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Purpose: The aim of the present study was to evaluate the expression of inflammasome and 
cytokine on experimental periodontitis with super activated platelet lysate (SPL) in rats.
Methods: Periodontitis was induced by submerging cotton ligatures on the right side of the 
maxillary second molar in 36 Wistar rats. The rats were divided into 3 groups randomly: the 
rats received no treatment (control group); local injection with sterile saline (ligature+saline 
group) and local injection with SPL (ligature+SPL group). After treatments, the alveolar 
bone level and inflammation of periodontal tissue were evaluated by micro-computed 
tomography (micro-CT) scanning and histological examination, respectively. The expression 
of inflammasome and cytokine was evaluated by real-time quantitative polymerase chain 
reaction (RT-qPCR) assay.
Results: Compared with the control group, the bone loss significantly increased by 0.9 mm 
in the ligature+saline group and 0.4 mm in the ligature+SPL group (P < 0.001). 0.5 mm 
reduction in the bone loss was founded in the ligature+SPL group compared with the ligature 
+saline group (P < 0.001). The gene expression of CCL2, CXCL2, IL-6, IL-18, IL-1α, IL-1β, 
CXCL10, CXCL16, CCL5 was significantly reduced in the ligature+SPL group compared 
with the ligature+saline group (P < 0.05). Compared with the ligature+saline group, the 
expression for inflammasome NLRP3, AIM2, CASP1 was both downregulated in the ligature 
+SPL group (P < 0.05).
Conclusion: Our present study demonstrated local injection of SPL regulated the expression 
of inflammasome and cytokine and had a visible effect of relieving inflammation in the 
experimental periodontitis in rats.
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Introduction
Periodontal disease is a complex chronic inflammatory disease, which is triggered 
by periodontal pathogens in subgingival periodontal tissue.1,2 Microorganism 
virulence factors initiate a host response, which stimulates the generation of 
inflammatory cells and cytokines in the gingiva.3 Dysregulation of adaptive and 
innate immune systems in periodontal tissue may induce the occurrence of period-
ontal disease.4 Lipopolysaccharide in periodontal pathogens activates immune 
cells and stimulates the toll-like receptor pathways, which lead to the expression 
of cytokines such as interleukin-1α (IL-1α), IL-1β, IL-6, CXC chemokine ligand 
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10 (CXCL10).5 Inflammasome is a large multiprotein 
complex located in the cytoplasm which can promote 
the maturation of pro-inflammatory cytokines such as 
IL-1β and IL-18. It plays an important role in the initia-
tion of periodontal disease and the relative systemic 
diseases.6 It is well recognized that nucleotide-binding 
domain-like receptor protein inflammasome3 (NLRP3) 
and absent in melanoma 2 (AIM2) are crucial factors in 
the defending of invading pathogens in periodontal 
disease.7

Platelet lysate (PL) is one of the autologous hemoder-
ivative materials which is obtained by the cryogenic dis-
ruption of platelets.8 It contains many growth factors such 
as platelet derived growth factor (PDGF), fibroblast 
growth factor (FGF), insulin like growth factor (IGF), 
transforming growth factor-β (TGF-β), vascular endothe-
lial growth factor (VEGF), epidermal growth factor 
(EGF), and so on.9 Tan et al demonstrated that local 
injection of PL could effectively treat lateral 
epicondylitis.10 Tenci et al found that PL along with pec-
tin/chitosan exhibits had a positive effect in chronic skin 
ulcer treatment in rats.11 Del Fante et al demonstrated that 
PL could be used as an effective ingredient to treat oral 
mucositis.12 However, to the best of our knowledge, PL in 
treating experimental periodontitis in vivo has not been 
reported up to date.

Scaling and root planing (SRP) is used as a basic 
application in the traditional treatment of periodontal 
disease.13 The complementary treatment for SRP is anti-
biotics, such as metronidazole, cephalosporin, and mino-
cycline hydrochloride.14 Although traditional treatment 
can obtain a satisfactory effect, the problem of bacteria 
resistance during the therapeutic process remains to be 
solved.15 Therefore, to explore an anti-inflammatory and 
non-resistant therapeutic method of periodontitis is immi-
nent. Base on the characteristic of autologous platelets, PL 
has many advantages such as no drug resistance, easy 
availability, and no side effect.16

In the present study, a novel PL was applied in the 
treatment of experimental periodontitis in rats, which was 
named super activated platelet lysate (SPL). Based on 
original PL, CaCl2 and low molecular weight sodium 
heparin were added to activate platelets and release growth 
factors during the preparation process. The purpose of this 
study is to evaluate the expression of the inflammasome 
and cytokine in the experimental periodontitis in rats after 
using local injection of SPL treatment. We attempt to 
provide a novel experimental basis for future clinical 

application of SPL in the treatment of periodontal disease 
in humans.

