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ABSTRACT

Background: Odontogenic pain has a high prevalence where this pain is the result of noxious physical stimuli or calming 
inflammatory mediators that stimulate receptors located at the terminal ends of nociceptive C and Aδ afferent nerve 
fibers. Nano propolis is an alternative material that is used as a medicine in dentistry. Nano propolis is a mixture of 
natural resins containing flavonoids and phenolic acids which play a role in suppressing pain response through COX 
and NF-kB inhibition mechanisms. Nanoparticle technology is capable of preparing active drug ingredients in nano-
sized particles and can affect drug effectiveness, because particle size affects the process of solubility, absorption and 
distribution of drugs. Research on the potential of nano propolis as an anti-pain is still minimal, so further research is 
needed on the function of nano propolis as an alternative anti-pain agent. Purpose: To determine the effective dose of 
nano propolis on pain response in Mus musculus. Methods: This research was conducted using the writhing test method 
to see the analgesic effect of nano propolis. The research sample consisted of 28 Mus musculus which were divided into 
four treatment groups, namely the piroxicam control group, and the nano propolis treatment group of 17.5 mg/kg, 35 mg/
kg, and 70 mg/kg. Results: The results showed that the four treatment groups did not have a significant difference, in other 
words, they had the same anti-pain effect. Conclusion: Nano propolis 35 mg/kgBB is an effective dose in suppressing pain 
response in Mus musculus.
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INTRODUCTION

Based on The Global Burden of Disease Study (2016), dental 
and oral health problems, especially dental caries, are a 
disease experienced by almost half of the world’s population 
(3.58 billion people).1 Dental caries is a disease that occurs 
in the hard tissue of the teeth which is characterized by the 
occurrence of demineralization of the hard tissue of the teeth 
which is then followed by the breakdown of the organic 
matter. As a result, there is bacterial invasion and death of 
the pulp and the spread of the infection to the periapical 
tissue which can cause pain.2

Pain is one of the reasons patients come to see a doctor. 
Based on the International Association for the Study of 
Pain (IASP), pain is defined as an unpleasant sensory and 
emotional experience due to tissue damage.3 Pain is also 
often referred to as an alarm to minimize contact with 
noxious agents. One form of pain with a high prevalence 
is odontogenic pain. Odontogenic pain or dental pain is the 
result of noxious physical stimuli or relieves inflammatory 
mediators that stimulate receptors located at the terminal 
ends of nociceptive C and Aδ afferent nerve fibers.4 There 

are topical analgesics such as eugenol which are often 
used in dentistry to relieve pain, one of which is pain from 
pulpitis. Besides having anti-pain properties, eugenol is also 
anti-inflammatory, antimicrobial, antifungal, antiviral and 
also antiseptic.5 However, eugenol has several drawbacks, 
which can irritate the periapical tissue, cause necrosis of the 
bone and cementum, risk interfering with the growth and 
development of permanent replacement tooth seeds.6

Natural products such as propolis can be used in 
the traditional treatment of pain.7 Propolis is a non-
toxic resinous substance produced by bees which has 
antimicrobial, antifungal, anti-inflammatory, antioxidant, 
anti-pain and antitumor properties. Propolis is a mixture 
of plant extracts mixed with bees’ own saliva, which 
varies according to the place of origin. The composition 
of propolis is vegetable resin (50%), wax (30%), essential 
and aromatic oils (10%) and pollen and other organic 
substances (10%). The chemical composition of propolis 
also depends on geographical location, botanical origin, 
and also the bee species. The main components of 
propolis are flavonoids and phenolic esters such as caffeic 
acid phenethyl ester (CAPE). The flavonoids contained 
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in propolis are antimicrobial, anti-inflammatory and 
immunomodulating, which are very useful for treating 
aphthous ulcers, candidiasis, gingivitis and periodontitis.8 
Meanwhile, according to research conducted by Cheng et 
al., (2018), phenolic esters such as caffeic acid phenethyl 
ester (CAPE) contained in propolis can relieve neuropathic 
pain induced by chronic constriction injury (CCI) through 
inhibition of nuclear factor-kappa B signaling (NF-κB) and 
expression of proinflammatory cytokines in microglia.9

Nanoparticle technology is a new trendsetter in the 
world of science. Nanotechnology is a technology capable 
of preparing active drug ingredients in nano-sized particles 
(one millionth of a meter) at speeds smaller than one 
micrometer. The shape and size of the particles is one 
of the factors that influence drug effectiveness, because 
particle size is very influential in the solubility, absorption 
and distribution of drugs. If the particle size is smaller, 
the surface area of the particle is greater so that the rate 
of solution increases and will accelerate drug absorption 
through the blood circulation so that the therapeutic effect 
is achieved more quickly.10

One example of the use of nanoparticle technology 
in herbs is nano propolis. Nano propolis is nano-sized 
propolis particles (1–100 nm in diameter) that are cooled 
together to make them more effective without changing 
their properties by changing the size of the propolis 
with different methods.11 Nano propolis has a smaller 
size to make it easier for the body to absorb.12 Research 
on the potential of nano propolis as an anti-pain is still 
minimal, so further research is needed on the function of 
nano propolis as an alternative anti-pain ingredient. This 
research was conducted in vivo using experimental animals 
Mus musculus. Mus musculus were used as experimental 
animals because the anatomical, physiological and genetic 
structures of Mus musculus were similar to humans.13 The 
purpose of this study is to prove the effect of nano propolis 
on the anti-pain effect on the musculature by the writhing 
test method and to determine the effective dose of nano 
propolis as an anti-pain agent in the musculature using the                                                                
writhing test method.

