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Objectives This article aimed to investigate the effect of Anadara granosa 
(AG) shell’s–Stichopus hermanni scaffold on cluster of differentiation (CD)44 and 
interleukin-10 (IL-10) expression to decrease osteoclasts in socket healing.
Materials and Methods Thirty male Wistar rats were divided into five groups. The 
lower left incisor was extracted, then given a placebo for group control (K), the treat-
ment group was administered with scaffold from AG shells, and a treatment group 
with scaffold from blood cockle shell–S. hermanni with the concentration of 0.4, 0.8, 
and 1.6% (AGSH0.4; AGSH0.8; AGSH1.6). We made a bone graft from a combination 
of AGSH extract using the freeze-dried method. The socket was sutured by silk braid 
immediately. Third and Seventh days postextraction, animals are killed. CD44 and 
IL-10 expression were examined with immunohistochemistry, as well as osteoclast was 
examined with hematoxylin-eosin.
Statistical Analysis The data were analyzed using a one-way analysis of variance (for 
CD44 and osteoclast) and Kruskal–Wallis’ test (for IL-10) followed by a post hoc test in 
which the result of p < 0.05.
Results Scaffold from a combination of AGSH increased CD44 expression signifi-
cantly, which enhanced IL-10 expression thereby decreased the number of osteoclasts 
in socket healing on days 3 and 7.
Conclusion Scaffold of AG shell–S. hermanni with a concentration of 0.8% was effec-
tive to enhance CD44 and IL-10 expression to decrease osteoclast in socket healing 
after tooth extraction.
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Introduction
Tooth extraction is one of the most common treatments. 
Generally, healing will occur even without intervention. 
However, this condition often causes certain circumstances 

and constant hard pressure that makes the ability of the 
bones to adapt becomes low and intolerant. Based on studies 
conducted by Van der Weijden, the loss of alveolar bone in 
the horizontal dimension is higher than the loss in the verti-
cal dimension.1 Besides, postextraction complications due to 
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considerable trauma may cause damage to the alveolar bone 
in the tooth concerned.2

After the tooth extraction, the alveolar bone will undergo 
the healing process. The inflammatory response after 
trauma/injury plays an important role, both in normal and 
pathological healing. Inflammation of periodontal tissues 
that secrete macrophages produces several mediators of cell 
signaling. Macrophages are a key player in the regeneration 
process which involves phagocytosis, presentation of anti-
gens, and secretion of various cytokines, chemokines, and 
growth factors that protect the body from inflammation.3

At the beginning of inflammation, M1 was found char-
acterized by cytokine production of tumor necrosis 
factor-α (TNF-α), interleukin-1 (IL-1), and interleukin-6 
(IL-6), whereas at the next stage, M2 was found, marked 
by the appearance of anti-inflammatory cytokines such as 
interleukin-10 (IL-10), interleukin-4 (IL-4), and interleukin-13 
(IL-13).3 Proinflammatory cytokine products, such as IL-6, 
IL-1, and TNF-α, can induce increased regulation of the recep-
tor activator of nuclear factor-B ligand (RANKL) expressed 
by osteoblasts.4,5 RANKL, which binds to RANK, is signaled 
by preosteoclasts which lead to osteoclast activity in bone 
resorption.6 This can be offset by the presence of IL-10 which 
is an anti-inflammatory cytokine that modulates alveolar 
bone homeostasis that increases osteoblast production.7

In the field of dentistry, the use of bone grafts begins to 
increase. Bone graft base material refers to hydroxyapatite 
(HA) material which is a major inorganic component of hard 
bone tissue and accounts for 60 to 70% of mineral phases in 
human bones. The combination of HA–tricalcium phosphate 
(TCP) can be used as a bone replacement because it is bio-
compatible, can increase new bone formation, and through 
the effects of osteoconduction can increase bone mass in 
the area of the defect.8 TCP has a stoichiometry similar to an 
amorphous bone precursor, whereas HA has a stoichiometry 
similar to bone mineral.9 One of the natural ingredients that 
have the potential to be used as a candidate for bone sub-
stitute material is the shell of blood clams (Anadara granosa 
[AG]), which can be synthesized into HA and TCP forms. A 
study conducted by Kresnoadi et al10 showed the role of bone 
graft (bovine bone graft) in increasing Hsp70 on day 3 and 
osteocalcin expression on day 7, resulting in accelerated 
osseointegration.