Materials and Methods
Animal
Forty-eight female Wistar rats were used in the present 
study. All rats weighted 200–250 g and at an average of 8 
weeks’ age group. There were 12 rats for the preparation 
of SPL and 36 rats for periodontal therapy. The rats were 
obtained from the animal experimental center of the 
Second Affiliated Hospital of Harbin Medical University 
(Harbin, People’s Republic of China). They were kept in 
polyethylene plastic cages and were fed with free access to 
water and rat feedstuff. All rats had been kept to acclima-
tize to the housing conditions for 5 days before the opera-
tive procedures. Animal care and experimental procedures 
were carried out in accordance with the National Institutes 
of Health guide for the care and use of laboratory animals 
(NIH Publications Number 8023, revised 1978). The pro-
tocol was approved by the Experimental Animal Ethics 
Committee of Harbin Medical University.

Preparation of SPL
SPL was provided by Tian Qing Stem Cell Co., Ltd. 
(Harbin, People’s Republic of China). A total of 60 mL 
blood was harvested from twelve healthy Wistar rats 
through cardiac punctures under anesthesia. The blood 
was anticoagulated with 3.8% sodium citrate at a blood/ 
citrate ratio of 9:1. The blood sample was gently agitated 
to thoroughly mix the sodium citrate with the blood. 
Subsequently, the sample was centrifuged at 1000 rpm 
for 10 min at room temperature. The plasma and buffy 
coat layer were then transferred to another centrifuge tube 
and were centrifuged with ultra-filtration centrifuge tubes 
at 4000 rpm for 10 min. Platelet rich plasma (PRP) was 
obtained after discarding 3/4 of the upper layer of plasma. 
To activate platelets and release growth factors, PRP was 
incubated with CaCl2 and low molecular weight sodium 
heparin for 1–2 h at 37 °C in a CO2 incubator (the final 
concentrations of CaCl2 and heparin were 20 mM and 2 U/ 
mL, respectively), and then the mixture was frozen at −80 
°C for 1–2 h. The mixture was finally thawed at 37 °C for 
5 min and cooled at 4 °C for 1 h to allow fibrin coales-
cence. After centrifugation at 2000 rpm and 4 °C for 10 
min, the supernatant was filtered through a 0.22 μm filter 
to obtain SPL. Approximately 6 mL of SPL was obtained 
from this preparation.
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Establishment of Periodontitis Model in 
Rats
The rats were anesthetized by administering ketamine 
(80 mg/kg) and dexmedetomidine (0.6 mg/kg) via intraper-
itoneal injection. The right side of the maxillary second 
molar of each rat was selected to obtain cotton ligatures 
(3–0). The above process was operated by the same operator 
(Yi Zhang). After 4 weeks, ligatures were removed from rats.

Periodontal Therapy
The 36 rats were randomly divided into 3 groups (12 rats in 
each group): the rats received no treatment (control group); 
local injection with sterile saline (ligature+saline group); local 
injection with SPL (ligature+SPL group). The rats in the 
ligature+saline group and ligature+SPL group were locally 
injected into the alveolar bone area, 2 mm below the gingival 
margin, between the right side of the first and second max-
illary molars, using a micro syringe. Each rat was given 50 
μL saline or SPL injection treatment every other day, totaling 
8 times, and last for 2 weeks (As shown in Figure 1). The 
animals were sacrificed after the treatment. Their jaws were 
collected and used for bone loss assessment, histological 
assessment, and gene expression studies (see below).

Micro-Computed Tomography 
(Micro-CT) Scanning
Six rats in each group were used to assess alveolar bone 
loss. The alveolar bone resorption of all the samples was 
evaluated using micro-CT (Sedecal, SuperArgus, Spain). 
Maxilla samples were fixed with 4% paraformaldehyde 
for micro-CT scanning. 3D images were constructed 
using SuperArgus visualization and analysis (Version 
5.0, Sedecal, Spain). Alveolar bone resorption was 

assessed from coronal planes micro-CT image by calcu-
lating the linear distance from the cementoenamel junc-
tion (CEJ) to the alveolar bone crest (ABC) in both 
mesial and distal sites of the maxillary second molar. 
The image was analyzed by ImageJ (Version 1.51r; 
National Institute of Health; USA).

