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Introduction 

The dentin-pulp complex is one of the main components of the tooth. The 

vitality of the dentin-pulp complex is fundamental to the functional life of the 

tooth, because it supports the defense reactions and the reparative events taking 

place in response to various noxious stimuli such as infection, exposure, trauma, or 

chemicals.  

Resident stem cell populations in dental pulp are thought to contribute to 

regeneration and reparative process. Pulpal injury might send signals to stimulate 

the stem/progenitor cells migration, proliferation, and differentiation into 

odontoblasts. Dental pulp cells (DPCs) are heterogeneous population that contains 

progenitor cells at various differentiating stages in dental pulp, which might harbor 

great potential for repair after pulp injury and tooth tissue engineering. However, 

the factors regulating the differentiation of DPCs into odontoblasts still remain 

unclear. Studies have indicated that growth factors and extracellular matrix factors 

might be key groups of molecules for modulating a variety of cellular processes 

after any dental injury. 

In many clinical situations during tooth preparation or traumatic injuries, it is 

possible to accidentally expose the dental pulp without the involvement of 

microorganisms. In these cases, direct pulp capping might be indicated for 

maintaining pulp vitality and function. Complete healing of the pulp-dentinal 

complex, which involves maintenance of pulp vitality and function and the 

restoration of dentin continuity beneath the injury, is a prerequisite for the long-

term success of direct pulp capping treatment and formation of reparative dentine 

that is facilitated by sealing the pulpal wound with a dental material. 

Many pulp capping agents have been traditionally used to promote healing in 

exposed dental pulp. The most widely used capping agents are calcium hydroxide 

and MTA. The main defects in calcium hydroxide include the porosity of the 

produced dentinal bridge, the internal tunnel structure of the dentin barrier and 

high solubility. Also poor adherence of calcium hydroxide to dentin was detected. 

Beside, inability to provide long term seal against microleakage and destroying a 

thin layer of the underlying pulp tissue (necrosis) due to its high pH. 
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MTA has been first introduced as a pulp capping agent in 1996. It demonstrated 

excellent hard tissue formation with less pulp inflammation compared with calcium 

hydroxide. Unfortunately, delayed setting time and poor handling characteristics 

including the physical and mechanical properties are considered the main 

drawbacks of MTA, for which numerous investigations have been conducted. 

Therefore there were many attempts to develop more effective pulp capping 

agents or at least improve the traditional ones. Several investigations have used 

additives for improving the handling characteristics of MTA. These studies were 

mainly in vitro and have not covered all of the physical properties of the material. 

Therefore, the relative clinical applications of MTA have remained unclear to some 

extent. As a result, the concern would always remain that additives may adversely 

affect biocompatibility and clinical applications of MTA. Examples of the additives 

that had been previously added to MTA to improve the clinical outcome include; 

calcium chloride, chlorohexidene or phosphate containing fluid. 

Another approach to improve the clinical outcome of direct pulp capping was to 

use different capping materials other than MTA or calcium hydroxide such as: 

Dentin adhesives, Tri-Calcium Phosphates, Clacitonin, Enamel matrix derivatives, 

Simvastain, Dexamethasone or Chitosan. In this study we are trying to investigate 

the effect of addition of dexamethasone, vitamin D, or chitosan to MTA used as 

pulp capping materials following pulp exposure in healthy dogs.  

Many pulp capping agents have been traditionally used to promote healing in 

exposed dental pulp. The most widely used pulp capping agents are calcium 

hydroxide and MTA. Calcium hydroxide is characterized by some drawbacks such as 

low quality adherence to dentin, persistent inflammatory reactions in pulp and the 

porous nature of the produced dentinal bridges. 

Recently, there are many pulp capping materials used in capping of exposed 

dental pulps other than calcium hydroxide or ProRoot MTA.  These materials 

include Biodentin, EndoSequence BC RRM, TheraCal LC, Endocem Zr, Endocem 

MTA, MM-MTA, Emdogaine, etc... 

The aim of this study is to evaluate the expression of mineralizing genes and 

pulpal tissue response after the addition of dexamethasone with or without 

Vitamin D or chitosan to MTA as a pulp capping material.  
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Review of literature 

 

I. Capping materials: 

 

A. Mineral trioxide aggregate (MTA): 

MTA demonstrates superior hard tissue formation with less pulp inflammation 

compared with the traditional calcium hydroxide. Regardless of its outstanding 

results in the field of pulp capping, it suffers from some disadvantages such as 

irregular arrangement of odontoblasts, inflammatory cell infiltration, and 

occasional dental pulp necrosis.  

Therefore there were many attempts to develop more effective pulp capping 

materials or at least investigate the osteogenic effect of some supplements such as 

calcium chloride, chitosan, dexamethasone or enamel matrix derivatives. 

Kuratate et al (2008). (1) Investigated the reparative and healing 

process ofmechanically exposed pulps capped with mineral trioxide aggregate (MT

A). Maxillary first molars of 8-week-old rats were MTA-capped for one to fourteen 

days, and 5-bromo-2'-deoxyuridine-labeled proliferating cells and the  

immunoreactivity for both  nestin and osteopontin were analyzed.  

MTA capping caused mild necrotic changes followed by a progressive new matrix 

formation and calcified bridging formation. Proliferating cells peaked at three days 

when matrix formation was inconspicuous. Nestin-expressing cells appeared at 

three days, were arranged beneath the newly formed matrix at 5 days, and showed 

odontoblast-like morphology by 14 days. Osteopontin immunoreactivity was 

detected just beneath the necrotic area after one day.  

These findings suggest that the pulpal responses to MTA capping involve 

proliferation and migration of progenitors followed by their differentiation into 

odontoblast-like cells, a mechanism which is basically similar to those to calcium 

hydroxide. Osteopontin might play a triggering role in the initiation of the 

pulpal reparative process. 

Chang et al (2015). (2) Analyzed the effects of different calcium silicate-based 

cements (CSCs) for pulp capping agents including MicroMega MTA (MMTA; 

MicroMega, Besanchon, France), RetroMTA (RMTA; BioMTA, Seoul, Korea), 

ProRoot MTA (PMTA; Dentsply, Tulsa, OK), and experimental CSC (ECSC) on 
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odontoblastic differentiation, in vitro angiogenesis, and the inflammatory response 

in human dental pulp cells. 

Differentiation was evaluated by alkaline phosphatase activity, alizarin red staining, 

and the reverse-transcriptase polymerase chain reaction (RT PCR) for the marker 

genes. The levels of inflammatory mediators and cytokines were measured by the 

RT-PCR and an enzyme-linked immunosorbent assay. In vitro angiogenesis was 

assessed by RT-PCR for angiogenic genes and an endothelial tube formation assay. 

PMTA, MMTA, and ECSC increased the alkaline phosphatase activity and 

mineralization nodule formation and up-regulated messenger RNA (mRNA) 

expression of the odontoblastic markers compared with RMTA. In addition, PMTA, 

MMTA, and ECSC up-regulated the mRNA of angiogenic genes in human dental pulp 

cells and increased the capillary tube formation of the endothelial cells compared 

with RMTA.  

Alshwaimi et al (2016). (3) Evaluated the response of human dental pulp to direct 

capping with betamethasone/gentamicin cream and MTA. Thirty-six human first 

premolar teeth were randomly divided into 4 groups: BG1 group (n = 9), BG 

cream with two week follow-up; BG2 group (n = 10), BG cream with 8-week follow-

up; MTA1 group (n = 8), MTA with 2-week follow-up; and MTA2 group (n = 9), MTA 

with 8-week follow-up. Teeth were extracted and examined at respective time 

intervals. Micro-computed tomography scanning and histologic analyses were 

performed for all specimens. Pulp pathology and reparative reaction were properly 

recorded. 

Both the BG cream and the MTA resulted in a significantly better pulpal response at 

8 weeks than at two weeks. Dentin bridge formation was significantly thicker in the 

MTA group at eight weeks than in any other group. Inflammation was of the acute 

type in all groups; no statistically significant differences in the distribution of 

inflammatory cells were found among the tested groups. Pulpal abscesses and/or 

necrosis were observed more often in teeth capped with BG than with that with 

MTA. 

Direct pulp capping with both BG cream and MTA was associated with dentin 

bridge. MTA resulted in a significantly better pulpal response, with a less 

inflammation and a thicker dentin bridge at 8 weeks. 

Yun et al (2016). (4) Evaluated the effect of growth hormone (GH) 

on mineral trioxide aggregate (MTA) with regard to the cell adhesion,   
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odontoblastic differentiation,and angiogenesis in human dental pulp celland the 

underlying signal pathway mechanisms. 

Cell adhesion and proliferation were assessed by the adhesion analysis and cell 

counting. Differentiation was examined by alkaline phosphatase activity, alizarin 

red staining, and the reverse transcriptase polymerase chain reaction for marker 

genes. Angiogenesis was evaluated by human umbilical vein endothelial cell 

migration and capillary tube formation assays. Signaling pathways were analyzed by 

Western blotting and florescence confocal microscopy. 

Combined treatment with GH and MTA enhanced cell adhesion, growth, alkaline 

phosphatase activity, calcified nodules, expression of marker mRNAs, migration, 

and capillary tube formation, compared with the treatment with MTA or GH alone. 

In addition, GH plus MTA increased expression of bone morphogenetic protein-2 

mRNA, phosphorylation of Smad 1/5/8, extracellular signal-regulated kinase, JNK, 

and p38 MAPK, and increased the levels of transcription factors Runx2 and Osterix, 

compared with MTA alone. 

       Daltoe et al (2016). (5) Compared cell viability of dental pulp cells treated 

with Biodentine and mineral trioxide aggregate (MTA) and the in vitro and in 

vivo expression of mineralization markers induced by the 2 materials. 

Cell viability was determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide assay, and quantitative reverse-transcriptase polymerase 

chain reaction was used to determine the gene 

expression of mineralization markers. Specimens of teeth from dogs treated 

with Biodentine and MTA after pulpotomy were used to determine the presence of 

osteopontin and alkaline phosphatase by immunohistochemistry and runt-related 

transcription factor 2 by immunofluorescence test. 

No significant differences in cell viability were found between MTA 

and Biodentine extracts and the controls after 24 and 48 hours. After 48 hours, 

osteopontin (SPP1), alkaline phosphatase (ALP), and runt-related transcription 

factor 2 (RUNX2) expression was remarkably higher in MTA and Biodentine than in 

controls. Alkaline phosphatase staining of a mineralized tissue bridge was 

significantly different between materials, but no difference in the alkaline 

phosphatase staining of pulp tissue was found between MTA and Biodentine.  

Cintra et al (2017). (6) Evaluated the cytotoxicity, biocompatibility, and 

biomineralization of MTA HP compared with that of white MTA-Ang. A significant 

increase in cell viability for MTA HP was observed after 24, 48, and 72 hours 
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compared with the included control. At 72 hours, MTA HP exhibited a higher 

viability compared with white MTA-Ang. Histologic analysis performed at 7 days 

showed moderate inflammation and a thick fibrous capsule in all the groups. At 

30 days, mild inflammation and a thin fibrous capsule were observed in all groups. 

All materials had structures positive for von Kossa and birefringent to polarized 

light. Therefore MTA HP showed good biocompatibility and biomineralization 

similar to MTA-Ang. In addition, MTA HP showed increased fibroblast cell viability 

compared with white MTA-Ang after a longer period. 

Hanafy et al (2018). (7) Focused on the assessment of the role of two commonly 

used biomaterials namely; mineral trioxide aggregate (MTA) and nano hydroxy-

apatite as promoters of odontogenic differentiation of dental pulp stem cells 

(DPSCs). DPSCs were isolated, cultured in odontogenic media and divided into three 

groups; control group, MTA group and nanohydroxyapatite group. Odontogenic 

differentiation was assessed by tracing genes characteristic of different stages of 

odontoblasts via qRT-PCR. Calcific nodules formation was evaluated by Alizarin red 

staining. Both MTA and nanohydroxyapatite were capable of enhancing 

odontogenic differentiation of DPSCs, while nanohydroxyapatite was found to have 

a higher promoting effect. 

 

B. Dexamethasone: 

Cheng et al (1994). (8) Human bone marrow stromal cells were tested for their 

osteogenic potential in an in vitro cell culture system. Dexamethasone (Dex) 

treatment induced the morphological transformation of these cells from an 

elongated to a more cuboidal shape, increased their alkaline phosphatase activity 

and cAMP responses to PTH and prostaglandin E2, and was essential for the 

mineralization of the extracellular matrix.  

Dex-induced differentiation of human bone marrow stromal cells was apparent 

after 2-3 days of treatment and reached a maximum at 7-14 days, as judged by 

alkaline phosphatase activity, although induction of osteocalcin by 1,25-

dihydroxyvitamin D3 was increased by Dex. Withdrawal of Dex resulted in an 

enhancement of the 1,25-dihydroxyvitamin D3-induced secretion of osteocalcin, 

whereas alkaline phosphatase activity and the cAMP response to PTH remained at 

prewithdrawal levels. The steady state mRNA expression level of osteonectin was 

not affected by Dex.  
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Alliot-Licht et al (2005).(9) Investigated the effects of dexamethasone, a 

synthetic glucocorticoid employed to induce osteogenic differentiation in vitro, in a 

previously reported model of human dental pulp cultures containing pericytes as 

shown by their expression of smooth muscle actin (SMA) and their specific 

ultrastructural morphology. Our data indicated that Dex (10(-8) M) significantly 

inhibited cell proliferation and markedly decreased the proportion of the SMA-

positive cells. Conversely, Dex strongly stimulated alkaline phosphatase (ALP) 

activity and induced the expression of the transcript encoding the major 

odontoblastic gene marker, dentin sialophosphoprotein.  

Nevertheless, parathyroid hormone/parathyroid hormone-related peptide 

receptor, core-binding factor a1/osf 2, osteonectin, and lipoprotein lipase mRNA 

expression levels were not modified by the Dex treatment. The Dex also increased 

the proportion of cells expressing STRO-1, a marker of multipotential mesenchymal 

progenitor cells. These observations indicate that glucocorticoids regulate the 

commitment of progenitors derived from dental pulp cells to form odontoblast 

like cells, while decreasing the proportion of SMA-positive cells.  

Sirasawasdi and Pavasant (2007).(10) Examined the effects 

of dexamethasone on human pulp cells in presence of TGF-beta1. TGF-beta1 

resulted in the increased expression and synthesis of 

both fibronectin and nerve growth factor (NGF). 

On the contrary dexamethasone stimulated fibronectin synthesis but 

inhibited the NGF expression. The application of both TGF-beta1 

and dexamethasone resulted in an additional effect on fibronectin. 

Dexamethasone inhibited the TGF-beta1-induced NGF expression, therefore the 

Dexamethasone promotes fibronectin synthesis and suppresses NGF secretion, 

suggesting that this reagent could be used clinically to reduce pain and 

promote the dental pulp tissue healing. 

Moretti et al (2017). (11)  Evaluated the osteoinductive effect of DEX 

administered as a preoperative medication in primary cell culture of human dental 

pulp stem cell. Cells from the third molar pulp were divided into two experimental 

groups, each with two preoperative medication protocols used in dental practice 

and differentiated by the intake of DEX in one of them. The assessment of 

proliferation, differentiation and viability through trypan blue, methylthiazol 

tetrazolium, and von Kossa and alizarin red assays, respectively, were held within 

fixed intervals: 7, 14, 21 and 28 days. This study has shown that DEX may 

influence in vitro human dental pulp stem cell behavior. 
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C. Vitamin D: 

Ritchie et al (2004). (12) Tested the effects of dexamethasone, vitamin A or 

vitamin D on osteopontin (OPN), dentin sialoprotein (DSP-PP), and collagen type I 

expression in pre-mineralization and mineralization stage rat tooth organ cultures 

which mirror in vivo developmental patterns. 1,25-Dihydroxyvitamin D3 up-

regulated OPN, but had no effect on DSP-PP mRNA expression. Vitamin A up-

regulated DSP-PP expression as did dexamethasone. Dexamethasone also up-

regulated collagen the type I expression.  

The results suggested that 1,25-dihydroxyvitamin D3 does not modulate dentin 

mineralization by directly affecting the DSP-PP expression. Vitamin A likely 

contributes to dentin mineralization by up-regulating DSP-PP expression. Finally, 

the up-regulation of DSP-PP expression in tooth germ cultures treated with 

dexamethasone suggests that its application to patient's dental pulp might 

promote increased extracellular matrix synthesis and mineralization in the pulp and 

may explain the narrowing phenomenon of the dental pulp cavity in patients 

undergoing long-term dexamethasone administration. 

Tonomura et al (2007). (13) Investigated in this study the most efficient 

methods for deriving the pulpal odontoblasts from 

cultured human and porcine dental pulp cells were investigated with special 

attention to the differences between the species. Cultured human cells showed  

low alkaline phosphatase (ALP) activity in presence of dexamethasone (Dex) and 

beta-glycerophosphate (beta-Gly).  

