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ABSTRACT 
Background: A systemic metabolic disorder by insulin resistance, type-2 
diabetes mellitus (T2DM), is characterised by an increased level of reactive 
oxygen species (ROS) and decreased superoxide dismutase (SOD), which is 
associated with the activation of proinflammatory cytokine pathways such as 
tumor necrosis (TNF)-α. This condition usually stimulates inflammation of the 
periodontal tissue (periodontitis). Vitamin-D3 can inhibit the release of 
inflammatory mediator and reduce the risk of chronic periodontitis. Purpose 
this study to determine the effect of the secretome-hypoxia mesenchymal-
stem-cells (SH-MSCs)-Vitamin-D3 combination on the expression of SOD, IL-
10, and TNF-α genes in T2DM periodontitis-induced rats. 
Method: 30 rats were randomly divided into five groups; normal sham 
condition, positive control, SH-MSCs group, vitamin-D3 group, and 
combination of SH-MSCs and vitamin D3 group. SH-MSCs were injected at 
doses of 150 uL in the gingival. In addition, vitamin D3 5000 IU 2.25 mcg were 
administrated orally. After 35 days, all rats were sacrificed, and qRT-PCR from 
gingival tissue was performed to identify the expression of SOD, IL-10 and 
TNF-α genes  
Results: The results a significant increase in SOD and IL-10 gene expression 
(p<0.000) and a significant decrease in TNF-α gene expression (p<0.000) 
compared to control.  
Conclusion: The combination of SH-MSCS with vitamin D3 significantly  
reduce TNF-α and increa sed SOD and IL-10 genes' expression. 
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INTRODUCTION 

Type-2 diabetes mellitus (T2DM) is a 

systemic metabolic disorder characterized by 

insulin resistance. Under this condition, insulin is 

produced in excess1 but the body's cells cannot 

adequately respond to the hormone insulin.2 This 

condition causes the body's cells to be unable to 

absorb glucose, thus failing energy production.3  As 

a result, glucose accumulates in the blood and 

causes hyperglycemia.4 Increased level of  

advanced glycation end products (AGEs) in plasma 

and tissues usually found in T2DM patients.5,6 

AGEs and receptors for AGEs (RAGE) play an 

essential role in periodontal disease . Increased 

AGEs in patients with diabetes mellitus lead to 

stimulating ROS activity and activating 

proinflammatory cytokine pathways such as TNF-α, 

IL-1, and IL-6 which damage connective tissue and 

bone.7 Proinflammatory cytokines and other 

mediators will then stimulate osteoclasts to carry 

out excessive alveolar bone resorption resulting in 

destructive periodontal tissue leading to 

periodontitis in T2DM patients.8 The prevalence of 

T2DM in Indonesia in 2019 was 11,3%. This figure 

is higher than in 2013 (2.1%). A total of 31 provinces 

(93.9%) showed a significant increase in the 

prevalence of diabetes mellitus. In general, almost 

85% of the prevalence of diabetes mellitus is type 2 

diabetes mellitus.9,10  

Previous research reported the prevalence 

of periodontitis severity in a sample of 45 people 

with T2DM and 45 people without T2DM. It is known 

that there is a difference in the mean index of 

periodontal tissue conditions in patients with T2DM 

and non-DM patients. In patients with T2DM (2.11), 

it was higher than in patients with non-T2DM (1.77), 

and this difference was statistically significant 

(p<0.05).11 Bone graft treatment has shown 

promising results for chronic periodontitis with 

alveolar bone destruction. Still, this therapy has a 

disadvantage: the lack of growth factors and cells 

that can accelerate alveolar bone remodelling.12 

Conditioned medium mesenchymal stem cells 

(MSCs) can improve the condition of endothelial 

damage, inflammation and oxidative stress in a rat 

model of T2DM with periodontitis by decreasing 

levels of IL-6, TNF-α, ROS and increasing eNOS.13 

SH-MSCs are secretions produced by MSCs that 

are rich in anti-inflammatory soluble molecules such 

as IL-10, IL-1 and growth factors such as 

transforming growth factor (TGF)-β, vascular 

endothelial growth factor (VEGF), platelet-derived 

growth factor (PDGF), and hepatocyte growth factor 

(HGF).14,15 IL-10 released by MSCs can 

downregulate the production of inflammatory 

cytokines and inhibit T cell activation.16,17 IL-10 is 

also a potent inhibitor of Th1 proinflammatory 

cytokines such as IL-2.18. Vitamin D is known to be 

useful in chronic periodontitis disease to inhibit the 

release of proinflammatory mediators such as TNF-

α, IL-1β, IL-6, IL-8 which contributes to periodontal 

destruction also regenerates damaged alveolar 

bone.19,20 This study aimed to determine the 

combination of SH-MSCs with Vitamin D3 on the 

expression of SOD, IL-10, and TNF-α genes in 

T2DM and periodontitis rat models. 