MATERIALS AND METHODS

Before conducting the experiment, ethical clearance was 
obtained from the Health Research Ethical Clearance 
Commission Universitas Airlangga Faculty of Dental 
Medicine with number 453/HRECC.FODM/VII/2022. This 
research uses DDY male mice aged 2-3 months weighing 
between 17-35 grams were obtained from Pusat Veteriner 
Farma, Indonesia. Prior to the research, the experimental 
animals were acclimatized for one week so that the 
experimental animals could adapt to the new environment. 
Mice will be placed in a cage with a length of 40 cm x width 
30 cm x height 18 cm for a density of 2 mice. The animals 
were kept at a constant temperature of 25 ± 2°C and on a 
12-hour light/dark cycle. The animals were fed conventional 
animal feed and given free access to water.14,15

For the manufacture of propolis extract, 20 g of 
100% ethanol extract of propolis was put into a 250 ml 
Erlenmeyer and added with 120 ml of 70% ethanol. 85 
g of maltodextrin coating material was dissolved in 80 
ml of distilled water and added 5 g of Mg stearate and 
then stirred with a stirrer until thoroughly mixed for 30 
minutes. Furthermore, the solution was mixed with propolis 
which was dissolved in 70% ethanol and the mixture was 
quickly stirred again with a stirrer for 30 minutes. Then, the 
solution was dried with a vacuum dryer at a temperature of 
≤ 50°C.16 The propolis extract in this study was obtained 
from Tawon Rimba Raya Farm, Lawang District, Malang                                                     
Regency, East Java.

For the manufacture of nano propolis, a total of 20 g 
of 100% ethanol extract of propolis was put into a 250 ml 
Erlenmeyer and added with 120 ml of 70% ethanol. 85 
grams of maltodextrin coating material was dissolved in 80 
mL of distilled water and added 5 grams of Mg stearate and 
then stirred with a stirrer until evenly mixed, then quickly 
homogenized at 22,000 rpm for 30 minutes. Then after 
30 minutes the coating was homogenized, the dissolved 
propolis with 70% ethanol was mixed and the mixture was 
quickly homogenized again at 22,000 rpm for 30 minutes. 
After that, the solution was dried with a vacuum dryer at 
50°C. The powder formed was then crushed and generalized 
with High Energy Milling (HEM) so that nano-sized 
particles were formed and identification of their size was 
carried out using Scanning Electron Microscopy (SEM).16 
Nano propolis in this study was made by PT. Nanotech 
Indonesia Global, South Tangerang City, Banten.

This study used 28 samples divided into four treatment 
groups, namely the piroxicam control group, nano propolis 
group used a dose of 17,5 mg/kg BW, nano propolis group 
used a dose of 35 mg/kg BW, and nano propolis group used 
a dose of 70 mg/kg BW. The control group used piroxicam at 
a 10 mg/kg BW dose, which was later dissolved in a saline 
solution. The nano propolis group used a dose of 17.5 mg/
kg BW, 35 mg/kg BW, and 70 mg/kg BW dissolved in saline 
solution and 0.2% tween.

To carried out the acetic acid-induced writhing test, 
each tested animal was placed in the test site and then 
injected intraperitoneally according to the treatment group. 
Thirty minutes later, 10 ml/kg of 0.6% acetic acid solution 
was injected intraperitoneally. After 5 minutes, the mice 
were observed and the writhing reaction counted for 30 
minutes. Acetic acid-induced writhing behavior in mice is 
characterized by the writhing reaction such as stretching, 
constriction of the abdomen, and extension of the hind 
leg.17 Then, the average number of writhing reactions was 
calculated. To eliminate bias and subjectivity, the number 
of writhing reactions was calculated by two observers. 
After obtaining the required data, the mice were sacrificed 
ethically using chemicals. The ether compound is used as 
an inhalation agent and placed in a box until the animal is 
unconscious and dies.18

The data was then processed using the Saphiro Wilk 
test to determine if the data collected were normally 
distributed. The Levene test was used to test in the variance 
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homogeneity test to examine if the data variance was 
homogenous. One-way ANOVA is used to test the difference 
in the average mean due to the sample group tested is more 
than two groups. 

RESULTS

This study was conducted to determine the effective dose 
of nano propolis on pain response in Mus musculus. The 
research data were obtained by calculating the number of 
acetic acid-induced writhing behavior using the writhing test 
method. The analgesic effect results can be seen through the 
mean and standard deviation shown in Table 1.

Table 1 shows that the lowest amount of writhing 
response was found in the nano propolis group dose of 35 
Mg/Kg BW, with an average value of 14.86 ± 8.56. The 
highest amount of writhing response was found in the nano 
propolis group dose of 17.5 Mg/Kg BW with an average 
value of 21.50 ± 11.79. 