In contrast, the addition of 1,25-dihydroxyvitaminD(3) (VitD3) significantly 

increased ALP activity. In porcine cells, beta-Gly alone or a combination of Dex and 

beta-Gly significantly improved the ALP activity; however, addition of VitD3 

reduced this activity. RT-PCR and Western blotting analysis showed that 

combination of three induction reagents on human cells significantly upregulates 

the expression of osteocalcin mRNA, and dentin sialoprotein. Therefore the authors 

proposed that the combination of Dex, beta-Gly, and VitD3 is critical for 

differentiation of human dental pulp-derived cells into functioning odontoblasts. 

  Khanna-Jain et al (2010). (14)  Investigated in this study the effects of the 

vitamin D(3) metabolites 1α,25(OH)(2)D(3) and the 25-hydroxyvitamin D(3) 

(25OHD(3)) on the cell proliferation and osteogenic differentiation of hDPCs and 

hDFCs in vitro. We also examined whether vitamin D(3) metabolic enzymes were 

regulated in hDFCs and hDPCs. Cell proliferation was reduced by 

both metabolites in hDPCs and hDFCs.  
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Vitamin D(3) metabolites increased ALP activity and induced mineralization 

when osteogenic supplements (OS; l-ascorbic acid-2-phosphate+β-

glycerophosphate) were added, though the expression of osteocalcin (OC) and 

osteopontin (OPN) were regulated without addition of OS. CYP24 and CYP27B1 

expressions were upregulated by vitamin D(3) metabolites and 25OHD(3) was 

converted into 1α,25(OH)(2)D(3) in culture medium. These results confirm that 

1α,25(OH)(2)D(3) (10 and 100 nM) and 25OHD(3) (500 nM) can be used 

as osteogenic inducers synergistically with the osteogenic supplements 

for differentiation of hDPCs and hDFCs.  

Woo et al (2015). (15) Evaluated the effect of vitamin D3 metabolite, 

1α,25(OH)2D3, on odontoblastic differentiation in the HDPCs. HDPCs extracted 

from maxillary supernumerary incisors and third molars were directly cultured with 

1α,25(OH)2D3 in absence of differentiation-inducing factors. Treatment of HDPCs 

with 1α,25(OH)2D3 at a concentration of 10 nM or 100 nM significantly 

upregulated the expression of dentin sialophosphoprotein (DSPP) and dentin 

matrix protein1 (DMP1), the odontogenesis-related gene markers.  

Also, 1α,25(OH)2D3 enhanced the alkaline phosphatase (ALP) activity and 

mineralization in the HDPCs. In addition, 1α,25(OH)2D3 induced activation of 

extracellular signal-regulated kinases (ERKs), whereas the ERK inhibitor U0126 

ameliorated the upregulation of DSPP and DMP1 and decreased the mineralization 

enhanced by 1α,25(OH)2D3. These results demonstrated that 1α,25(OH)2D3 

promoted odontoblastic differentiation of HDPCs through modulating ERK 

activation. 

 

D. Chitosan: 

Xu and Simon (2005). (16) Developed strong and macroporous calcium 

phosphate cement (CPC) scaffolds by incorporating chitosan and water-soluble 

mannitol, and to examine the biocompatibility of the new graft with osteoblast cell 

line and an enzymatic assay. The flexural strength of CPC-chitosan composite at a 

powder:liquid ratio of 2 was significantly higher than the CPC control without 

chitosan. At a powder:liquid ratio of 3.5, CPC-chitosan was significantly higher than 

that in CPC control. 

Scaffolds possessed total pore volume fractions ranging from 42.0% to 80.0%, and 

macroporosity up to 65.5%. At total porosities of 52.2-75.2%, the scaffold had 

strength and elastic modulus values similar to those of the sintered porous 
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hydroxyapatite and cancellous bone. Osteoblast mouse cells (MC3T3-E1) were able 

to adhere, spread and proliferate on CPC-chitosan specimens. Therefore, the two 

to three times increase in strength may help extend the use of CPC to bigger repairs 

in moderately stress-bearing locations. 

Matsunaga et al (2006). (17) Evaluated the applicability 
of chitosan monomer (D-glucosamine hydrochloride) as a pulp capping agent. After 
3 days of osteoblast culture, alkaline phosphatase (ALP) activity significantly 
increased in chitosan group. Reverse transcription polymerase chain reaction 
analysis revealed that chitosan induced an increase in the expression of ALP mRNA 
after 3 days and bone morphogenetic protein-2 mRNA after 7 days of osteoblast 
incubation. Inflammatory cytokine, interleukin (IL)-8, synthesis in fibroblasts was 
strongly suppressed in the medium supplemented with the chitosan monomer. 
Histopathological effects were evaluated only in rat experiments.  

After 1 day, inflammatory cell infiltrations were observed to be weak when 
compared with the application of chitosan polymer. After 3 days, a remarkable 
proliferation of fibroblasts was seen near the used chitosan monomer. The 
inflammatory cell infiltration had almost completely disappeared. After five days, 
the fibroblastic proliferation progressed, and some odontoblastic cells appeared at 
the periphery of the proliferated fibroblasts. These findings indicate that the 
present study is the first report that chitosan monomer acts as a biocompatibility 
stable medicament even at the initial stage of wound healing in comparison with 
the application of the chitosan polymer. 

     Guzmán-Morales et al (2009). (18) Tested the hypotheses that the addition 
of chitosan to the media of human bone marrow stromal cell  
stimulates osteogenesis by promoting osteoblastic differentiation and by favoring 
the release of angiogenic factors in vitro. Confluent BMSCs were cultured for 3 
weeks with 16% fetal bovine serum, ascorbate-2-phosphate and disodium beta-
glycerol phosphate, in the absence or presence of dexamethasone, an anti-
inflammatory glucocorticoid commonly used as an inducer of BMSC osteoblast 
differentiation in vitro. Dexamethasone slowed cell division, stimulated alkaline 
phosphatase activity and enhanced matrix mineralization. 
Added chitosan particles accumulated intra- and extracellularly and, while not 
affecting most osteogenic features, they inhibited osteocalcin release to the media 
at day 14 and interfered with mineralized matrix deposition. 

Interestingly, dexamethasone promoted cell attachment and suppressed the 
release and activation of the matrix metalloprotease-2 (MMP-2). While the 
chitosan particles did not have an effect on the release 
of angiogenic factors, dexamethasone significantly inhibited the release of vascular 
endothelial growth factor (VEGF), granulocyte-macrophage colony 
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stimulating factor (GM-CSF), tumor necrosis factor-alpha (TNF-alpha), interleukins 
1beta, 4, 6, and 10 (IL-1beta, IL-4, IL-6, IL-10), and a host of other inflammatory 
factors that were constitutively secreted by the BMSCs.  

Lee et al (2010). 
(19)

   Investigated the effects of calcium phosphate cements 
on the mechanical properties, growth, and odontoblastic differentiation in HDPCs 
compared with Portland cement (PC) and mineral trioxide aggregate (MTA). 

The setting time for CPC-Ch was 7.5 minutes, which was significantly less than the 
8.6 minutes for the CPC. On the seventh day of immersion, the compressive 
strength of CPC-CH reached 13.1 MPa, which was higher than 10.8 MPa of CPC. CPC 
and Ch-CPC-treated cells showed decreased cell proliferation  

Also, increased the levels of ALP activity, enhanced mineralized nodule formation, 
and upregulated odontoblastic markers messenger RNA including osteonectin, 
osteopontin, bone sialoprotein, dentin matrix protein-1, matrix extracellular 
phosphoglycoprotein, and dentin sialophosphoprotein (DSPP), compared with that 
in untreated control. The response of CPC and CP-CPC were similar to that of PC 
and MTA. However, the adhesion, growth, and differentiation in Ch-CPC-
treated cells were similar to that in the CPC. 

Rakkiettiwong et al (2011). (20) examined the effect of BIO-GIC 
with added TGF-β1 on pulp cells. Cell proliferation was determined by MTT assay at 
2 time periods (each period lasting 3 days). Pulp cell differentiation was examined 
by alkaline phosphatase activity and also by cell mineralization, which was 
measured by calculating the area of mineralization with the von Kossa staining. The 
percentage of viable cells of GIC+TGF-β1 group was the highest after the first 
period. This might suggest an initial rapid release of TGF-β1 from GIC. After the 
second period, BIO-GIC, BIO-GIC+TGF-β1, and GIC+TGF-β1 had more than 90% cell 
survival. It was significantly greater than GIC. There was no significant difference in 
alkaline phosphatase activity. BIO-GIC+TGF-β1 had the highest mineralization area 
during 21 days. 

Soares et al (2018). (21)  Aimed at the development of a cell-free tissue 
engineering system through testing a chitosan scaffold (CHSC) that released 
bioactive concentrations of simvastatin. They performed a dose-response assay to 
select the bioactive dose of SIM capable of inducing an odontoblastic phenotype 
in dental pulp cells (DPCs); after which they evaluated the synergistic effect of this 
dosage with the CHSC/DPC construct. SIM at 1.0 μmol/L (CHSC-SIM1.0) and 
0.5 μmol/L were incorporated into the CHSC, and cell viability, adhesion, and 
calcium deposition were evaluated.  

 This drug was capable of strongly inducing an odontoblastic phenotype on 
the DPC/CHSC construct and  induced the migration of DPCs from a 3-dimensional 
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culture to its surface as well as stimulated significantly higher expressions of 
alkaline phosphatase, collagen type 1 alpha 1, dentin matrix acidic phosphoprotein 
1, and dentin sialophosphoprotein on 3-dimensional-cultured DPCs than on those 
in contact with CHSC  

 

II Genes responsible for odontoblastic differentiation: 

Dentin sialophosphoprotein (DSPP), Osteocalcin (OC), Osteonectin (ON), 

Osteopontin (OP), Bone sialoprotein (BSP) and matrix extracellular 

phosphoglycoprotein (MEPE), etc. Therefore we can accurately measure the 

mineralizing ability of different capping materials in vivo or in vitro by the use of 

molecular biology through the detection of the level of expression of the 

odontoblastic differentiation gene markers.  

Our study analyzed the expression of 2 important mineralizing genes; Dentin 

sialophosphoprotein (DSPP) and matrix extracellular phosphoglycoprotein (MEPE). 

A. Dentin sialophosphoprotein (DSPP):  

This gene encodes a member of the small integrin-binding ligand N-linked 

glycoprotein (SIBLING) family of proteins. The encoded preproprotein is secreted by 

odontoblasts and proteolytically processed to generate two principal proteins of 

the dentin extracellular matrix of the tooth, dentin sialoprotein and dentin 

phosphoprotein. These two protein products may play distinct but related roles in 

the dentin mineralization. 

Dentin sialophosphoprotein (DSPP) is mainly expressed in the odontoblasts and 

is generally known as a differentiation marker of dental pulp cells into odontoblasts 
(22, 23). However, it is also known to be expressed in many other tissues at a very low 

level (24). 

This gene encodes two principal proteins of the dentin extracellular matrix of 

the tooth. It is thought to be involved in the biomineralization process of dentin as 

the induction of DSPP expression in dental pulp cells might lead to prompt 

calcification of dentin. The DSPP gene product, phosphophoryn, is a 

hyperphosphorylated protein that accounts for approximately 50% of the 

noncollagenous protein in dentin (25,26). 

B. Matrix extracellular phosphoglycoprotein (MEPE): 

http://www.ncbi.nlm.nih.gov/gene/56955
http://www.ncbi.nlm.nih.gov/gene/56955
http://www.ncbi.nlm.nih.gov/gene/56955
http://www.ncbi.nlm.nih.gov/gene/56955
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Matrix extracellular phosphoglycoprotein (MEPE), also called 

osteoblast/osteocyte factor 45 (OF45), was first isolated from the tumors 

associated with hypophosphatemic osteomalacia. As a new member of the small 

integrin binding ligand N-glycosylated (SIBLING) family of extracellular matrix 

proteins, similar to other SIBLING proteins including osteopontin (OPN), dentin 

matrix protein 1 (DMP-1), bone sialoprotein (BSP), and dentin sialophosphoprotein 

(DSPP), MEPE gene is believed to be multifunctional, playing roles in the cell 

signaling, mineral homeostasis, and mineralization (27). 

MEPE is expressed in bone during the proliferation and early-maturation phases 

by fully differentiated osteoblasts, with the maximal expression during 

mineralization (28). It is also expressed in immature odontoblasts and becomes 

down-regulated on odontoblastic differentiation (29). 

The mid-terminal fragment of MEPE (dentonin) has been found to enhance the 

proliferation of human bone marrow stromal cells and stimulate new bone 

formation (30) and the dental pulp repair (31). 

III Expression of odontoblastic differentiation genes by PCR : 

Siggelkow et al (2004). (32) Studied the time and maturation-dependent 

expression of MEPE in two human osteoblast culture systems, the osteosarcoma 

cell line HOS 58 and primary trabecular osteoblasts. Cells were cultured for up to 29 

days, and the effect of beta-glycerophosphate (bGP), ascorbate, transforming 

growth factor beta (TGF-beta), BMP-2, and dexamethasone was studied.  

HOS 58 cells showed no significant effect on MEPE gene expression up to 5.0 mM, 

but a significant inhibition was showed at 10 and 20 mM, when osteocalcin (OC) 

expression was maximal. Under the same conditions, primary human 

osteoblasts showed no effect on MEPE gene expression level. 

 However, when cultured in presence of 5 mM beta-glycerophosphate, ascorbate, 

and dexamethasone for 29 days, which are similar conditions to those described by 

Owen in his differentiation model in rat osteoblasts, a progressive inhibition of 

MEPE gene expression to 20% of the maximum was detected. Increasing the 

osteocalcin expression indicating advancing differentiation.  
          Saito et al (2004). (33) Studied the ability of one of the stimulating 

factor, bone morphogenetic protein-2, in order to promote or accelerate 

the differentiation of human dental pulp stem cells into odontoblasts. The number 
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and morphology of cells between the groups treated with 0 and 100 ng/ml of the 

human recombinant bone morphogenetic protein-2 (rhBMP-2) did not significantly 

differ. However, ALPase activity (a marker for biomineralization) in the group 

stimulated with the rhBMP-2 was more than double that of the control group. Then 

the expression of the mRNA was measured encoding the dentin 

sialophosphoprotein (DSPP) which is a gene marker of the odontoblasts  in rhBMP-

2-stimulated human pulp cells using a quantitative polymerase chain reaction.  

The expression of the DSPP mRNA in cells stimulated for 1 day by 1000 ng/ml of 

rhBMP-2 was approximately 20-fold and 5-fold higher than that by stimulated by 10 

and 100 ng/ml, respectively.  

These results and findings might show that the rhBMP-2 promoted 

the differentiation of human dental pulp cells into odontoblasts but did not affect 

the cell proliferation, suggesting that rhBMP-2 may have therapeutic utility in the 

vital pulp therapy. 

Ye et al (2006). (34) Examined the expression of hepatocyte growth factor 

HGF in human dental pulp cells (DPCs) in vitro. Hepatocyte growth factor (HGF) is 

mesenchymal-derived growth factor acting through a transmembrane tyrosine 

kinase receptor, c-met. HGF has multiple influences on different cells. However, its 

function in the dentinogenesis remains still unclear. In this study, the expression 

of HGF in human dental pulp cells (DPCs) in vitro was studied by the 

immunostaining and the real time polymerase chain reaction RT-PCR. The effect 

of HGF on DPCs proliferation was determined by MTT, while its effect on cell 

differentiation was analyzed using ALPase activity, and further confirmed with ALP 

and DSPP mRNA and the protein expression. Immunostaining revealed that the 

HGF was found mainly in the the cytoplasm of DPCs.  

The RT-PCR analysis showed that both the HGF and c-met were expressed from the 

dental pulp stem cells (DPCs). Exogenous addition 

of HGF enhanced proliferation and differentiation of the DPCs by up-regulating 

CREB, ELK-1, and PPAR-gamma. U0126, an ERK/MAPK inhibitor, inhibited the 

effects of the HGF on the DPCs. These results suggested that HGF stimulated 

both proliferation and differentiation of DPCs, at least partially through the 

ERK/MAPK pathway. 

Min et al (2007). (35) Examined the cellular effects of the Portland cement on 

cultured human pulp cells. Using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay, no cytotoxicity was observed in 

the Portland cement group in comparison with the negative control group, whereas 



66 
 

the glass ionomer cement, the intermediate restorative material, and Dycal groups 

showed a survival rate of less than 40% at 12 hours.  

The scanning electron microscopy examinations showed 

that human pulp cells attached to the Portland cement were flat and had numerous 

cytoplasmic extensions. In groups in which other materials were used, a few 

rounded cells were observed on the material but no living cells were observed. The 

expression of both osteonectin and the dentin sialophosphoprotein mRNAs was 

induced in the Portland cement-treated group. These results suggest that the 

Portland cement is biocompatible, allows the expression of mineralization-related 

genes on cultured human pulp cells, and has the potential to be used as a 

proper pulp-capping material. 