The polymer material is added to the bone graft struc-
ture because the material is needed to increase the smelting 
ability into the remodeling process. Among the most widely 
used polymeric materials is hyaluronic acid. Hyaluronic acid 
is a natural material, hydrophilic, and nonimmunogenic, and 
found in the cytoplasm of osteoprogenitor cells.11 A study 
using hyaluronic acid with a concentration of 0.8% states that 
hyaluronic acid accelerates bone regeneration by chemotaxis, 
proliferation, and mesenchymal cell differentiation.12

Cell response variation due to hyaluronic acid induction 
is the proliferation, migration, and synthesis of cluster of 
differentiation (CD)44-mediated cytokines present on the 
cell surface. Hyaluronan induces a receptor-mediated sig-
nal by interaction with a hyaluronic acid-binding protein 
on the cell surface. The interaction of hyaluronic acid with 

CD44 induces the grouping of CD44 receptors and acti-
vation of mitogen-activated protein kinase (MAPK) reg-
ulated by intracellular receptor for hyaluronan-mediated 
motility, resulting in phosphorylation of extracellular sig-
nal-regulated protein kinases 1/2 (ERK1/2) and activation of 
activator protein-1 (AP-1) transcription and the nuclear fac-
tor-κB.13,14 The golden sea cucumber (Stichopus hermanni) is 
a natural material that has not been explored, especially in 
the field of dentistry. One area that produces many S. her-
manni is Raas Island in Sumenep Regency. Test characteri-
zation of glycosaminoglycans (GAGs) content on S. hermanni 
with spectrophotometer showed that it mostly (75.7%) con-
tained hyaluronic acid.15 Therefore, it is necessary to study 
the application of granules from AG shells and S. hermanni in 
concentrations of 0.4, 0.8, and 1.6% and the mechanisms for 
alveolar bone healing after tooth extraction.

Materials and Methods
Preparation of HA-TCP Powder
The study preparation began with the making of a graft from 
the blood clam (AG) shell which was synthesized into the 
HA-TCP form. The shell was boiled for 30 minutes and cleaned. 
After that, the shell was crushed using mortar and paste and 
was sieved with 100 mesh to obtain smaller particle yields. 
Next, Ag shell powder as much as 1 M and NH4H2PO4 0.6 M 
solution were mixed with a magnetic stirrer for 30 minutes 
and transferred to the reactor. The reactor was fed into an 
electric oven to be heated to 200°C for 12 hours. The results 
obtained were cooled at room temperature. Subsequently, 
the heated powder was washed with distilled water using 
magnetic stirrers repeatedly until the reaction results were 
separated from the distilled water, indicated by the pH that 
returned to 7. The last washing was performed with meth-
anol to limit the agglomeration of HA particles during dry-
ing. The samples were dried in an electric oven at 50°C for 
4 hours. Sample sintering was performed at 900°C for 3 hours 
to remove impurities and increase sample crystallinity.16

Preparation of Stichopus hermanni Powder
Preparation of S. hermanni material was done by washing 
the sea cucumber with sterile distilled water, then prepared 
to blend with the ratio of sea cucumber:sterile distilled 
water of 500 g:1 L, until a smooth consistency was obtained. 
Furthermore, sea cucumbers were dried by the freeze-drying 
method. The freeze-drying results were finely ground and 
sieved with a mesh of size 50 (297 microns). The conversion 
into the microsize required High Energy Milling Elliptical 3D 
Motion (HEM-E3D) by Nanotech Indonesia.17