Histology
Another 6 rats in each group were implemented for the 
histological examination. Samples were fixed in 4% par-
aformaldehyde for 48 h and then transferred into 10% 
ethylenediaminetetraacetic acid solution for 40 days. 
Serial 5 μm paraffin sections were made in a mesiodistal 
direction and stained with hematoxylin and eosin.

Real-Time Quantitative Polymerase Chain 
Reaction (RT-qPCR) Assay
Gingival tissue was removed from the rats before the 
micro-CT scanning. 15c surgical blade (swann-morton; 
UK) and tissue tweezers (Hu-Friedy; USA) were used to 
cut and collected the gingival tissue in the lingual aspect 
area around the right maxillary second molars. Total 
mRNA was isolated using TRIzol reagent method 
(Invitrogen; USA) as described by the manufacturers. 
According to the manufacturer’s instructions, 1 µg of 
total mRNA was reverse-transcribed using First Strand 
cDNA Synthesis Kit ReverTra Ace -α- (TOYOBO; 
JAPAN). RT-qPCR was performed via LightCycler®480 
system (Roche; USA). Each sample was analyzed in three 
replicates. β-actin was used as the reference gene. 
Reference genes and primers sequences are listed in 
Table 1. Reactions were performed with 20 μL of 
a mixture containing 10 μL of TB Green Fast qPCR Mix 
(2×; Takara; Japan), 8 μL of sterile distilled water, 1 μL of 

Figure 1 Study design. The periodontal ligation period lasts for 28 days before the experiment. Local injection was repeated eight times: on day 0,2,4,6,8,10,12,14, 
respectively. The animals were sacrificed on day 16.
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each gene-specific primer, and 1 μL of the cDNA tem-
plate. Real-time PCR amplification was performed by the 
CFX96 system (Bio-Rad; USA). Data were analyzed using 
the comparative Ct method (CFX Manager Software 
Version 2.1; Bio-Rad; USA).

Statistical Analysis
Using one-way ANOVA followed by Tukey’s post-hoc test 
to analyze the differences between multiple groups. 
Statistical analyses were performed by Graphpad Prism 6 
(San Diego; California; USA). P<0.05 was considered to 
indicate a statistically significant.

Results
Compared with the control group, alveolar bone in both 
mesial and distal sites of the maxillary second molar were 
demonstrated resorption in other groups, especially in the 
ligature+saline group (Figure 2A). In the coronal plane, 
the distal sites of bone loss extended to the apical of the 
roots, and the mesial sites of bone loss extended to half of 
the roots of the second molar in the ligature+saline group. 
Although bone resorption was founded in the ligature 
+SPL group, the alveolar bone lost half of the roots in 
the distal sites and one-third of the roots in the mesial sites 
of the second molar. As shown in Figure 2B, compared 
with the control group, the bone loss significantly 
increased by 0.9 mm in the ligature+saline group and 
0.4 mm in the ligature+SPL group (P < 0.001). 0.5 mm 
reduction in bone loss was founded in the ligature+SPL 
group compared with the ligature+saline group (P < 
0.001).

The homologous results could also be found in the 
histological section (Figure 3). ABC in the mesial sites 
of the second molar located in the apical third of the roots 
in the ligature+saline group. And an intensive inflamma-
tory infiltrate could be found in both gingival connective 
tissue and epithelium. However, in the ligature+SPL 
group, the alveolar bone lost one-third of the roots in the 
mesial sites of the second molar and the thick bone trabe-
culae organization was founded in bone tissue. The period-
ontal ligament was basically intact and the fiber connective 
tissue was arranged regularly. The proliferation of the 
epithelial spike process was not obvious and a faint 
inflammatory infiltrate throughout the periodontal liga-
ment was shown in both epithelium and gingival connec-
tive tissue.

To search for further differences between different 
groups in the inflammatory response, the gene expression 
of periodontitis associated cytokine markers were investi-
gated. As shown in Figure 4, the expression of CC chemo-
kine ligand 2 (CCL2), CXCL2, IL-6, IL-18, IL-1α, IL-1β 
was significantly reduced in the ligature+SPL group com-
pared with the ligature+saline group (P < 0.001). The level 
of CXCL10, CXCL16 was also reduced in the ligature+SPL 
group compared with the ligature+saline group (P < 0.01). 
The expression of CCL5 in the ligature+SPL group had 
statistically significant compared with the ligature+saline 
group (P < 0.05). For the above-mentioned cytokines, com-
pared with the control group, the expression of cytokines 
was both elevated in the ligature+saline group (P < 0.05). 