Tani-Ishii et al (2007). (36) Described the cytotoxicity of MTA and how it 

affects the expression of bone extracellular matrix protein in the MC3T3-

E1 osteoblast cells. This study quantified the cytotoxicity of MTA, amalgam, and 

Dycal (Dentsply/Caulk, Milford, DE) on MC3T3-E1 cells by measuring the ability 

of cells to cleave a tetrazolium salt to produce formazan dye during a period 

ranging from 24, 48, or 96 hours. The reverse-transcriptase polymerase chain 

reaction with primer was used and set for type I collagen, osteocalcin, 

and bone sialoprotein to measure the gene-expression response of MC3T3-

E1 cells treated with MTA.  

MTA, amalgam, and Dycal were less toxic somehow after 48 hours. MC3T3-E1 cell 

growth with MTA and Dycal was greater than nonstimulated controls. MTA caused 

an upregulation of the type I collagen and osteocalcin messenger 

RNA expression after 24 hours. These results showed that, in the presence of 

MTA, cells can grow faster and produce more mineralized matrix gene expression in 

osteoblasts. 

Yasuda et al (2008). (37) Examined and demonstrated 

the effect of mineral trioxide aggregate (MTA) on the cell viability 

and mineralization ability of rat dental pulp cells. Pulp capping materials, such as 

the MTA, Dycal (Dentsply Caulk, Milford, DE), and Superbond C&B (SB; Sun Medical, 

Shiga, Japan) were placed on transwell inserts and cultured 

with rat dental pulp cells.  

MTA and SB exhibited no cytotoxicity, whereas almost all cells had died after 72 

hours of culture with the Dycal. MTA significantly stimulated mineralization by 60% 

compared with that in control. MTA and Dycal significantly upregulated by 2 fold 

the level of bone morphogenetic protein (BMP)-2 messenger RNA expression 
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compared with the control. Furthermore, MTA increased BMP-2 protein production 

by about 40%, whereas Dycal significantly reduced it.  

Although MTA and Dycal increased the concentration of extracellular calcium by 

about 0.4 mmol/L, SB had no effect on that. These results suggest that the BMP-2 

may play an important role in mineralization stimulated by MTA. 

      Min et al (2008). (38) Evaluated the pulpal response to direct capping with 

either mineral trioxide aggregate (MTA) or calcium hydroxide (CH) cement in 

humans, with a focus on new hard tissue formation (dentin bridge) 

and dentin sialoprotein (DSP)and heme oxygenase1  (HO-1) gene expression.  

Direct pulp capping was performed in twenty cases of caries-free human third 

molars. The pulps were exposed and capped with either MTA or hard-setting CH. 

After 2 months, the teeth were extracted, and the specimens were prepared for 

the histologic and immunohistochemical evaluations. Histologically, 100% of the 

MTA group and 60% of the CH group developed good dentin bridges.  

The mean thickness of the dentin bridges observed in the MTA group was 

statistically greater than that found in CH group. In addition, DSP and HO-1 were 

expressed in the odontoblast-like cells and pulp fibroblasts beneath 

the dentin bridge; furthermore, significantly greater immunostaining was detected 

in the MTA group than in the CH group. Collectively, these results indicate that MTA 

is superior to CH in inducing the dentinogenic process in human pulp capping. 

Min et al (2009). (39) Investigated whether if the 

radiopaque Portland cement (RPC) facilitates the mineralization process in human 

dental pulp cells compared with pure Portland cement (PC).  

Under the scanning electron microscope (SEM), cellular morphology was 

evaluated. Alkaline phosphatase (ALP) activity was analyzed, and nodule formation 

was tested by performing the Alizarin Red S staining. In addition, the mRNA 

expressions of mineralization-related proteins were evaluated by performing real-

time polymerase chain reaction. 

On the SEM evaluation, healthy HDPCs were found to be adhering to the surfaces 

of PC and RPC. The ALP activity increased in the PC and RPC groups compared with 

the control group at 1 day. Alizarin Red stain increased in the PC and RPC groups 

compared with the control group at 2 and 3 weeks. The mRNA expression of the 

dentin sialophosphoprotein increased at 14 days in PC and RPC groups. 
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These results show that PC and RPC have similar effects in terms 

of mineralization and suggest that the RPC also has the potential to be used as a 

clinically suitable pulp-capping material. 

Min et al (2009). (40) Investigated the potential and effectiveness 

of enamel matrix derivative (EMD) and mineral trioxide aggregate (MTA) in 

inducing differentiation of human dental pulp cells into odontoblast-like cells in 

vitro. 

The effects of MTA and EMD on odontoblastic differentiation were indexed by 

alkaline phosphatase (ALP) activity and the expression 

of odontoblastic/osteoblastic markers, as determined by the reverse-transcription 

polymerase chain reaction analysis. Mineralization was also evaluated by the 

staining of calcium deposits with Alizarin red. Cells were treated with a combination 

of MTA and EMD or with MTA alone. 

Compared with the MTA-treated cells on day 3, MTA/EMD-treated cells exhibited 

significantly greater increases in ALP activity and in dentin sialophosphoprotein and 

bone sialoprotein expression. The mineralization was significantly greater on day 7 

in MTA/EMD-treated cells than in MTA-treated cells. 

Okamato et al (2009). (41) Stated that simvastatin can induce the odontogenic 

differentiation of the human dental pulp cells. Statin, 3-hydroxy-3-methylglutaryl 

coenzyme A reductase inhibitor is known to promote the bone formation. This 

study used cell proliferation assay, cell cycle analysis, quantitative reverse 

transcriptase polymerase chain reaction (RT-PCR) and in vivo transplantation to 

examine the effects of simvastatin on human dental pulp stem cells (DPSCs) in 

vitro and in vivo. 

Simvastatin at 1 μmol/L was able to significantly suppress the proliferation of the 

DPSCs without inducing apoptosis. Quantitative RT-PCR revealed both osteocalcin 

and dentin sialophosphoprotein to be significantly up-regulated when the DPSCs 

were cultured with simvastatin in comparison to the bone morphogenetic protein-2 

treatment. The in vivo transplantation data showed that simvastatin treatment 

promoted the mineralized tissue formation. Taken together, these results suggest 

that statin might be an ideal active ingredient to speed up the differentiation of 

DPSCs. 

Kim et al (2010). (42)  Investigated the changes in gene expressions related to 

mineralization when mineral trioxide aggregate (MTA) is applied in vitro to human 
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dental pulp cells (HDPCs). MTA in a Teflon tube (diameter 10 mm, height 2 mm) 

was applied to the HDPCs. Empty tube-applied HDPCs were used as a negative 

control. Total RNA was extracted at 6, 24, and 72 hours after MTA application for 

the microarray analysis. The results were confirmed selectively by performing the 

reverse transcriptase-polymerase chain reaction for genes that showed changes of 

more than 2-fold or less than half. 

109 genes were up-regulated more than two-fold (eg, THBS1, VCAN, BHLHB2, FN1, 

COL10A1, TUFT1, and HMOX1), and 69 genes were down-regulated below 50% (eg, 

DCN, SOCS2, and IL8). These results suggest that rather than being a bio-inert 

material, MTA affects the pulp cells in various ways. MTA appears to affect 

mineralization and induces a slight inflammation and protective role against slight 

inflammation. 

Lin et al (2011). (43) Investigated the role of Krüppel-like factor 4 

(KLF4) in odontoblastic differentiation of human dental pulp cells (hDPCs). 

Human dental pulp cells were treated with odontoblastic induction 

medium. Odontoblastic differentiation was determined by detection of alkaline 

phosphatase (ALPase) activity and the expression of mineralization-related genes 

including ALP, dentin sialophosphoprotein (DSPP), and dentin matrix protein-1 

(DMP-1).  

Also, cell proliferation ability was examined by using the 5-ethynyl-2'-deoxyuridine 

(EdU) incorporation assay. Simultaneously, messenger RNA and protein levels 

of KLF4 were detected. pKLF4-IRES2-EGFP plasmid encoding full-length KLF4 was 

constructed to overexpress KLF4, and biologic effects of KLF4 on hDPCs were 

investigated by the evaluation of ALPase activity and the detection of ALP, DSPP, 

and DMP-1 expression and analysis of the cell proliferation ability. 

The alkaline phosphatase activity and the expression 

of odontoblastic differentiation markers progressively increased in hDPCs cultured 

with odontoblastic induction medium. Meanwhile, proliferation ability decreased in 

this procedure; messenger RNA and protein levels of KLF4increased significantly on 

day 5 after the odontoblastic induction of hDPCs and kept increasing until day 14. 

hDPCs showed up-regulated activity of ALPase and the expression of 

mineralization-related genes, including ALP, DMP-1, and dentin sialoprotein (DSP), 

after the KLF4 overexpression. Besides, the proliferation ability of the hDPCs 

decreased significantly in the KLF4 overexpression group by EdU incorporation 

assay. 
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Chen et al (2016). (44) Found that high-molecular-weight HA enhanced 

early mineralization of dental pulp cells mediated via the CD44. The effects of high-

molecular-weight HA on differentiation and mineral deposition 

of dental pulp cells were tested by using the alkaline phosphatase (ALP) activity 

assay and alizarin red S staining.  

Osteogenesis real-time polymerase chain reaction array, quantitative polymerase 

chain reaction, and Western blotting were performed to identify downstream 

molecules involved in the mineralization induction of the HA. CD44 was knocked 

down and examined to confirm whether the mineralization effect of HA was 

mediated by receptor CD44. 

Immunohistochemistry was used to understand localization patterns of CD44 and 

the identified downstream proteins in vivo. Pulse treatment of HA enhanced ALP 

activity and mineral deposition in dental pulp cells. Tissue-nonspecific ALP, bone 

morphogenetic protein 7 (BMP7), and type XV collagen (Col15A1) were 

upregulated via the HA-CD44 pathway in vitro. Immunohistochemistry of the tooth 

sections showed that the staining pattern of BMP7 was very similar to that of CD44. 

        Woo et al (2016). (45) Tested the effect of the combination of MTA and platelet 

rich fibrin PRF on odontoblastic maturation in HDPCs. The HDPCs extracted from 

third molars were directly cultured with MTA and PRF extract 

(PRFe). Odontoblastic differentiation of HDPCs was evaluated by measuring the 

alkaline phosphatase (ALP) activity, and the expression of odontogenesis-related 

genes was detected using the reverse-transcription polymerase chain reaction or 

Western blot. Mineralization formation was assessed by alizarin red staining. 

HDPCs treated with MTA and PRFe significantly up-regulated the expression of 

dentin sialoprotein and dentin matrix protein-1 and enhanced ALP activity and the 

mineralization compared with those with MTA or PRFe treatment alone. 

The combination of MTA and PRFe induced the activation of bone morphogenic 

proteins (BMP)/Smad, whereas LDN193189, the bone morphogenic protein 

inhibitor, attenuated dentin sialophosphoprotein and dentin matrix protein-1 

expression, ALP activity, and the mineralization enhanced by MTA and PRFe 

treatment. 

Therefore, combination of MTA and PRF had a synergistic effect on the stimulation 

of odontoblastic differentiation of HDPCs via the modulation of 

the BMP/Smad signaling pathway. 
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Suzuki et al (2018). (46) Aimed to histologically evaluate wound healing of 

exposed human pulp on direct pulp capping using super-pulsed CO2 laser pre 

irradiation. In this single-blind clinical trial, 28 third molar teeth of 17 volunteers 

were randomly capped with either CO2 laser irradiation (n=14) or Dycal (calcium 

hydroxide cement; n=14) and restored using resin composite. The laser was 

operated in super-pulsed mode (pulse duration, 0.2 ms; interval, 5.8 ms; 0.003 

J/pulse). The irradiation conditions were a power output of 0.5 W, an irradiation 

time of 15 seconds, repeat mode (10-ms irradiation and 10-ms intervals, for a total 

beam exposure time of 7.5 seconds), total applied energy of 3.75 J, and an 

activated air-cooling system. Each tooth was extracted at six or 12 months.  

There were no differences between groups for all parameters at each 

postoperative period. CO2 laser irradiation completely controlled bleeding and 

exudate from the exposed pulp. The CO2 laser group had a tendency to delay RDF 

compared with the Dycal group, but 4 of 7 teeth from the CO2 laser group showed 

a complete dentin bridge at 12 months. 

 

 

 

 

IV. Histological evaluation of exposed dental pulps capped by different 

capping materials. 

Faraco and Holland (2001) (47) observed the response of dogs' dental 

pulp to mineral trioxide aggregate (MTA) and a calcium hydroxide cement when 

used as pulp capping agents. After the pulps of 30 teeth were mechanically 

exposed, they were capped with either MTA or calcium hydroxide cement. 

Histological analysis was performed 2 months after pulp treatment.  

Results showed a healing process with complete tubular dentin bridge formation 

and no inflammation in any of the dental pulps capped with MTA. On the other 

hand, only 5 specimens from the calcium hydroxide cement group formed a 

complete dentinal bridge. In this experimental group, pulp inflammation was 

observed in all but three samples. In conclusion, MTA exhibited better results than 

the calcium hydroxide cement for the capping of the dental pulp in dogs. 

Holland et al (2001). (48) Investigated the behavior of dog dental pulp after 

pulpotomy and direct pulp protection with mineral trioxide aggregate and portland 
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cement. After pulpotomy, the pulp stumps of 26 roots of dog teeth were then 

protected with MTA or PC. Sixty days after treatment, the animal was sacrificed and 

the specimens were removed and prepared for the histomorphological analysis. 

There was a complete tubular hard tissue dentin bridge in almost all specimens. In 

conclusion, MTA and PC show similar comparative results when used in the 

direct pulp protection after pulpotomy. 

         Costa et al (2001). (49) Tested the human pulp response following 

direct pulp capping with a current self-etching bonding agent and calcium 

hydroxide (CH). Thirty-three sound human premolars had their pulp tissue 

mechanically exposed. Sterile distilled water was used to control the hemorrhage 

and the exudation from the pulp exposure site. The pulps were capped with Clearfil 

Liner Bond 2 (CLB-2) or CH and the cavities were filled with the resin composite (Z-

100) according to the manufacturer's instructions. After 5, 30 and 120-300 days, 

the teeth were extracted and prepared for microscopic examination. 

At short-term, CLB-2 elicited a mild to moderate inflammatory pulp response with 

dilated and congested blood vessels adjacent to dental pulp exposure site. With 

time, macrophages and giant cells engulfing globules and particulates of resinous 

material displaced into the dental pulp space were observed. Its stated that this 

chronic inflammatory pulp response triggered by fragments of bonding agent 

displaced into the pulp space did not permit pulp repair interfering with dentin 

bridging. On the other hand, the pulps capped with CH exhibited an initial 

organization of elongated pulp cells underneath the coagulation necrosis. The 

pulp repair and complete dentin bridge formation was observed at long-term 

evaluation. 

Dominquez et al (2003). (50) Studied and compared the 

histological and scanning electron microscopy features of various vital –pulp 

therapy agents. The pulp capping and pulpotomy procedures were performed on 

15 male mongrel dogs. Three materials were used: calcium hydroxide, acid-etched 

dentin bonding, and mineral trioxide aggregate (MTA). Six of the animals were 

killed at 50 days and nine were killed after 150 days.  

Samples from eleven dogs were used for the histological evaluation, and the 

remaining samples of the dogs were later on used 

for scanning electron microscopy evaluation. Scanning electron microsco-

py analysis was performed, and weight percentage of elements found in the dentin 
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of a non treated tooth versus the dentin bridge formed in the exposed specimen 

was established.  

By evaluating the pulp inflammation in vital pulp-therapy treatments, it was found 

that mineral trioxide aggregate was not significantly different from the untreated 

control group, both in the pulp-capping procedures at 50 days or 150 days and 

pulpotomy procedures at 50 days or 150 days. Moreover, histologically mineral 

trioxide aggregate was a considerably better material than calcium hydroxide or 

acid-etched dentin bonding in maintaining the integrity of the dental pulp. 

Ishizaki et al (2003). (51) Examined the histopathological response of dental 

pulp tissue to enamel matrix derivative (EMD) used as a pulp capping agent. Thirty-

two teeth from two mongrel dogs were divided into 4 equal groups. One group 

served as controls, and the others were used for deep Class V cavity preparation 

followed by direct pulp capping with the enamel matrix derivative. The treated 

teeth were extracted after 1, 4, and 8 weeks and prepared for the histopathological 

examination by light microscopy.  

All teeth prepared after 4 and 8 weeks demonstrated an increase in tertiary dentin, 

suggesting that enamel matrix derivative exerts a considerable influence on 

odontoblasts and endothelial cells of capillaries in dental pulp tissue. These results 

imply that enamel matrix derivative used as a pulp capping material may play a role 

in the calcification of dental pulp tissue. 