Preparation of Anadara granosa Shell’s–Stichopus 
hermanni Scaffold
The next step was the making of the scaffold with the 
freeze-drying method. First, we made an HA-TCP solution 
obtained from 5 g of a blood clamshell (AG), dissolved in 
50 mL distilled water (10 w/v). Subsequently, polymers 
were prepared by dissolving 10 g of gelatin into 50 mL of 
distilled water (20 w/v). For AG shell–S. hermanni (AGSH) 
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groups of combination, the two solutions were mixed with 
a 1:1 ratio and stirred with a magnetic stirrer for 4 hours 
and fed into a 96-well plates mold and fed into the freezer of 
-80°C for at least 10 hours and dried using the freeze-drying 
method. The final stage of this scaffold making was steril-
ization by gamma-ray irradiation of 25 kGy by BATAN.18

Preclinical Test to the Experimental Animals
The research was then conducted following approval 
from the Ethical Commission for Animal Subjects Faculty 
of Dental Medicine, Universitas Airlangga, Surabaya No. 
002/HRECC.FODM/I/2018. Animal trials started with the 
acclimatization of the Wistar rats for 7 days. Before being 
divided by group, the experimental animals were weighed 
and marked. The animals were fasted overnight before 
being anesthetized. Anesthesia was performed using a 
Ketamine 10% (Kepro pharmaceuticals, Holland) with a 
dose of 0.1 mL/kg body weight (BW) and Xyla (Interchemie, 
the Netherlands) with 0.01 mL/100 g BW on the upper 
right thigh intramuscularly.19 Thereafter, the cleaning was 
performed in the extraction area with water spray and 
antiseptic fluid to make the extraction area aseptic. Then, 
the extraction of the lower left mandibular incisive tooth 
in the rats was performed using needle holders and scaf-
fold applications. The application of the treatment materi-
als was done by dividing 30 male rats into five groups. The 
control (K) group was only applied with gelatin, the AG 
group was applied with a scaffold from the AG shell alone, 
and the AGSH0.4; AGSH0.8; AGSH1.6 group was applied 
with scaffold from the combination of AGSH with concen-
trations of 0.4, 0.8, and 1.6%. Suturing was done to close 
the sockets using silk braid (USP 3/0) DR. SELLA (Bekasi, 
Indonesia). Analgesics of Novalgin (Sanofi Aventis, Jakarta, 
Indonesia), 0.09 mL/200 g BW, and Interflox (Interchemie, 
the Netherlands), 0.1 mL/100 g BW, antibiotics were 
needed to control swelling and pain.

Histological Study
Three and seven days after the application on the socket, 
the animals were killed and the mandibular prepara-
tion was taken and fed into a 10% formaldehyde buffer 
solution to prevent the tissue from decomposing, tissue 
hardening, increasing the refractive index of various tis-
sue components, and increasing the affinity of the tis-
sue against the stain. After the process of tissue fixation, 
the process of decalcification was done using EDTA for 
1 month. Mandibular specimens were prepared in the 
form of transversal preparations with hematoxylin-eosin 
and immunohistochemical staining with monoclonal 
anti-CD44 (ab25340, Abcam, United States) and mono-
clonal anti-IL-10 (ab189392, Abcam). After that, we 
observed the number of blood vessels and the number 
of macrophage cells reacted positively to anti-CD44 and 
anti-IL-10 in the socket with a light microscope (Olympus 
CX21, Japan) at 100 and 400 magnification. Furthermore, 
data tabulation and statistical analysis were conducted 
with one-way analysis of variance followed by the Tukey’s 
honestly significant difference (HSD) test.

Results
Observation of CD44 Expression in the Healing Socket
Data on CD44 positive expression were obtained from mac-
rophage observations in 2/3 apical sockets in each group. 
CD44-exposed macrophages showed a positive reaction 
in the brown stain of the cytoplasm, indicating CD44 anti-
gen reaction with anti-CD44. The result of observation 
using a light microscope in 400 magnification is shown  
in ►Fig. 1.

