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ABSTRACT

Periodontitis can lead to the destruction of the alveolar bone. The loss of the alveolar bone can be
treated using carbonated hydroxyapatite (CHA) as a bone graft material. However, CHA is an alloplastic
graft whose primary function is to act as a scaffold, but it is unable to stimulate the process of bone
regeneration. Carbonated hydroxyapatite is an avascular synthetic material, which will increase the risk of
bacterial adhesion on site that can lead to unsuccessful periodontal therapy. The incorporation of propolis
into CHA is expected to add antibacterial capability into CHA. Besides its antibacterial property, propolis
also has a bone regenerating effect. Mixing CHA with propolis needs to consider the process of loading the
active ingredients into the carrier. The release of propolis is expected to occur gradually over a lengthy
period. The purpose of this study was to analyze the loading and releasing assay for propolis incorporated
with CHA. A propolis solution of 5%, 7.5%, and 10% was each incorporated into 10 mg of CHA. The loading
percentage and releasing assay of propolis were measured. The absorbance reading was done at 289 nm
using a UV-vis. It was shown that a 10% propolis solution had the highest loading percentage (32.08%),
while the 5% propolis solution had the smallest loading percentage (10.63%). The propolis releasing
profiles in all concentration groups were similar. The difference in propolis concentration incorporated

with CHA affected the loading percentage but did not affect the propolis releasing assay.
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INTRODUCTION

Periodontitis is a chronic inflammation of
the periodontal tissue that can lead to the
destruction of the alveolar bone (Carranzza et al,,
2012). The destruction of the alveolar bone can be
treated using carbonated hydroxyapatite (CHA) as
bone graft material. Carbonated hydroxyapatite is
an alloplastic material that is biocompatible with
the alveolar bone and possesses osteoconductive
properties (Ana et al, 2010). It is a synthetic
material that functions as a scaffold to maintain
space but is unable to stimulate bone regeneration
(Bashutski and Wang, 2009). Alloplastic materials
are not vascularized because they are synthetic,
which later leads to bacterial adhesion. Hence,
adding an antibacterial agent is suggested to
prevent such adhesion (Filho et al., 2014).

As widely known, the use of antibiotics
could lead to bacterial resistance. This fact
warrants the development of natural products,
such as propolis, to act as alternatives to
antibacterial agents. Propolis is a natural resin
substance produced by bees to protect the hive.
The antibacterial properties of propolis are
contributed by its phenol content that causes
functional and structural changes in bacteria, such
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as cytoplasm membrane damage, inhibits nucleic
acid synthesis, and inhibits the formation of biofilm
(Scatolini et al., 2018). Propolis also possesses the
ability to regenerate bone by increasing osteoblast
activity and decreasing osteoclast activity (Zohery
etal., 2018).

An in vivo study showed that 10% propolis
gel could stimulate the healing process of gingivitis
on experimental animals by decreasing PMN cells,
increasing the osteoblast count, and promoting
angiogenesis (Suryono et al,, 2017). Another study
showed that periodontal therapy using 10%
Brazilian propolis was effective in treating
gingivitis and chronic periodontitis (Cairo et al.,
2006). A study by Samad et al. (2017) proves that
mouthwash containing 5%, 7.5%, and 10%
propolis was effective in reducing gram-negative
anaerobic bacteria.

Incorporation of carbonated hydroxyapatite
with propolis needs to consider the loading
process of the active ingredient into the carrier; in
this case, it is the bone graft. The releasing profile
of propolis is expected to happen gradually over a
relatively long time (Bara et al, 2018). The purpose
of this study was to analyze the incorporation of
carbonated hydroxyapatite with propolis by
measuring the loading and releasing profile of
propolis.
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METHODOLOGY
Materials
Preparation of Carbonated Hydroxyapatite
Incorporated with Propolis

This study used a carbonated
hydroxyapatite block from Gama-CHA®
(Yogyakarta, Indonesia). The shape of carbonated
hydroxyapatite used was cylindrical with a
diameter of 6 mm, a length of 10 mm, and a weight
of 70 mg. The carbonated hydroxyapatite block
was cut into 10 mg each. The propolis used in this
study was from Propolis Brazilian® (Minas Gerais-
Brazil, distributed by Nusa Mega Persada). The
propolis was diluted using the gradual dilution
technique with double distilled water to obtain
concentrations of 5%, 7.5%, and 10% (group A,
group B, and group C, respectively).
The carbonated hydroxyapatite was immersed into
the propolis solution for 24 h at room temperature.
The samples were replicated six times for each
concentration.

Methods
Loading Assay

After immersion for 24 h, the remaining
propolis solution was put into the UV-vis
spectrophotometer cuvette to measure the
absorbance value. As comparison data, propolis
solution of 5%, 7.5%, and 10% that were not
involved in the immersing process were put into
another  cuvette for absorbance value
measurements. Double-distilled water was used as
a blank solution. Absorbance readings were made
at 289 nm using the UV-vis spectrophotometer
(UV-1800, Shimadzu, Japan). The calculation of
loading percentage was done to determine the
amount of absorbed propolis into the carbonated
hydroxyapatite, which done by measuring the
absorbance value before and after immersion.
The calculation used the following equation
provided by a previous study of Madhumathi and
Kumar (2014) and Ardhani et al, (2016):

(4A-B)
A

x 100 %

A: The absorbance of propolis before incorporation
with  carbonated hydroxyapatite; B: The
absorbance of propolis after incorporation with
carbonated hydroxyapatite

