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The current goal of periodontal treatments is to regenerate 
periodontal tissue by adding bone grafts. Various materials are being 
explored as bone substitutes, including type 1 collagen. Gourami fish 
scales are known to be an alternative source of type 1 collagen and 
have potential as a substitute material for bone grafts. The objective 
of this study was to determine whether there is an increase in the 
expression of Osterix (OSX) and SOX9 after the administration of 
gourami (Osphronemus goramy) fish scale collagen in extracted 
socket Wistar rats (Rattus norvegicus). The research was conducted 
on 32 male Wistar rats that were classified into four groups: control 
groups on day 7 (K7) and day 14 (K14); and treatment groups on 
day 7 (P7) and day 14 (P14). The expression of OSX and SOX9 was 
visualized by immunohistochemical staining of bone tissue 
preparations by anti-OSX and SOX9 monoclonal antibodies. The 
ANOVA results for OSX expression had a significant difference in OSX 
expression between that in the control and treatment groups on day 
7 and day 14. The ANOVA results for SOX9 expression on day 7 had 
a significant difference in SOX9 expression between that in the 
control and treatment groups. ANOVA results for SOX9 expression on 
day 14 had no significant difference in the expression of SOX9 
between the treatment and control groups. The conclusion of this 
study was administration of Gourami scale collagen can increase the 
expression of OSX and SOX9 in socket’s Wistar rats.   
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INTRODUCTION 

In 2001, periodontal disease, which is an oral disease, was recorded as the 
most common disease among humans (Tonetti et al., 2017). The prevalence of 
periodontitis in Indonesia is relatively high. The 2018 RISKESDAS data showed 
the percentage of periodontitis cases in Indonesia to be 74.1% (Kemenkes RI, 
2019). Current periodontal treatments aim to restrict the inflammatory process 
involved in inhibiting tissue damage and facilitate the regeneration of periodontal 
tissue at the site of the damage. This can be done by adding bone grafts. This 
method is considered to be an ideal periodontal therapy because it leads to bone 
regeneration, and consequently, to repair of the periodontal ligament, gingival 
fibers, and junctional epithelium (Newman et al., 2018). 

There are three types of bone grafts: autografts, allografts, and xenografts. 
The concept of tissue engineering has emerged from the developments in 
biotechnology involving xenografts performed to assist bone regeneration because 
these procedures do not require additional surgery, have low morbidity, and 
reduce the risk of disease transmission (Rahmitasari, 2018). Type 1 collagen, the 
gold standard in periodontal tissue regeneration, is a xenograft material used in 
bone grafts (Prahasanti et al., 2018). Fish scales are an alternate supply of 
collagen that can be used to produce collagen scaffolds. Despite not having been 
previously used for this purpose, fish scales have the potential to be transformed 
into collagen (Prahasanti et al., 2018). Fish scale collagen derived from freshwater 
fish is biocompatible and has potential applications in tissue engineering  
(Pati et al., 2012). 

Gourami (Osphronemus goramy) fish scales were selected for this research 
because they contain type 1 collagen and have the potential to be used as a 
substitute in bone grafts (Prahasanti et al., 2018). Bone grafts using collagen from 
extracts of fish scales, especially those of gourami, have not been reported so far. 
Thus, a strong case can be built for future study on the use of collagen extracted 
from gourami fish scales. The expression of Osterix (OSX) and SOX9 is an indicator 
of the regeneration of bones subjected to bone grafts. OSX, also known as the 
Sp7 transcription factor, is an osteoblast-specific transcription factor that activates 
a group of genes during the differentiation of preosteoblasts into mature 
osteoblasts and osteocytes (Sinha and Zhou, 2013). The SOX9 gene is a gene that 
is responsible for providing instructions for the formation of proteins that have an 
essential role in the embryonic development process (Oh et al., 2014).  
The purpose of this research was to determine whether there was an increase in 
OSX and SOX9 expression after the administration of gourami fish scale collagen 
by means of experiments conducted on Wistar rats (Rattus norvegicus). 

MATERIALS AND METHODS 

Materials 

This study was conducted in a laboratory setting and used a post-test only 
control group research design. Collagen was extracted from gourami fish scales 
for this study. This research was provided ethical approval (ethics certificate 
number: 475/HRECC.FODM/X/2020). The sample for this research comprised 32 
male Wistar rats that were aged 3 months and had a healthy physical condition 
and body weight in the range of 150–300 g. 

Collagen extraction 
Gourami fish scales were initially processed to remove non-collagen protein 

and fat, following which, they were subjected to a decalcification process. The 
collagen was subsequently extracted by enzymatic treatment using acetic acid and 
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pepsin as well as by lyophilization. The extracted gourami fish scale collagen was 
sterilized before being applied to Wistar rats. 