The result of multiple comparison, Tukey’s HSD test, is 
shown in ►Table 1. Based on treatment type on day 3, the 
expression of CD44 between the K group and the group receiv-
ing AG shell only showed a significant difference compared 
with the group receiving a combination of AGSH. Among the 
AGSH groups alone, there was a significant difference in CD44 
expression between groups receiving a combination of AGSH 
0.4% (AGSH0.4) and 1.6% (AGSH1.6) with groups receiving 
a combination of AGSH 0.8% (AGSH0.8). The same findings 
were also found on day 7 treatment. Differences were found 
in the AGSH0.4 group with AGSH1.6, whereas in the 3-day 
treatment, multiple comparison, Tukey’s HSD test, showed 

Fig. 1 Histological section of CD44 expression with application of 
bone graft from AGSH combination in 2/3 socket apical after tooth 
extraction. Pathological conditions in control group (3 days = A and 
7 days = B) showed that CD44 expression on macrophages. CD44 
expression on macrophages has increased in the application of 
bone graft from the AG shell (C, D); AGSH0.4 (E, F); AGSH0.8 (G, H);  
AGSH1.6 (I, J). Staining of IHC with anti-CD44 monoclonal. 
Observation using a light microscope at 400 magnification. AG, 
Anadara granosa; AGSH, Anadara granosa shell and Stichopus 
hermanni; CD, cluster of differentiation; IHC, immunohistochemical.
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no significant difference between AGSH0.4 and AGSH1.6. 
However, on day 7 treatment, there was a significant dif-
ference between AGSH0.4 and AGSH1.6. This suggests that 
the increase in CD44 expression in the AGSH1.6 group was 
higher than in the AGSH0.4 group on day 7 (►Fig. 2).

The result of the t-test showed that in the combination 
group of AGSH, there was a significant difference between 
treatment duration of 3 and 7 days, whereas groups K and AG 
did not show any significant difference. This suggests that the 
AGSH group tended to increase CD44 expression, which did 
not occur in K and AG groups. The highest increase occurred 
in the group receiving a combination of AGSH0.8, which on 
day 3 showed the highest CD44 expression compared with 
other groups, and this continued to occur until day 7.

Observation of IL-10 Expression in the Healing Socket
Data on IL-10 positive expression were obtained from mac-
rophage observation on 2/3 apical sockets in each group. 
Macrophages expressing IL-10 showed a positive reaction 
in a brown stain of the cytoplasm, showing the reaction of 
IL-10 antigen with anti-IL-10. The result of observation using 
a light microscope with 400 magnification is shown in ►Fig. 3.

The group with the highest IL-10 expression was the group 
receiving a combination of AGSH in a concentration of 0.8% 
(AGSH0.8), while the lowest was in the K group. Increased 
expression of IL-10 on day 7 was higher than that on day 3. The 
group with the addition of S. hermanni (AGSH) showed higher 
IL-10 expression than the K and AG shell groups (►Fig. 4).

The results of the multiple comparison, Mann–Whitney’s 
test, are shown in ►Table 1. Based on the treatments, the expres-
sion of IL-10 in group K was significantly different from that in 
the AG group and AGSH combination group. Significant differ-
ences were also seen between AG and AGSH groups. Among the 
AGSH groups alone, significant differences were seen between 
AGSH0.4 groups with AGSH0.8 and AGSH1.6 groups. The only 
significant difference was shown between AGSH0.8 and AGSH 
1.6 groups. The same was also found on day 7 treatment. On day Ta
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Fig. 2 CD44 expression after application bone graft from AGSH combina-
tion in 2/3 socket apical. CD44 expression in the control group (C) was seen 
on 3 days and increase on 7 days. While CD44 expression on AG shell treat-
ment group on 3 days were more than those on control group, and they 
were increased on 7 days. Application bone graft in other groups (AGSH0.4; 
AGSH0.8; AGSH1.6) was increased of CD44 expression on macrophages. 
The highest CD44 expression on macrophages was found in the 0.8 AGSH 
group both on 3 and 7 days. AG, Anadara granosa; AGSH, Anadara granosa 
shell and Stichopus hermanni; CD, cluster of differentiation.
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7 treatment, significant differences occurred between AGSH0.8 
and AGSH1.6, but between AGSH0.4 and AGSH1.6, there was 
not any significant difference.

Multiple comparison, Mann–Whitney’s test, results based 
on treatment duration between days 3 and 7 indicated that 
significant differences occurred between K, AG, and AGSH0.4 
groups. This shows that the combination group, AGSH0.8 and 
AGSH1.6, showed improvement since day 3 and relatively stable 
on day 7, while the other group did not.

