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Abstract 

Enamel matrix derivative (EMD) is a periodontal tissue regeneration material that induced hard tissue formation. This 
study was performed to examine the reaction of dental pulp tissue directly capped with a synthetic peptide prepared 
based on EMD research, and to investigate its potential as a pulp capping material. 

The experiments were performed in the maxillary left and right first molars of five 6-week-old male Sprague–Dawley 
rats. The exposed pulp was capped with synthetic peptide in the peptide group, but left uncapped in the control group. 
Two weeks later, the maxillary bone was isolated and photographed by microfocus computed tomography (CT). The 
opaque area and volume of the coronal pulp cavity were measured on CT images, and the area-to-volume ratio was 
calculated. After decalcification, tissue samples were prepared, stained with hematoxylin and eosin (H&E), and 
examined histopathologically. 

CT images for both groups showed an opaque area in the coronal pulp cavity, and the fraction of images showing opacity 
was significantly higher in the peptide group (P < 0.01). A large amount of hard tissue was formed in the coronal pulp 
cavity in the peptide group, around which aggregation of cells with eosinophilic substances in polytopes was observed. 
Only slight hard tissue formation was observed in the control group. As it showed eosinophilicity on H&E staining, the 
synthetic peptide was suggested to be involved in hard tissue formation. Synthetic peptides can potentially be used as 
pulp capping materials. 
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1. Introduction

Periodontal tissue regeneration therapy is currently performed using enamel matrix derivative (EMD), which is widely 
recognized to have regeneration potential [1 – 5]. However, problems associated with uncontrolled pathogens cannot 
be completely eliminated, because EMD is a biological material extracted from the tooth germ of young pigs [6]. This in 
fact results in refusal by some patients. 

Kim et al. confirmed that eosinophilic round bodies and cartilage-like tissue were formed when EMD was injected 
subcutaneously into the backs of rats [7]. They also found that the fragment obtained by Matrix-Assisted Laser 
Desorption/Ionization-Time Of Flight (MALDI-TOF) mass spectrometry (MS) of the round bodies contained a common 
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sequence of seven amino acids, WYQNMIR, which was confirmed to be a partial sequence of exon 5 of porcine 
amelogenin. Cattle also have the same sequence. 

Hida et al. inoculated a peptide newly synthesized from the above sequence (hereinafter referred to as synthetic 
peptide) subcutaneously into rats, and confirmed ectopic bone, cartilage, and endochondral ossification 2 weeks later, 
suggesting that synthetic peptides may have potential to induce hard tissue differentiation [8]. 

In endodontic therapy, on the other hand, it was reported that EMD promoted the differentiation of human dental pulp 
cells into hard tissue-forming cells resulting in hard tissue formation [9]. It has also been reported that odontoblasts 
were found in the capped area when an exposed area of dental pulp was directly capped with EMD, suggesting that EMD 
is useful as a pulp capping material [10]. It is possible that EMD is also involved in the formation of hard tissue in the 
pulp. 

Kato et al. reported upregulation of proliferation and potential to differentiate into hard tissue-forming cells when 
dental pulp stem cells were cultured with synthetic peptide, suggesting that it was involved in the formation of hard 
tissue from dental pulp cells in vitro [11]. However, there have been no studies to date on the application of synthetic 
peptides to dental pulp tissue in vivo, and its usefulness in the formation of hard tissue in dental pulp has not been 
investigated. 

This study was performed to examine the dental pulp tissue following direct capping of the exposed surface with 
synthetic peptides in rats, and to explore the possibility of using synthetic peptides as direct pulp capping materials.  

2. Material and methods 

2.1. Synthetic Peptide 

Synthetic peptide was prepared from the seven-amino acid sequence reported by Kim et al. [7] using the method of Hida 
et al. [8]. Briefly, 0.5 mL of ultrapure water was added to 7.5 mg of synthetic peptide as described by Noguchi et al. [12]. 
After filter sterilization, 7.5 mg of propylene glycol alginate was added (Junsei Chemical Co., Ltd., Tokyo, Japan), and the 
resultant mixture was used in the form of a gel. 

2.2. Direct Pulp Capping 

This experiment was carried out with the approval of the Animal Experiment Committee of Osaka Dental University 
(approval number: No. 20-040008). 

