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ABSTRACT

Clarification of the effect of RvD2 on 
dental pulp after pulpotomy and pulpal 
cells in rat model

AIM

STRATEGIES

In Vivo In Vitro

Resolvin D2 Promotes the Formation of 
Calcified Tissue on Pulp
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Cell culture
Medium: α-MEM (Wako) + 10 % FBS (Gibco)

Real-time PCR
mRNA extraction: PureLink RNA Mini Kit®
(Thermo Fisher)

Analyze
CT: Hitachi, Latheta LCT200
Micro CT: SkyScan1174v2; Bruker-µCT

Pulp capping agents
RvD2: Melt in 100 % ethanol (Cayman)
Ca(OH)2: LIFE® (KaVo Dental Systems)

Objective: Vital pulp therapy (VPT) has been developed to prevent infection
and inflammation of pulp for preservation due to an accidental pulp
exposure. In VPT, it is important to cover the surface of exposed pulp with
calcified tissue produced by pulp itself. Currently, although calcium
hydroxide preparations and mineral trioxide aggregate are used, these
have been concerned about biocompatibility and operability. Therefore,
Resolvin D2 (RvD2), a derivative of ω-3 fatty acids which acts as anti-
inflammatory mediator was used to resolve inflammation and promote
healing of periapical lesions (Siddiqui, 2019). It has been also reported
that RvD2 has neovascular and analgesic effects. Therefore, we assumed
that RvD2 is applicable to establish a novel VPT. The aim of in this study
is to evaluate the efficacy of RvD2 for VPT with in vivo and in vitro models.

Methods: Rats were divided into four groups; PBS, calcium hydroxide, RvD2
(1 and 10 µg/mL x 3µL). After removing coronal pulp tissue, test
substances were put on root canal orifice. The radiological (computed
tomography: CT) histological, and immunohistochemical analyses were
performed after 4 and 6 weeks. Moreover, dental pulp cells were cultured
with RvD2 (final concentration: 1, 10, and 100 nM). The expression of
TGF-β1 and VEGF mRNAs were quantified using reverse transcription-
PCR.

Results: Calcified tissue on pulp surface was clearly observed on CT images
in both RvD2 groups and calcium hydroxide group. Apical bone resorption
was not observed in all groups. The expression of GPR18, a receptor for
RvD2, was observed strongly in RvD2 groups. The expression level of
TGF-β1 and VEGF mRNAs tended to increase concentration-dependently.

Conclusions: RvD2 promoted the formation of calcified tissue on pulp
surface due to the promotion of angiogenesis and the formation of
reparative dentin. RvD2 could be a candidate for VPT therapeutics.

INTRODUCTION

MATERIALS & METHODS

• Trauma
• Cutting stimulus
• Caries

• Endodontic treatment is given to prevent 
apical periodontics.

• In addition, apical periodontics can be 
prevented if there is no infected pulp in 
the root canal.

• Therefore, living pulp is the best root 
canal filler that helps prevent apical 
periodontics. Trope M, J Endod, 2008. 

It is possible to preserve the pulp by 
applying a pulp capping agent directly 
while maintaining aseptic and sealing 
to promote the formation of the third 
dentine.

Dahl JE, et al, Endodontic Topics, 2010.

• Biocompatibility
• Promoting the formation of new dentine
• Maintaining aseptic
• Border sealing
• Anti-inflammatory effect

Conditions required for direct 
pulp capping agents

Hilton TJ, et al, Oper Dent, 2009.
Komabayashi T, et al, Oral Surg Oral Pathol Oral Radiol Endod, 2010. 

Calcium hydroxide 
and MTA cements 
are derived from the 
things that are not 
biogenous, and their 
biocompatibility is a 
problem. Arachidonic acid

ω-6 fatty acid

Eicosapentaenoic acid 
(EPA)

Docosahexaenoic acid 
(DHA)

ω-3 fatty acid

Polyunsaturated fatty acid 
(PUFA) Lipid mediator

Resolvin E

Resolvin D

Anti-inflammatory

Prostaglandin
Leukotriene

Inflammatory

Resolvin D2
（RvD2）

• RvD2 activates immunity in cecal ligation 
and puncture models.

Spite M, et al, Nature, 2009.

• RvD2 reduces neutrophil chemotaxis and 
restores normal chemotaxis of 
neutrophils after burns.

Kurihara T, et al, FASEB J, 2013.

• RvD2 reduces inflammation and 
promotes angiogenesis.

Zhang MJ, et al, Circulation, 2016.

• RvD2 is an endogenous inhibitor of 
inflammatory pain.

Park CK, J Neurosci, 2011.

RvD2 has 
anti-inflammatory, pro-angiogenic, hard tissue forming, 
and antibacterial (due to macrophage induction) effects.