The first statistical test that was carried out was 
the Shapiro Wilk test, whose results showed that the 
data were normally distributed. The homogeneity 
test, namely the Levene test, showed that the data 
variance was homogeneous. In the comparison test 
using one-way ANOVA, it was found that there was no 
significant difference between treatment groups.with a                                                                                                
p-value > 0.05. Because there was no significant difference, 
it is not continued to the post hoc test.

DISCUSSION

This study used the writhing test method to determine the 
effective dose of nano propolis as a pulp medicament against 
pain response. The writhing test method is a method used 
to test analgesics by targeting peripheral nerves. The nerve 
tissue contained in the pulp is included in the peripheral 
nerves, so stimulation of these nerves is needed to see the 
pain response.17 

The dose of nano propolis used in this study was 17.5 mg/
kg, 35 mg/kg, and 70 mg/kg. This dose was taken because 
the effective dose of propolis after being converted to a Mus 
musculus dose according to Al-Hariri and Abualait is 70 mg/
kgBW19 and for nano propolis the dose is reduced to 17.5 
mg/kgBW, 35 mg/kgBW and also 70 mg/kgBB because it 
is expected that with a smaller dose, the effectiveness of 
nano propolis is better than propolis.20

From nano propolis at a dose of 17.5 mg/kgBW to nano 
propolis at 35 mg/kgBW, there was a decrease in the amount 

of stretching, so it can be concluded that nano propolis at 
a dose of 35 mg/kgBW was effective in suppressing pain 
response. The 17.5 mg/kgBW nano propolis group had an 
average number of stretches which was slightly higher than 
the 35 mg/kgBW dose. This indicates that the dose of nano 
propolis is able to suppress pain response, but because the 
dose used is lower, the resulting pharmacological effect 
is less than optimal, so that the drug concentration in the 
systemic circulation needed to inhibit pain mechanisms is 
insufficient.21

Nano propolis at a dose of 70 mg/kgBB experienced 
an increase in the average amount of stretching from nano 
propolis at a dose of 35mg/kgBB. This could be due to 
the ratio of the solvent used is smaller than at a dose of 
35 mg/kg, which causes a higher suspension viscosity. A 
higher suspension viscosity can reduce drug absorption 
and efficacy.22 

The main components of nano propolis are flavonoids 
and phenolic esters such as caffeic acid phenethyl ester which 
play a role in the mechanism of inhibiting pain responses.8 
The results of the nano propolis phytochemical test 
conducted at BPPKI Ketintang showed active compounds 
with high concentrations in the form of flavonoids (6.9%) 
and phenolic acids (7.81%).

Flavonoids present in nano propolis play a role in 
inhibiting the expression of inflammatory mediator genes, 
including IL-13, TNF-α and IL-6. In addition, flavonoids 
are known to be able to inhibit the release of arachidonic 
acid.19 Then the flavonoids contained in propolis are able to 
inhibit cyclooxygenase (COX) and lipoxygenase. Therefore 
it will reduce leukotriene production and affect neutrophil 
phagocytosis activity thereby suppressing the inflammatory 
process.23

One of the phenolic acid derivatives contained in nano 
propolis is caffeic acid phenethyl ester (CAPE). CAPE 
contained in nano propolis can attenuate neuropathic pain 
induced by chronic constriction injury (CCI) through 
inhibition of nuclear factor kappa B (NF-κB) signaling 
and the expression of proinflammatory cytokines in 
microglia.9

Based on Zamrutizahra’s research (2022) 24, the average 
number of propolis doses of 70 mg/kgBW is 31.67 + 7.916, 
and when compared to nano propolis doses of 17.5 mg/
kgBW, 35 mg/kgBW, and 70 mg/kgBW, the number of 
stretches is higher. The results of the test for the size of 
the nano propolis particles showed that nano propolis had 
a diameter of 84.3 nm, while for propolis it had a diameter 
of 1,080 nm. Nano particle size can enhance the absorption 
of pharmacological agents. This can be caused because 
the speed of drug dissolution is directly proportional to 

Table 1. Mean and standard deviation of writhing response for the tested groups

Tested Group N Mean Standard Deviation
Control Group (Piroxicam) 7 18.21 6.97
Nano Propolis Group Dose of 17.5 Mg/Kg BW 7 21.50 11.79
Nano Propolis Group Dose of 35 Mg/Kg BW 7 14.86 8.56
Nano Propolis Group Dose of 70 Mg/Kg BW 7 21.07 11.75
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its surface area, meaning that the smaller the particle size 
the greater the contact surface area so that the better the 
dissolution or solubility.25 Then if the particle size is smaller, 
the surface area of the particle is greater so that the rate 
of solution increases and will accelerate drug absorption 
through the blood circulation so that the therapeutic effect 
is achieved more quickly.10 Based on the research findings, 
it can be concluded that nano propolis doses of 35 mg/
kgBB is an effective dose in suppressing pain response in 
Mus musculus because it has the lowest average number 
of stretches compared to other doses.
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