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ABSTRACT
Background: One purpose of operative dentistry is the maintenance of healthy pulp by reducing the need for root canal treatment 
and the possibility of undesirable scenarios such as tooth loss. Propolis is a plant-derived substance that contains a resin produced 
by honeybees belonging to the Apis mellifera species. Purpose: This study aimed to investigate the effect of a combination of calcium 
hydroxide (Ca(OH)2) and propolis extract on odontoblast-like cell proliferation in Wistar rats (Rattus norvegicus). Methods: This 
research constituted a true experimental laboratory-based investigation with post-test control group design. Thirty Wistar rats were 
randomly divided into six groups. The first molar pulp of each sample was perforated on occlusal surfaces using a low speed round bur. 
On day 3, the samples were divided into six  groups (n=10): Group I: control; Group II: Ca(OH)2 + 11%; propolis extract; Group III: 
Ca(OH)2 + aquadest, and on day 7: Group IV: control; Group V: Ca(OH)2 + 11% propolis extract; Group VI: Ca(OH)2 + aquadest. All 
samples were filled with restorative material. They were subsequently sacrificed after 3 and 7 days post-pulp capping administration 
and the afflicted tooth extracted for hematoxylin and eosin (H&E) staining. The resulting data was subjected to statistical analysis to 
ascertain the proliferation of odontoblast-like cells. The significance of differences between the groups was determined by a one-way 
ANOVA test followed by a post hoc Tuckey HSD. A p-value <0.05 was considered to be significant. Results: On day 3, a significant 
difference existed between group II (Ca(OH)2–propolis) and group I (control group) and group III (Ca(OH)2–aquades), whereas 
Ca(OH)2–propolis revealed that the proliferation of odontoblast-like cells was higher. Meanwhile, on day 7, there was a significant 
difference between all groups whereas, with regard to Ca(OH)2–propolis, the proliferation of odontoblast-like cells in group V was 
higher. Conclusion: Application of combination of Ca(OH)2-propolis extract can increase the  proliferation of odontoblast-like 
cells in pulp tissue on days 3 and 7.
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INTRODUCTION

One objective of operative dentistry is the maintenance 
of healthy pulp which reduces the need for root canal 
treatment.1 Direct pulp capping is a procedure that 
introduces biocompatible materials and bio-inductors 
into exposed pulp tissue in order to maintain its vitality,2 
and induce the differentiation of odontoblast-like cells, 
in addition  to repairing exposed dentin tissue with the 
formation of reparative dentin.1 The purpose of this 
treatment is to seal the pulp, thereby protecting it from 

bacterial penetration, in order to induce it to initiate dentin 
bridge formation and maintain healthy pulp tissue.1,2 Dentin 
bridge is often described as reparative dentin. In fact, the 
former can be defined as a new matrix deposition located 
in close proximity to certain material such as that used for 
pulp capping.3 The success of direct pulp capping depends 
on biocompatibility with the tissue and an effective physico-
chemical composition. The contemporary gold standard 
for pulp capping material is calcium hydroxide (Ca(OH)2 ) 
which has been employed in a range of therapies, including; 
direct pulp capping, indirect pulp capping, apexogenesis, 
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apexification, root resorption, iatrogenic root perforation, 
root fracture, tooth replantation, and intracanal dressing.4 
Nevertheless, it also suffers from certain disadvantages. 
For example, it can induce pulp inflammation for a period 
of up to three months, render the pulp tissue response 
unpredictable and cause irregular reparative dentin 
formation potentially leading to tunnel defects.5

Recently, a range of studies have investigated the 
application of propolis to dentistry because of its numerous 
positive properties such as; anti-inflammatory, anti-
bacterial, and the ability to induce the reorganization of pulp 
tissue.6 Propolis is a substance that contains a plant-based 
resin produced by honeybees of the Apis mellifera species 
which consists of more than 200 elements, including; 
phenolic acids, flavonoids, esters, aromatic aldehydes, 
alcohol, amino acids, fatty acids, vitamins and minerals.3,7 
In dentistry, propolis has been widely employed because 
of the protection against caries that it provides to teeth. 
Moreover, 30% propolis has also been recommended for 
use in irrigation during root canal treatment, while the 
resin formation is employed as pulp capping material to 
protect vital pulps derived from one of the flavonoids with 
the highest propolis composition.6 It can also induce the 
formation of reparative dentin by stimulating the release 
of transforming growth factor-β1 (TGF-β1) capable of 
inhibiting pulp inflammation and accelerating collagen 
synthesis by pulp cells.8