Koliniotou et al (2005). (52)   Studied the pulpal responses following the direct 

pulp capping of mechanically exposed teeth with new dentine adhesive systems, in 

preclinical model of dog teeth. Class V cavities (approximately 2.50 mm wide, 3.00 

mm long, 1.5-2.0 mm deep) were prepared on the buccal surface of the permanent 

maxillary and mandibulary molars, two rooted premolars, canines and third 

incisors. 

The cavities were assigned into five experimental groups, representing one control 

group treated with a Ca(OH)2-based material and 4 experimental groups where the 

adhesive systems Clearfil SE Bond, Prompt-L-Pop, Etch & Prime 3.0 and Single Bond 

were evaluated. The pulpal tissue responses to dentine adhesives were assessed 

at the post-operative periods of 7, 21, 65 days. Variable responses were noted, 

which were characterized by moderate to severe inflammatory reactions, 

progressive extension of tissue necrosis with time and the total absence of 

continuous hard tissue bridge formation after pulp capping with each of the four 

adhesive systems.  
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Application of a Ca(OH)2-based material was characterized by inflammatory 

cell infiltration, limited tissue necrosis as well as the partial to complete hard tissue 

bridging. 

Parirokh et al (2005). (53) Examined the dental pulp responses in dogs to both 

types of MTA used as a pulp-capping material as Mineral trioxide aggregate (MTA) 

is widely used for different perforation repairs, root-end filling, dental pulp capping 

and many other endodontic procedures. The pulps of 24 teeth of four male dogs 

were exposed with a No.1 high speed round bur and capped with either gray or 

white MTA. The histologic analysis was performed one and 2 weeks after 

treatment. Calcified bridge could be seen 1 week after treatment with both types 

of MTA, with no significant differences between the two pulp treatments. 

Ashgari et al (2008). (54) Compared dogs' pulp response to capping with the 

calcium hydroxide cement (Dycal), mineral trioxide aggregate (MTA), and a novel 

endodontic cement (NEC). Twenty-four canine teeth in 6 beagle dogs were 

buccocervically exposed and capped with MTA, Dycal, or with NEC. Eight weeks 

later, retrieved samples were observed by optical microscope to grade 

inflammation, formation of dentinal bridge, calcification, necrosis, and detection of 

odontoblast cells.  

No inflammation was observed in MTA and NEC groups, and in 75% of each, 

reparative dentinal bridge was completely formed. In the Dycal group, 

inflammation and incomplete dentinal bridge were detected in all samples. 

Although MTA and NEC groups had no significant difference between them in each 

measure, the differences between all three groups were significant.MTA and NEC 

showed similar favorable biologic response in pulp cap treatment, better than that 

in Dycal, especially in inducing the formation of dentinal bridge. 

Accorinte et al (2008). (55) Examined the histomorphologic response 

of human dental pulps capped with mineral trioxide aggregate (MTA) and 

Ca(OH)2 cement(CH). Pulp exposures were performed on the occlusal floor of 

fourty human permanent premolars. After that, the dental pulp was capped either 

with CH or MTA and restored with composite resin. After 30 and 60 

days, teeth were extracted and processed for histologic exam and organized in a 

histologic score system. The data was subjected to Kruskal-Wallis and Conover tests 

(alpha = .05). 

All groups performed well in terms of the hard tissue bridge formation, 

inflammatory response, and other pulpal findings. However, a lower response of 

the CH30 was observed for the dentin bridge formation, when compared with 
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MTA30 and MTA60 groups. Although the pulp healing with the calcium 

hydroxide was slower than that of MTA, both materials were successful 

for pulp capping in human teeth. 

Louwakul et al (2015). (56) Examined the inflammatory response and dentin 

bridge formation after capping of the inflamed pulps with fluocinolone containing 

capping agent. Sixty maxillary rat molars were exposed to the oral environment for 

48 hours. The exposed pulps were randomly divided into 6 groups (n = 10) 

according to pulp-capping agents (Dycal, MTA, or PCFA) and time (8 or 30 days). 

The cavities were capped and sealed with the Fuji II LC. The animal models were 

sacrificed after 8 and 30 days. Histologic specimens were prepared and evaluated 

for inflammatory response and hard tissue formation.  

Eight days after pulp capping procedures, all experimental groups showed 

disruption of the odontoblast layer in areas corresponding to the pulpal exposure. 

Acute inflammation was found in 80%, 60%, and 40% of the samples in the Dycal, 

MTA, and PCFA groups, respectively. The PCFA significantly decreased the pulp 

inflammation compared with Dycal.  After 30 days, slight to moderate inflammation 

was found in all experimental groups. The hard tissue formation was found in 78%, 

63%, and 100% of samples in the Dycal, MTA, and PCFA groups, respectively. No 

significant difference was found among testing groups. Pulp capping with PCFA 

decreased the inflammation and stimulated hard tissue formation in the 

exposed pulps of rat molars. 

           Liu et al (2015). (57) Studied the effects of the bioceramic iRoot BP Plus as 

a pulp capping material in vitro and in vivo. In vitro, human dental pulp cells 

(hDPCs) were seeded into plates with the prepared iRoot BP Plus or mineral 

trioxide aggregate (MTA) packed in the bottom of different wells. The proliferation 

of hDPCs was detected using 3,(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide assay. Meanwhile, 2 animal models of direct pulp capping and pulpotomy 

were applied in the Wistar rats in vivo. The exposed dental pulps were capped with 

iRoot BP Plus or MTA. After 1 and 4 weeks, maxillary segments were obtained and 

prepared for the histologic analysis. 

The HDPCs grew very well even in the place contacted with MTA or iRoot BP plus 

in vitro. MTA and iRoot BP Plus both enhanced the proliferation of the hDPCs (P < 

.05). In vivo, results revealed that few inflammatory cells were evident in the pulpal 

area corresponding to the pulp exposure. A slight layer of newly generated matrix 

was also observed next to MTA and iRoot BP Plus after 1 week.  
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A complete reparative dentin bridge with polarizing odontoblast like cells was 

found in all samples in the iRoot BP Plus group after four weeks. IRoot BP Plus 

exhibited good biocompatibility to the pulp tissue and stimulated the proliferation 

of the dental pulp cells and the formation of reparative dentin bridge.  

Hanada et al (2019). (58)  Examined a novel bioactive glass‐based cement to 

determine whether the cement has the necessary properties to act as a direct pulp 

capping agent. Physicochemical properties of the bioactive glass‐based cement 

and in vitro effects of the cement on odontoblast‐like cells, as well as in vivo effects 

on the exposed dental pulp, were analyzed. In the in vivo rat study of an exposed 

dental pulp model, the cement induced a sufficient level of reparative dentin 

formation by odontoblast‐like cells expressing odontoblastic markers at the 

exposed area of the dental pulp. These results suggest that the newly developed 

bioactive glass‐based cement provides favorable biocompatibility with the dental 

pulp and may be useful as a direct pulp capping agent.  
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Aim of work 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This study was conducted to evaluate the effect of addition of osteogenic 

supplements to MTA as pulp capping agents such as dexamethasone, vitamin D 

and chitosan on: 

 

1.  The amount of expression of mineralizing genes in exposed dental pulps of dogs.  

 

2. The histopathological response on exposed dental pulp. 
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Materials and methods 

Materials: 

a. Pulp capping materials: 

- MTA (mineral trioxide aggregate)* 

b. Osteogenic supplements: 

- Dexamethasone**  

 

- Vitamin D*** 

 

- Chitosan compound ****  

Chitosan is a linear polysaccharide produced commercially by deacetylation of 

chitin, which is a structural element in the exoskeleton of crustaceans (such as crabs 

and shrimp). It can be used in dentistry as it has antibacterial and anti-inflammatory 

effect and can promote tissue healing and bone regeneration. Beside it's ability to 

chemically associate with inorganic salts such as calcium phosphate and calcium 

silicate. 

Methods: 

  

Animal models:  

This study was performed on six healthy dogs aged 2-3 years with intact dentitions, 

and weighing from 15-25 kilograms. The dogs were housed uniformly and were 

provided with healthy food (20g/Kg) and drinking bowls from the day of housing 

till the day of scarification. The research ethics committee in faculty of Dentistry of 

Ain Shams University reviewed the proposal. 

http://en.wikipedia.org/wiki/Acetylation
http://en.wikipedia.org/wiki/Chitin
http://en.wiktionary.org/wiki/element
http://en.wikipedia.org/wiki/Exoskeleton
http://en.wikipedia.org/wiki/Crustaceans
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* Dentsply Tulsa Dental, Oklahoma, USA. 

** Amriya Pharm Inc, Cairo, Egypt.  

***  Medical Union Pharmaceuticals (MUP), Cairo, Egypt.  

 **** Al Debeiky Pharmaceutical, Cairo, Egypt. 

 

 
 

The study was conducted at the department of Surgery, Anesthesiology, and 

Radiology, Faculty of Veterinary Medicine, Cairo University. The study was 

performed observing the requirements for human attitude towards animals. 

Preparation of the animal model: 

Before the beginning of the experimental procedures, each dog was housed in a 

separate kennel and observed two weeks prior to the operative procedures to 

exclude any diseased dog. The kennels were sprayed by Neocidal agent (diazinon) 

with a concentration of 6/1000ml of water. Then the dogs were bathed by the 

Neocidal agent in concentration of 1/100ml of water. As a precaution, each dog was 

injected with Ivermectin* 0.1 ml/Kg body weight to protect against internal and 

external parasites.  

 

Classification of samples: 

Six dogs were classified into 3 groups of each 2 dogs, according to the evaluation 

period.  

Group I: 7days. 

Group II: 21 days. 

Group III: 60 days.  

Each group included 40 teeth, with a total number of 120 teeth in all groups. (Fig.1) 

Each group was subdivided into 4 subgroups (A, B, C, and D) of 10 teeth each 

according to the capping material used for pulp capping as follows: 

Subgroup A (upper right quadrant): capped with a combination of MTA and 

Dexamethasone. 

http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.pfizer.com%2Fproducts%2Frx%2Frx.jsp&ei=GZdQUan0LMPm7AbrzIGQBA&usg=AFQjCNF1foZ-O6m-pd5RqkxtKAu49Knnfw&sig2=2nOcnHhWvozA198iHADTJw
http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.pfizer.com%2Fproducts%2Frx%2Frx.jsp&ei=GZdQUan0LMPm7AbrzIGQBA&usg=AFQjCNF1foZ-O6m-pd5RqkxtKAu49Knnfw&sig2=2nOcnHhWvozA198iHADTJw


50 
 

 

 
* Ivomec, MSd Merk&Co. Inc, USA. 

 

 

Subgroup B (upper left quadrant): capped with a combination of MTA and 

Dexamethasone with Vitamin D. 

 

Subgroup C (lower right quadrant): capped with a combination of MTA with 

Chitosan compound. 

 

Subgroup D (lower left quadrant): capped with MTA only (control). 

 

Each subgroup was further subdivided into 2 subdivisions of 5 teeth each according 

to the method of evaluation.  

 

Subdivision 1: for the gene expression analysis (5 teeth). 

Subdivision 2: for the histopathological examination (5 teeth). 
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Figure 1. Classification of samples of all the groups, subgroups and subdivisions. 

 

 

 

 

Operative procedure: 

Groups Subgroups  Subdivisions 
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Anesthesia: 

 

Each animal was generally anesthetized by using atropine sulphate* at a dose of 0.1 

mg/Kg given subcutaneously then Xylazine Hcl** at a dose of 1mg/Kg given 

intravenously. General anesthesia was induced by using Ketamine Hcl*** at a dose 

of 5mg/Kg given intravenously, and then maintained by Thiopental Sodium**** at a 

dose of 25mg/Kg 2.5%solution given intravenously (59). 

       Pulp capping procedures: 

Permanent intact maxillary and mandibular incisors, premolars and canines were 

used as most suitable teeth. All teeth surfaces were disinfected with tincture Iodine. 

The quadrants of teeth were isolated by using sterile cotton rolls. Pulp exposure 

procedures were performed in 5 teeth of each quadrant of the experimental 

animals. A class V cavity was prepared approximately 1mm coronal to the gingival 

margin with no.2 round carbide bur with a copious water spray to avoid heat 

generation. The pulpal floor was deepened in each cavity until the appearance of 

pulpal shadow. 

 

The pulp was then exposed mechanically by a sharp sterile probe. The bleeding was 

then controlled by rinsing with sterile saline until the hemorrhage stopped. Pulp 

capping of the exposed teeth was done according to its subgroups. The pulp capping 

materials were mixed as follows: 

 

 

 

 

*Atropine Sulphate, ADWIA, CO. 

**Xyla-Ject, ADWIA, CO. 

***Keiran, EIMIC, CO. 

****Thiopental Sodium, EIPI,CO.  

 

In subgroup A (upper right quadrant) the exposed teeth were capped by a 

combination of MTA and 0.4% w/v Dexamethasone. The powder of the MTA (1 gm) 

was mixed with the 0.4% Dexamethasone in ratio of 3:1 (60) on a sterile glass slab. 

Once all powder particles were well incorporated into the Dexamethasone solution 
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by a sterile spatula, the paste was then carried into the cavity by an amalgam 

carrier and slightly packed by a suitable size condenser. 

 

In subgroup B (upper left quadrant), the teeth were capped by a combination of 

MTA and Dexamethasone with 7% w/v 1, 25 dihydroxy Vitamin D3 

{1α,25(OH)2D3}. The MTA powder (1 gm) and the liquid (mixture of Dexamthasone 

and Vitamin D) were mixed in a ratio of 3:1(60), where 1 gram of MTA powder was 

mixed 0.35gm of solution (prepared by addition of 0.175 ml of Dexamethasone to 

0.175 ml of Vitamin D). Once all powder particles were well incorporated into the 

solution using a sterile spatula, the mix was then carried into the cavity by an 

amalgam carrier and slightly packed by a suitable size condenser. 

 

In subgroup C (lower right quadrant), the teeth were capped by a combination of 

MTA and Chitosan, where the MTA was prepared with a modified form of its 

original liquid containing 10% wt Chitosan (61). The MTA powder (1 gm) and the 

Chitosan solution were mixed in 3:1 powder to liquid ratio. Once all powder 

particles were well incorporated into the Chitosan solution using a sterile spatula, 

the mix was then transferred to the exposed pulpal floor by an amalgam carrier and 

slightly packed by a suitable size condenser. 

 

In subgroup D (lower left quadrant), the teeth were capped by MTA only, and this 

subgroup served as a control, where the powder and liquid were mixed according 

to the manufacturer instructions. The MTA paste was obtained by mixing 3 parts of 

powder (1 gm) with 1 part of water to obtain putty like consistency (61). Once all 

powder particles were well incorporated into the distilled water using a sterile 

spatula, the mix was then transferred to the exposed pulpal floor by an amalgam 

carrier and slightly packed by a suitable size condenser. 

 

After the end of the pulp capping procedures all the cavities were restored by self-

curing glass ionomer cement* followed by varnish application to provide the 

suitable conditions for pulpal repair. All the dogs received pain killer (Carbrufen 

4mg/Kg) ** during the experimental periods. Each dog was clearly labeled by a 

mark on the ear for identification of the experimental period. 

       Evaluation of the pulp capped teeth 
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At the end of each evaluation period, the first animal in each group was not 

sacrificed and was only generally anesthetized for a period of time using the same 

technique used during the pulp exposure procedures. 

 

Then the pulp tissues of the pulp capped teeth were extirpated for examination of 

the genetic expression, after gaining access to the root canals by traditional access 

cavity preparation from the lingual or occlusal surface. Finally, root canal fillings 

were performed followed by glass ionomer coronal restorations***.  

 

While the second animal of each group was sacrificed by injecting an overdose of 

Thiopental sodium then the teeth were extracted for histological examination in the 

form of a single tooth with its surrounding bone after sectioning the jaws using a 

sharp saw.  

 

All sacrificed animals were safely discarded by burning them through the disposal 

unit of dead animals in faculty of Veterinary Medicine, Cairo University. 

 

 

 

 

 

 
*Promedica, Germany. 

**Vetprofen, Egypt, EIPICO. 

***Promedica, Germany. 

       Methods of evaluation. 

1. Gene expression analysis by Real Time Polymerase Chain Reaction. (RT-

PCR): 

 
The target genes are: 

a. Matrix extracellular phosphoglycoprotein (MEPE):  
 

b. Dentin sialophosphoprotein (DSPP): 
 



666 
 

The first dog in each group was generally anesthetized once more using the 

same technique used during the pulp capping procedures and the pulp chamber 

of the treated teeth were reached from the occlusal surface after access cavity 

preparation using a high-speed hand piece. New burs were used for each tooth 

to reduce the risk of contamination. The powder formed during access opening 

is removed by a 3 way syringe. Pulp was carefully extirpated using a suitable 

barbed broach* to avoid shredding of pulp tissue. A new broach was used for 

every tooth, followed by root canal fillings and glass ionomer** coronal 

restorations.  

