulated and closely related with mitochondrial dysfunction in rats with DP 

and also in the apoptosis model of periodontal ligament cells. More importantly, 

the decreased expression of PGC-1α could be reversed by silibinin. Taken together, 

DP could be attenuated by silibinin through the preservation of PGC-1α dependent 

mitochondrial function, which lays a strong foundation for the clinical application of 

silibinin to treat DP.
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ABSTRACT

Advanced glycation end products (AGEs) can stimulate osteoblast apoptosis and 

play a critical role in the pathophysiology of diabetic osteoporosis. Mitochondrial 

abnormalities are closely related to osteoblast dysfunction. However, it remains 

unclear whether mitochondrial abnormalities are involved in AGEs-induced 

osteoblastic cell apoptosis. Silibinin, a major flavonolignan compound of silimarin, 

has strong antioxidant and mitochondria-protective properties. In the present study, 

we explored the possible mitochondrial mechanisms underlying AGEs-induced 

apoptosis of osteoblastic cells and the effect of silibinin on osteoblastic cell apoptosis. 

We demonstrated that mitochondrial abnormalities largely contributed to AGEs-

induced apoptosis of osteoblastic cells, as evidenced by enhanced mitochondrial 

oxidative stress, conspicuous reduction in mitochondrial membrane potential and 

adenosine triphosphate production, abnormal mitochondrial morphology, and altered 

mitochondrial dynamics. These AGEs-induced mitochondrial abnormalities were 

mainly mediated by the receptor of AGEs (RAGE). In addition, we found that silibinin 

directly downregulated the expression of RAGE and modulated RAGE-mediated 

mitochondrial pathways, thereby preventing AGEs-induced apoptosis of osteoblastic 

cells. This study not only provides a new insight into the mitochondrial mechanisms 

underlying AGEs-induced osteoblastic cell apoptosis, but also lays a foundation for 

the clinical use of silibinin for the prevention or treatment of diabetic osteoporosis.
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