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Abstract

Purpose: To investigate the effect of oxymatrine on periodontitis in rats and related 
mechanism.
Methods: Ninety SD rats were divided into control, model, 10, 20 and 40 mg/kg oxymatrine 
and tinidazole groups. The periodontitis model was established in later 5 groups. The 10, 20 
and 40 mg/kg oxymatrine groups were intragastrically administrated with 10, 20 and 40 mg/
kg oxymatrine, respectively. The tinidazole group was intragastrically administrated with 100 
mg/kg tinidazole. The treatment duration was 4 weeks. The tooth mobility, gingival and plaque 
indexes, serum inflammatory factor levels and gingival tissue matrix metalloproteinases 
(MMPs) and tissue inhibitor of metalloproteinase (TIMP) protein levels were detected.  
Results: After treatment, compared with model group, in 40 mg/kg oxymatrine group the rat 
general conditions were obviously improved, the tooth mobility, gingival index and plaque 
index were significantly decreased (P<0.05), the serum tumor necrosis factor-α, interleukin-
1β and prostaglandin E2 levels were significantly decreased (P<0.05), the MMP-2 and MMP-
9 protein levels were significantly decreased (P<0.05), and the TIMP-2 protein level was 
significantly increased (P<0.05).  
Conclusions: Oxymatrine can alleviate the experimental periodontitis in rats. The mechanism 
may be related to its inhibiting inflammatory factor secretion and regulating MMPs/TIMP 
protein expression.
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sedative, analgesic, antipyretic, hypothermic, 
cardiotonic, hypotensive and anti-arrhythmic 
effects8-11. Various preparations of oxymatrine 
have been widely used in clinical practice. 
However, there is no report on the effect of 
oxymatrine on periodontitis. In this study, the 
effects of oxymatrine on periodontitis in rats 
and the mechanisms related to inflammatory 
response and MMPs/TIMP expression were 
investigated. The objective was to provide an 
experimental basis for the clinical application 
of oxymatrine to treatment of periodontitis.

 ■ Methods

 This study was performed in strict 
accordance with the recommendations in 
the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health. 
The animal use protocol has been reviewed 
and approved by the Institutional Animal 
Care and Use Committee of Hainan General 
Hospital.

Establishment of periodontitis model

 According to the reported method12 
with some modifications, ninety SD rats (8 
weeks age; 280±30g; male and female in half; 
Hainan Experimental Animal Center, Haikou, 
China) were randomly divided into 6 groups: 
control group, model group, 10, 20 and 40 mg/
kg oxymatrine groups and tinidazole group, 
15 rats in each group. In later 5 groups, the 
periodontitis model was established. The rats 
were anaesthetized by intraperitoneal injection 
of 10% chloral hydrate with dose of 3 ml/kg. 
The neck of left maxillary first molar was ligated 
using 0.2 mm-diameter orthodontic wire. 
Then, the rats were daily fed with 50 ml 10% 
sugar water instead of drinking water. From 
the second day after ligation, the prednisolone 
acetate was injected into the four muscles of 
hind legs, with dose of 5 mg/kg. The injection 