 

The pulp tissue of each tooth was placed carefully in a coded Eppendorf tube 

containing RNA later solution (in a volume of 10ml/mg) to avoid breakdown of 

the RNA. Quantitative RT-PCR was performed to quantify the gene expression 

level of odontoblastic markers. RNA was converted to cDNA, and 2.0 µL of the 

resulting cDNA product was used per 20µL reaction in a real-time PCR Roche 

LightCycler system. PCR reactions were carried out with the DNA Master SYBR 

Green I kit, with a total volume of 20 µL. These genes included glyceraldehyde-

3-phosphate dehydrogenase (GAPDH), Dentin sialophosphoprotein (DSPP) and 

Matrix extracellular phosphoglycoprotein (MEPE). 

 
* Dentsply Tulsa Dental, Oklahoma, USA. 

** Promedica, Germany. 
 

The mRNA expression of GAPDH, DSPP and MEPE was determined after 

extraction of total RNA using RNeasy Mini Kit according to the manufacturer’s 

instructions followed by reverse transcriptase polymerase chain reaction (RT-

PCR) with dog-specific primers. The samples were subjected to 40 cycles of 

amplification at 95ºC for 15 seconds followed by 64ºC for 20 seconds and 72ºC  

for 25 seconds by using the dog-specific primers. The relative level of gene 

expression was normalized against the GAPDH messenger RNA signal and the 

control was set as 1.0 (62, 63). 

The fold change of mRNA expression of the target genes in the experimental 

samples of each period was determined using the relative quantification method 

(delta delta Ct), comparing messenger RNA expressions of the experimental 

samples in relation to that of the control samples. The gene expression of the 

control samples (Subgroup D; MTA only) was used to calculate the relative fold 

change (2-ΔΔCT) (64) of other subgroups in each period. If the fold change of 

http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.pfizer.com%2Fproducts%2Frx%2Frx.jsp&ei=GZdQUan0LMPm7AbrzIGQBA&usg=AFQjCNF1foZ-O6m-pd5RqkxtKAu49Knnfw&sig2=2nOcnHhWvozA198iHADTJw
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target gene expression in relation to the control is above than 1, then the target 

gene is considered upregulated and if the fold change is less than 1, then the 

target gene is considered downregulated (Fig. 2). The significance level set at P 

≤ 0.05 when comparing the additives in the different treatment periods (62, 63). 

Each pulp sample was inserted in the PCR machine to calculate the relative gene 

expression through 44 PCR cycles, and then the mean gene expression of the 5 

samples was calculated. 

 

Figure 2. A representative graph showing gene expression. (Above 1 is considered 

overexpression; below 1 is considered underexpression) 

Statistical Analysis 

 
Data were presented as mean and standard deviation (SD) values. Data showed 

non-parametric distribution, so Kruskal-Wallis test was used to compare 

between the three treatment periods. Mann-Whitney U test was used for pair-

wise comparison when Kruskal-Wallis test is significant. Friedman’s test was 

used to compare between the three additives. Wilcoxon signed-rank test was 

used for pair-wise comparison when Friedman’s test is significant. The 

significance level was set at P ≤ 0.05. Statistical analysis was performed with 

IBM SPSS Statistics Version 20 for windows (SPSS Inc, NY USA). 

 

2. Histopathological assessment: 

 

Histologic preparation of the specimens 
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The pulp capped teeth of the sacrificed animal of each group were collected and 

prepared for histopathological assessment. The teeth were placed in 10% neutral 

buffered formalin for 72 hours. After fixation in formalin, specimens were 

decalcified in formic acid 5%. A volume of 150 times that of the tissue was renewed 

periodically during the decalcification process which lasted for about 100 days. A 

fine needle was used to perforate the specimens to allow the formic acid to 

penetration and the specimens were examined continuously for decalcification. 

  

After decalcification, specimens were dehydrated in ascending concentrations of 

ethanol then embedded in paraffin blocks. The embedded specimens were serially 

sectioned in buccolingual plane to the tooth main vertical axis through the capping 

site and the pulp into sections of 5 microns thickness. Serial sections that showed 

the deepest part of the cavity and the underlying pulp were selected for histological 

examination. These sections were stained with H&E stain to evaluate inflammatory 

cell response and dentin bridge formation. 

     Histopathological evaluation 

 

The histological slides were examined under light microscope for evaluation of: 

 

a. Inflammatory cell response: 

 Qualitative evaluation  

The inflammatory response was graded using the following scoring system (65). This 

score is a four grades scoring system as follows: 

 

Score 0: Absence of inflammatory cells. 

Score 1: Few inflammatory cell infiltrations. 

Score 2: Moderate inflammatory cell infiltration. 

Score 3: Severe inflammatory cell infiltration. 

 
 Quantitative evaluation 

 

The total number of the inflammatory cells of each microscopic field was 
counted using the image analysis software. The images were corrected for 
brightness and contrast followed by automatic color threshold. Any other 
cells present in the field were excluded in order to focus on the count of the 
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inflammatory cells. The count was done by Leica quein image analysis 
system (Fig.4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Steps of inflammatory cells count: 
 
 

 
 
Figure 3. The original photomicrograph showing inflammatory cells. 
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Figure 4. A photomicrograph showing the count of inflammatory cells using 
Leica software. 

 
 
 
b. Dentin bridge formation: 

 
Histologic slides were examined under light microscope. Dentin bridge 
formation was graded using the following scoring system (65). 
 
Table 1. The scoring system used for dentin bridge formation.   
 

 
 
 
 
 
 
 

 

Dentin bridge thickness was assessed through the H&E stained sections 
using Leica quein image analysis system. Photomicrographs for the stained 
sections were captured using a digital camera attached to the light 
microscope for analysis and was fixed at magnification of (20x) during 
capturing. The photomicrographs were transferred to the computer to be 
analyzed the line measurement button in the tool bar was then selected. 

Scoring  Description  

0 No reparative dentin. 

1 Partial dentin bridge formation 

2 Complete dentin bridge formation  
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Using this tool a lines were drawn perpendicular to the dentin bridge 
formed. The next step was measurement of the average dentin bridge 
thickness using the Leica software analysis (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Steps of measurement of dentin bridge thickness: 
 

 

 
 
Figure 5. A photomicrograph showing the formed dentin bridge. 
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Figure 6. A photomicrograph showing vertical lines drawn across the 
formed dentin bridge which the Leica software uses to calculate the dentin 
bridge thickness.  

 

 

 

Statistical analysis: 

 

Data presented as mean and standard deviation (SD). Data explored for normality 

using Kolmogorov-Smirnov and Shapiro-Wilk tests. Dentine bridge thickness (mm) 

showed a parametric distribution, so One Way ANOVA Used to study the effect of 

different tested materials followed by Tukay’s post-hoc test for pairwise 

comparison when ANOVA is significant. Inflammatory cell count, score and dentine 

bridge score showed a nonparametric distribution; so Kruskal Wallis test used to 

compare between different tested groups and follow-up periods followed by Mann 

Whitney U-test for pairwise comparison. The significance level was set at P ≤ 0.05. 

Statistical analysis was performed with IBM® SPSS® (SPSS Inc., IBM Corporation, 

NY, USA) Statistics Version 23 for Windows. 
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Figure 7. A photograph showing the induction of general anesthesia. 
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Figure 8. A photograph showing pulp exposure procedures done at the upper right 

quadrant. 

 

 

Figure 9. A photograph showing the pulp exposure procedures done at the lower 

right quadrant. 
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Figure 10. A photograph showing the pulp capping procedures. 

 

 

Figure 11. A photograph showing the coronal restorations after pulp capping 

procedures. 
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Figure 12. A photograph of some coded Eppendorf tubes containing the RNA of the 

extirpated pulp tissues. 

    

Figure 13. A photograph showing the real time PCR device used in testing the 

genetic expression. 
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Figure 14. A photograph showing the light microscope (Olympus DP73) used in 

histological examination. 

Results 
 

I.  Quantitative RT-PCR Analysis: 
 

A. The relative mRNA expression level of DSPP: 
 

1. Comparison between the same additive in different periods:    
 
The data were collected, tabulated and statistically analyzed. Table (2), Figure 
(15). 

 
a. Dexamethasone and MTA (Subgroup A):  

 
The relative gene expression level of DSPP differed according to the treatment 

period. The relative gene expression at 1 week was 1.1, while at three weeks was 
18.8 and at 2 months was 0.1. The relative gene expression was increased in the 3 
weeks period up to 18.8 fold change in relation to the control (Fig. 15), and 
showed the statistically significantly highest mean expression (P ≤ .05) when 
compared with the 3 weeks and 2 months samples. There was no statistically 
significant difference (p > .05) between 1 week and 2 month's samples; both 
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showed the lowest mean expression with down regulation of the target gene in 
the 2 months samples.           

 
 

b. Dexamethasone and vitamin D combined with MTA (Subgroup B): 
 

The relative gene expression at 1 week was 0.6, while at three weeks was 
29.4 and at 2 months was 0.1. The expression of DSPP was increased in the 3 
weeks period up to 29.4 fold change in relation to the control (1.0) as shown in 
figure (15,16), showing the statistically significantly highest mean expression (P ≤ 
.05) in comparison with the other treatment periods. While there was no 
statistically significant difference (p > .05) between 1 week and 2 months samples; 
both showed the lowest mean expression characterized by down regulation of the 
target gene in relation to the control.  

 
 
 
 

c. Chitosan and MTA (Subgroup C): 
 

The relative gene expression at 1 week was 6.9, while at three weeks was 3.6 and 
at 2 months was 0.2. The addition of Chitosan to MTA upregulated the expression 
of DSPP in 1 week and 3 weeks periods in relation to the control (1.0), showing the 
statistically significantly highest mean expression (P ≤ .05) when compared with the 
2 months samples which showed the   statistically significantly lowest mean 
expression (P ≤ .05) and characterized by downregulation of DSPP in relation to 
control. In contrast, no statistically significant difference (p > .05) in relative gene 
expression was observed between 1 week and 3 weeks samples. 

 
Table (2): The mean and standard deviations of (DSPP) gene expressions of the 

same additive at different periods. 

              Subgroups   

 

 

Groups  

MTA + 

Dexamethasone 

(Subgroup A) 

MTA + 
Dexamethasone + 

Vitamin D 

(Subgroup B) 

MTA + Chitosan 

(Subgroup C) 

Group I; 1 week 1.1 (0.3) b 0.6 (0.6) b 6.9 (4.2) a  
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Group II; 3 weeks 18.8 (13.2) a 29.4 (28.7) a 3.6 (5.9)a  

Group III; 2months 0.1 (0.1) b 0.1 (0.1) b 0.2 (0.2) b 

P-value 0.030* ˂0.001* 0.045* 

control 1 1 1 

 

*: Significant at P ≤ 0.05, Different superscripts in the same column are statistically significantly 

different. Control was set as 1.0. 

 

Figure (15). Bar chart representing (DSPP) gene expression with different additives 
in relation to the control. The control was set as 1.0. 
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Figure (16). A graph shows the high expression of DSSP gene in one of the five 
samples of MTA+Dexamethasone+Vit.D subgroup of the 3 weeks period.  
 
 

 
 
     
2. Comparison between different additives at the same period: 

 
The data were collected, tabulated and statistically analyzed. Table (3), Figure (17). 
 
The relative gene expression level of DSPP was different when all additives were 
compared within the same period. Most of the differences were none significant, 
except when all the additives were compared within the 3 weeks period.  

 
When all additives were compared at 1 week evaluation period, no statistically 

significant difference (p > .05) was found between them. The mean expression of 

DSPP of MTA + Dexamethasone at 1 week was 1.1, and the mean gene expression 

of MTA + Chitosan was 6.9, while the mean expression of MTA + Dexamethasone + 

Vitamin D was 0.6.  

When all additives were compared at 3 weeks evaluation period, MTA + 

Dexamethasone and MTA + Dexamethasone + Vitamin D showed the statistically 

highest mean expression 18.8 and 29.4 successively, with no statistically significant 

difference between them. While MTA + Chitosan showed the lowest mean 
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expression 3.6 and was significantly different from MTA + Dexamethasone and 

MTA + Dexamethasone + Vitamin (P ≤ .05).   

When all additives were compared at 2 months evaluation period, no statistically 

significant difference (p > .05) was found between all additives. The mean 

expression of DSPP of MTA + Dexamethasone at 2 months was 0.1, and the mean 

gene expression of MTA + Chitosan was 0.2, while the mean expression of MTA + 

Dexamethasone + Vitamin D was 0.1. 

 

 

 

 

Table (3): Mean and standard deviation values of (DSPP) gene expressions with 

different additives at the same period. 

                            Groups 

Subgroups  

Group I; 

1week 

Group II; 

3weeks 

Group III; 

2months 

MTA + Dexamethasone 

          (Subgroup A) 
1.1 (0.3)  18.8 (13.2) a 0.1 (0.1)  

MTA + Dexamethasone + 
Vitamin D 

(Subgroup B) 

0.6 (0.6)  29.4 (28.7) a 0.1 (0.1)  

MTA + Chitosan 

(Subgroup C) 
6.9 (4.2)  3.6 (5.9) b 0.2 (0.2)  

P-value 0.975 0.038* 0.717 

control 1 1 1 

*: Significant at P ≤ 0.05, Different superscripts in the same column are statistically significantly 

different. The control was set as 1.0. 
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Figure (17). Bar chart representing the gene expression of DSPP at different 
treatment periods. The relative gene expression level was normalized against the 
GAPDH messenger RNA signal, and the control was set as 1.0. 
 

B. The relative mRNA expression level of MEPE: 
 

1. Comparison between the same additive at different periods: 
 
The data were collected, tabulated and statistically analyzed. Table (4), Figure 
(18). 
    

a. Dexamethasone and MTA ( Subgroup A):  
 

The relative gene expression at 1 week was 0.1, while at three weeks was 0.4 
and at 2 months was 1.4. There was no statistically significant difference (p > .05) 
in the relative mRNA expression of MEPE between the three evaluation periods. 
When dexamethasone was added to MTA, downregulation of mRNA expression of 
MEPE occurred in 1 week and 3 weeks samples (Fig. 19). 

 
b. Dexamethasone and vitamin D combined with MTA (Subgroup B): 
 

The relative gene expression at 1 week was 0.03, while at three weeks was 
2.1 and at 2 months was 0.5. The relative mRNA expression of MEPE after the 
addition of dexamethasone and vitamin D to MTA was compared at the three 
periods. There was no statistically significant difference (p > .05) in the relative 
mRNA expression of MEPE between the three evaluation periods. When 
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dexamethasone and vitamin D were added to MTA, downregulation of mRNA 
expression of MEPE occurred in 1 week and 2 months samples. 

 
c. Chitosan and MTA (Subgroup C): 
 

The relative gene expression at 1 week was 2, while at three weeks was 0.4 
and at 2 months was 0.6. There was no statistically significant difference (p > .05) 
in the relative mRNA expression of MEPE between the three evaluation periods. 
When chitosan was added to MTA, downregulation of mRNA expression of MEPE 
occurred in 3 weeks and 2 months samples, whereas upregulation of the mean 
gene expression in the samples of 1 week was noticed. 

 
 

Table (4): The mean and standard deviation (SD) of MEPE gene of the same additive 

at different periods. 

              

Subgroups   

 

 

Groups  

MTA + 

Dexamethasone 

(Subgroup A) 

MTA + 
Dexamethasone + 

Vitamin D 

(Subgroup B) 

MTA + Chitosan 

(Subgroup C) 

Group I; 1 week 0.1 (0.04) 0.03 (0.03) 2.0 (4.1) 

Group II; 3 weeks 0.4 (0.1) 2.1 (0.1) 0.4 (0.3) 

Group III; 

2months 
1.4 (2.5) 0.5 (0.9) 0.6 (1.1) 

P-value 0.330 0.061 0.477 

control 1 1 1 

*: Significant at P ≤ 0.05. Control was set as 1.0. 
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Figure 18: Bar chart representing (MEPE) gene expression with different additives. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: A graph shows the low expression of MEPE gene in one of the five samples of 
MTA+Dexamethasone subgroup of the 3 weeks period.  
 
 

Comparison between different additives in the same period: 
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The data were collected, tabulated and statistically analyzed. Table (5), Figure 
(20). 
 

When all additives were compared at 1 week evaluation period, no statistically 

significant difference (p > .05) was found between them. The mean expression of 

MEPE in MTA + Dexamethasone at 1 week was 0.1, and the mean gene expression 

of MTA + Chitosan was 2.0, while the mean expression of MTA + Dexamethasone + 

Vitamin D was 0.03.  

When the additives were compared at 3 weeks evaluation period, no statistically 

significant difference (p > .05) was found between all additives. The mean 

expression of MEPE in MTA + Dexamethasone at 3 weeks was 0.4, and the mean 

gene expression of MTA + Chitosan was 0.4, while the mean expression of MTA + 

Dexamethasone + Vitamin D was 2.1. 

