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Abstract 
      Exposed pulp will produce pro-inflammatory cytokines, which are the main target in inhibiting 
inflammation  of the pulp. Early reparative dentin formation begins with the synthesis of extracellular 
matrix dentin such as type I collagen, which is believed to be the key of successful pulp capping 
treatment. Propolis is an alternative pulp capping material that is known to reduce inflammation in 
the exposed pulp. Calcium hydroxide (CH) is the gold standard for pulp capping material but many 
studies have shown some limitations on calcium hydroxide. This study was conducted to determine 
the expression of TNF-α and ALP after the application of a combination of calcium hydroxide and 
propolis extract as pulp capping material.  
     The maxillary first molars of sixty rats (Wistar) were mechanically perforated. Teeth were divided 
into 3 groups containing 20 each. Group I as a control, group II treated with calcium hydroxide, 
group III treated with calcium hydroxide and propolis. The final restoration is done by Cention. 
Teeth were extracted on days 3 and 7 and processed for immunohistochemical evaluation.  
   The differences in expression of TNF-α and ALP after treatment with calcium hydroxide compared 
with a combination of calcium hydroxide and propolis were statistically significant (p <0.05).  
      After application of the combination of Calcium hydroxide and propolis, the expression of TNF-α 
decreases and ALP expression increase, rather than only Calcium hydroxide. 
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 Introduction 
 

Caries is an infectious disease and is a 
progressive demineralization process in hard 
tooth tissue, such as enamel, dentin, and 
cementum, which is caused by interactions 
between bacteria on the tooth surface, and diet, 
especially carbohydrates. The current prevalence 
of caries in Indonesia is around 90.5%. The 
majority of Indonesian people are affected by 
caries and are not treated or visit a dentist until 
they show symptoms of a large and painful caries 
condition1. The doctor will clean the caries tissue 
by using a bur or excavator in the cavity. In the 

cavity preparation procedure, pulp perforation 
often occurs due to the removal of carious tissue. 
If the pulp is open, to maintain vital pulp tissue, 
pulp capping direct will be carried out2. 

Direct pup capping aims to form a tissue 
between dentin and pulp. The material commonly 
used for pulp capping is calcium hydroxide 
(Ca(OH)2). This material has antibacterial and 
mineralization capabilities which makes it the 
gold standard for pulp capping treatment 
materials with a pH of around 8.6 to 12. Ca (OH)2 
has high alkaline properties and activates an 
enzyme called Alkaline Phosphatase (ALP) 
which plays a role in dentin bridge formation and 
antimicrobial effects. The mechanism of ALP in 
the formation of dentin bridges is by releasing 
phosphate ions and reacting with calcium ions 
from the bloodstream and creating calcium 
phosphatase sediments in the organic matrix. 
Calcium phosphatase sediments are 
hydroxyapatite molecular units that play a role in 
the formation of dentin bridge3. 

 

*Corresponding author: 
Nanik Zubaidah, drg., M.Kes., SpKG(K) 
Departement of Conservative Dentistry,  
Faculty of Dental Medicine,    
Universitas Airlangga, Jl. Prof. DR. Moestopo No. 47  
Surabaya - 60132, Indonesia 
E-mail: nanik-z@fkg.unair.ac.id 
 



 
Journal of International Dental and Medical Research ISSN 1309-100X   Tumor Necrosis Factor Alpha and Alkaline Phosphatase 
http://www.jidmr.com                                                                                                                                           Nanik Zubaidah and et al 

 

  Volume ∙ 14 ∙ Number ∙ 2 ∙ 2021 
                            

Page 544 

The pulp tissue protects itself against the 
lesion through several stages, namely the 
inflammatory response, collagen formation, and 
the formation of reparative dentin. Lesions on the 
pulp can be caused by the toxic effects of dental 
materials, pulp perforation due to preparation 
procedures and mechanical trauma during bur 
interventions or other dental instrumentation4. 

