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clinical therapy [8]. Minocycline hydrochloride tetracycline broad-spectrum antibiotics are the most 
commonly used as local drug delivery agents [9]. However, the repeated and long-term use of 
antibiotics has potential side effects and the development of bacterial resistance, flora imbalance and 
superinfections has been reported [10,11]. Therefore, it is significant to develop a drug which has 
small side effects and independent intellectual property rights to treat periodontitis.  

Porphyromonas gingivalis (P. gingivalis) is proposed to be a “keystone pathogen” causing 
microbial and immune dysbiosis in periodontitis. It has a number of virulence factors and 
extracellular proteases, such as lipopolysaccharide, gingipains, fimbriae, and capsule [12]. 
Gingipains are the kinds of cysteine proteinase including arginine-specific gingipains 
(Arg-gingipain-A, RgpA and Arg-gingipain-B, RgpB) and lysine-specific gingipain (Lys-gingipain, 
Kgp) [13]. The Arg-gingipains have C5 convertase activity which can degrade C5 into C5a to activate 
the C5a-C5aR signaling pathway to make periodontal immune inflammation [14]. Moreover, the 
C5aR crucially involved in immune subversion by P. gingivalis with TLR2 crosstalk [15]. PMX-53 is 
a polypeptide of the synthesis simulates chemical structure of C5aR as a potent antagonist of C5aR 
which could target to block the C5a-C5aR signaling pathway to develop anti-inflammatory effects 
[16]. Abe’s studies have found that local administration of PMX-53 efficiently protected mice against 
the development of periodontitis by counteracting microbial immune evasion and suppressing the 
induction of proinflammatory cytokines in both preventive and therapeutic modes of treatment. In 
addition, PMX-53 also could reduce the destruction of the alveolar bone [17]. However, the duration 
of drug action is very short, so it needs to be injected frequently and multi-points injection is painful 
and inconvenient for the patients.  

Gelatin, belonging to the family of the natural polymers derived from the hydrolysis of 
collagen, is a combination of high molecular weight water-soluble proteins [18]. It is inexpensive, 
biocompatible , biodegradable and low antigenic that considered a generally regarded as safe. 
Furthermore, due to their intrinsic protein structure could modify multiply coupling with 
crosslinkers and targeting-ligands which may be especially useful. It is already indispensably used 
in modern pharmaceutical and medical applications [19]. With the continuous development of 
biological materials science, nanotechnology has been widely concerned around the world. And the 
nanoparticles use, over this period, has been a particular focus [20]. Nanoparticles incorporated 
within gelatin are promising carrier system for drug delivery in recent years due to harmless, simple 
preparation process, strong target, improving the drug action concentration adequately, prolonging 
the drug action time, reducing the drug dosage greatly, and extending the intervals between patients 
visit [21,22] . 

In this study, we showed that local administration of gelatin nanoparticles loaded with PMX-53 
sustained release agents efficiently protected miniature swines against periodontal inflammation 
and bone loss in the treatment. The physiology, pathology, immunology, and anatomy structures of 
miniature swines are similar to those of humans. Our new findings therefore provide 
proof-of-concept for the efficacy of gelatin nanoparticles loaded with PMX-53 as a locally 
administered long-term therapeutic agent against periodontitis. 

2. Results 

2.1 Establishing the miniature swines model of periodontitis 
Intraoral photographs showed the clinical assessments of the periodontal tissues of miniature 

swines. Before the experiment (-7 weeks), gingiva of each miniature swine was normal, healthy color 
without swelling, dental calculus. Probing the gingiva didn’t bleed. Besides, neither periodontal 
pockets nor attachment loss were detected. The clinical periodontal index of each group was 
analyzed and there was no significant difference in all groups. Statistical analysis indicated 
periodontal conditions of each miniature swines were similar before the experiment. After 
establishing the periodontal models of miniature swines, immediately before treatment (week 0): the 
buccal gingiva of experimental teeth were swelling and a lot of obvious dental calculus were found 
around the teeth. Buccal gingiva bleeding with probing and the periodontal pockets easily were 
detected. The periodontium of experimental teeth was chronic inflammatory. There was no 
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significant difference in all groups of clinical periodontal index. The results of X-ray images revealed 
that the alveolar bone of each miniature swine didn’t resort obviously before modeling, while 
alveolar bone ridge of the experimental teeth reduced to the apical 1 / 2 significantly after modeling. 
There is no significant difference between the groups. Micro-CT and X-ray examinations showed 
similar results basically. There was an obvious decrease in the alveolar crest height after establishing 
miniature swines model of periodontitis. To sum up, establishing the periodontal model of 
miniature swines was successful. 

    
Figure 1. Establishing the miniature swines model of periodontitis. (A-C) Intraoral photographs of 
the periodontal tissues before modeling (-7 weeks) (A), ligation process (B) and after establishing the 
periodontal models of miniature swines (week 0) (C). The gingiva of the ligatured region and 
completed modeling were more swelling compared with healthy gingiva. X-ray images of alveolar 
bone before modeling (D) and completed modeling (E). Three-dimensional reconstruction of 
Mirco-CT of alveolar bone before modeling (F) and completed modeling (G). X-ray and Mirco-CT 
showed obvious alveolar bone loss of completed modeling compared with healthy miniature swines. 
The black arrowheads indicated the condition of gingiva in intraoral photographs. The red 
arrowheads indicated alveolar bone in X-ray images. 

2.2 Intraoral photographs of periodontal tissue inflammation with treatment.  
We generated periodontitis lesions in miniature swine, then conducted SPR and treated with 

minocycline, gelatin with PMX-53 or gelatin. After acquiring the intraoral photographs, animals 
were sacrificed at 4 weeks post treatment. We found that the periodontal condition had great 
improvement after 4 weeks treatment. Compared with untreatment, the periodontal tissue only 
conducted SPR reduced swelling a little, but the tissues were not restored to healthy levels (A). In 
contrast, periodontal tissue conducted SPR and treated with minocycline (B) and gelatin with 
PMX-53 (C) was restored to close to normal levels. The condition of treating with gelatin (D) was 
similar with only conducted SPR, but the gingival color had healthier changed.   
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