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ABSTRACT 
Aims: To evaluate the inflammatory response of the 
exposed pulp of incisor teeth in rats after direct pulp 
capping, using platelet rich plasma (PRP), enamel 
matrix derivate (EMD), mineral trioxide aggregate 
(MTA) and calcium hydroxide (Ca(OH)2). Methods: 
The study was conducted on 36 Wistar albino rats 
with a total of 144 incisor teeth. The pulps of 96 teeth 
of the rats were perforated and capped with different 
agents. Serving as the positive control group, the pulps 
of 24 teeth were only perforated and capped without 
capping agents, whereas the pulps of 24 teeth were us- 
ed as the negative control group without being perfo- 
rated (without any process). The research was ended 
with the extracting of the teeth on the 7th day - 28th 
day. The teeth were taken to the routine and histolo- 
gical follows; cross sections were prepared and pain- 
ted with hematoxylen & eosin. All of the sections were 
evaluated in terms of inflammatory reaction by his- 
tologic analysis taken by light microscope. Statistical 
analysis was used. The normal distribution of all data 
was tested with the Mann Whitney U and the differ- 
ences between the groups were analyze dusing Kru- 
skal Wallis test at 0.05 level. Results: There are no 
statistically significant differences in terms of inflam- 
mation type and necrosis among the treatment groups 
on 7 days’ post capping. However, improved inflam- 
matory cell accumulation, hyperemia and lowest ne- 
crosis were observed from the samples treated with 
PRP (p < 0.05). Conversely, the EMD group indicated 
that the criteria of inflammation scores and hyper-  

emia were higher in the 28th day (p < 0.05). Conclu- 
sions: Most of cells accumulating in the PRP group 
and most necrosis were seen in the EMD group. These 
new PRP materials might serve as pulp capping bio- 
materials to induce initial healing response in the fu- 
ture. 
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1. INTRODUCTION 
Vital pulp therapy includes direct and indirect pulp-cap- 
ping, pulpotomy and therapy that minimize pulpal injury 
by protecting the pulp from the toxic effects of chemical, 
bacterial, mechanical or thermal insult [1]. Therefore, vi- 
tal pulp therapy is aimed at treating reversible pulpal in- 
jures by sealing the pulp and stimulating the formation of 
tertiary dentinal formation [2].  

Conservative pulp therapy is designed to maintain vi- 
able coronal and radicular pulp tissue. Calcium hydrox- 
ide (Ca(OH)2) and Ca(OH)2 compounds are the gold 
standards used to preserve vitality through pulp capping 
since 1920 [3]. Numerous subsequent studies have dem- 
onstrated dentinal bridge formations in about 50% - 87% 
of cases capped with various Ca(OH)2 formulations [4-6]. 
However, Ca(OH)2 and their formulations have been known 
as having a limited effect on pulp tissue repair. 

Some research for biocompatible agents that can in- 
duce in vivo pulp repair mechanisms has produced a va- *Corresponding author. 
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riety of materials. Mineral trioxide aggregate (MTA) has 
been a promising material among these because of its 
characteristics as a direct pulp capping agent compared 
with Ca(OH)2 controls in several animal models [7-9].  

Enamel extracellular matrix has been related to im- 
portant biologic functions in tooth development [10] and 
successfully used in dentistry in the form of enamel ma- 
trix derivative (EMD) to incite natural cementogenesis to 
restore a fully functional periodontal ligament, cemen- 
tum, and alveolar bone [11] in the treatment of intrabony 
defects in patients with severe and advanced periodonti- 
tis, through regeneration of the affected tissues [12-14]. 
When applied to denuded root surfaces, EMD forms a 
matrix that locally facilitates regenerative responses in 
the adjacent periodontal tissues [15]. EMD is also used 
in cases of dental reimplantation [16] and as a material of 
direct pulp capping (DPC) in animal teeth [17-19]. 