The inflammatory process is an important 
mechanism needed to rebuild the structure and 
function of tissues as a mechanism of protection 
against injury. Inflammation is characterized by 
the flow of plasma protein fluid, and 
polymorphonuclear leukocytes (PMN) into 
tissues affected by injury2. Cells associated with 
inflammation of the pulp tissue are PMN 
leukocytes, lymphocytes, plasma cells, 
macrophages, and mast cells. Cells that play a 
role in acute inflammation produce cytokines, 
such as Tumor Necrosis Factor-alpha (TNF-α) as 
a proinflammatory cytokine, and other important 
mediators during acute inflammation4. TNF-α is a 
proinflammatory cytokine called the master 
regulator among all cytokines that play a role in 
pulp inflammation, inducing vascular dilatation 
with increased permeability and enhancing 
inflammatory response5. TNF-α is also able to 
induce active NF-Kβ transcription factors that 
have an important role in regulating the 
inflammatory and immune responses6.  

The formation of dentin in pulp perforation 
is characterized by increased vascularization and 
the initiation of an innate immune response in the 
affected area. This is related to the ability of pulp 
cells to secrete growth factors, which will start the 
stimulation of cell differentiation and 
neovascularization. There are three stages of 
dentinogenesis: (1) recruitment of progenitor 
cells, (2) signaling differentiation and (3) 
regulation of matrix secretion by cells7. Alkaline 
Phosphatase is a membrane-bound  enzyme that 
play a role in mineralization in the process of 
dentin repair and is secreted by different 
odontoblast cells8. Odontoblast cells persist even 
though tooth growth has been completed. 
Odontoblast cells are the first cells that respond 
to pulp inflammation, some odontoblast cells will 
become necrotic and mesenchymal cells (dental 
pulp stem cells) will differentiate into odontoblast 
like cells that function as cells for the formation of 
tertiary reparative dentin9. 
 
   

Materials and methods 
 

This study was an animal experiment 
using 60 upper maxillary first molar teeth (Rattus 
norvegicus) strain Wistar, male, aged 8-16 weeks, 
weight of 200-300 grams with fully grown molar 
teeth. A daily feed of 15-40 grams of pellets from 
BR-1 type chicken food mixed with one part of 
flour given for each mouse. Drinking water with 
the addition of libitium Hi-pro-vite 524-2 (Charoen 
Pokphand Indonesia) was added to the feed.  
 The combination of calcium hydroxide 
and propolis extract was made in the form of 
hydroxido-calico P.A. (Cobra, Brazil) and natural 
ingredients of propolis from Apis Mellifera bees in 
Malang (East Java, Indonesia) which were 
extracted using ethanol solvent by maceration 
method. The ingredients used were propolis 
extract, calcium hydroxide, cotton pellets, 10% 
NBF solution, 70% and 95% alcohol, ketamine 
HCl 50 mg/kg BB (Ketalar®, Warner Lambert, 
Ireland), xylazine 10 mg/kg BB (Rompun®, Bayer, 
Leverkusen, Germany), sterile phosphate saline 
buffer (PBS), Cention N batch material (Ivoclar, 
Vivadent), paraffin wax, and Immunostaining Kit 
test (Biocare, Concord). The equipment used are 
rats cages, bottles, 3 cc syringes (Onemed, 
Indonesia), micromotor (NSK, Japan), low speed 
hand-pieces (NSK, Japan), round taper diamond 
bur with 0.8 mm diameter, applicator ball , 
tweezers, glass plates, anesthesia boards, light 
microscopes (Nikon E100, Japan) and digital 
cameras (Canon Eos M10, Japan). 
 All rats were anesthetized with ketamine 
HCl  (Ketalar®, Warner–Lambert, Irlandia)  and 
xylazine (Rompun®, Bayer, Leverkusen, Jerman). 
Rats were placed in a container, the occlusal 
surfaces of teeth cleaned with cotton pellets. 
Class I preparation (Black classification) was 
created on the occlusal of right maxillary first 
molar using a low speed handpiece with a round 
tapered diamond bur (diameter 0.84 mm) 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 sample was randomly divided into three 
groups: 
1. Group I: 20 rats which were the control 

group, no pulp capping material was applied, 
filled with Cention N (Ivoclar, VivadentR) 
only, 10 rats were sacrificed on days 3 and 
10 rats on day 7; 

2. Group II: 20 rats dental were perforated and 
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then closed with pulp capping of calcium 
hydroxide of 0.5 mm thick and temporary 
covered with Cention N (Ivoclar, VivadentR). 
Among 10 rats were sacrificed on days 3 
and 10 rats on day 7; 

3. Group III: 20 rats were perforated, pulp 
capping with a combination of calcium 
hydroxide and propolis, were filled with 
Cention N (Ivoclar, VivadentR), 10 rats were 
sacrificed on days 3 and 10 rats on day 7; 