 ■ Introduction

 Periodontitis is a chronic infectious 
disease occurring in the periodontal support 
tissue, which can cause the periodontal 
support tissue inflammation, periodontal 
pocket formation, progressive attachment 
loss and alveolar bone resorption, eventually 
leading to the tooth loosening and extraction1. 
Periodontitis is the primary cause of tooth 
loss in adults. The oral plaque is the main 
pathogenic factor of periodontitis. The plaque 
induces the early inflammation, and the host’s 
defense response to plaque bacteria further 
promotes the periodontal connective tissue 
destruction and alveolar bone resorption2. The 
key of successful prevention and treatment 
of periodontitis is to control bacteria and 
their products in periodontal tissues and 
gingival crevicular fluid, so as to maintain the 
microecological balance of periodontal local 
environment3. The plaque is usually removed 
using mechanical methods, but this can more 
or less cause the mechanical damage to tooth 
surface. At present, the antibiotics treatment 
is mostly used for treating periodontitis, and 
the short-term effect is obvious. However, 
the periodontitis is easy to recur, and many 
side effects are easy to produce. In addition, 
in recent years the resistance of pathogenic 
microorganisms to antibiotics has been 
increasing due to the misuse, and the 
efficacy of antibiotics treatment has been 
declining4. It is reported that, the inflammatory 
response and changes in expression of matrix 
metalloproteinases (MMPs) and tissue 
inhibitor of metalloproteinases (TIMPs) are 
involved in the occurrence and development 
of periodontitis5-7. Oxymatrine is the main 
component of alkaloids in medical plant 
Sophora alopecuroides, Sophora flavescens 
and Sophora japonica. The pharmacological 
and clinical studies have found that, oxymatrine 
has antiviral, anti-inflammatory, anti-tumor, 
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was performed once every two days, for 20 
days. During the modeling period, no rat died.

Treatment method

 After establishment of periodontitis 
model, the rats were fed normally for 1 week. 
Then, the ligature wire was removed. The rats 
in 10, 20 and 40 mg/kg oxymatrine groups were 
intragastrically administrated with oxymatrine 
(HPLC purity ≥ 98%; Chengdu Deruike 
Biotechnology Co., Ltd., Chengdu, China), with 
dose of 10, 20 and 40 mg/kg, respectively. The 
rats in tinidazole group were intragastrically 
administrated with 100 mg/kg tinidazole. 
The rats in control and model groups were 
intragastrically administrated with normal 
saline. The treatment was performed once 
per day, for 4 weeks. During the treatment, 
all rats were fed with standard feed and free 
intake. The room temperature was 20-25°C. 
The water drinking was forbidden for 2h after 
treatment, with free drinking in the rest time. 
The conditions of rats were observed during 
the experiment.

Measurement of tooth mobility

 The tooth mobility before and after 
treatment was measured by scoring as follows: 
only buccal-lingual loosening, 1 point; buccal-
lingual loosening and mesiodistal loosening, 
2 points; buccal-lingual loosening, mesiodistal 
loosening and vertical loosening, 3 points13.

Measurement of gingival index

 Gingival index was measured by scoring 
as follows: 0 point: normal gingiva; 1 point: 
slightly edema of gingiva, without bleeding on 
probing; 2 points: slightly edema of gingiva, 
with bleeding on probing; 3 points: edema of 
gingiva, with spontaneous bleeding or ulcer 
formation. Four positions including proximal 
nipple, distal nipple, central nipple and palatal 

surface of buccal surface of the experimental 
tooth were examined. The mean value of score 
of four positions was calculated as the gingival 
index. 

Measurement of plaque index

 A drop of plaque stain (2% erythrosine 
sodium) was applied to the experimental tooth. 
After 30s, the tooth was rinsed with water for 
10s. The area and depth of purple-red on the 
teeth were observed. The plaque index was 
measured by scoring as follows: 0 point: no 
plaque; 1 point: there were scattered spots 
on the gingival margin of tooth neck; 2 points: 
there was continuous narrow-banded plaque 
on the tooth neck, with width no more than 
1 mm; 3 points: the width of plaque was more 
than 1 mm, but the coverage area was less than 
1/3 of tooth crown; 4 points: the coverage area 
of plaque was from 1/3 to 2/3 of tooth crown; 
5 points: the coverage area of plaque was no 
less than 2/3 of tooth crown.

Determination of serum inflammatory factor 
levels

 The rats were anesthetized with 5% 
chloral hydrate. Five milliliter of blood was 
taken from abdominal aorta. After centrifuging 
at 2000 r/min for 10 min, the supernatant was 
obtained. The serum levels of inflammatory 
factor tumor necrosis factor-α (TNF-α); 
interleukin-1β (IL-1β) and prostaglandin E2 
(PGE2) were determined by enzyme linked 
immunosorbent assay. The process was 
according to the instructions of the kits.