The descriptions of various bioactive molecules includ- 
ing growth factors lead to exciting alternative treatments 
of dentin-pulp complex [20,21]. The usage of growth fac- 
tors alone in regenerative treatment approaches tried to 
be developed imitating the physiological events of the 
body has been questioned. Platelet rich plasma (PRP) re- 
commended as a remedy for these kinds of researches is 
encountered as a rich source for growth factors [22,23]. 
Under economic and treatment conditions, PRP can be 
obtained in a short time from the patient’s own blood. 
The usage of this material in vital pulp treatments has not 
been encountered, though it is used in many areas in den- 
tistry including maxillo-facial surgery, oral surgery and 
periodontology [24]. 

There are very few data about the effects of endogen- 
ous growth factors on vital pulp therapy, and still they 
are often controversial. The aim of the study was to eva- 
luate the inflammatory response to EMD, PRP compared 
to that of Ca(OH)2 and MTA in rat incisor teeth.  

2. METHODS 
Firstly, our project was approved by the local ethical 
committee of animal experiments. A total of one hundred 
and forty-four healthy, mature, maxillary and mandibular 
incisor teeth of thirty-six Wistar albino rats (a year-old, 
300 grams or greater) were chosen for this experiment.  

Following the anesthesia by intra-peritoneal injection 
of 2, 2, 2-tribromoethanol 2-methyl 2-butanol (Avertine®; 
Sigma Aldrich, Lyon, France) (0.017 mL∙g−1), their blood 
samples were taken for preparing PRP. 

2.1. Procedure of PRP Preparations 
For preparing the PRP, special collection kit (Curasan 
AG PRP kit, Kleinostheim, Germany) and multipurpose 
centrifuge device (Curasan Centrifuge®, Kleinostheim, 
Germany) were used. We took peripheral blood (1 mL) 

by directly into 3.8% (wt/vol) sodium citrate (1 vol:9 vol) 
according to the manufacturer guidelines. PRP was pre-
pared by centrifugation sequence at 1300 cycle × 10 min 
and 2000 cycle 8 min at room temperature and the 0.5 ml 
plasma fraction located just above the sedimented red 
cells but not including the Buffy coat was collected. 
Glass tubes containing the PRP were incubated at 37˚C 
in the presence of 22.8 mM CaCl2 to start retraction. PRP 
was prepared separately for each animal.  

2.2. In Vivo Experiments 
Isolation was performed to the incisor teeth with indi- 
vidual paper dams. Class V cavities were preparated on 
buccal side with a carbide bur ISO 004 (Mani Dia-Burs, 
Mani Inc. Tochigiken, Japan) of the teeth until the pulp 
was visible through the transparency of the dentin floor 
of the cavity under 10× magnification in the operation 
microscope (Carl Zeiss Meditec AG, Jena, Germany). A 
pulp exposure was subsequently created mechanically us- 
ing an endodontic explorer: this approach enabled the 
control of pulp exposure size using the tip of explorer ap- 
proximately 0.15 mm diameter (DG16, Hu-Friedy, Chi-
gago, IL, USA).  

Direct pulp capping (DPC) was performed using with 
PRP, EMD, Ca(OH)2 and MTA. The procedure was de-
rived from published methods [4,20]. The exposed pulp 
tissue was covered with EMD (Emdogain® gel, Biora AB, 
Malmö, Sweden). PRP were placed in contact with the 
pulp carried with high absorbable sterile collagen mem- 
brane (Suprasorb C®, Lohmann & Rausher International 
GmvH & Co., Rengsdrof, Germany). Ca(OH)2 (Dycal®, 
DENTSPLY, Kontanz, Germany) and MTA (ProRoots 
MTA, Dentsply, Tulsa Dental, Tulsa, OK, USA) were 
placed in contact with the pulp using the tip of a probe 
and condensed gently with a sterile paper point. A small 
amount of MTA was placed with a tiny ball applicator 
over the exposure. Subsequently, the cavities were sealed 
with reinforced Zinc Eugenol cement (IRM, Caulk Den- 
tsply, Milford, DE, USA) according to its instructions. 
Animals were placed in individual cages until they re-
covered from the anesthetic and to aid recovery.  