When all additives were compared at 2 months evaluation period, no statistically 

significant difference (p > .05) was found between all additives. The mean 

expression of MEPE in MTA + Dexamethasone at 2 months was 1.4, and the mean 

gene expression of MTA + Chitosan was 0.6, while the mean expression of MTA + 

Dexamethasone + Vitamin D was 0.5.  

 

Table (5): Mean and standard deviation of MEPE gene expressions with different 

additives at the same period. 

                            Groups 

Subgroups  

Group I; 

1week 

Group II; 

3weeks 

Group III; 

2months 

MTA + Dexamethasone 

(Subgroup A) 
0.1 (0.04)  0.4 (0.1)  1.4 (2.5)  

MTA + Dexamethasone + 
Vitamin D 

(Subgroup B) 

0.03 (0.03)  2.1 (0.1)  0.5 (0.9)  

MTA + Chitosan 

(Subgroup C) 
2.0 (4.1) 0.4 (0.3) 0.6 (1.1) 
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P-value 0.675 0.097 0.717 

Control  1 1 1 

*: Significant at P ≤ 0.05. Control was set as 1.0. 

 

 

Figure (20): Bar chart representing the gene expression of MEPE at different treatment periods. 
The relative gene expression level was normalized against the GAPDH messenger RNA signal, and 
the control was set as 1.0. 
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Results 

2. Histopathological Evaluation:  
 

A. Qualitative evaluation. 

 
1. One week group: 

The data were collected, tabulated and statistically analyzed. Table (6), Figures 
(21-28, 38). 
 

 MTA subgroup: 
 
The highest inflammatory score was 3 presented by 1 sample (20%) and the 
lowest inflammatory score was 1 presented by 4 samples (80%). None of the 
samples showed inflammatory score 0 or 2. The histopathological features of 
the subjacent area just beneath the exposure area showed mild inflammatory 
cell infiltrate, and partial necrosis could be seen. Localized destruction of 
odontoblastic layer were seen in some samples while in others the odontolastic 
layer was palisade in pattern and highly organized. The blood vessels in the 
pulp tissue showed vasodilatation and some extravasated red blood cells could 
be detected. Fig. (21,22). 
 

 
 
Figure (21). A photomicrograph of the MTA subgroup after 1 week (H and E 
x20) showing the exposure site but without any definite new hard tissue 
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formation (arrow). Some areas of calcifications and poorly organized 
odontoblastic layer can be seen (star). 

 
 
Figure (22). A photomicrograph of the MTA subgroup after 1 week (H and E 
x40) showing the inflammatory cells after pulp capping procedures (arrow). 
 

 MTA + Dexamethasone subgroup: 

 
The highest inflammatory score was 2 presented by 2 samples (40%) and the 
lowest inflammatory score was 1 presented by 3 samples (60%). None of the 
samples showed inflammatory score 0 or 3.  The histopathological features of 
the subjacent area just beneath the exposure area showed areas of partial 
necrosis and marked vasodilatation of the blood vessels with moderate 
inflammatory cell infiltrate and some extravasated red blood cells could be 
detected. The pulp tissue away from the exposure is completely normal with no 
signs of necrosis or pulp degeneration. Fig. (23,24).   
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Figure (23). A photomicrograph of the MTA+Dexamethasone  subgroup (H and 
E x20) showing the exposure site (arrow), pulp capping material (star) and 
inflamed pulp tissue (double arrow). 

 
 
Figure (24). A photomicrograph of MTA+ DEX. subgroup (H and Ex 40) 
showing dilated blood vessels (arrow) and extravasation of red blood cells 
throughout the pulp and signs of loss of normal architecture of pulp collagen 
fibers (star). 
 

 MTA + Dexamethasone + Vitamin D Subgroup: 
 
The highest inflammatory score was 3 presented by 2 samples (40%) and the 
lowest inflammatory score was 1 presented by 2 samples (40%). 1 sample 
showed score 2 (20%). None of the samples showed inflammatory score of 0.  
The histopathological features of area just beneath the exposure area showed 
areas of partial necrosis and edema. Localized destruction of the odontoblastic 
layer with mild infiltration of inflammatory cells could be detected 
accompanied by loss of normal architecture of the connective tissue stroma. 
Moreover, in some samples vacuolar degeneration of some odontoblasts were 
seen beside some areas of the pulp tissue seemed to start calcification process. 
Marked vasodilatation of the blood vessels and some extravasated red blood 
cells could be detected. The pulp tissue of some samples away from the 
exposure lost its organization with initial signs of necrosis. Fig. (25,26).     
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Figure (25). A photomicrograph of MTA+ DEX+Vit. D. subgroup (H and Ex 20) 
showing dilation of blood vessels (arrow) with areas of loose connective tissue 
stroma (double arrow). 
 

 
 
Figure (26). A photomicrograph of MTA+ DEX+Vit. D. subgroup (H and Ex 20) 
showing exposure site (arrow) and signs of formation of pulp stones (double 
arrow). 
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 MTA + Chitosan Compound Subgroup: 
 
The highest inflammatory score was 3 presented by 3 samples (60%) and the 
lowest inflammatory score was 2 presented by 2 samples (40%). None of the 
samples showed inflammatory score of 0 or 1.  The histopathological features of 
the area just beneath the exposure area showed partial necrosis and 
destruction of odontoblastic layer in some areas accompanied by limited 
edematous areas. Marked findings were observed in some slides in the form of 
fibrosis of the pulp tissue and blood vessels with hemosiderin containing red 
blood cells inside the dilated blood vessels. Fig. (27,28).   
 
This is also accompanied by heavy infiltration of inflammatory cells in the pulp 
horn area and initial signs of calcifications. Moreover, the blood vessels were 
seen dilated and congested. Some samples showed initial signs of pulp 
degeneration. 

 
Figure (27). A photomicrograph of MTA+ Chitoasn. subgroup (H and Ex 20) 
showing extravasated red blood cells (arrow) , dilated blood vessels (double 
arrow) with areas and signs of calcifications and fibrosis at the pulp horn area 
(star).  
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Figure (28). A photomicrograph of MTA+ Chitosan subgroup (H and Ex 40) 
showing inflammatory cell infiltrate (arrow).  
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2. Three weeks group: 
The data were collected, tabulated and statistically analyzed. Table (6), Figures 
(29-33, 38). 

 
 MTA subgroup: 

 
The highest inflammatory score was 2 presented by 3 samples (60%) and the 
lowest inflammatory score was 1 presented by 2 samples (40%). None of the 
samples showed inflammatory score 0 or 3.  Some blood vessels were 
congested dilated and extravasated red blood cells could be easily seen. In some 
slides the pulp tissue away from the exposure also had signs of degeneration of 
pulp tissue. Fig. (29).   
 

      
 
Figure (29). A photomicrograph of MTA subgroup after 3 weeks (H and E x40) 
showing areas of inflammatory cell infiltration (arrow), and congested blood 
vessels (double arrow).  
 

 MTA + Dexamethasone subgroup:  
 
The highest inflammatory score was 3 presented by 2 samples (40%) and the 
lowest inflammatory score was 2 presented by 3 samples (60%). None of the 
samples showed inflammatory score of 0 or 1.  Some samples showed extensive 
necrosis accompanied by pulpal degeneration and destruction of odontoblastic 
layer with areas of edema. Moreover, marked vasodilatation of the blood 
vessels with extensive extravasation of red blood cells was detected. Fig. (30).   
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Figure (30). A photomicrograph for the MTA+Dex. subgroup after 3 weeks (H 
and E x40) showing loss of the normal architecture of connective tissue stroma 
with areas showing inflammatory cells and multinucleated giant cells (arrow) 
with congested blood vesssels( double arrow). 
 

 MTA + Dexamethasone + Vitamin D subgroup:  
 
The highest inflammatory score was 3 presented by 1 sample (20%) and the 
lowest inflammatory score was 1 presented by 3 samples (60%). 1 sample 
showed score 2 (20%). None of the samples showed inflammatory score of 0.  
Some samples showed extensive necrosis accompanied by degeneration of pulp 
tissue, loss of pulp tissue organization, and areas of edema. Extravasation of red 
blood cells, dilation and congestion of blood vessels was seen. Moreover, one 
slide showed areas of internal resorption. Fig. (31).   
 

 
 
Figure (31). A photomicrograph for the MTA+DEX+Vit. D subgroup   (H and E 
x40) showing areas of internal resorption (Arrow) and heavy extravasation of 
red blood cells (double arrow). 
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 MTA + Chitosan Compound Subgroup:. 
 

The highest inflammatory score was 3 presented by 2 samples (40%) and the 
lowest inflammatory score was 2 presented by 3 samples (60%). None of the 
samples showed inflammatory score of 0 or 1.  The histopathological features of 
the area just beneath the exposure showed partial necrosis in some samples.  
Extravasation of red blood cells, dilation and congestion of blood vessels was 
seen accompanied by normal odontoblastic layer consisting of palisade 
odontoblasts in the areas away from exposure. Extensive fibrosis and 
calcifications of some areas of pulp tissue with extensive extravasation of red 
blood cells accompanied by areas of osteodentin were detected. Fig. (32,33).  
  

 
        

Figure (32). A photomicrograph for the MTA+ Chitosan subgroup (H and E x 
20) showing heavy extravasation of red blood cells (arrow) and vasodilatation 
of pulpal blood vessels with inflammatory cell infiltration. 
 

  
 
Figure (33). A photomicrograph for the MTA+ Chitosan subgroup (H and E x 
40) showing formation of osteodentin. 
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3. Two months group: 
The data were collected, tabulated and statistically analyzed. Table (6), Figures 
(34-38). 
 
 MTA subgroup: 

 
The highest inflammatory score was 2 presented by 2 samples (40%) and the 
lowest inflammatory score was 1 presented by 3 samples (60%). None of the 
samples showed inflammatory score 0 or 3.  The histopathological features of 
the area just beneath the exposure area showed normal connective tissue 
stroma with mild inflammatory cell infiltrate and some areas of edema. The 
blood vessels are dilated and congested and extravasated red blood cells could 
be easily seen accompanied by multiple intact layers of vital odontoblasts. A 
marked sign of pulpal reaction was the formation of some pulp stones. Fig. (34).   
 

 
 
Figure (34). A photomicrograph for the MTA subgroup after 2 months (H and E 
x 40) showing dilated blood vessels (double arrow) and inflammatory cells 
(arrow).  
 

 MTA + Dexamethasone subgroup: 
The highest inflammatory score was 2 presented by 1 sample (20%) and the 
lowest inflammatory score was 1 presented by 4 samples (80%). None of the 
samples showed inflammatory score 0 or 3.  The histopathological features of 
the area just beneath the exposure area showed normal architecture of pulp 
tissue with highly oraganized odontoblasts. The blood vessels showed slight 
dilation and some extravasated red blood cells were seen. The connective tissue 
stroma of the pulp appeared abnormal in some areas. Fig. (35).   
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Figure (35). A photomicrograph for the MTA+DEX. subgroup after 2 months (H 
and E x 40) showing the extravasation of red blood cells (arrow) , inflammatory 
cell infiltrate and dilated blood vessels (curved arrow), with areas of internal 
resorption (double arrow). 
 

 MTA + Dexamethasone + Vitamin D subgroup:  
The highest inflammatory score was 2 presented by 4 samples (80%) and the 
lowest inflammatory score was 1 presented by 1 sample (20%). None of the 
samples showed inflammatory score 0 or 3.  The histopathological features of 
the area just beneath the exposure area showed mild inflammatory cell 
infiltrate with some dilated blood vessels. A marked finding was the formation 
of some pulp stones and initial signs of calcifications throughout the pulp tissue. 
Pulp fibrosis was also noticed in certain areas of the pulp tissue as a reaction 
toward the pulp capping material. Fig. (36).   

 

 
 

Figure (36). A photomicrograph for the MTA+DEX + Vit. D. subgroup after 2 
months (H and E x 40) showing inflammatory cell infiltrate (arrow). 
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 MTA + Chitosan Compound subgroup: 
 

The highest inflammatory score was 3 presented by 1 sample (20%) and the 
lowest inflammatory score was 1 presented by 3 samples (60%). 1 sample 
showed score 2 (20%). None of the samples showed inflammatory score of 0. 
The histopathological features of the area just beneath the exposure area 
showed mild to moderate inflammatory cell infiltrate. Some areas of fibrosis of 
pulp tissue were detected accompanied by the extravasated red blood cells and 
some calcific masses throughout the pulp tissue. The odontoblastic layer was 
irregular in shape and loosely adapted to the dentin. Fig. (37).   

 
 

 
 

Figure (37). A photomicrograph for the MTA+Chitosan subgroup after 2 
months (H and E x 20) showing inflammatory cell infiltrate (arrow) and pulp 
stones (curved arrow). 
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Table 6. Distribution of inflammatory cell score for different tested materials within 

each follow up period: 

 

*= Significant,      NS=Non-significant 

 

 

Figure 38: Bar chart showing the mean inflammatory cell score for different 

tested materials within each follow-up period. 

 
 
 

 MTA 
(Control) 

MTA+dexamethasone MTA+dexamethasone+vit.
D 

MTA+chitosan p-value  

N % N % N % N % 
1 Week 
 

 
 

0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.086 

NS  1 4 80.0% 3 60.0% 2 40.0% 0 0.0% 
2 0 0.0% 2 40.0% 1 20.0% 2 40.0% 
3 1 20.0% 0 0.0% 2 40.0% 3 60.0% 

3 Weeks 
 
 
 

0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.108 
NS 1 2 40.0% 0 0.0% 3 60.0% 0 0.0% 

2 3 60.0% 3 60.0% 1 20.0% 3 60.0% 
3 0 0.0% 2 40.0% 1 20.0% 2 40.0% 

2Months 
 
 

 

0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0.372 
NS 1 3 60.0% 4 80.0% 1 20.0% 3 60.0% 

2 2 40.0% 1 20.0% 4 80.0% 1 20.0% 
3 0 0.0% 0 0.0% 0 0.0% 1 20.0% 
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B. Quantitative evaluation. 

 
1. Inflammatory cell count 

 
Results of inflammatory cell count for all groups at different observation 

periods: Table (7,8), Fig. (39,40).  

 

 At 1 week: 

The mean count of inflammatory cells for MTA was 53.4, while in 

MTA+Dexamethasone was 46.6. For the MTA+Dexamethasone+Vitamin D 

was 78.8, and for MTA+Chitosan was 119.6.  

 

The maximum inflammatory cell count recorded for MTA was 117 and 

the minimum was 29, while the maximum inflammatory cell count 

recorded for MTA+Dexamethasone was 78 and the minimum was 21. The 

maximum inflammatory cell count for MTA+Dexamethasone+Vitamin D  

was 123 and the minimum was 43, while the recorded maximum 

inflammatory cell count for MTA+Chitosan was 210 and the minimum 

was 59. 

 

 At 3weeks: 

The recorded mean count of inflammatory cells in MTA subgroup was 51, 

while in MTA+Dexamethasone was 79.60. The calculated mean count of 

inflammatory cells in MTA+Dexamethasone+Vitamin D was 56.20, while 

for MTA+Chitosan was 60.40.  

 

The recorded maximum inflammatory cell count for MTA was 76 and the 

minimum was 32, while the maximum inflammatory cell count recorded 

for MTA+Dexamethasone was 130 and the minimum was 49. The 

maximum inflammatory cell count for MTA+Dexamethasone+Vitamin D 

was 111 and the minimum was 30, while the recorded maximum 

inflammatory cell count for MTA+Chitosan was 106 and the minimum 

was 38. 
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 At 2 months: 

The mean count of inflammatory cells for MTA was 55.60, while in 

MTA+Dexamethasone was 33.40. For MTA+Dexamethasone+Vitamin D 

was 79.40, and for MTA+Chitosan was 51.  

 

The maximum inflammatory cell count recorded for MTA was 75 and the 

minimum was 47, while the maximum inflammatory cell count recorded 

for MTA+Dexamethasone was 51 and the minimum was 20. The 

maximum inflammatory cell count for MTA+Dexamethasone+Vitamin D 

was 111 and the minimum was 61, while the recorded maximum 

inflammatory cell count for MTA+Chitosan was 94 and the minimum was 

27. 

 

The statistical analysis resulted from the comparison between the tested 

capping materials within different evaluation periods revealed that there 

was no statistical significant difference between all the capping materials 

of 1 week period and at 3 weeks evaluation period. 

 

On the other hand, there was a statistical significant difference between 

the tested materials at 2 months evaluation period. 

MTA+Dexamethasone+Vitamin D subgroup recorded the highest 

statistically significant mean count, while MTA+Dexamethasone recorded 

the lowest statistically significant mean count. There was no statistical 

significant difference between MTA and MTA+Chitosan.  

 

The statistical analysis resulted from the comparison between the tested 

follow up periods within each capping material showed that there was no 

statistical significant difference between all the tested follow up period of 

MTA, MTA+Dexamethasone, MTA+Dexamethasone+Vitamin D or 

MTA+Chitosan.  
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Table 7. Mean and standard deviation (SD) of inflammatory cell count for different 

tested materials within each follow-up period. 

p-value 

 

MTA+  

Chitosan 

MTA+Dex.+

Vit.D 

MTA+

Dex. 