 Histopathological preparations consisting 
of fixation; in 10% of buffered formalin, then 
decalcified with 10% of 
ethylenediaminetetraacetic acid (EDTA), and 
infiltration, purification, paraffin infiltration, 
embedding; embedded in paraffin and were cut 
with microtome, sectioning using glass objects. 
The samples were stained with 
immunohistochemical (IHC) and monoclonal 
antibody to determine TNF-α and ALP 
expression. Then were observed using a light 
microscope with a magnification of 400x. 
Odontoblasts that express TNF-α and ALP were 
shown brown in the cytoplasm of cells. The 
number of odontoblast cells expressed were 
counted as the number of cells per microscopic 
field at 400x magnification. Cell counting was 
performed among all control groups and 
treatment groups.  
 The results of the study were statistically 
analyzed using SPSS version 20. The 
Kolmogorov Smirnov test was used to determine 
data distribution. Statistical analysis was 
performed with a significance level of 5%.  
 

Results 
 
 Histopathological examination with 
hematoxylin-eosin staining of rat’s tooth 
odontoblast cells showed odontoblast cell 
morphology located in the peripheral part of the 
pulp chamber (Fig. 1).  
 The results of immuno-histochemical 
examination with DAB (Diamino Benzidine) 
staining of dental pulp odontoblast cells 
expressing TNF-α and ALP showing brown color 
(Fig. 2-5). 
 All the data on days 3 and 7 were 
normally distributed (K-S test, p> 0.05). 
Statistical analysis of TNF-α between the control 
group and the treatment group, both on day 3 
and 7 showed a significant difference (p < 0.05), 

and the statistical analysis of the Tukey test 
showed that there were significant differences 
between the control groups, the calcium 
hydroxide group and calcium hydroxide-propolis 
group. Table 1. 
 

 
magnification) of odontoblast cells in rat pulp with 
Hematoxylin-eosin staining. 
Note: Black arrows indicate the morphology of odontoblast cells 
with a round shape along the peripheral dentin. 
 

 
Figure 2. Histopathological examination of dental 
pulp after treatment. A. Control group; B. Groups 
with the addition of Ca(OH)2; C. Group by the 
addition of Ca(OH)2 plus propolis. Arrows 
indicate odontoblast cells expressing TNF-α 
(brown) 
Note: A. Odontoblast cells expressing TNF-α in rat dental pulp 
(Control); 
B. Odontoblast cells express TNF-α in rat dental pulp after Ca(OH)2 
application; C. Odontoblast cells express TNF-α in rat dental pulp 
after application of Ca(OH)2 and propolis on the 3rd day. 
 

 
Figure 3. Rat tooth pulp odontoblast cells 
expressing TNF-α on day 7 (400x magnification). 
Black arrows indicate odontoblast cells that 
express TNF-α (brown). 
Note: A. Odontoblast cells expressing TNF-α in the dental pulp of a 
rat (control); 
B. Odontoblast cells express TNF-α in the dental pulp of rat after 
the application of Ca(OH)2; C. Odontoblast cells express TNF-α in 
the dental pulp of rat after the application of Ca(OH)2 and propolis 
on the 7th day. 
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Figure 4. Rat tooth pulp odontoblast cells 
expressing ALP on day 3 (400x magnification). 
Black arrows indicate odontoblast cells that 
express ALP (brown in color). 
Note: A. Odontoblast cells that express ALP in the dental pulp of a 
rat (Control) on observation day 3; B. Odontoblast cells expressing 
ALP in the dental pulp of rat after Ca(OH)2 application on 
observation day 3; C. Odontoblast cells expressing ALP in the 
dental pulp of rat after the application of Ca(OH)2 and propolis on 
the 3rd day. 
 

 
Figure 5. Rat tooth pulp odontoblast cells 
expressing ALP on day 7 (400x magnification). 
Black arrows indicate odontoblast cells that 
express ALP (brown in color). 
Note: A. Odontoblast cells expressing ALP in the dental pulp of a 
rat (Control); B. Odontoblast cells that express ALP in the dental 
pulp of mice after Ca(OH)2 application; C. Odontoblast cells that 
express ALP in the dental pulp of mice after applying Ca(OH)2 and 
propolis on the 7th day. 
 