 

RESEARCH METHOD  

Diabetes Induction 

Wistar (Rattus Novergicus) male white rats 

were two months old after completing the 

adaptation period for seven days, then 110 mg/kg 

BW nicotinamide (NA) was injected, then after 15 

minutes 45 mg/kg BW streptozotocin (STZ) was 

injected intraperitoneally. STZ was dissolved in 

sodium citrate solution, pH 4.5 and NA was 

dissolved using water for injection. On day 14, the 

average GDP of rats was 340 mg/dL. The 

procedure for making mouse models is based on 
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standard protocols to obtain experimental animal 

models of type 2 diabetes.21  

 

Periodontitis Induction 

On day 14, Wistar rats were anaesthetized 

by intramuscular injection of ketamine HCl in the 

back muscle at a dose of 0.2 ml/200 g/BW before 

induction of periodontitis. Then the induction was 

done by tying the thread of silk (silk ligature) size 

3.0 in the subgingival area around the mandibular 

anterior incisor. Seven days after ligation, clinical 

signs of periodontitis were seen. The color of the 

gingival margin was reddish, the contour of the 

gingival margin was rounded, and there was a 

decrease in the gingival margin (gingival recession). 

Ligation aims for the accumulation of dental 

plaque.22,23 

 

MSCs Isolation 

The umbilical cord of female white rats at 

19 days of gestation was washed with PBS solution. 

The umbilical cord was chopped finely, placed in a 

25 T flask, and allowed to stand for 3 minutes until 

the tissue adhered to the surface of the flask. A 

complete medium consisting of DMEM, fungizone, 

penstrep, and FBS was added slowly to cover the 

tissue. The explants were incubated in an incubator 

at a temperature of 370 C, and 5% CO2. Cells 

would appear approximately 14 days from the start 

of the culture process. The medium was replaced 

every three days by removing half of the medium 

and replaced with a freshly prepared medium. Cell 

maintenance was performed to reach 80% 

compliance.24 

 

Induction of hypoxic condition on MSCs  

MSCs that have reached 80% confluency is 

added with a complete medium up to 10 mL then 

the flashed flask containing MSCs is put into the 

hypoxic chamber. Nitrogen gas is channelled 

through the inlet valve, and an oxygen meter is 

placed in the sensor hole to measure the oxygen 

concentration in the chamber until it shows a 5% 

oxygen concentration. The chamber filled with the 

flask was incubated for 24 hours at 370C. After 24 

hours, the culture media was taken and filtered 

using Tangential flow filtration (TFT) to obtain SH-

MSCs, which were then mixed with a water-based 

gel according to the dose of the treatment group. 

 

Stimulation of SH-MSCs in vivo 

Wistar model of T2DM and periodontitis 

were divided into five groups (n=6/group). The 

control group was given (1% Na-CMC), and group 

P1 was injected with SH-MSCs around the gingiva 

at a dose of 150 microliters and vitamin-D3 5000 IU 

at a dose of 2.25 mcg orally. Group P2 was given 

vitamin-D3 5000 IU at a dose of 2.25 mcg orally. 

Group P3 was injected with SH-MSCs around the 

gingiva at a dose of 150 microlites. Sham group was 

given standard distilled water. After 35 days, rats 

were sacrificed using a lethal dose cocktail of 10 mL 

ketamine 50 mg/kgBW, xylazine 10 mg/kgBW, and 

acepromazine mg/kgBW intramuscularly. The rats 

were then euthanized, and the gingival organs were 

isolated for RT-PCR. 

 

Data analysis 

Data analysis was carried out by statistical methods 

of normality test of data with Shapiro Wilk test, then 

continued with the Levene Homogeneity test. 

Finally, homogeneous data continued with the One 

Way Annova parametric test to determine the 

differences between treatment groups (p <0.05), 

followed by the Post Hoc LSD test. 
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Table 1. Gene primer sequen 

No Gene Forward primer sequence Reverse primer sequence 

1 SOD 5’-AGCCCAGCCTGCGTAGA-3¢ 5’-GGTACTTCTCCTCGGTGACG 

2 IL-10 5’-TCAAACAAAGGACCAGCT 

GGACAACATACTG-3’ 

5’-CTGTCTAGGTCCTGGAGT 

CCAGCAGACTCAA-3’ 

3 TNF-α 5’- AGGCAATAGGTTTTGAGGGCCAT-

3 

5’-TCCTCCCTGCTCCGATTCCG-

3’ 

 

RESULTS 

Characteristics of MSCs 

Identification of the characteristics of MSCs 

was carried out by CD73 and CD105 markers 

immunocytochemistry (Figure 1). 

 

 

Figure 1. Characteristics of MSCs cultured with spindle-
like shape (pointed by arrows) at 100x. magnification 

 

 
Figure 2. Expression of IL-10 mRNA in the gingival 

tissue 

 

mRNA expression was analyzed from 

gingival tissue samples on day 35. The procedure 

was carried out according to the applicable protocol. 