Table 1 Primer List

Gene Sequence

CCL2 Forward: CACCTGCTGCTACTCATTCACTGG
Reverse: CTTCTTTGGGACACCTGCTGCTG

CCL3 Forward: GACTGCCTGCTGCTTCTCCTATG
Reverse: GATCTGCCGGTTTCTCTTGGTCAG

CCL5 Forward: GACACCACTCCCTGCTGCTTTG

Reverse: CTCTGGGTTGGCACACACTTGG

CXCL2 Forward: ATGCTGTACTGGTCCTGCTCCTC

Reverse: GTCACCGTCAAGCTCTGGATGTTC

CXCL10 Forward: CCAAGTGCTGCTGTCGTTCTCTG

Reverse: GGTCTCAGCGTCTGTTCATGGAAG

CXCL16 Forward: CAGTTTCAGAGCACCCAGCAGTC

Reverse: GCCTAGCCTCCAGACCATAGCC

IL-6 Forward: ACTTCCAGCCAGTTGCCTTCTTG

Reverse: TGGTCTGTTGTGGGTGGTATCCTC

IL-18 Forward: CGACCGAACAGCCAACGAATCC

Reverse: TCACAGATAGGGTCACAGCCAGTC

IL-1α Forward: AGCCTGTGTTGCTGAAGGAGATTC

Reverse: CTCTGGGAAAGCTGCGGATGTG

IL-1β Forward: CTCACAGCAGCATCTCGACAAGAG

Reverse: TCCACGGGCAAGACATAGGTAGC

NLRP3 Forward: GCAGCGATCAACAGGCGAGAC

Reverse: TCCCAGCAAACCTATCCACTCCTC

AIM2 Forward: TGTTCTGTTGCTTCTGCCACCTG

Reverse: GCTTCCTGTTCTGCCACCATCTG

CASP1 Forward: AAACACCCACTCGTACACGTCTTG

Reverse: AGGTCAACATCAGCTCCGACTCTC

β-actin Forward: TCCTGTGGCATCCACGAAACT

Reverse: GAAGCATTTGCGGTGGACGAT
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However, the level of expression of CCL3 did not signifi-
cantly differ in different groups (P > 0.05). Interestingly, for 
cytokines IL-18 and Il-1β, the expression level is even less 
in the ligature+SPL group than that of the control group.

Compared with the ligature+saline group, the expres-
sion for inflammasome AIM2, was downregulated in the 
ligature+SPL group (P < 0.05). Expression levels of 
NLRP3 were also decreased in the ligature+SPL group 
compared with the ligature+saline group (P < 0.01). In 
the ligature+SPL group, the expression of caspases1 
(CASP1) was significantly reduced compared with the 
ligature+saline group (P < 0.001). Moreover, the level of 
CASP1 in the ligature+SPL group was significantly 
decreased compared with the control group (P < 0.001).

Discussion
Since 1990, the global age-standardized incidence and 
prevalence of periodontal disease have remained stable.17 

And in 2010, severe periodontitis affecting 10.8% of peo-
ple, nearly 743 million worldwide, and periodontitis was 
the sixth-most prevalent health disease.18 PL was pre-
viously used in relieving inflammation because of multi- 
growth factors ingredient.19–21 In the present study, 
according to the micro-CT measurement, the experimental 
periodontitis was successfully established in rats after 

ligation. The results of the linear distance from the CEJ 
to the ABC demonstrated that local injection of SPL could 
have the potential to improve the decrease in alveolar crest 
height in experimental periodontitis in rats. Consistent 
with this finding, histology observation also indicated 
that after the treatment of SPL, inflammation was alle-
viated no matter in gingival connective tissue or epithe-
lium. The observation of thick bone trabeculae and the 
intact periodontal ligament in the ligature+SPL group also 
indicated the efficacy of SPL local injection treatment. The 
relief of inflammation may due to a large number of 
growth factors in SPL.