Osteoclasts Count in Alveolar Bone after Tooth 
Extraction
Data on osteoclast count were obtained from observations on 
histopathologic sections of 2/3 apical socket with HE staining 
and 400 magnification. The result of observation using a light 
microscope with 400 enlargement is shown in ►Fig.  5. The 
mean description indicated that the K group had the highest 
osteoclast count, while the lowest was in the group receiving 
the combination AGSH0.8. The increase in osteoclast count on 
day 7 was lower than day 3 in each treatment group. The AGSH 
combination group showed lower osteoclast count than the K 
group and AG group (►Fig. 6).

Fig. 3 Histological section of IL-10 expression with application of 
bone graft from AGSH combination in 2/3 socket apical after tooth 
extraction. Pathological conditions in control group (3 days = A and 
7 days = B) showed that IL-10 expression on macrophages. IL-10 
expression on macrophages has increased in the application of bone 
graft from the AG shell (C, D); AGSH0.4 (E, F); AGSH0.8 (G, H), but 
decrease again in AGSH1.6 (I, J). Staining of IHC with anti-IL-10 mono-
clonal. Observation using a light microscope at 400 magnification. AG, 
Anadara granosa; AGSH, Anadara granosa shell and Stichopus hermanni; 
IHC, immunohistochemical; IL-10, interleukin-10.

Fig. 4 IL-10 expression after application bone graft from AGSH combination 
in 2/3 socket apical. IL-10 expression in the control group (C) was seen on 
3 days and increase on 7 days. While IL-10 expression on AG shell treatment 
group on 3 days were more than those on control group, and they were 
increased on 7 days. Application bone graft in other groups (AGSH0.4; 
AGSH0.8; AGSH1.6) was increased of IL-10 expression on macrophages. The 
highest IL-10 expression on macrophages was found in the 0.8 AGSH group 
both on 3 and 7 days. AG, Anadara granosa; AGSH, Anadara granosa shell and 
Stichopus hermanni; IHC, immunohistochemical; IL-10, interleukin-10.

Fig. 5 Histological section of osteoclast with application of bone graft 
from AGSH combination in 2/3 socket apical after tooth extraction. 
Pathological conditions in control group (3 days = A and 7 days = B) 
showed that a lot of osteoclast on macrophages. The number of osteo-
clast on macrophages has decreased in the application of bone graft 
from the AG shell (C, D); AGSH0.4 (E, F); AGSH0.8 (G, H); AGSH1.6 
(I, J). Staining of haematoxylin eosin (HE). Observation using a light 
microscope at 400 magnification. AG, Anadara granosa; AGSH, Anadara 
granosa shell and Stichopus hermanni.
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The result of multiple comparisons, Tukey’s HSD test, in 
►Table 1, based on treatment type on day 3, showed signifi-
cant differences between the K group with AGSH combination 
group and AG group with AGSH0.8 group. The nonsignificant 
differences were found in the AG group with K, AGSH0.4, and 
AGSH1.6 groups, and AGSH0.8 group with the AGSH0.4 and 
AGSH1.6 groups.

Results of multiple comparison, Tukey’s HSD tests, based 
on treatment type on day 7 showed significant differences 
between K and AG groups with all AGSH combination groups, 
AGSH0.8 groups with AGSH0.4 and AGSH1.6 groups. The dif-
ference was not significant between AG and K groups, and 
AGSH0.4 with AGSH1.6 groups. Based on the duration of 
treatment of 3 and 7 days, significant differences were seen 
only in the K group, while the other groups did not show any 
significant differences.