The results that the mRNA expression of the IL-10 

gene in the combination of SH-MSCs and vitamin 

D3 group and SH-MSCs group gave a significant 

difference in increasing IL-10 compared to the 

control group (p=0.000) (Figure 2). 

 
Figure. 3 Expression of SOD mRNA in the gingival 

tissue 

 

The results showed that the mRNA 

expression of the SOD gene was not significantly 

different from the SH-MSCs group (p=0.21) (Figure 

3). These proves that the administration of SH-

MSCs and vitamin D3 can increase the expression 

of SOD gene mRNA equivalent to healthy 

conditions. 

 
Figure 4. TNF-α gene mRNA expression in the gingival 

tissue 
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The results showed that the mRNA 

expression of the TNF-α gene in the SH-MSCs and 

vitamin D3 groups was not significantly different 

from the SH-MSCs group (p=0.845) (Figure 4). 

This proves that the administration of SH-

MSCs and Vitamin D3 can reduce the expression of 

TNF-α gene mRNA equivalent to healthy condition. 

 

DISCUSSION 

T2DM with poor glycemic control will result 

in an increased inflammatory response in the 

periodontal tissue and stimulate receptor activation 

of NF-kB, followed by osteoclastogenesis and 

alveolar bone destruction and alveolar bone 

resorption are largely irreversible.25 Diabetes 

increases inflammation of the periodontal tissues 

with higher levels of inflammatory mediators such 

as TNF-α.26 The accumulation of ROS, oxidative 

stress, and interactions between AGEs in 

periodontal tissue and RAGE will contribute to 

increased inflammation in periodontal tissues in 

people with diabetes.27,28 Previous study have 

shown that MSCs contain anti-inflammatory 

cytokines that can repair pancreatic endothelial 

damage, inflammation and oxidative stress in a rat 

model of diabetes mellitus.29 

This study showed a significant increase in 

IL-10 expression in treating SH-MSCs and vitamin 

D3. IL-10 contained in SH-MSCs can trigger type 1 

macrophages (M1) into type 2 macrophages (M2) 

which are anti-inflammatory in T2DM.30. Vitamin D3 

also has an anti-inflammatory effect that works by 

inhibiting the production of proinflammatory 

cytokines. In addition, vitamin D3 increased the 

expression of IL-10 from activated cells, binding to 

the vitamin D receptor to IL-10 and modulating 

calcium-dependent signalling to a lesser extent.31 

Based on the study's results, there was an increase 

in the expression of the SOD gene due to the 

administration of SH-MSCs and Vitamin D3. 

Regulation of nuclear factor-related (Nrf)2 in the 

cytoplasm depends on kelch-like ECH-associated 

protein (Keap)1. Under high oxidative stress, Nrf2 

dimerizes with Maf and binds to ARE genes such as 

H0-1. Then the regulated H0-1 catalyzes heme to 

CO and will activate the NF-kB pathway to prevent 

the formation of antioxidant enzymes and induce 

proinflammatory cytokine expression.32 IL-10 in SH-

MSCs can inhibit the release of Nrf2 from Kaep-1 to 

increase SOD expression.33 

Based on the study's results, there was a 

significant decrease in TNF-α gene expression due 

to the administration of SH-MSCs and vitamin D3. 

SH-MSCs as inflammatory sensors will create 

proinflammatory and anti-inflammatory effects 

when interacting with innate immune system cells 

or exposed to various cytokines.34 Previous studies 

have reported that SH-MSCs respond to the 

inflammatory environment by either polarizing into 

type 2 MSCs with an immunosuppressive receptor 

or MSCs type 1 with a proinflammatory profile 

depending on the kind of activation of Toll-Like 

Receptors (TLRs).35–37 The significant decrease in 

TNF-α gene expression is because SH-MSCs have 

immunosuppressive properties capable of releasing 

IL-10 cytokines. IL-10 has been known to decrease 

the expression of TNF-α released by inflammatory 

cells, which is associated with the immune 

response of T2DM and periodontitis.38 

TNF-α, IL-1β, and IFN-γ are cytokines that 

can act synergistically during cell inflammation, 

leading to the destruction of pancreatic cells.39 In a 

previous study, the secretome stimulated a 

significant increase in cellular insulin release. 

Insulin-producing islets were induced with 1 g/ml 

IFN-γ and 100 ng/ml TNF-α for 24 h before acute 

exposure to glucose.40 Inhibition of IFN-γ 

expression by IL-10 as an antiinflammatory agent 

contributes to the inflammation caused by occurs in 

pancreatic islets.41,42 
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CONCLUSION 

This study showed that SH-MSCs and 

vitamin D3 compounds have anti-T2DM and 

periodontitis activity in rat models by preventing 

cellular oxidative stress by increasing SOD gene 

expression, increasing antiinflammatory cytokine 

IL-10 and preventing inflammation through 

decreasing TNF-α gene expression. This evidence 

suggests that SH-MSCs and Vitamin D3 have the 

potential to be developed as targeted therapy in 

T2DM with periodontitis. 
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