Platelets are small blood cells that play an important 
role in both thrombosis and hemostasis.22 Autologous 
hemoderivative materials contain human serum, PRP, and 
PL, etc.9 To obtain growth factors from the platelet, 
a physical method which is freezing-thawing the PRP 
can be used.23 Alternatively, growth factors can be 
obtained by disrupting the platelets using ultrasound.24 

Growth factors can be also released by physiological 
external stimuli as thrombin, collagen, adenosine dipho-
sphate, epinephrine, tri-n-butyl phosphate, and CaCl2, 
etc.25 In this study, CaCl2 was used as the external stimu-
lus to activate the platelets. However, thrombocyte-derived 
factors, fibrinogen, and clotting factors may also be 

Figure 2 Bone loss assessment. (A) Micro-CT images at 2 weeks after injection. (B) Quantitative assessment of bone loss measured from micro-CT images. 
Notes: Values are expressed as the mean ± the standard deviation. n = 6 in each group; ***Indicates P < 0.001. Scale bars = 1 mm.
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produced during the SPL production process which may 
lead to gel formation.26 Low molecular weight sodium 
heparin was added as an anticoagulant. Platelets contain 
growth factors that are released from α-granules after the 
destruction by physical or physiological stimulation.27

In periodontal disease, pathobionts invaded host per-
iodontal cells which led to the secretion of cytokines such 
as CCL2, CCL5, CXCL2, CXCL10, etc.28 The main role 
of pro-inflammatory cytokine was to act as a chemotactic 
agent for leukocytes, attracted monocytes, neutrophils, 
and other effector cells from the blood to the site of 
infected tissue.29 In the meanwhile, the recognized pro- 
inflammatory cytokines from IL-1 and IL-6 families were 
secreted by host immune cells and recruited a subset of 
specific immune cells which caused direct tissue 
damage.30 Inflammasome, especially NLRP3 and AIM2 
are particularly characterized for their role in the recogni-
tion of bacteria.6 They also played a critical part in 
initiating innate immune responses by acting as 
a platform to activate inflammatory caspases.28 Among 
inflammasome, CASP1 initiated the innate immune 
response by specifically cleaving pro-IL-1β and pro-IL 

-18, and then mediated their maturation and release.6 In 
the present study, the expression of IL-1 family (IL-1α, 
IL-1β, IL-18), IL-6 family (IL-6), CCL2, CCL5, CXCL2, 
CXCL10, CXCL16, NLRP3, AIM2, CASP1 were elevated 
in the experimental periodontitis in rats compared to the 
control group (P < 0.05). When using SPL as a treatment 
of periodontitis, the expression of the above pro- 
inflammatory cytokines and inflammasomes were 
reduced significantly compared to the ligature+saline 
group (P < 0.05). These may be due to the ability in 
promoting tissue recovery and the healing of growth 
factors. As several studies mentioned, FGF-2 and PDGF 
showed a significant effect on periodontal regeneration.31 

Furfaro et al found that EGF did not improve periodontal 
or alveolar bone healing, but it could improve 
vascularisation.32 Giannobile et al reported that the con-
current use of IGF-I and PDGF increased new attachment 
formation of periodontal tissue in both the primate and 
canine models.33

Our study may provide useful information for the local 
injection of SPL in experimental periodontal disease in rats. 
However, further relative studies on the regulation 

Figure 3 Photomicrographs of bone tissue in the alveolar bone area between the first and second maxillary molars with induced periodontitis by hematoxylin and eosin 
staining. 
Note: n = 6 in each group.
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mechanism of many inflammatory cytokines after SPL treat-
ment and the effect of clinical trials by SPL are greatly 
needed. Our present study demonstrates that local injection 
of SPL regulates the expression of inflammasome and 

cytokine and has a visible effect of relieving inflammation 
in the experimental periodontitis in rats. These encouraging 
results indicated that SPL may provide a novel promising 
treatment against periodontal disease in the future.

Figure 4 The expression of genes associated with periodontal disease in the experimental periodontal rat model. 
Notes: Values are expressed as the mean ± the standard deviation. n = 6 in each group. *Indicates p < 0.05; **Indicates p < 0.01; ***Indicates p < 0.001. 
Abbreviations: CCL2, CC chemokine ligand 2; CCL3, CC chemokine ligand 3; CCL5, CC chemokine ligand 5; CXCL2, CXC chemokine ligand 2; CXCL10, CXC 
chemokine ligand 10; CXCL16, CXC chemokine ligand 16; IL-6, interleukin-6; IL-18, interleukin-18; IL-1α, interleukin-1α; IL-1β, interleukin-1β; NLRP3, nucleotide-binding 
domain-like receptor protein inflammasome 3; AIM2, absent in melanoma 2; CASP1, caspases1.
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