Five 6-week-old male Sprague–Dawley rats (Shimizu Laboratory Supplies Co., Ltd., Kyoto, Japan) were used in our 
experiment. 

After induction of general anesthesia by intraperitoneal administration of a cocktail of 0.75 mg/kg of medetomidine 
(Domitor®; Zenoaq, Koriyama, Japan), 2.0 mg/kg of midazolam (Sand®; Sandoz, Ueyama, Japan), and 2.5 mg/kg of 
butorphanol (Betrfanol ®; Meiji Seika Pharma Co., Ltd., Tokyo, Japan), we ensured protection from moisture using a 
rubber dam sheet (Morita, Tokyo, Japan) cut into a 3 cm × 3 cm square and a clamp (YDM, Tokyo, Japan). 

Direct pulp capping was performed with reference to Dianat et al. [13] and Trongkij et al. [14]. A # 1/2 round bur 
(Morita, Tokyo, Japan) was used to form a cavity in the occlusal mesial surface on the maxillary first molar, and dental 
pulp was exposed with an explorer (YDM). The exposed pulp surface was then washed with physiological saline. After 
confirming hemostasis, the peptide group (5 teeth in 5 animals) was prepared by capping with the synthetic peptide 
using a microbrush (Microbrush, Denver, IL, USA). The corresponding contralateral teeth in which the exposed pulp 
surface was not capped with synthetic peptide were used as controls (5 teeth in 5 animals) after washing with 
physiological saline and confirming hemostasis. After bonding (SELF CONDITIONER; GC Corp., Tokyo, Japan), the tooth 
cavity was restored using photopolymerizable resin-reinforced glass ionomer cement (Fujifil LC Flow®; GC Corp.). 

2.3. Sample Extraction and Fixation  

Fourteen days after the treatments, animals were euthanized by an overdose of intraperitoneal pentobarbital 
(Somnopentyl; Kyoritsu Seiyaku, Tokyo, Japan), and fixed by perfusion with 10% neutral buffered formalin. Then, the 
maxilla was removed and fixed by immersion with the same fixative.  
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2.4. Microfocus CT Imaging 

The extracted and fixed maxillae were divided into left and right sides, and the parts including the maxillary first molars 
were placed into tubes containing 10% neutral buffered formalin and imaged by microfocus CT (SkyScan1275; Bruker, 
Billerica, MA, USA) with a tube voltage of 65 kV and current of 85 μA. The opaque area generated by the coronal pulp 
cavity and its volume were measured on the CT images. From the obtained results, the proportion of opaque area in the 
coronal pulp cavity was calculated (Table 1). Image analysis was performed using CTAN software (Bruker). 

2.5. Statistical Analysis 

We set a significance level of 1% for the t test in examination of the proportion of opacity on the coronal pulp cavity on 
CT images.  

2.6. Preparation of Tissue Samples and Staining  

EDTA-2Na dihydrate (Hayashi Junyaku Kogyo, Osaka, Japan), tris-aminomethane (Hayashi Junyaku Kogyo), and 
ultrapure water were mixed to prepare a 10% EDTA solution (pH 7.4). After decalcification of extracted samples for 4 
weeks, they were embedded in paraffin. Then, tissue samples of sagittal slices 6 μm thick were prepared. Samples were 
then stained with hematoxylin eosin (H&E) according to the conventional method, and characterized by 
histopathological examination.  

3. Results 

3.1. Microfocus CT Imaging 

In the peptide group, areas of opacity were found in the coronal pulp cavity in all teeth. The opacity spread widely over 
the entire coronal pulp cavity, but not on the exposed pulp surface. No opacity was found at the roots of the teeth (Figs. 
1 and 2) 

 

Figure 1 Microfocus CT images of the peptide group. Opacity was seen in the central part of the coronal pulp cavity. 
C: Cavity, D: Dentin, O: Opacity 

 

 
 

Figure 2 Microfocus CT images of the peptide group. Opacity was widely seen throughout the coronal pulp cavity from 
the central to the distal part. 