RvD2 is expected to be the best material for 
pulp preservation.

• Resolvin D2 (RvD2) is a 
member of the Resolvin family.

• Resolvin is produced in the 
human body from 
polyunsaturated fatty acids 
(PUFA).

Pulpotomy model

① ② ③
Capping

Rats: SD (♂)
8 weeks old

Take pulp from 
mandibular anterior teeth

Cultivate the taking pulp cells 
Passage 3-5 times

1 day0

Cell culture
(pulp cells)

• 1.0 x 105 cells/well
(12-well plate)

• 0.5 x 105 cells/well
(24-well plate)

Real-time PCR• Addition of various  
concentration of 
RvD2
(0, 1, 10, 100 nM)

• Cell scratch

mRNA extractionCells adhere to the plate

PCR primer sets
• TGF-β1
• VEGF
• TNF-α
• DMP-1
• TRPA1

# 1 CT Analysis after 4 weeks
RvD2 10 µg/mL PBS Ca(OH)2 Untreated

Ø Hard tissue was formed in the RvD2 group and Ca(OH)2

# 2   HE staining after 6 weeks
Ø Dentine bridge was formed 

in the RvD2 group and 
Ca(OH)2 group.

Ø In the group with hard 
tissue formation, there was 
no accumulation of 
inflammatory cells near the 
root canal orifices.

# 3   mRNA level at 1 day after addition of RvD2

In Vivo

In Vitro

ØTGF-β1 and 
VEGF mRNAs 
significantly 
increased 
according to 
RvD2 
concentration. 

ØNo significant 
changes in  TNF-
α and DMP1 
mRNAs (not 
shown).

1. Select a healthy rat maxillary first molar.
2. Remove the crown pulp and do pulpotomy at the root canal orifices.
3. A pledget is soaked in the direct pulp capping agent and placed and 

placed at the root canal orifices, then lined with apatite liner (α-TCP) and 
sealed with composite resin. 

Ishimoto K, et al, PLOS ONE. 2015.

TGF-β1
VEGF

Pulp regeneration, 
hard tissue formation, 

and anti-inflammatory?

RvD2

RESULTS

In Vivo

➡ : New dentine

p<0.05 (vs. 0 nM group);  n = 3 (single assay 
in 3 independent assays from single 
donor)

One-way ANOVA and Tukey-Kramer test 

↔：Pulp exposure
➡ : Dentine bridge
D：New dentine
P：Pulp

Siddiqui YD, et al, Front Immunol, 2019.

Ø In a study using a rat model of apical periodontitis, 
RvD2 had an anti-inflammatory effect and the 
sealing of the root apex in the group that used 
RvD2 as an intracanal medicament.

Ø RvD2 promotes pulp cell calcification.
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Micro CT: n = 1 (selected from 4 samples evaluated after simple CT analyses) 

RvD2 10 µg/mL PBS Ca(OH)2 Untreated
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#1. Study on the efficacy of RvD2 using rat 
pulpotomy model

・Observation of calcified tissue formation
(simple CT & micro CT)

・Histological evaluation (HE & Immunostaining)

#2. Evaluation of anti-inflammatory and hard tissue 
forming effects of RvD2

・The mRNA expression of inflammatory and hard 
tissue formation factors (real-time PCR)

# 4  mRNA level at 1 day after scratch

Scratch

ØTNF-α mRNA level decreased at 1 nM, but it was not 
dose-dependent of RvD2. 

ØNo significant difference of TGF-β1 and VEGF mRNA 
levels, also of DMP1 mRNA (not shown).

ØTRPA1 mRNA level showed tendency of decrease at 
1 nM.

DISCUSSION

CONCLUSION

In Vitro

Ø In vivo results showed that RvD2 may have 
a pulp-preserving effect.

Ø In PCR analyses, RvD2 may promote anti-
inflammatory reactions and angiogenesis 
regeneration. In addition, RvD2 may have 
analgesic effects.

ØRvD2 induced hard tissue formation in vivo
as well as Ca(OH)2.

It is necessary to clarify the time-
dependent effects of RvD2 on the genes 
analyzed in this study in the next step.
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p<0.05 (vs. 0 nM group);  n = 3 (duplicate assay 

in 3 independent assays from single donor)
One-way ANOVA and Tukey-Kramer test 
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RvD2 seems to have a pulp-preserving effect when 
RvD2 was applied directly to the pulp surface in rat  
pulpotomy model. It may be induced by its anti-
inflammatory and angiogenesis effects, hopefully 
with analgesic effect.
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Pulpotomy
• RvD2 10 µg/mL
• PBS
• Ca(OH)2
• Untreated

Sampling
• Micro CT
• Section: HE staining
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Ø Cell scratch increased only TNF-α mRNA level.