 
Table 1. TNF-α expression between control and 
treatment groups in dental pulp perforation, 
laboratory experimental in rats. 
 

 
Table 2. ALP expression between control and 
treatment groups in dental pulp perforation, 
laboratory experimental in rats (p-Value < 0,05). 
 

 
Table 3. The results of the statistical analysis of 
the Tukey Test between the TNF-α group on 
days 3 & 7 can be seen in the following table. 
 
 Based on the Shapiro-Wilk test, on the 
3rd and 7th day all samples were normally 
distributed (P > 0.05). Levene tests are 

performed to assess homogeneity in two or more 
groups. Data on day 3 & 7 are homogeneous and 
normally distributed (K-S, p > 0.05) from both 
data. Table 2. 

The ANOVA test between the 3 groups 
showed a significant difference on day 3 (p = 
0,000) and day 7 (p = 0,000). Tukey test between 
two variables on days 3 & 7 can be seen in Table 
3 and Table 4.  

 

 
Table 4. The results of the statistical analysis of 
the Tukey test between the ALP group and day 3 
& 7 can be seen in the following table. value<0,05. 

 
Discussion 

 
 The main goal in conservative care in 
dentistry is to maintain the health and function of 
the pulp. Pulpal tissue has the ability to repair, 
heal, rearrange damaged tissue cells, and form a 
reparative dentin bridge4. If pulp damage or 
perforation occurs, pulp repair can be carried out 
by odontoblast cells through fibroblasts 
differentiation to become odontoblasts. 
Odontoblast cells will produce many important 
elements that play a role in the formation and 
mineralization process in restoring dental pulp10.  
 Disruption of pulp tissue will have an 
impact on inflammatory reactions to eliminate 
causes that harm the tissue or prevent 
widespread damage. Inflammatory reactions are 
the first step in the healing process10. Cells play a 
role in acute inflammation by producing cytokines, 
such as TNF-α as proinflammatory cytokines, 
which are important mediators during acute 
inflammation4. TNF-α is a proinflammatory 
cytokine called the master regulator among all 
cytokines that drive the pulp inflammation 
process. TNF-α can activate NF-kβ transcription 
factors which have an important role in regulating 
the inflammatory and immune responses6. 
 The lowest average results of TNF-α 
expression were found in the combination group 
of calcium hydroxide and propolis extract, this 
was caused by propolis extract which was known 
to have antibacterial, anti-inflammatory activity 
with flavonoid content and Caffeic Acid Phenethyl 
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Ester (CAPE). Propolis extract has an important 
role in reducing the inflammatory response by 
inhibiting the arachidonic acid lipoxygenase 
pathway. Propolis extract can inhibit the 
expression of NF-kβ into the cell nucleus by 
inhibiting the transcription of TNF-α13 gene. 
Based on previous research, propolis extract can 
suppress TNF-α production in inflammatory 
reactions in rats pulp tissue11. 
 Propolis as a carrier is needed by calcium 
hydroxide to be used as a paste and can affect 
its effectiveness, this is due to an influence on 
ion decomposition and diffusion. Calcium 
hydroxide with propolis as its carrier can diffuse 
through the dentinal tubules. The component of 
propolis solution also does not interfere with or 
reduce the breakdown of calcium hydroxide ions. 
The use of propolis as a carrier is also 
recommended to enhance the antibacterial action 
of calcium hydroxide12.  
 In this study, TNF-α expression was seen 
on day 3 and 7. The Tukey HSD test results 
showed that there were significant differences in 
the calcium hydroxide-propolis combination 
group on the 3rd and 7th days which meant that 
propolis extract was able to inhibit NF-kβ 
expression by inhibiting NF-kβ transcription 
compared with control group that was not treated 
with any capping material, and compared with 
calcium hidroxide group, Meto et al, research’s 
suggest that the inflammatory response that still 
exists on day 7 is due to the nature of calcium 
hydroxide which can cause cell necrosis15. Pulpal 
tissue that is in contact with calcium hydroxide 
will experience superficial coagulation necrosis 
consisting of 3 layers of necrosis zones as thick 
as 1 - 1.5 cm. This will cause slight irritation to 
vital tissues16. 
 TNF-α expression increased more on day 
7 compared to day 3 in both the control group 
and calcium hydroxide-propolis combination 
group, but when it compared to other groups the 
increase was not too significant. The 
inflammatory response has been completed in 8-
15 days, and some cases up to 39 days, which 
means that on the 7th day the inflammatory 
process is still ongoing9. In another study on 
Brazilian propolis, TNF-α increased from day 7 
and peaked at 14 days13. This shows that 
propolis extract plays a role in suppressing 
inflammation through modulation of cellular 
responses. Individual cellular responses are 
influenced by bacterial flora in rats, host 