C: Cavity, D: Dentin, O: Opacity 
 

In the control group, however, only a small area of opacity was found in the coronal pulp cavity in all teeth. The opacity 
was only observed in the floor of the pulp chamber. In addition, no opacity was observed at the roots of the teeth (Figs. 
3 and 4) 
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Figure 3 Microfocus CT images of the control group. Slight opacity was seen at the floor of the pulp chamber. 
C: Cavity, D: Dentin, O: Opacity 

 

 
 

Figure 4 Microfocus CT images of the control group. Slight opacity was seen at the floor of the pulp chamber. 
C: Cavity, D: Dentin, O: Opacity 

 
Table 1 shows the volume and fraction of opacity in the pulp cavity in the peptide and control groups. The average 
volume of opacity and that of the pulp cavity were 2.34 × 10−3 ± 3.40 × 10−3 mm3 and 0.25 ± 1.86 × 10−2 mm3, 
respectively, in the peptide group. The average fraction of opacity in the pulp cavity was 9.52% ± 1.68%. On the other 
hand, the average volumes of opacity and of the pulp cavity were 6.45 × 10−3 ± 4.57 × 10−3 mm3 and 0.24 ± 1.14 × 
10−2 mm3, respectively, in the control group. The average fraction of opacity in the pulp cavity in this group was 2.68% 
± 0.13% 

Table１Volume and fractions of opacity in the coronal pulp cavities of the peptide and control groups 

Sr. 
No. 

Peptide group Control group 

Opacity（mm3） 
Coronal Pulp cavity
（mm3） 

（％） Opacity（mm3） 
Coronal Pulp cavity
（mm3） 

（％） 

1 0.02674 0.27240 9.82 0.00603 0.23473 2.57 

2 0.01999 0.26533 7.53 0.00630 0.24250 2.60 

3 0.02185 0.24822 8.80 0.00722 0.25326 2.85 

4 0.02781 0.22972 12.11 0.00624 0.22368 2.79 

5 0.02197 0.23490 9.35 0.00644 0.24627 2.62 
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3.2. Statistical Analyses 

Student’s t test indicated that the fraction of opacity in the dental pulp cavity was significantly higher in the peptide 
group than the control group (P < 0.01, Fig. 5). 

 

Figure 5 Fractions of opacity in the coronal pulp cavities of the peptide and control groups 

3.3. Tissue Samples 

In the peptide group, hard tissue was observed in the coronal pulp cavity in all teeth, and large areas of hard tissue were 
formed from the dentin wall of the coronal pulp cavity to the central and distal parts. A large fraction of normal pulp 
was observed in the distal part, and no hard tissue was found in the root. In addition, aggregation of cells with 
eosinophilic substances in polytopes was observed near the sites of hard tissue formation. Infiltration of inflammatory 
cells, such as neutrophils, was observed on the surface of exposed pulp (Figs. 6 – 9). 

 

Figure 6 Tissue samples (4×) for the peptide group after H&E staining. Hard tissue was seen at the distal part of the 
coronal pulp cavity 

C: Cavity 
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Figure 7 High-magnification view of the centrifugal part of Figure 5 (20×). Aggregation of cells with eosinophilic 
substances in polytopes was observed near the site of hard tissue formation. 

P: Pulp, NH: Newly formed hard tissue 

 

Figure 8 Tissue sample of the peptide group after H&E staining (4×). Hard tissue formation was seen at the central 
part of the coronal pulp 

C: Cavity 

 

Figure 9 High-magnification view of the central part of Figure 8 (20×). Aggregation of cells with eosinophilic 
substances in polytopes was observed near the site of hard tissue formation. 

D: Dentin, P: Pulp, NH: Newly formed hard tissue 

In the control group, we observed the formation of hard tissue that was connected to the dentin wall of the coronal pulp 
cavity just below the exposed pulp surface of all teeth. However, only slight hard tissue formation was observed on the 
dentin wall in the central part of the coronal pulp cavity. In addition, normal pulp was observed in the distal part, and 
no hard tissue was found in the root. Infiltration of inflammatory cells occurred on the surface of exposed pulp (Figs. 10 
– 13) 

 

Figure 10 Tissue sample of control group after H&E staining (4×). 

C: Cavity 
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Figure 11 High-magnification view of the central part of Figure 10 (20×). Hard tissue was formed on the floor of the 
pulp chamber 

D: Dentin, P: Pulp, NH: Newly formed hard tissue 

 

Figure 12 Tissue sample of control group after H&E staining (4×). 

C: Cavity 

 

Figure 13 High-magnification view of the central part of Figure 12 (20×). Hard tissue was formed on the floor of the 
pulp chamber. 