The numerous benefits of propolis underlies the authors’ 
support for the integration of natural remedies with modern 
medicine by combining calcium hydroxide with propolis as 
a pulp capping material in the hope that the efficacy of each 
ingredient can compensate for deficiencies in the others. 
Studies showed that a combination of Ca(OH)2–propolis 
used as a pulp capping material produces no toxic reactions 
and is capable of significantly reducing inflammation.6 
Therefore, the purpose of this study was to investigate the 
effect of a combination of Ca(OH)2 and propolis extract as 
pulp capping material on odontoblast-like cell proliferation 
in Wistar rats (Rattus norvegicus).

MATERIALS AND METHODS

This research constituted an experimental laboratory 
study incorporating a post-test control group design. All 
procedures and treatments which the animal subjects of 
this research underwent were approved by the Ethical 
Committee of the Faculty of Dentistry, Universitas 
Airlangga (Document no. 277/HRECC/FODM/X/2018).

Propolis extract was produced by maceration using 
96% ethanol. The research subjects comprised 30 healthy 
male Wistar rats (aged 6-18 weeks, weighing 200-300 
grams) which were anaesthetized using 100mg of ketamine 
(Ketalar®, Warner Lambert, Irlandia) and 10mg/Kg of 
xylazine HCl (Rompun®, Bayer, Leverkusen, Jerman) in 
sterile phosphate buffered saline (PBS). The PBS was then 

placed on a fixation board. First, a cavity was created on 
the occlucal of right maxillary first molar using a low speed 
handpiece with a round tapered diamond bur (diameter 0.84) 
until it reached the pulp chamber. The pulp was perforated 
(diameter 0.46 mm) with a low speed handpiece featuring a 
round diamond bur. The Wistar rats were divided randomly 
into six groups, namely: Group I (not treated with any pulp 
capping, observed on the third day), Group II (treated with 
a combination of Ca(OH)2 (EMSURE ACS, Reag. Ph Eur, 
Germany) and 11% propolis extract, observed on the third 
day), Group III (treated with a combination of Ca(OH)2 and 
aquadest observed on the third day), Group IV (not treated 
with any pulp capping material, observed on the seventh 
day), Group V (treated with a combination of Ca(OH)2 
and 11% propolis extract, observed on the seventh day), 
and Group VI (treated with a combination of Ca(OH)2 and 
aquadest, observed on the seventh day).9

For all groups, a micro applicator was employed 
to apply the pulp capping materials. All of the cavities 
were filled with restoration material (Cention N, Ivoclar 
Vivadent).  A necropsy was performed on the third and 
seventh days, followed by decapitation and separation of the 
maxilla. Cutting was performed using a rotary microtome 
at a thickness of 5 µm, the resulting tissue being placed on 
a glass object and stained using haematoxilin and eosin 
(H&E) and observed through a microscope (Olympus CX 
23 Binocular LED, Japan) to enable calculation of the 
odontoblast-like cells.

The data obtained was analyzed statistically to examine 
the proliferation of odontoblast-like cells. The significance 
of differences between groups was determined by means of 
a one-way ANOVA test followed by a post hoc Tukey HSD. 
A p-value < 0.05 was considered to be significant.

RESULTS 

Figure 1 shows the histological examination of odontoblast-
like cells on days 3 and 7. The mean and standard 
deviation of each sample group used to quantify the 
proliferation of odontoblast-like cells on days 3 and 7is 
shown in the Table 1.

Table 1. Mean and standard deviation of odontoblast-like cells 
on days 3 and 7

Group Mean ± SD

I 6 ± 1.58

II 12.8 ± 1.30

III 6.2 ± 1.30

IV 7  ± 1.58

V 16.8  ± 1.30

VI 10.8  ± 0.83
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Figure 1. Histological examination of odontoblast-like cells on days 3 and 7. The red arrow indicates the odontoblast-like cells 
(Magnification 1000X). Day 3 (A) Group I: Control (B) Group II: Ca(OH)2+ 11% propolis (C) Group III: Ca(OH)2 + 
aquadest. Day 7 (D) Group IV: Control (E) Group V: Ca(OH)2+ 11% propolis (F) Group VI: Ca(OH)2 + aquadest.