response to inflammation, and type of 
inflammation. Research conducted by Mori and 
Rodriguez (2014) showed that mixing calcium 
hydroxide and propolis on the 7th day still causes 
an inflammatory response in rats tissue, and will 
gradually disappear on the 14th day and 30th 
day14. 
 ALP is involved in the process of initial 
mineral deposition and calcification in tissues and 
plays an important role in the process of 
extracellular matrix mineralization. Another study 
shows that in healthy pulp there is little ALP 
activity, in reversible pulpitis there is ALP 
diffusion activity and in irreversible pulpitis the 
ALP activity is localized in macrophages and 
neutrophils. ALP activity can decrease with 
increased release of inflammatory mediators, 
such as TNF-α and IL-1β which have inhibitory 
effects on ALP synthesis15. 
 The highest expression of ALP activity is 
found in calcium hydroxide-propolis group, both 
on the 3rd and 7th day, this is because propolis 
extract can inhibit NF-kβ into the cell nucleus so 
that by inhibiting the activation of NF-kβ the gene 
transcription which secretes TNF-α can be 
inhibited. After transcription in DNA is inhibited 
during inflammation, TGFβ-1 is activated. 
 Propolis has a strong anti-inflammatory 
effect due to its flavanoid and CAPE. CAPE is a 
natural NF-k β inhibitor, possesses anti-tumor 
and anti-inflammatory properties which affect 
pro-inflammatory mediators16. CAPE content via 
the MEK 1/2 pathway which activates 
Extracellular Signal Regulated Kinase (ERK2) 
which activates TGF-β1. Apart from going 
through the MEK 1/2 pathway, CAPE is able to 
directly induce TGF-β1 so that cell proliferation 
will increase. All of these reactions can induce 
odontoblast cells such as cell differentiation and 
ALP secretion will also increase so that it will 
affect mineralization and the quality of reparative 
dentin formation17. 
 Propolis can stimulate dental pulp 
regeneration because its ability to inhibit 
inflammatory reactions, infections, and pulp 
necrosis18. Propolis extract can directly induce 
TGF-β1 which is a growth factor that acts as an 
important regulator in the differentiation and 
proliferation of human pulp cells in the formation 
and repair of dentin. TGF-β1 will regulate the 
proliferation process, cells undergo mitosis and 
differentiate into odontoblast-like cells which are 
characterized by increased ALP activity. 
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Increased ALP can stimulate the process of 
releasing minerals from cells to start 
mineralization, then the process of formation of 
minerals19. Another study stated that calcium 
hydroxide and propolis extract can stimulate the 
formation of barriers in hard tooth tissue20. 
 In this study, ALP activity was examined 
on days 3 and 7. Tukey HSD test results showed 
that there were significant differences in the 
combination group of calcium hydroxide-propolis 
on the 3rd and 7th days, which means that 
increased ALP expression and healing had 
begun to occur on the 7th day, other studies 
showed that healing begins on day 7 with a 
histological picture of the presence of collagen 
fibers, fibroblasts, and blood vessel proliferation14.  
 This study found that TNF-α in the control 
group increased but odontoblast cells continued 
to express ALP, this is due on the 3rd and 7th 
day the inflammatory response was still occurring 
and the host was still in the process of 
homeostasis of inflammatory cells, it is known 
that pulp function is for tooth defense. The 
increase in ALP will only increase on days 14-28, 
TNF-α also plays a role in mineralization21. TNF-
α will increase proliferation of dental pulp cells by 
inducing glycogen pathway synthase kinase, so 
that on the 7th day TNF-α is still produced, but 
TNF-α is able to induce DPSC (Dental Pulp Stem 
Cell) to mineralize so ALP will be produced . 
 

Conclusions  
 

The expression of TNF-α decrease after 
application of calcium hydroxide and propolis, 
whereas ALP expression increase. The 
combination of calcium hydroxide and propolis 
can improve the repair of pulp injuries better than 
calcium hydroxide alone. 
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