Discussion
In the normal healing process of alveolar bone after tooth 
extraction, an increase in inflammation occurs character-
ized by the migration of inflammatory cells. Macrophages 
are a key factor in regulating the signaling transduction of 
tissue repair processes. Macrophages produce monocyte 
chemoattractant protein (MCP)-1. Increased levels of MCP-1 
expression stimulate macrophage infiltration and MCP-
1/C-C chemokine receptor type 2 interactions will improve 
adhesion and mesenchymal stem cell (MSC) migration. CD44 
is also another important adhesion molecule. The inter-
action of CD44–hyaluronic acid is essential for extravasa-
tion in inflammatory sites. Besides, CD44–hyaluronic acid 
interactions also increase the adhesiveness and motility of 
MSCs.20 Under normal conditions, hyaluronic acid is pres-
ent in the bloodstream with a low concentration and will 
increase rapidly in the wound area.21 This can be seen in the 
K group which underwent extraction. In the treatment group 
receiving the bone graft, HA-TCP from the synthesis of AG 

shell, the increase of CD44 expression did not show a signifi-
cant difference with the K group (p > 0.05). This suggests that 
HA-TCP from the synthesis of AG shells did not significantly 
affect the increase in CD44 expression.

All bone graft groups from a combination of AGSH (0.4–
1.6% concentrations) showed significant differences com-
pared with the K group and AG alone (p < 0.05). This shows 
the role of S. hermanni (sea cucumber) is very significant in 
the increase of CD44 expression in macrophage cells.

The hyaluronic acid content of S. hermanni can increase 
interaction with CD44. This interaction can induce activation of 
MAPK and result in phosphorylation of ERK1/2 and activation 
of AP-1 transcription. Active transcription of AP-1 target genes 
induces a transduction pathway that results in the induction of 
cell migration with the release of various growth factors.13,14

The difference in concentration of whole S. hermanni was 
also influential in interaction with CD44. This was demon-
strated by a significant difference between the 0.4 and 0.8% 
concentrations, whereas whole S. hermanni with a 0.8% con-
centration showed a higher increase of CD44 expression and 
multiple comparison test results showed significant differ-
ences (p = 0.05). The higher the total S. hermanni concentra-
tion, that is, at 1.6% concentration, the more significant the 
decrease in CD44 expression in the macrophages than the 
concentration of 0.8%. This is because S. hermanni contains 
other GAGs, such as chondroitin sulfate and keratin sulfate, 
which may affect CD44’s ability to bind hyaluronic acid. 
Binding modification occurs because the N and O chains in 
chondroitin sulfate have a negative effect on CD44’s ability to 
bind hyaluronic acid.22

Different treatment times resulted in increased 
CD44 expression. This was seen in all treatment groups 
experiencing an increase in CD44 expression on observation 
day 7. The tendency of CD44 to bind hyaluronic acid varies 
greatly across cell types. Some of the regulatory mechanisms 
of hyaluronic acid binding on CD44 have been conceptual-
ized. One type of mechanism relates to the fact that hyal-
uronan molecules, based on their repetitive structures 
(GlcNAcβ1–4GlcUA), contain multiple CD44 binding sites. 
Each hyaluronic acid chain can interact simultaneously with 
many receptors on the cell surface. In addition, changes in 
CD44 density and set on the cell surface can affect the overall 
strength or avidity of the multivalent interactions. Another 
mechanism that can occur is a change in the conformational 
state of hyaluronic acid through the formation of protein 
macromolecular complexes or differences in the length of 
hyaluronic acid chain that can affect the binding of hyal-
uronic acid and its functional consequences.23

Macrophages are key regulators of the regeneration and 
activation process of various pro- and anti-inflammatory 
cytokines, chemokines, and growth factors that also play a 
role in the healing process.24 In early inflammation, many M1 
phenotypes are found, which are characterized by the abun-
dance of proinflammatory cytokine products. Furthermore, 
there is polarization to M2, which is characterized by 
anti-inflammatory cytokine products and growth factors. 
IL-10 is one of the anti-inflammatory cytokines secreted by 
macrophages via the M2 subphenotype. IL-10 may inhibit 