Table 2. Tuckey HSD on day 3 and 7 * p<0.05 =  significant difference existed

Day 3 Day 7

Group I Group II Group III Group IV Group V Group VI

Day 3

Group I

Group II .000*

Group III 1.000 .000*

Day 7

Group IV .843 .000* .931

Group V .000* .001* .000* .000*

Group VI .000* .211 .000* .002* .000*

The conducting of a Tukey HSD indicated a significant 
difference in the proliferation of odontoblast-like cells 
between all groups (p<0.05). The contents of Table 2 
show that on day 3 there was a significant difference 
between Group II (Ca(OH)2–propolis) and Group I (control 
groups) and Group III (Ca(OH)2–aquades), whereas 
Group II (Ca(OH)2–propolis) presented a proliferation of 
odontoblast-like cells higher than that in Group I (control) 
and Group III (Ca(OH)2–aquades). Meanwhile, on day 7 a 
significant difference existed between Group IV (control) 
and Group V (Ca(OH)2–propolis); Group IV (control) and 
Group VI (Ca(OH)2 + aquadest); and Group V (Ca(OH)2–
propolis) and Group VI (Ca(OH)2 + aquades, whereas 
Group V (Ca(OH)2–propolis) experienced a proliferation of 
odontoblast-like cells higher than that in Group IV (control) 
and Group VI (Ca(OH)2–aquades).

DISCUSSION

Preparation of deep cavity caries can culminate in pulp 
perforation. The basic principle of operative dentistry is to 
maintain the health and function of the dentin-pulp complex, 
especially in cases of exposed pulp.10 Pulp tissue also 
possesses the ability to repair itself in the manner of other 
connective tissue.11 The healing characteristics of exposed 
pulp tissue include; reorganization of damaged soft tissue, 
differentiation between sub-odontoblast and odontoblast-like 
cell and formation of reparative dentin.10 Pulp tissue damage 
leads to inflammation. Fibroblasts migrate immediately to 
the site of destruction, proliferation, and differentiation into 
odontoblast-like cells, in addition to producing the collagen 
matrix that subsequently becomes a hard tissue barrier 
protecting the remaining pulp tissue from irritants.12
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In this study, enhancement of the significant difference 
in odontoblast-like cells occurred after application 
of Ca(OH)2–11% propolis extract because propolis 
promotes antibacterial, anti-inflammatory, antioxidant, and 
immunomodulatory activity in order to prevent infection 
and increase cell regeneration.11,13 It is also known that 
propolis extract can stimulate TGF-β1 production, while 
TGF-β1 can induce proliferation of fibroblasts.11

Jahromi et al. (2014) stated that Ca(OH)2 application 
promotes less cell viability than propolis application.14 
Shaher et al. (2004), also reported that Ca(OH)2 was almost 
ten times more cytotoxic than the propolis in pulp cells.13,14 
In another study, the combination of Ca(OH)2 with propolis 
produced no toxic reactions and reduced inflammation 
significantly in the connective tissue of rats.14

In this study, groups with a Ca(OH)2 + 11% propolis 
combination (Group II and Group V) experienced a 
proliferation of odontoblast-like cells higher than that 
of the control group and Ca(OH)2-aquades group. This 
contrast could be caused by the properties of propolis 
which are known to have numerous advantages, one of 
them being immunomodulatory activity which promotes 
the healing process commencing with the formation of 
collagen fiber.10 Two active components of propolis are 
flavonoids and caffeic acid whose function is to inhibit the 
arachidonic acid lipoxygenase pathway causing a reduction 
in the inflammatory response.15 However, proliferation 
of odontoblast-like cells on day 3 was less pronounced 
than that on day 7. This phenomenon was caused by 
acute inflammation that presented between day 0 and 
day 3 on which the proliferation of odontoblast-like cells 
commences, reaching its peak on day 7. This is because 
on day 7 there was a transition from acute to chronic 
inflammation in the pulp which involved odontoblast-
like cells. Chronic inflammation histologically marked 
by a form of granulated tissue consists of infiltration of 
chronic inflammatory cells, proliferation of capillary 
vessels, and proliferation of fibroblasts.10 In conclusion, 
the combination of Ca(OH)2-propolis as a pulp capping 
material can increase the  proliferation of odontoblast-
like cell in pulp tissue on days 3 and 7.
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