As a positive control, the pulp capping procedure was 
performed on the teeth of six animals in the absence of 
any agents, whereas as a negative control, no process 
was performed to the animals. 

Treated animals were sacrificed at increasing time pe- 
riods following 18 animals on the 7th day postoperatively 
and 18 animals on the twenty eighth postoperatively. 

Prior to the dental tissue extraction animals were sa- 
crificed, after deep anesthesia, by intra-cardiac perfusion 
with 4% paraformaldehyde (PFA) (Sigma-Aldrich Co., 
St. Louis, MO, USA) in phosphate-buffered saline (PBS) 
0.1 mol∙L−1 (pH = 7.4) through the left ventricle, using 
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sterile syringe.  

2.3. Histologic Evaluation 
Obtained from samples were fixated in 10% buffered 
formalin solution after 24 - 72 hours in 10% formic acid, 
decalcification was achieved. 10% acetic acid solution 
for three days was changed to 2 - 3 weeks. Decalcificated 
samples were washed in running water overnight, em- 
bedded in paraffin following the routine tissue proce- 
dures using rotary tissue processor (Sakura Finetek Japan 
Co. Tokyo, Japan) were followed. Gradually 10 sections 
of about 4-micron thickness were taken from the tissues 
for Hematoxylin & Eosin staining. In all cases, histopa- 
thological evaluation was performed under a light mi- 
croscope (Leica DM 4000B Leica Microsystems GmbH. 
Wetzlar, Germany). Hematoxylin and eosin stained sec- 
tions of samples were evaluated as soft tissue changes in 
pulp tissue using the modified criteria of Hasheminia et 
al. [25]. These criteria were modified for the rats’ incisor 
teeth (Table 1). 

2.4. Statistical Analyses 
The normal distribution of all data was tested with the 
Mann Whitney U test. After confirming normal distribu- 
tion, the statistical differences between the groups were 
analyzed by analysis of variance, and paired comparisons 
were performed using Kruskal Wallis test. The Chi- 
Square test was performed All statistical analyses was 
performed using the SPSS 14.0 program (SPSS Inc, Chi- 
cago, IL, USA), and the diagrams were created with the 
Microsoft Excel program. Data are expressed as mean ± 
SD. Differences were considered to be statistically signi- 
ficant at p < 0.05. 

3. RESULTS 
Histopathological Findings  

Control Groups: Twenty-four teeth of the control 
group were examined histopathologically and time-de- 
pendently to compare untreated dental pulp tissue with 
any agents-applied pulp tissue (Table 2). At all-time points 
the odontoblasts displayed regularly arrangement, the ca- 
pillaries in the pulp tissue demonstrated no congestion, 
and no inflammation or calcification was observed in ne- 
gative control group samples (Figure 1).  

Inflammation parameters were observed and the mix- 
ture of acute and chronic inflammation parameters show- 
ed the highest percentage in the positive controls (Table 
2) (p < 0.05). Although intensive acute and chronic in- 
flammatory cells’ accumulation was seen, severe capilla- 
ry congestion and necrosis were not scored in any sam- 
ples of this group (Figure 2). 

The 7-Day Groups: The statistical analyses of 7-day  

Table 1. This chart was modified by the criteria of pulpinflam- 
mation [25]. 

Inflammation Type Scores 

without inflammation 0 

acute inflamasyon 1 

chronic inflamasyon 2 

mixed inflamation 3 

Intensity  
Mild 0 - 30 inflammatory cells 1 

Moderate 30 - 60 inflammatory cells 2 

Severe 60+ inflammatory cells 3 

Hyperemia  
1 - 15 blood vessels 1 

15 - 30 blood vessels 2 

30+ blood vessels 3 

Necrosis  
without necrosis 0 

signs of necrosis 1 

 

 
Figure 1. Representative photograph is incisor tooth of rat 
dental pulp in negative controls. Note the odontoblasts display- 
ed regularly arrangement in the rat dental pulp tissue (H & E 
stain: original magnification ×100). 
 