Fig. 6 The number of osteoclast after application bone graft from AGSH 
combination in 2/3 socket apical. The number of osteoclast in the con-
trol group (K) was seen on 3 days and decrease on 7 days. (point) The 
osteoclast on AG treatment group was less than those on control group, 
and they were decreased on 7 days. However, in other treatment groups 
(AGSH0.4; AGSH0.8; AGSH1.6), the decrease of osteoclasts number was 
shown.  The lowest number of osteoclasts was found in the 0.8 AGSH 
group both on 3 and 7 days. AG, Anadara granosa; AGSH, Anadara granosa 
shell and Stichopus hermanni; CD, cluster of differentiation.
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the production of proinflammatory cytokines, such as 
TNF-α, IL-1, and IL-6.3 The presence of IL-10 occurs on day 
3 following trauma events, and the expression is limited on 
days 7 to 10.25,26 This was demonstrated in the results of this 
study, where on day 3, the IL-10 expression was found in the 
K group and AG group and the Gomes–Howell’s test showed 
no significant difference. Increased expression of IL-10 on 
day 7 was higher than that on day 3 and the t-test showed 
significant differences.

The hyaluronic acid present in the whole S. hermanni can 
interact strongly with CD44 receptors that have contrib-
uted to the retention of these cells at the site of the inflam-
mation.27 Ha binding with CD44 could inhibit the contact 
between Toll-like receptor 4 and myeloid differentiation pri-
mary response 88 which results in NF-κβ inhibition, thus it 
reduces proinflammatory activation; however, there was an 
elevation in IL-10 expression in macrophages.28,29 A higher 
increase in the expression of IL-10 was demonstrated in the 
group receiving bone graft from the combination of AGSH 
than the K group and the group receiving bone graft from the 
AG shell alone.

Increased expression of CD44, which is a receptor bind-
ing to hyaluronic acid, is highly influential in increased 
IL-10 expression. Therefore, decreased CD44 expression will 
have an impact on the decreased expression of IL-10. This 
occurred in groups receiving bone graft from a combination 
of AGSH with concentrations of 0.4 and 1.6%.

In the group receiving bone graft from the combination 
of AGSH with concentrations of 0.8 and 1.6%, the increased 
expression of IL-10 on day 3 was high, so the IL-10 expression 
on day 7 did not experience a significant increase. This was 
because the inflammatory inhibition process had been 
started since the beginning and it was assumed that the heal-
ing process had also started earlier so that on day 7 of the 
inflammation process, it has decreased and the proliferation 
process has dominated. In contrast to the 0.4% S. hermanni 
concentration, this group still showed a significant increase 
in IL-10 expression on day 7.

At the time of the inflammatory phase, macrophages 
release proinflammatory cytokines, such as TNF-α, IL-1, 
IL-6, also known as proinflammatory cytokines, potentially 
as stimulators of RANKL formation in osteoblasts. When 
binding to RANKL, preosteoclasts expressing RANK will acti-
vate osteoclasts that function to resorb the bone resulting in 
the appearance of defects.30 This was seen in the results of 
this study, which in the K group, the number of osteoclasts 
was higher than that in other groups and the statistical tests 
found significant differences. In normal healing, many proin-
flammatory cytokine products are produced early in inflam-
mation and will decrease with increasing time.31 The results 
also showed that the length of treatment can decrease the 
number of osteoclasts, as the activity of growth factor and 
anti-inflammatory cytokines arose.

The addition of S. hermanni to the application of bone graft 
from AG shells can reduce the number of osteoclasts more. 
This is because the hyaluronic acid content in S. hermanni 

can bind to CD44 which can increase anti-inflammatory 
cytokines, such as IL-10, which can regulate proinflamma-
tory cytokines, resulting in a decrease in RANKL products in 
osteoblasts.3,29 This results in a decrease in osteoclasts count 
in groups receiving bone graft from a combination of AGSH.

This study was limited to the observation of 
anti-inflammatory cytokines (IL-10), but not proinflam-
matory cytokines (IL-1β, IL-6, and TNF), because they were 
represented by observations of osteoclasts promoted by 
these proinflammatory cytokines. However, these prelim-
inary results were promising and could be explored more 
for further studies with observations on biomarkers of 
osteogenesis.

Conclusion
Scaffold from a combination of AGSH was effective to enhance 
CD44 and IL-10 expression to decrease osteoclast in socket 
healing after tooth extraction in which the most effective 
concentration of S. hermanni was 0.8%.
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