D: Dentin, P: Pulp, NH: Newly formed hard tissue 

4. Discussion 

EMD is used for periodontal tissue regeneration therapy, and its effectiveness is well known, including induction of hard 
tissue formation. However, EMD is a biological material extracted from the tooth germs of young pigs, which leads to 
refusal in some patients. The EMD-derived synthetic peptide used in the present study can eliminate the above-
mentioned problems. In addition, it has great potential for development from the viewpoint of its ability to induce hard 
tissue.  
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In endodontic treatment, the possibility of using EMD as a direct pulp capping material is now being investigated, 
focusing on its ability to induce hard tissue formation. However, even if EMD has potential as a direct pulp capping 
material, concerns remain about it as a biological material, and there are many issues that must be resolved for clinical 
application in endodontic treatment. The synthetic peptide used in the present study solved the greatest problem of 
EMD, and it is expected that our synthetic peptide will be clinically applicable as an alternative to EMD. 

In this study, the rat pulp was directly capped with synthetic peptide. The synthetic peptide was prepared as a white 
powder, which was dissolved in ultrapure water, mixed with propylene glycol alginate, and used in gel form. The 
concentration of the synthetic peptide was determined with reference to bone defect regeneration experiments in the 
rat periodontium reported by Noguchi et al. [12]. The optimal concentration of synthetic peptide, however, may differ 
between pulp tissue and the periodontium with regard to the formation of hard tissue. Further investigations regarding 
this point are required. 

Hard tissue regeneration ability of the synthetic peptide was evaluated by measuring the volumes of the pulp cavity and 
opacity on microfocus CT and calculating their ratio with reference to Okamoto et al. [15] and Imura et al. [16]. As 
microfocus CT was performed after removing the maxilla, it was not possible to obtain images of experimental teeth 
before surgery. Although the amount of regenerated tissue could not be estimated accurately from opacity in the pulp 
cavity, the imaged indicated the presence of regenerated tissue to some extent. 

By analysis of microfocus CT images, the ratio of the volume of opacity to the pulp cavity was shown to be significantly 
higher in the peptide group than the control group, suggesting regeneration of hard tissue. The regenerated opaque 
hard tissue was observed widely on the coronal pulp, but not on the exposed surface. This was the first study to use 
synthetic peptide for dental pulp tissue in vivo, confirming the formation of hard tissue in dental pulp tissue. This result 
is significant because clinical applicability of synthetic peptide was strongly suggested. 

Tissue samples were prepared and analyzed to investigate the dental pulp tissue and regenerated hard tissue after 
direct pulp capping with synthetic peptide. Infiltration of inflammatory cells was observed on the exposed pulp surface 
directly capped with synthetic peptide. Inflammation is not desirable. However, this may have been due to the traumatic 
effects of direct pulp capping, i.e., operational problems during demyelination with an explorer or peptide application. 
Large amounts of new hard tissue was observed after direct pulp capping with synthetic peptide not on the exposed 
pulp surface but in the dental pulp tissue just below the exposed pulp surface. Dentin bridges were not formed. This 
may have been due to inflammation on the exposed surface. In the control group, however, a small amount of newly 
generated hard tissue was found in the pulp cavity, as observed on microfocus CT images. This is characteristic of rats, 
in which hard tissue was reported to be formed 10 – 14 days after pulp treatment without the action of drugs [17 – 19]. 
In addition, aggregation of cells with eosinophilic substances in polytopes was observed near the sites of tissue 
regeneration in the peptide group. It is likely that the synthetic peptide was involved in the formation of hard tissue, 
because H&E staining indicated that the synthetic peptide had eosinophilicity. Ideally, however, the formation of a 
dentin bridge is desirable in direct pulp capping. It is possible that the dentin bridge did not form due to the properties 
of the substrate to which the synthetic peptide was applied, and/or the action of the peptide deep in the pulp due to the 
concentration used in our experiments. In addition, considering the difficulty of operation in small animals, such as rats 
used in this study, further studies to confirm the pulp reaction in large animals, such as dogs, are required. 

5. Conclusion 

The results of this study suggested that the synthetic peptide used here was involved in hard tissue formation by direct 
application in pulp capping in rats, and it may be applicable as a pulp capping material. Various issues remain to be 
investigated in future studies.  
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