MTA 

(Control) 

Period 

0.084 
NS 

119.60 78.80 46.60 53.40 Mean 1 Week 

64.87 40.01 28.81 36.14 SD 

210 123 78 117 Max 

59 43 21 29 Min 

0.485 
NS 

60.40 56.20 79.60 51.00 Mean 3 Weeks 

30.84 31.86 34.49 19.31 SD 

106 111 130 76 Max 

38 30 49 32 Min 

0.036*      51.00 
ab 

79.40 
a 

33.40 
b 

55.60 
ab 

Mean 2 Months 

29.13 21.17 13.50 12.64 SD 

94 111 51 75 Max 

27 61 20 47 Min 
Means with the same letter within each row are not significantly different at p=0.05. 

*= Significant,      NS=Non-significant 

 

 

 

Figure 39. Bar chart showing the mean inflammatory cell count for different tested 

materials within each follow-up period. 
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Table 8. Mean and standard deviation (SD) of inflammatory cell count for different 

tested follow-up periods within each material. 

 

p-value 

 

2 

Months 

3 

Weeks 

1 

Week 

Material  

0.479 NS 55.60 51.00 53.40 Mean MTA (Control) 

12.64 19.31 36.14 SD 

75 76 117 Max 

47 32 29 Min 

0.083 NS 33.40 79.60 46.60 Mean MTA+Dex. 

13.50 34.49 28.81 SD 

51 130 78 Max 

20 49 21 Min 

0.246 NS 79.40 56.20 78.80 Mean MTA+Dex.+Vit.D 

21.17 31.86 40.01 SD 

111 111 123 Max 

61 30 43 Min 

0.102 NS 51.00 60.40 119.60 Mean MTA+Chitosan 

29.13   30.84 64.87   SD 

94 106   210 Max 

27 38 59 Min 

 *= Significant,    NS=Non-significant 

 

 

Figure 40. Line chart showing the mean inflammatory cell count for different 

tested follow-up periods within each material. 
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2. Dentin bridge score: 
 

Results of dentin bridge for all groups at different observation periods. 

Table (9,10), Fig. (41,42).  

 

 At 1 week: 

 

The dentin bridge score for all samples of the different tested materials 

was 0; where none of the samples showed any formation of dentin bridge 

either partially or completely.  

 

 At 3 weeks: 

The dentin bridge scores for samples of MTA, MTA+Dexamethasone and 

MTA+Dexamethasone+Vitamin D were the same, where 4 samples from 

each subgroup recorded score 0 while only 1 sample showed partial 

dentin bridge formation which recorded score 1. On the other hand 1 

sample of MTA+Chitosan showed complete dentin bridge formation and 

recorded score 2, while 4 sample did not show any hard tissue formation 

and recorded score 0. 

 At 2 months: 

The dentin bridge scores of the samples of MTA and 

MTA+Dexamethasone were the same, where complete dentin bridge 

formation was observed in only 1 sample which recorded score 2 and 

absence of dentin bridge formation was noticed in 4 samples that 

recorded score 0.  1 sample of MTA+Dexamthasone+Vitamin D showed 

complete dentin bridge formation that recorded score 2, while  1 sample 

showed partial dentin bridge formation and recorded score 1. The other 3 

samples recorded score 0 and didn’t show any evidence of dentin bridge 

formation. Regarding MTA+Chitosan, 3 samples didn’t show any evidence 

of dentin bridge formation and recorded score 0, while 2 samples showed 

partial dentin bridge formation that recorded score 1.  

The statistical analysis resulted from the comparison between the tested 

capping materials within different evaluation periods for dentin bridge 

score revealed that there was no statistically significant difference 
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between all the capping materials of 1 week, 3 weeks or 2 months 

evaluation periods.  

On comparison of the statistical analysis of the mean Dentin Bridge Score 

for different tested follow-up periods (1 week, 3 weeks or 2 months) 

within each material, it was found that there was no statistically 

significant difference between all follow up periods within each material.  

Table 9. Distribution of the dentin bridge score of different tested materials within 

each follow-up period: 

  MTA 
(Control) 

MTA+Dex. MTA+Dex. 
+Vit.D 

MTA+ 
Chitosan 

p-value 

N % N % N % N % 
1 week 

 
 

0 5 100.0% 5 100.0% 5 100.0% 5 100.0% 1.00 NS 

1 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

2 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
3 Weeks 

 
0 4 80.0% 4 80.0% 4 80.0% 4 80.0% 0.998 NS 

1 1 20.0% 1 20.0% 1 20.0% 0 0.0% 

2 0 0.0% 0 0.0% 0 0.0% 1 20.0% 
2 Months 

 
 

0 4 80.0% 4 80.0% 3 60.0% 3 60.0% 0.926 NS 

1 0 0.0% 0 0.0% 1 20.0% 2 40.0% 

2 1 20.0% 1 20.0% 1 20.0% 0 0.0% 
     *= Significant,    NS=Non-significant 

 

                 
 

Figure 41. Bar chart showing the mean Dentin Bridge Score for different tested 

materials within each follow-up period. 
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Table 10. Dentin  bridge score at different follow-up periods within each tested 

material.  

 1 Week 3 Weeks 2 Months p-value 

N % N % N % 

MTA (Control) 
 
 

0 5 100.0% 4 80.0% 4 80.0% 0.581 NS 

1 0 0.0% 1 20.0% 0 0.0% 

2 0 0.0% 0 0.0% 1 20.0% 

MTA+dexamethasone 
 
 

0 5 100.0% 4 80.0% 4 80.0% 0.581 NS 

1 0 0.0% 1 20.0% 0 0.0% 

2 0 0.0% 0 0.0% 1 20.0% 

 
MTA+dexamethasone+vit.D 

 

0 5 100.0% 4 80.0% 3 60.0% 0.291 NS 

1 0 0.0% 1 20.0% 1 20.0% 

2 0 0.0% 0 0.0% 1 20.0% 

 
MTA+chitosan 

 

0 5 100.0% 4 80.0% 3 60.0% 0.360 NS 

1 0 0.0% 0 0.0% 2 40.0% 

2 0 0.0% 1 20.0% 0 0.0% 
*= Significant, NS=Non-significant 
 

 

 

 

Figure 42. Bar chart showing the distribution of Dentin Bridge Score for 

different tested follow-up periods within each material. 
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3. Dentin bridge thickness: 

Results of dentin bridge thickness for all groups at different observation 

periods. Table (11,12), Fig. (43-52).  

 3 weeks: 

 

Regarding MTA subgroup the minimum dentin bridge thickness was 0 

while the maximum was 25.14 µm, and the mean was 5.03 µm. In 

MTA+Dexamethasone, the minimum was 0 and the maximum dentin 

bridge thickness was 12.14 µm, while the mean was 2.43 µm. For 

MTA+Dexamethasone+Vitamin D, the minimum dentin bridge thickness 

was 0 while the maximum was 26.66 µm, and the mean was 5.33 µm. 

Regarding MTA+Chitosan subgroup, the minimum dentin bridge 

thickness was 0 while the maximum was 99.18 µm, and the mean was 

19.84 µm. Representative samples for newly formed hard tissue at 3 

weeks evaluation period for all additives Fig. (44, 45, 46, 47) 

 

 2 months  

 

For MTA subgroup the minimum dentin bridge thickness was 0 while the 

maximum was 22.99 µm, and the mean was 4.6 µm. In 

MTA+Dexamethasone, the minimum was 0 and the maximum dentin 

bridge thickness was 11.25 µm, while the mean was 2.25 µm. For 

MTA+Dexamethasone+Vitamin D, the minimum dentin bridge thickness 

was 0 while the maximum was 100.75 µm, and the mean was 39.25 µm. 

Regarding MTA+Chitosan subgroup the minimum dentin bridge thickness 

was 0 while the maximum was 15.87 µm, and the mean was 6.15 µm. 

Representative sample for dentin bridge thickness at 2 months period for 

all additives Fig. (48, 49, 50, 51) 

The statistical analysis resulted from the comparison between the tested 

capping materials within different evaluation periods for dentin bridge 

thickness revealed that there was no statistically significant difference 

between 3 weeks or 2 months evaluation periods.  

The statistical analysis resulted from the comparison between the tested 

follow up periods within different capping materials for dentin bridge 



666 
 

thickness revealed that there was no statistically significant difference 

between 3 weeks or 2 months evaluation periods of each tested capping 

material. 

                       Table 11. Mean and standard deviation (SD) of dentin bridge thickness for 

different tested materials. 

p-value 

 

MTA+  

Chitosan 

MTA+Dex.

+Vit.D 

MTA+

Dex. 

MTA 

(Control) 

Period 

0.655 
NS 

19.84 5.33 2.43 5.03 Mean 3 weeks 

44.3 11.92 5.43 11.24 SD 

99.18 26.66 12.14 25.14 Max 

0 0 0 0 Min 

0.157 
NS 

 

6.15 39.25 2.25 4.6 Mean 2 months 

8.42 53.78 5.03 10.28 SD 

15.87 100.7 11.25 22.99 Max 

0 0 0 0 Min 
*= Significant,    NS=Non-significant 

 

 

 
 

Figure 43. Bar chart showing the mean dentin bridge thickness of different 

capping materials within each period. 
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Table 12. Mean and standard deviation (SD) of dentin bridge thickness for different 

tested follow-up periods within each material. 

 3 Weeks 2 Months p-value  

Min Max Mean SD Min Max Mean SD 

MTA (control) 0 25.14 5.03 11.24 0 22.99 4.6 10.28 0.951 NS 

MTA+Dex 0 12.14 2.43 5.43 0 11.25 2.25 5.03 0.958 NS 

MTA+Dex+Vit.D 0 26.66 5.33 11.92 0 100.75 39.25 53.78 0.206 NS 

MTA+Chitosan 0 99.18 19.84 44.35 0 15.87 6.15 8.42 0.517 NS 

 *= Significant,    NS=Non-significant 

 

 

 
 

Figure 44. Bar chart showing the mean dentin bridge thickness in follow up 

periods within each tested material. 
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Figure (45). A photomicrograph of MTA subgroup after 3 weeks (H and E x20) 

showing interrupted thin hard tissue formation of 15.4 um in thickness 

(Arrow), exposure site (double arrow) and the pulp capping material (curved 

arrow). 

 
 

Figure (46). A photomicrograph for the MTA+Dex. subgroup after 3 weeks (H 

and E x20) showing areas of thin immature dentinal bridge beneath the 

exposure area of 10.2 um in thickness (arrow), and some signs of diffuse 

calcifications within the pulp (double arrow). 
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Figure (47). A photomicrograph for the MTA+DEX+Vit. D subgroup after 3 
weeks (H and E x20) showing newly formed matrix and thin immature dentin 
bridge formation of 7.3 um in thickness (double arrow). 
 

 
 
Figure (48). A photomicrograph for the MTA+ Chitosan subgroup after 3 weeks 

(H and E x 20) showing formation of dentin bridge of 19.8 um in thickness 

(single arrow), exposure site (double arrow) and pulp capping material (curved 

arrow). 
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Figure (49). A photomicrograph for the MTA subgroup after 2 months (H and E 
x 20) showing the newly formed dentinal bridge of 22.9 um in thickness 
(arrow) and the exposure site (double arrow) and well organized pulp tissue 
with slight hyperemia (curved arrow). 
 

 
 
Figure (50). A photomicrograph for the MTA+DEX. subgroup after 2 months (H 
and E x 20) showing incomplete dentin bridge formation of 8.1 um in thickness 
(arrow), pulp capping material(curved arrow) and exposure site (double 
arrow). 
 



665 
 

 
 

Figure (51). A photomicrograph for the MTA+DEX + Vit. D. subgroup after 2 
months (H and E x 20) showing exposure site (double arrow) and complete 
dentin bridge formation of 24.3 um in thickness (arrow). 
 

 
 

Figure (52). A photomicrograph for the MTA+Chitosan subgroup after 2 
months (H and E x 20) showing exposure site (double arrow), and new partially 
formed dentin bridge of 7.3 um in thickness (arrow). 
 
 

 
 
 
 



696 
 

 

Discussion 
 
The health of teeth depends on the integrity of the hard tissue and the 

activity of the pulp and periodontal tissues, which are responsible for supplying 
nutrition to the teeth. Lack of nourishment provided by the pulp tissue can 
increase the risk of tooth fracture. In immature permanent teeth, impaired root 
development is another outcome associated with lack of nutritional support of 
the pulp.  
 

The goal of treating the exposed pulp with an appropriate pulp capping 
material is to promote the dentinogenic potential of pulp cells (66). The potential 
for recovery after oral pulp exposure depends on several factors such as the 
pulp status, the pre-operative and post-operative prevention of bacterial 
infection, the size of exposure and the efficacy of treatment strategy. 
 

calcium hydroxide was the most widely used in pulp capping for several 
decades but  has several disadvantages, including the inconsistency and the 
internal tunnel structure of the dentin barrier,excessive calcification within the 
pulp, and its high solubility in oral fluids and easy degradation after acid-
etching (67). 
 

Recent attempts to develop different pulp capping materials have 
resulted in the development of mineral trioxide aggregate (MTA) which was 
first proposed for pulp capping in 1996 by Mahmoud Torabinejad. Calcium 
oxide, silica, and bismuth oxide are the main components of MTA.  Initially, MTA 
was introduced in a gray color (GMTA), although white MTA (WMTA) has since 
been marketed because of the discoloration potential of GMTA. Nowadays, both 
forms of GMTA and WMTA are found in the market.  

 
Nowadays Mineral trioxide aggregate (MTA) is the most commonly 

recommended repair material used for capping exposed dental pulp. It is a 
bioactive material with a high sealing ability, relative antibacterial properties, 
and excellent biocompatibility (68). A number of studies stated the important 
role of MTA in pulp capping procedures (68-71).  
 

Unfortunately, delayed setting time and imperfect handling 
characteristics including the physical and mechanical properties are the main 
drawbacks of MTA, for which numerous investigations have been conducted 
(68,70,71). Therefore there were many attempts to improve the handling 
characteristics of MTA (61,71-74), or develop new capping materials as an 
alternative to MTA that can improve pulp tissue repair (62,63,65).  
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The traditional method to assess the hard tissue forming capability of 

pulp capping materials was by histologic investigations (61,65).  Whereas, more 
recent studies evaluated the gene expression of mineralized matrix markers as 
evidence of its hard tissue–forming capability. Examples include dentin 
sialophosphoprotein, dentin matrix protein, matrix extracellular 
phosphoglycoprotein, bone sialoprotein or osteonectin (75,76). Our study focused 
on the expression of 2 important genes; dentin sialophosphoprotein (DSPP) and 
matrix extracellular phosphoglycoprotein (MEPE). 

 
Dentin sialophosphoprotein (DSPP) is a gene of high importance in 

mineralization that encodes two principal proteins of the dentin extracellular 
matrix of the tooth. The preproprotein is secreted by odontoblasts and cleaved 
into dentin sialoprotein and dentin phosphoprotein. Dentin phosphoprotein is 
thought to be involved in the biomineralization process of dentin. Mutations in 
this gene have been associated with dentinogenesis imperfecta-1; in some 
individuals, dentinogenesis imperfecta occurs in combination with an 
autosomal dominant form of deafness.  

 
Matrix extracellular phosphoglycoprotein (MEPE) is an important gene 

involved in mineralization and it is expressed in bone during the proliferation 
and early-maturation phases by fully differentiated osteoblasts, with the 
highest expression occuring during mineralization. It is also expressed in 
immature odontoblasts and becomes down-regulated on odontoblastic 
differentiation.The mid-terminal fragment of MEPE (dentonin) enhances new 
bone formation and dental pulp repair. 

 
In our present study, MTA was used in all the groups either alone or with 

additives, since MTA had been the most popular capping material used for 
repair of exposed vital pulps. Moreover, MTA had demonstrated superior hard 
tissue formation compared with that formed by calcium hydroxide in animal 
studies (47).  

 
Several studies were conducted to evaluate the effect of addition of 

various additives to MTA in the purpose of improving the material properties 
and quality of the dentinal bridge that follows the pulp capping procedures thus 
improving its clinical outcomes (61,71-74). These studies were mainly in vitro and 
have not covered all of the physical properties and clinical applications of the 
material. 
 

Our study was conducted in vivo using exposed vital pulps of dog's teeth. 
We investigated whether the addition of some osteogenic supplements as 



696 
 

dexamethasone, vitamin D, or chitosan to MTA during pulp capping of exposed 
vital pulps would have a synergestic effect on the reparative potential of MTA. 
This was investigated by 2 methods; First, the genetic expression analysis, 
second, the histological assessment in terms of quality of dentin bridge 
formation and inflammatory pulp response. 
 