Determination of matrix metalloproteinase 
and inhibitor of metalloproteinase levels in 
gingival tissue

 Ten gram of gingival tissue was taken 
and homogenized. The protein was extracted 
using and cell lysate, and the concentration was 
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determined using BCA protein quantitation kit. 
The expressions levels of MMP-2, MMP-9 and 
TIMP-2 protein in gingival tissue were detected 
using western blot assays. β-actin was used as 
the internal reference. The relative expression 
level of target protein was calculated by the 
ratio of integral optical density of target protein 
to β-actin. The experiment procedures were in 
accordance to the instructions of kits.

Statistical analysis

 Statistical analysis was performed using 
SPSS 20.0 software (SPSS Inc., Chicago, IL, 
USA). The data were presented as mean±SD. 
The difference among different groups was 
analyzed using one-way analysis of variance 
with q test. P<0.05 was defined as statistically 
significant.

 ■ Results

General conditions of rats after treatment

 After treatment, the spirit, activity, 
hair, food intake, stool, weight, periodontal 
tissues color and shape in control group were 
normal, with no obvious difference than 
before treatment. In model group, compared 
with before treatment, after treatment the 
spirit, activity, hair, food intake and stool were 
worsened, with decreased weight and obvious 
gingival gingival swelling and congestion. 
Compared with model group, the general 
conditions in other 4 groups were improved, 
especially in 40 mg/kg oxymatrine and 
tinidazole groups. 

Change of tooth mobility

 Before treatment, there was no 
significant difference of tooth mobility score 
among model, 10 mg/kg oxymatrine, 20 mg/
kg oxymatrine, 40 mg/kg oxymatrine and 

tinidazole groups (P>0.05). After treatment, 
the tooth mobility score in model group 
was 2.32±0.41 points. The tooth mobility 
scores in 40 mg/kg oxymatrine and tinidazole 
groups were1.38±0.33 and 1.33±0.23 points, 
respectively, which were  significantly  lower 
than those in model group, respectively 
(P<0.05) (Table 1).

Table 1 - Change of tooth mobility score in 
different groups (points).

Group Before 
treatment 

After 
treatment

Model 2.33±0.31 2.32±0.41
10 mg/kg 
oxymatrine 2.31±0.32 2.21±0.42

20 mg/kg 
oxymatrine 2.28±0.28 2.04±0.51

40 mg/kg 
oxymatrine 2.27±0.34 1.38±0.33bcd

Tinidazole 2.32±0.37 1.33±0.23bcd

bP<0.05 compared with model group; cP<0.05 compared with 
10 mg/kg oxymatrine group; dP<0.05 compared with 20 mg/kg 
oxymatrine group.

Gingival index and plaque index after 
treatment

 As shown in Table 2, after treatment, 
the gingival index and plaque index in model 
group were 3.46±0.75 and 4.22±0.72 points, 
respectively, which were significantly higher 
than 1.54±0.36 and 2.55±0.45 points in control 
group, respectively (P<0.05).  The gingival 
index and plaque index in 40 mg/kg oxymatrine 
group were 1.95±0.47 and 2.99±0.63 points, 
respectively, and those in tinidazole group were 
1.67±0.61 and 2.78±0.82 points, respectively. 
Compared with model group, the gingival index 
and plaque index in 40 mg/kg oxymatrine and 
tinidazole groups were significantly decreased, 
respectively (P<0.05) (Table 2).
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Table 2 - Gingival index and plaque index after treatment in different groups (points).
Group Gingival index Plaque index
Control 1.54±0.36 2.55±0.45
Model 3.46±0.75a 4.22±0.72a

10 mg/kg oxymatrine 3.01±0.72a 4.45±0.82a

20 mg/kg oxymatrine 2.48±0.67a 3.54±0.72a

40 mg/kg oxymatrine 1.95±0.47bc 2.99±0.63bc

Tinidazole 1.67±0.61bcd 2.78±0.82bc

aP<0.05 compared with control group; bP<0.05 compared with model group; cP<0.05 compared with 10 mg/kg oxymatrine group; 
dP<0.05 compared with 20 mg/kg oxymatrine group.