Release Profile Assay

The carbonated hydroxyapatite, which
already was immersed with propolis solution,
was dried out using an incubator at 37 °C while
covered with filter paper. Once dried out, the
carbonated hydroxyapatite was put into PBS
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solution (pH 7.4) for one h. The solution was then
centrifuged using the centrifuge (5415 D,
Eppendorf) at 2000 rpm for 5 min. After that, the
PBS solution was put into a UV-vis
spectrophotometer cuvette while carbonated
hydroxyapatite specimen was left in the
microcentrifuge tube. Fresh PBS solution was
added into the microcentrifuge tube together with
carbonated hydroxyapatite. The absorbance
reading for the PBS solution was done using a UV-
vis spectrophotometer (UV-1800, Shimadzu,
Japan) at 289 nm. The steps were repeated at 3 h,
6 h, 24 h, 48 h, and 72 h interval. The absorbance
reading result was compared with the time interval
to measure the release profile. The calculation of
the propolis releasing profile used the percentage
of release, which was obtained from the same
equation as that for propolis loading.

Statistical Analysis

The data obtained were analyzed using a
one way ANOVA with a significance level of .05.
The calculation was continued with the least
significant difference (LSD) post-hoc test.

RESULTS AND DISCUSSION
Loading Assay

The measurement of the propolis loading
percentage was replicated six times for each
concentration. Figure 1 shows descriptive data
regarding the loading percentage. The highest
loading percentage was found in group C (32.08%),
and the lowest loading percentage was found in
group A (10.63%).

The statistical analysis showed that there
was a significant difference between groups
regarding the loading percentage (P < .05). The
post-hoc test analysis showed that there were
significant differences between all tested groups.

The incorporation method used in this study
was the immersion method. The immersion
process, followed by incubation for a specific time,
is one of the easiest contact methods between
antibacterial agents and the bone graft material
(Anagnostakos and Schrder, 2012). In this method,
the porosity and surface area of the bone graft can
affect the absorption of antibacterial agents
(Dashti et al, 2010). The bond between the
carbonated hydroxyapatite and the propolis is
attributed to the gelatinous composition within the
bone graft material used in this study. The
hydrophilic cluster in the gelatin is a polar amino
acid group that will be attracted to a fluid under
dry conditions (Pefia et al., 2010).

The post-hoc test showed that the highest
propolis loading percentage (32.08%) was found
in the 10% group (group C), while the lowest
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Figure 2. Percentage Propolis Release

propolis loading percentage (10.63%) was found
in the 5% group (group A). This result meant that
the 10% propolis was the most absorbed
concentration compared with 5% and 7.5%
propolis. The lower the concentration of propolis,
the higher the double-distilled water content, and
this could lead to the dissolution of the carbonated
hydroxyapatite. In addition, this could cause a
reduction in the surface area of the bone graft
material and result in a decline in the level of
propolis absorbance. Therefore, the lower the
concentration of propolis, the greater is the
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reduction in the loading percentage. This result is
consistent with the previous theory that the bone
graft surface area would affect the absorbance
level of antibacterial agents, which in this study is
propolis (Dashti et al., 2010).

Release Profile Assay

Figure 2 shows the mean value of propolis
release per group per time interval. The release
rate of all groups was at the highest in the first
hour. All tested groups had a gradual decrease
in the release rate until the first 24 h. The next
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Figure 3. Propolis Release Profile

measuring times were 48 h and 72 h, which
showed higher release rates because the interval
times were longer than the first 24 h.

The statistical analysis using a one way
ANOVA shows that there was no significant
difference between all groups regarding the
percentage of propolis released (P > .05). This
result suggests that differences in the propolis
concentration did not affect the percentage that
was released.

Figure 3 shows the percentage of propolis
released into the PBS solution after incubation
during several time points. The lines intersect at
several observation times. The release profiles
among all groups are quite similar. The highest
release percentage was found in the first hour, and
then gradually decreased until the first 24 h. The
release of propolis was still detected until 72 h.

The propolis release assay was done at 1 h,
3 h,6h,24h,48h, and 72 h. The results indicated
that the degradation of carbonated hydroxyapatite
into the PBS solution was highest during the first
hour and was compatible with the findings of other
studies (Ardhani et al., 2016). The high release of a
substance at the beginning of the observation time,
also known as the “burst release,” was beneficial to
eradicate  bacteria  locally  post-operation
(Phaechamud and Darunkaisorn, 2016).

The propolis release profile shows an initial
burst release followed by a prolonged release for
72 h. The burst release occurs due to the
desorption of drug molecules that are loosely
bound to the surface, followed by the dissolution of
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B(7.5%) C(10%)

CHA crystals. (Madhumathi and Kumar, 2014).
This study showed that propolis release occurred
more in the first 24 h. This type of release is similar
to the one in the study by Dashti et al. (2010),
which found that in a static environment, such as a
PBS solution, most drugs were released within
24 h.

CONCLUSION

The data from this study imply that the
differences in propolis concentration affected the
loading percentage of propolis. A higher
concentration of propolis would result in a higher
propolis loading percentage, which means there is
more propolis absorbed into the carbonated
hydroxyapatite. On the other hand, the differences
in propolis concentration did not affect the
percentage released.

This is a pilot study on carbonated
hydroxyapatite incorporated with propolis. Thus,
further research is needed to investigate the
absolute values to load and release the bonds
between the carbonated hydroxyapatite and
propolis solution, and the time limit for propolis
release over a longer period.
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