Firstly, the real time quantitative evaluation was performed  to analyze 
the expression of mineralizing genes which are responsible for the process of 
odontoblastic differentiation after the pulp capping procedures. Pulpal injury 
might send signals to stimulate the stem cells migration, proliferation, and 
differentiation into odontoblasts. However, the factors regulating the 
differentiation of dental pulp cells into odontoblasts remain unclear. A number 
of studies stated the importance and properties of MTA used as a pulp capping 
material (68-71).  

 
The level of expression of the mineralizing gene markers after the 

application of pulp capping agents or cements to dental pulp cells was the aim 
of many studies (40,64,76-80). MTA can stimulate dentin bridge formation in a 
greater frequency compared with calcium hydroxide (47), with no difference 
between gray MTA and white MTA regarding their effect on dental pulp during 
pulp capping (53). 
 

Dentin sialophosphoprotein (DSPP) is mainly expressed in odontoblasts 
and is considered a marker of differentiation of dental pulp cells into 
odontoblasts (23-26). The phosphophoryn covalently cross-linked to type I 
collagen stimulates the mineralization of the collagen in calcium phosphate 
solutions and has a great role in calcification of dentin (81,82). DSPP gives rise to 
two proteins, dentin sialoprotein and dentinphosphoprotein DSP and DPP, with 
unique physical-chemical characteristics. The DSPP gene product, 
phosphophoryn, is a hyperphosphorylated protein which is nearly 50% of the 
noncollagenous protein in dentin (25,26). Therefore DSPP is considered a positive 
regulator of hard-tissue mineralization acting on dentin, and its stimulation 
might lead to enhanced mineralization. The expression of DSPP in dental pulp 
cells was evaluated in previous studies which emphasized the role of DSPP in 
odontogenesis (19,63,64). 

 
For these reasons we tried in our study to investigate the effect of 

addition of osteogenic supplements to MTA on healing and mineralization 
during pulp capping of exposed dental pulps through the analysis of relative 
mRNA expression of odontoblastic markers. In our study, the level of 
expression of DSPP changed throughout the different treatment periods and 
that correlates with the findings of previous studies (19,22,64).  
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Dexamethasone is a glucocorticoid that can induce an osteogenic 

differentiation of human bone marrow stromal cells in vitro (18), and can 
stimulate the differentiation of hard tissue forming cells when used in pulp 
injury (9). The addition of dexamethasone to MTA had effectively stimulated the 
expression of DSPP. This might be due to the high osteogenic capability of 
dexamethasone in the differentiation mechanism of odontoblasts (11). This 
finding is in full agreement with the results reported by Alloit-Licht et al (9) who 
emphasized the enhancing effect of dexamethasone in inducing pulp cells 
differentiation into odontoblast like cells, and its important role in dental pulp 
tissue healing.  

 
The positive role of dexamethasone in dental pulp cells differentiation 

might be attributed to its capability to promote fibronectin synthesis that may 
help in the migration and proliferation of dental pulp cells to the site of injury 
(10). Moreover, Guzmán-Morales et al (18), reported that dexamethasone can 
promote the osteoblastic differentiation in vitro partly by inhibiting gelatinase 
activity and by suppressing inflammatory cytokines which result in increased 
cell attachment and cell cycle exit.  
 

Vitamin D3 metabolites have been shown to induce osteogenic 
differentiation in human dental pulp and human dental follicle cells (14). Our 
results showed an overexpression of the relative mRNA level of DSPP up to 29.4 
fold change when vitamin D3 was added to dexamethasone in the 21 days 
evaluation period compared with the 7 days or 60 days samples. This might be 
attributed to the osteogenic effect of Vitamin D3 on human dental pulp to the 
increased expression of VDR (vitamin D receptor), upregulated Vitamin D3 
regulating genes especially CYP24 expression and the decrease or inhibition of 
cell proliferation, as the cells are differentiating osteogenically, cell 
proliferation will be inevitably suppressed (14). Our results were in full 
agreement with that reported by Tonomura et al (13), who stated that the 
addition of 1α,25(OH)2D3 metabolite to dexamethasone and beta-
glycerophosphate had a synergestic effect on  the alkaline phosphatase activity 
of human dental pulp cells.  
 

Chitosan is a sugar that is obtained from the hard outer skeleton of 
shellfish, including crab, lobster, and shrimp. It is used mainly in regenerative 
medicine and can promote effectively wound healing due to its antibacterial 
effect. Chitosan is originated from chitin and is considered a biocompatible, 
biodegradable natural biopolymer that is a copolymer of glucosamine and N-
acetylglucosamine.  
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Our findings showed that the addition of chitosan to MTA significantly 
increased the expression of relative mRNA level of DSPP in the 7 days and 21 
days samples compared with that of the 60 days samples. This might be 
attributed to the odontogenic effect of chitosan when added to MTA in the 7 
days and 21 days periods that enhanced the mechanical properties of MTA 
which is considered an important factor for biomaterials used in tooth repair or 
pulp capping treatment as stated in a previous study by Lee et al (19). Our results 
are in full agreement with those reported by Mathews et al (83), who stated that 
Chitosan upregulates the genes associated with calcium binding and 
mineralization such as collagen type 1 alpha 1, integrin-binding sialoprotein, 
osteopontin, osteonectin and osteocalcin.  

 
However, further investigations should be done to examine the exact 

effect of chitosan on the mechanical properties of MTA. According to our 
results, it was interesting to know that the expression of DSPP was 
downregulated in relation to the control in the 60 days samples of all additives. 
However, this might be attributed to the decrease in the rate of odontoblastic 
differentiation after 2 months of pulp capping by these modified capping 
agents. 
 

Another gene marker of mineralization is called matrix extracellular 
phosphoglycoprotein (MEPE). MEPE is an extracellular matrix protein that is 
mainly expressed in mineralizing tissues, including the dental pulp.  It is a 
member of the SIBLING (integrin binding ligand N-glycosylated) family, similar 
to other SIBLING proteins such as bone sialoprotein (BSP) osteopontin (OPN), 
dentin matrix protein 1 (DMP-1), and dentin sialophosphoprotein (DSPP). 
Several studies have been conducted to investigate the effect of MEPE on the 
process of mineralization (29,31,75,84-87). The results of these studies provided 
conflicting data about the exact role of MEPE in regulating mineralization and 
the underlying mechanisms.  

 
Several studies have shown the positive role of MEPE on mineralization 

(22,84,85). Wei et al (84), reported that MEPE appeared to play an important 
positive role in proliferation and osteogenesis differentiation of dental pulp 
cells through interaction with downstream signals. These results were 
consistent with the findings of other studies that claimed that MEPE enhances 
the process of mineralization (22,85), and dental pulp repair (31). 

  
On the other hand, other studies revealed that MEPE has a negative effect 

on mineralization (16,29,86,87). Liu et al (29), found that MEPE is expressed in 
immature odontoblasts and becomes down-regulated on odontoblastic 
differentiation, a finding that suggests that MEPE is an inhibitor of 
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mineralization. Moreover, it has been shown that the differentiation of 
odontoblasts is negatively regulated by MEPE via its C-terminal fragment (75). 
According to a study conducted by Rowe et al (87), MEPE has been shown to 
inhibit mineralization, as mice with MEPE ablated led to stimulation of bone 
formation, which indicates that MEPE inhibits mineralization.  
 

Based on our results, the addition of chitosan, or dexamethasone (with or 
without vitamin D) to MTA did not significantly enhance the level of mRNA 
expression of MEPE during pulp capping in all the evaluation periods (7, 21, or 
60 days). The relative fold change of MEPE differed throughout the capping 
periods of each additive but with no significant differences between them. 
However, MEPE was downregulated in relation to the control (MTA only) in 
most of the samples. This might be attributed to that differentiation of 
odontoblasts is negatively regulated by MEPE via its C-terminal fragment (75). 
Our results are in full agreement with the results reported by Liu et al (29), who 
stated that the differentiation of dental pulp cells can be characterized by 
downregulation of MEPE as other markers of dental pulp cells differentiation, 
such as dentin sialoprotein (DSP) are upregulated, and that MEPE is suggested 
to be an inhibitor of mineralization.  

 
On the other hand few samples showed slight upregulation of MEPE in 

realtion to control (60 days samples that were treated with dexamethasone, 21 
days samples that were treated with dexamethasone and vitamin D, and 7 days 
samples treated with chitosan), but there was no significant differences in the 
relative mRNA expression of MEPE between the samples of all additives at any 
time point. However the mechanism that controls the upregulation or 
downregulation of DSPP and MEPE at different time points using these 
additives requires further investigations. 
 

Based on the results of the present study, it was found that the level of 
mRNA expression of DSPP and MEPE in response to the additives added to MTA 
was different, and that it differed also according to the experimental period of 
pulp capping. The addition of dexamethasone, with or without vitamin D3 to 
MTA, resulted in significant upregulation of DSPP after 3 weeks of pulp capping, 
and the addition of chitosan to MTA increased the relative gene expression of 
DSPP after 1 week and 3 weeks of treatment. These findings might indicate that 
these additives can be used as osteogenic inducers synergistically with MTA for 
differentiation of dental pulp cells. On the other hand, the additives we added to 
MTA did not significantly enhance the level of expression of MEPE in all periods 
of treatment, but downregulation of MEPE was noticed in most of the treated 
samples in relation to control, whereas few samples were slightly upregulated 
in relation to the control.  
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Secondly, our histological examination for the MTA group indicated that 

MTA induced a reparative dentinogenic process characterized by mild 
inflammatory cell infiltration, limited tissue necrosis, but partial to nearly 
complete hard tissue bridging according to the evaluation period since the 
calcified dental bridge was not seen in the 7 days samples while observed in the 
21 and 60 days samples. A common finding in most of the samples was the 
highly organized intact odontoblastic layer and few samples showed 
hyperaemia. Human investigations have shown successful treatment results 
with MTA as a pulp capping agent (53,54). 
 

Thus, the primary process of reparative dentinogenesis after MTA 
capping might involve the natural pulpal wound-healing mechanism (88).  Pitt 
Ford et al (60) also showed dentine bridge formation in all pulps capped with 
MTA and no inflammation except in one sample. 

Dexamethasone is an anti-inflammatory glucocorticoid commonly used as 
an inducer of bone marrow stromal cells osteoblast differentiation in vitro, 
where it slowed the cell division, stimulated alkaline phosphatase activity and 
enhanced matrix mineralization (18). The effect of dexamethasone on dental 
pulp cells was previously investigated.  It was postulated that dexamethasone 
promotes the differentiation of at least one unidentified subpopulation of 
dental pulp cells toward an odontoblastic phenotype (9). Moreover, the explant 
cell culture systems could allow for the differentiation of pulp cells into 
odontoblasts, at both the morphological and functional level (89). In addition, 
dexamethasone has been shown to induce differentiation of pulp cell into 
odontoblast-like cell in vitro (90), which supports the role of dexamethasone in 
reparative dentin formation. 

 
In our study, the addition of dexamethasone to MTA induced mild 

hyperaemia at 3 weeks period which was absent after 2 months. This might be 
attributed to the effect of the synthetic glucocorticoid on the smooth muscle 
actin (SMA) positive cells (9). Our results are in full agreement with the results 
found by Srisawasdi et al (10), who stated that the addition of dexamethasone to 
dental pulp cells decrease the pulp inflammation and promote dental pulp 
tissue healing.  
 

Interestingly, it has been reported that vitamin D3 metabolite may be 
superior to dexamethasone as an agent that induces osteogenic differentiation 
in human adipose derived cells (91,92). From in vivo observation it was concluded 
that vitamin D3 is important in mineralization of dental tissues, as shown by the 
presence of vitamin D receptor (VDR) in human dental tissues such as 
ameloblasts and odontoblasts in mouse model (93,94).  
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Our results showed that the addition of vitamin D to MTA resulted in 

some areas of calcifications and pulp stones. This might be due to the 
precipitation of larger deposits of insoluble salts resulting from the calcification 
process, especially in the first week. Our results are in full agreement with the 
results reported by Ashwini et al (95), who stated that Vitamin D causes 
calcifications in the dental pulp due to deposition of calcium salts.  
 

Chitosan is a candidate material for biomedical applications because of its 
distinctive biological properties, which include good biodegradability, 
biocompatibility, and osteoconductivity (96). The calcium phosphate chitosan 
scaffold was found to be biocompatible and to support the adhesion and 
proliferation of osteoblast cells (16). Chitosan monomer (D-glucosamine 
hydrochloride) also can promote pulp cell regeneration in both in vivo and in 
vitro experiments (17).  

 
The addition of chitosan to MTA resulted in high inflammatory score and 

hyperaemia in the form of vasodilatation, which might indicate that chitosan 
might irritate the pulp tissue if using it as pulp capping material. Our findings 
contradict earlier results reported by Muzzarelli et al (96), who stated that 
chitosan monomer has a desirable mechanical and physiological characteristics 
to the healed would sites. On the other hand, our histopathological results were 
in full agreement with the results found by Li et al (97), who stated that chitosan 
can induce hard tissue barrier formation during pulp capping procedures.  

 
It should be emphasized, however, that our results are relevant for only 

small exposures created mechanically and without caries. Further research is 
required, in particular to examine the pattern and the mechanism of the 
upregulation or downregulation of the mineralizing gene markers in response 
to these materials and whether there are any toxic substances released during 
the early setting of cement and also if these additives would affect the setting 
time and the final mechanical and physical properties of MTA which might in 
turn affect the thickness and quality of dentin bridge and degree of pulp 
inflammatory response.   
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The aim of this study was to investigate the effect of addition of 

dexamethasone, vitamin D3 , or chitosan to mineral trioxide aggregate (MTA) 
on the inflammatory pulp response and gene expression level of dentin 
sialophosphoprotein (DSPP) and matrix extracellular phosphoglycoprotein 
(MEPE) after pulp capping of mechanically exposed dental pulps in dogs.  

 
Pulp exposure was performed in teeth of six dogs, which were classified 

into 3 groups of 2 dogs each, according to the evaluation period. Group I: 7days, 
Group II: 21 days, and Group III: 60 days. Each group included 40 teeth, with a 
total number of 120 teeth.  

 
Each group was subdivided into 4 subgroups (A, B, C, and D) of 10 teeth 

each according to the capping materialused for pulp capping as follows: 
Subgroup A; combination of MTA and Dexamethasone, Subgroup B; 
combination of MTA and Dexamethasone with Vitamin D, Subgroup C; 
combination of MTA with Chitosan compound and Subgroup D; MTA only 
(control). Each subgroup was subdivided into 2 subdivisions according to the 
method of evaluation. Subdivision 1; gene expression analysis and subdivision 
2; histopathological examination. 

 
Our results showed a significant expression of DSPP with MTA and 

Dexamethasone at 3 weeks, up to 18.8 relative fold change, while with MTA and 
Dexamethasone with Vitamin D, a significant upregulated gene expression of 
DSPP up to 29.4 relative fold change was detected at the same evaluation 
period.  

 
The addition of osteogenic supplements to MTA did not significantly 

enhance the level of mRNA expression of MEPE during pulp capping in all the 
evaluation periods (7, 21, or 60 days). However, MEPE was downregulated in 
relation to the control (MTA only) in most of the samples.  

 
There was no significant difference in the inflammatory cell score 

between different capping materials in the same observation period. On the 
other hand, a significant difference was found after the comparison of the three 
evaluation periods of MTA+Dexamethasone subgroup, where the 3 weeks 
evaluation period showed higher inflammatory cell score than that of the 1 
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week or the 2 months evaluation periods. Moreover, there was no significant 
difference in inflammatory cell count between all the capping materials of 1 
week period and at 3 weeks evaluation period. On the other hand, there was a 
significant difference between the tested materials at 2 months evaluation 
period where MTA+Dexamethasone+Vitamin D subgroup recorded the highest 
statistically significant mean count. 

 
Dentin bridges were not detected at 1 week evaluation period among all 

tested materials. Also, there was no significant difference between the tested 
capping materials regarding the dentin bridge thickness at 3 weeks or 2 months 
evaluation periods. 

 
Based on the results obtained from this study, it can be concluded that: 
 

1. The level of mRNA expression of DSPP and MEPE in response to 
osteogenic supplements added to MTA is different, and that it differs also 
according to the period of pulp capping. 
 

2. Dexamethasone, with or without vitamin D3 and chitosan, are synergistic 
odontogenic inducers with MTA for odontoblastic differentiation of 
dental pulp cells in dogs. 
 

3. The additives added to MTA resulted in upregulation of the gene marker 
DSPP. 

 

4. The additives added to MTA resulted in downregulation of the gene 
marker MEPE.  

 

5. There was no significant difference in the inflammatory cell count 
between all the capping materials of 1 week and 3 weeks evaluation 
periods. 

 

6. MTA+Dexamethasone+Vitamin D shows a high mean inflammatory cell 
count compared with other additives at 2 months evaluation period. 

 
7. All tested osteogenic supplements added to MTA produced comparable 

thicknesses of dentin bridge at 3 weeks or 2 months.  
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