Serum TNF-α, IL-1β and PGE2 levels after 
treatment

 After treatment, the serum TNF-α, 
IL-1β and PGE2 levels in model group were 
4.88±0.84, 0.35±0.06 and 9.34±2.05 pg/ml, 
respectively, which were significantly higher 
than 3.52±0.67, 0.12±0.04 and 3.45±0.79 pg/
ml in control group, respectively (P < 0.05). 
The serum TNF-α, IL-1β and PGE2 levels in 20 

mg/kg oxymatrine, 40 mg/kg oxymatrine and 
tinidazole groups were 3.87±0.87, 0.20±0.05 
and 7.21±1.65 pg/ml, 3.72±0.65, 0.15±0.03 
and 6.02±1.37 pg/ml, and 3.64±0.72, 0.18±0.04 
and 5.77±1.86 pg/ml, respectively. Each index 
in 20 mg/kg oxymatrine, 40 mg/kg oxymatrine 
and tinidazole groups was significantly lower 
than that in model group, respectively (P<0.05) 
(Figure 1).

Figure 1 - Serum TNF-α, IL-1β and PGE2 levels in different groups. aP<0.05 compared with control group; 
bP<0.05 compared with model group; cP<0.05 compared with 10 mg/kg oxymatrine group. TNF-α, tumor 
necrosis factor-α; IL-1β, interleukin-1β; PGE2, prostaglandin E2.

Gingival tissue MMP-2, MMP-9 and TIMP-2 
protein levels after treatment

 After treatment, the gingival tissue 
MMP-2 and MMP-9 protein levels in model 
group (MMP-2/β-actin, 1.56±0.46; MMP-9/β-
actin, 1.23±0.33) were significantly higher 
than those in control group (MMP-2/β-actin, 

0.71±0.13; MMP-9/β-actin, 0.52±0.09), 
respectively (P<0.05), and the TIMP-2 
protein level in model group (TIMP-2/β-actin, 
0.42±0.09) was significantly lower than that 
in control group (TIMP-2/β-actin, 0.84±0.15) 
(P<0.05). Compared with model group, the 
MMP-2 and MMP-9 protein levels in 40 mg/kg 
oxymatrine group (MMP-2/β-actin, 0.92±0.21; 
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MMP-9/β-actin, 0.71±0.15) and tinidazole 
group (MMP-2/β-actin, 0.83±0.22; MMP-9/β-
actin, 0.65±0.13) were significantly decreased, 
respectively (P<0.05), and the TIMP-2 protein 

levesl in 40 mg/kg oxymatrine group (TIMP-
2/β-actin, 0.62±0.19) and tinidazole group 
(TIMP-2/β-actin, 0.65±0.21) were significantly 
increased, respectively (P<0.05) (Figure 2).

Figure 2 - Gingival tissue MMP-2, MMP-9 and TIMP-2 protein levels after treatment in different groups. 
aP<0.05 compared with control group; bP<0.05 compared with model group; cP<0.05 compared with 10 mg/
kg oxymatrine group. MMP-2, matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9; TIMP-2, 
tissue inhibitor of metalloproteinases-2.

 ■ Discussion

 In this study, the effects of oxymatrine 
on periodontitis in rats were investigated. 
Result showed that, after treatment, the 
general conditions of rats in model group were 
obviously worse than those in control group. 
In addition, there was obvious tooth mobility 
in model group. The gingival index and plaque 
index in model group were significantly higher 
than those in control group, respectively. 
Compared with model group, in treatment 
groups the general conditions of rats were 
improved, the tooth mobility was significantly 
decreased, and the gingival index and plaque 
index were significantly decreased. This 
suggests that, the oxymatrine can alleviate the 
experimental periodontitis in rats.
 Periodontitis is an inflammatory 
infectious disease of dental support tissue 
caused by gram-negative anaerobic bacteria, 
flagella, spirochetes and other microorganisms. 
Bacteria and their toxic products, such as 
bacterial endotoxins and enzymes, can 
directly damage the periodontal epithelium 