samples are presented in Table 3. There are statistically 
significant differences in inflammation type, and hyper- 
emia in the PRP group at 7-day post capping. Moreover, 
acute inflammatory cells were seen mostly in the PRP 
group (p < 0.05). The comparison of all the samples in- 
dicated that MTA and EMD showed lower hyperemia 
scores PRP and Ca(OH)2 (p < 0.05). Congestion of ca- 
pillaries both in the odontoblastic layer and the central     
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Table 2. According to the time parameters, the number of frequency and percentages are shown below in both experimental groups 
and control groups. 

 
7th day experimental groups  

(n = 48) 
28th days experimental groups 

(n = 48) 
Negative control  

(n = 24) 
Positive Control  

(n = 24) 

Inflammation Type Frequency-(percentage) 

without inflammation 9 (19%)wm 7 (15%)wm 24 (100%) 4 (17%) 

acute inflamasyon 14 (29%)m 12 (25%) m - 4 (17%) 

chronic inflamasyon 10 (21%)m 10 (21%)m - 3 (13%) 

mixed inflamation 7 (15%)m 8 (17%)m - 11 (46%) 

Intensity     
Mild 0 - 30 inflammatory cells 16 (33%)wm 14 (29%)wm 23 (96%) 10 (42%) 

Moderate 30 - 60 inflammatory cells 15 (31%)twm 11 (23%)twm 1(4%) 1 (4%) 

Severe 60+ inflammatory cells 9 (19%)t 4 (8%)t - - 

Hyperemia     
1 - 15 blood vessels 12 (25%)wm 15 (31%)wm 17 (71%) 1 (4%) 

15 - 30 blood vessels 19 (40%)t 15 (31%)t 7(29%) t 7 (29%)t 

30+ blood vessels 9 (19%)t 7 (15%)t - 3 (13%)t 

Necrosis     
without necrosis 12 (25%)wmt 36 (75%)wmt 24 (100%) 11 (46%) 

signs of necrosis 8 (17%)mt 11 (23%)mt - 13 (54%) 

tp < 0.05; wp < 0.001 versus negative control; mp < 0.001 versus positive control. 
 

 
Figure 2. Representative photograph is incisor tooth of rat 
dental pulp in positive controls. Note the severe congestion of 
capillary, irregular odontoblastic arrangement, are seen in the 
rat dental pulp tissue (H & E stain: original magnification 
×100). 
 
portion of dental pulp was noted in all groups. The scores 
of hyperemia ranged depending on the diffusion of cap- 
ping material into pulp tissue (Figure 3). Abscess was 
not observed in any samples. 

The 28-Day Groups: In inflammatory changes, al-  

Table 3. Kruskal Wallis analyses of soft tissue responses. Data 
from incisors examined 7-day following the pulp capping pro-
cedure is shown. The values of soft tissue scores are mean, 
standard deviation values for the number of subjects listed un-
der Sample. In general the lower score is the better in tissue 
response. Calcium hydroxide (Ca(OH)2), enamel matrix deriva-
tive (EMD), mineral trioxide aggregate (MTA), and platelet 
rich plasma (PRP). 

7-Day n 
Inflammation 

Hyperemia Necrosis 
Type Intensity 

PRP 12 1.22 ± 0.97a 2.60 ± 0.70x 2.20 ± 0.79d 0.58 ± 0.50ç 

EMD 12 1.30 ± 0.95ab 1.26 ± 0.79y 1.44 ± 0.53p 0.52 ± 0.33ç 

MTA 12 1.36 ± 1.21b 1.50 ± 0.53y 1.60 ± 0.70pş 0.38 ± 0.14s 

Ca(OH)2 12 1.44 ± 1.01c 1.45 ± 0.52y 1.91 ± 0.70şd 0.47 ± 0.27çs 

The same superscript letters are demonstrated no significant differences (p < 
0.05). 
 
though the values of inflammation degrees, hyperemia 
and necrosis were decreased from 7-day results, there 
was no statistically significant difference between PRP, 
MTA, and Ca(OH)2 groups (Table 3). Only the PRP group 
of samples presented the lowest necrosis (p < 0.05) and 
the comparison of the 28-day samples, the EMD group 
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Figure 3. Representative photograph is incisor tooth of rat 
dental pulp in PRP group at 7-day. Note the moderate conges-
tion of capillary, regular odontoblastic arrangement is seen. 
There also could be seen sign of reparative dentin formation in 
the rat dental pulp tissue (H & E stain: original magnification 
×100). 
 
indicated higher in the criteria of inflammation scores 
and hyperemia presented in Table 4 (Figure 4) (p < 
0.05). 

4. DISCUSSION 
Rat teeth are a valid model to histologically evaluate the 
outcome of direct pulp capping. In this study, incisor 
teeth were used because pulp capping was easy to per- 
form. Animal incisors were used in some DPC studies 
[26-28]. As to cavity preparation, only Class V cavities 
were prepared in this study, because the procedure was 
easy to perform and occlusal forces during biting could 
be avoided [17].  

The mechanism of pulp repair using Ca(OH)2 as a di- 
rect pulp capping agent is still not well understood. 
However, it has been reported that the high alkaline pH 
of Ca(OH)2 solutions can solubilise and release some 
proteins and growth factors from dentin. These events 
may be responsible for the pulp repair and hard tissue 
barrier formation [29]. Due to its high pH, Ca(OH)2 in- 
duces a coagulation necrosis layer when in direct contact 
with pulp tissue [30]. Cells in contact with Ca(OH)2 are 
killed due to its alkaline pH, forming a necrotic layer 
(cauterization zone) of variable thickness. Then, rather 
than the pulp capping agent (Ca(OH)2), the subjacent 
pulp tissue is responsible for the pulpal healing asso- 
ciated with hard tissue barrier formation [31]. Classical 
microscopic studies have shown that Ca(OH)2 produces a 
superficial pulp necrosis and forms calcium carbonate, 
whose globules act, in a first moment, as dystrophic cal- 
cification nucleolus, in the margin and in the interior of 
the dense reticular fibre deposition, immediately beneath  

Table 4. Kruskal Wallis analyses of soft tissue responses. Data 
from incisors examined 28-day following the pulp capping pro- 
cedure is shown. The values of soft tissue scores are mean, 
standard deviation values for the number of subjects listed un- 
der Sample. In general the lower score is the better in tissue 
response. Calcium hydroxide (Ca(OH)2), enamel matrix deriva-
tive (EMD), mineral trioxide aggregate (MTA), and platelet 
rich plasma (PRP). 

28-Day n 
Inflammation 

Hyperemia Necrosis 
Type Intensity 

PRP 12 1.70 ± 1.06a 1.80 ± 0.79c 1.88 ± 0.83d 0.18 ± 0.40t 

EMD 12 1.25 ± 0.89b 1.19 ± 0.25x 1.22 ± 0.48e 0.39 ± 0.49y 

MTA 12 1.60 ± 1.26a 1.59 ± 0.67c 1.80 ± 0.79d 0.39 ± 0.17y 

Ca(OH)2 12 1.32 ± 0.91b 1.56 ± 0.73c 1.90 ± 0.74d 0.45 ± 0.25y 

The same superscript letters are demonstrated no significant differences (p < 
0.05). 
 

 
Figure 4. Representative photograph is incisor tooth of rat 
dental pulp in EMD group at 28-day. Note the mild congestion 
of capillary, regular odontoblastic arrangement is seen. In this 
specimen revealed small foreign bodies embedded in repara- 
tive dentin means rapid dentinogenesis in the rat dental pulp 
tissue (H & E stain: original magnification ×100). 
 
the granular zone [30], where odontoblast-like cells dif- 
ferentiate and organize to produce dentin.  