and connective tissue14,15. At the same time, 
the host defense cells are activated, thus 
releasing cytokines such as TNF-α and IL-1β. 
These cytokines activate the lymphocytes 
and act as many target cells. They mediate 
the inflammation that leads to the secondary 
injury of peripheral tissue16,17. TNF-α plays an 
important role in periodontal tissue destruction 
by stimulating collagenase-mediated tissue 
destruction, inducing osteoclast precursor cell 
proliferation and differentiation, and indirectly 
acting on mature osteoclasts to stimulate bone 
resorption18. IL-1β is a multifunctional cytokine 
and plays an active role in inflammation, 
immunity and bone metabolism. IL-1β can 
promote the bone resorption, and its level 
was significantly correlated with periodontal 
attachment loss19. PGE2 is a very important 
inflammatory factor, and is also closely related 
to periodontitis20. Results of this study showed 
that, after treatment, the serum TNF-α, IL-1β 
and PGE2 levels in model group were significantly 
higher than those in control group. This 
indicates that, the secretion of inflammatory 
factors is activated in periodontitis model. 
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Compared with model group, the serum 
TNF-α, IL-1β and PGE2 levels in 20 and 40 
mg/kg oxymatrine groups were significantly 
decreased. This suggests that, oxymatrine can 
inhibit the secretion of inflammatory factors, 
thus alleviate the periodontitis.
 MMPs are a family of proteolytic 
enzymes with similar structure and 
different functions. They can digest all the 
macromolecular substances outside the 
cells, and are the protease that mainly 
regulates the degradation of extracellular 
matrix21,22. MMP-2 and MMP-9 are the main 
proteolytic enzymes in MMPs family, and 
belong to the gelatinases. MMP-2 is mainly 
expressed by gingival epidermal cells and 
periodontal ligament fibroblasts23. MMP-
9 is mainly produced by inflammatory cells 
infiltrating into periodontal tissues. The 
inflammatory cytokines can increase the 
synthesis and secretion of MMP-924. MMP-2 
and MMP-9 are important biological markers 
of periodontitis. Their over-expressions are 
closely related to the degree of gingival fibrous 
matrix disintegration25. TIMPs are important 
factors regulating the activation of MMPs. 
TIMPs can reduce the excessive degradation 
of extracellular matrix by inactivating the 
activated MMPs26. TIMP-2 is an important 
member of TIMPs family, and is related to the 
development of periodontitis27. The regulation 
of MMPs/TIMPs is a new strategy for treating 
periodontitis. In this study, after treatment, 
the gingival tissue MMP-2 and MMP-9 protein 
levels in model group were significantly higher 
than those in control group, and the TIMP-2 
protein level in model group was significantly 
lower than that in control group. Compared 
with model group, in 40 mg/kg oxymatrine 
group the MMP-2 and MMP-9 protein levels 
were significantly decreased, and the TIMP-2 
protein level was significantly increased. This 
indicates that, oxymatrine can down-regulate 
the expression of MMP-2 and MMP-9 proteins 

and up-regulate the expression of TIMP-2 
protein in periodontal tissues, which is related 
to its alleviation effect on periodontitis.

 ■ Conclusions

 Oxymatrine can alleviate the 
experimental periodontitis in rats. The 
mechanism may be related to its inhibition of 
inflammatory factor secretion and regulating 
MMPs/TIMP protein expressions. This 
study has provided an experimental basis 
for the clinical application of oxymatrine to 
treatment of periodontitis. This study still 
has some limitations. Firstly, the sample size 
of this study is relatively small. Secondly, the 
correlations among different indexes have 
not been investigated. Thirdly, there may be 
other mechanisms of oxymatrine alleviating 
periodontitis. These issues should be solved in 
next studies.
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