EMD is obtained from developing porcine tooth buds. 
It contains an amelogenin and amelin protein-rich frac- 
tion, and is available in gel form with propylene glycol 
alginate as a vehicle (Emdogain; Biora, Malmö, Sweden). 
This biomaterial has been shown to be clinically resistant, 
because amelogenin and amelin are recognized as “auto- 
proteins” by the human defense system, and no allergic 
or immunologic reactions have been reported during 10+ 
years of use [32]. Amelogenin and amelin are structural 
proteins in the enamel matrix that play an important role 
in enamel formation [33]. It is believed that enamel ma- 
trix proteins participate in the reciprocal ecto-mesen- 
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chymal signaling that controls this process [12]. The me- 
chanism by which EMD influences the cell function is 
still unknown, and few studies have reported the effects 
of EMD on dental pulp [17-19]. According to our study 
and other similar studies [17], it seems that the use of 
EMD has better score results in terms of inflammatory 
response than the use of Ca(OH)2 in rat dental pulps 
(Tables 3 and 4).  

In animal studies using PRP, when chancellors bone 
from the iliac crest was used as the graft material for 
sinus lifts with or without PRP, biopsies showed both 
PRP and control groups achieved similar results with no 
statistically significant difference between the two [34, 
35]. Similar findings were also reported when PRP was 
added to the xenograft [36] (e.g., Bovine HA). These re- 
sults are consistent with those above that failed to dem- 
onstrate enhanced bone regeneration when PRP is com- 
bined with non-living graft materials. 

In minipigs [33], and adult domestic pigs [37] con- 
trolled studies demonstrated enhanced healing and bone 
regeneration with the PRP application. A short-term in- 
crease (e.g., improved at 2 weeks but not at least 12 
weeks) of bone regeneration in sinus augmentation was 
observed when compared to the Beta-TCP with or with- 
out PRP [38]. One concern is the use of bovine thrombin 
in activating the PRP release to cause immunogenic re- 
action [39]. Moreover, PRP group that showed the high- 
est degree of inflammation both in 7 and 28 days. In con- 
trast, only the PRP group presented the lowest scores of 
necrosis (p < 0.05), comparison of 28-day samples in our 
study. 

It is well-known that low concentrated Ca(OH)2 in- 
duces the proliferation of pulp fibroblasts [40]. It can be 
assumed that MTA has the same effects because of the 
release of calcium and hydroxyl ions when in contact 
with water or tissue fluids. Takita et al. [41] compared 
the effects of MTA and Ca(OH)2 on human pulp cells in 
an in vitro study. Compared with the control group MTA 
stimulated the proliferation of cells significantly within 
12 days, whereas Ca(OH)2 showed no such effect. The 
amount of calcium ions released by MTA was signifi- 
cantly higher when compared with Dycal. When the cell 
cultures got in contact with calcium ions at different 
concentration levels, the cell proliferation counts mir- 
rored these different levels. The release of calcium ions 
from MTA might induce the proliferation of human pulp 
cells [41]. The present histologic study in rats undertaken 
7 - 28 days after direct pulp capping showed that MTA 
produced similar good results when compared with 
Ca(OH)2, in terms of tissue necrosis and hyperemia. These 
results relate to MTA characteristics. These characteris- 
tics are nonresorbable, minimum cytotoxicty, excellent mar- 
ginal adaptation, high pH setting after 3 - 4 hours, and re- 
liable cytokine production in human osteoblasts [42].  

5. CONCLUSIONS 
The characteristic inflammations of pulp tissue, observed 
in this study, suggest that PRP can induce or promote in- 
flammatory processes and continue to survive in the 
wounded rat dental pulp. However, more investigations 
are needed to understand the inflammatory characteris- 
tics of PRP-promoted healing in dental pulps. 

In the limitation of the study PRP can induce inflam- 
matory effect on the pulp tissue of rat teeth. DPC with 
PRP can cause cell accumulation, despite with low necro- 
sis risk. Bewaring of EMD can cause necrosis after DPC. 
EMD and PRP might serve as pulp capping biomaterials 
to induce initial healing response in the future. 
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