Preparation of Wistar rats 

The rats were divided into four groups, with a sample size of 8 rats per group. 
The groups were classified as: day 7 control (K7) and treatment (P7) groups; and 
day 14 control (K14) and treatment (P14) groups. For the control group, extracted 
tooth was carried out without administration of gouramy fish scale extract. 10–30 
mg collagen from gourami fish scale extract was applied to the alveolar socket in 
the treatment groups, following which, the socket was sutured. The rats were 
anesthetized on day 7 and day 14 with a 10% ether inhalation anesthetic. 

Immunohistochemical 

The mandibular tissues thus obtained were fixed in 70% formalin buffer 
solution, and the tissue fragments were immersed in paraffin by following the 
conventional procedure. Paraffin sections were stained with OSX and SOX9 
markers and subsequently tested using immunohistochemical techniques. 
Quantitative observations of OSX and SOX9 expression were carried out under a 
light microscope at 1000x magnification with a 20x field of view.   

RESULTS  

The following microscope image shows osteoblast cells stained using anti-
OSX monoclonal antibodies on day 7 and day 14:  

 

Figure 1. (A) Day 7 OSX control group (B) Day 7 OSX treatment group (C) 
Day 14 OSX control group (D) Day 14 OSX treatment group at 1000x 
magnification. 

The distributions of the mean and standard deviation of OSX expression in 
the control and treatment groups on day 7 and day 14 were as follows: 
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Table 1. Mean and standard deviation of OSX expression. 

  

 
 

 

As seen in Table 1, the mean values for the treatment groups were higher 
than those for the control groups. In addition, the mean for the day 7 group was 
higher than that for the day 14 group. The day 14 treatment group had the highest 
mean. 

Table 2. ANOVA results for OSX expression (*=P <0.05). 

 

 

 

 

 

The results of the ANOVA test are shown in Table 2 with a significance level 
of P-value < 0.05. These results indicate that there was a significant difference in 
OSX expression between the two groups (control and treatment) resulting from 
treatment with gourami fish scale collagen. No significant difference was found in 
OSX expression between the day 7 and day 14 groups (P-value = 0.05). 

Figure 2. Mean of expression of OSX. 

Figure 2 shows the OSX expression of the control and treatment groups on 
day 7 and day 14. The treatment groups can be seen to have significantly 
increased OSX expression compared to that in the respective control groups. OSX 
expression shows an increase when compared between the groups on day 7 and 
day 14. However, the increase is less significant.  

The following microscope image shows osteoblast cells stained using anti-
SOX9 monoclonal antibodies on day 7 and day 14: 

 
 
 
 

Groups 
Day 7 Day 14 

Mean Standard Deviation Mean Standard Deviation 

Control 4.880 2.532 7.750 2.435 

Treatment 12.130 2.532 13.880 1.642 

Groups K7 K14 P7 P14 

K7 - 0.085 0.000* 0.000* 

K14 0.085 - 0.004* 0.000* 

P7 0.000* 0.004* - 0.444 

P14 0.000* 0.000* 0.444 - 

Groups 
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Figure 3. (A) Day 7 SOX9 control group (B) Day 7 SOX9 treatment group 
(C) Day 14 SOX9 control group (D) Day 14 SOX9 treatment group at 1000x 
magnification. 
 

The distributions of the mean and standard deviation of SOX9 expression in 
the control and treatment groups on day 7 and day 14 are as follows: 

Table 3. Mean and standard deviation of SOX9 expression. 
 

 
As seen in Table 3 the mean for the day 7 treatment group was higher than 

that for the day 7 control group. However, the mean for the day 14 treatment 
group was lower than that for the day 14 control group. In addition, the mean for 
the day 7 treatment group was higher than that for the day 14 treatment group, 
whereas the mean for the day 7 control group was lower than for the day 14 
control group. The day 7 treatment group had the highest mean, whereas the day 
7 control group had the lowest mean. 

 
 Table 4. ANOVA results for SOX9 expression (*=P <0.05). 

 
 
 
 
 
 
 

 

The results of the ANOVA test are shown in Table 4 with a significance level 
of P-value < 0.05. This indicates there to be a significant difference in the 
expression of SOX9 on day 7 between the two groups, namely the control group 
and the group treated with gourami fish scale collagen. No significant difference 

Groups 
Day 7 Day 14 

Mean Standard Deviation Mean Standard Deviation 

Control 5.880 2.232 10.000 2.070 

Treatment 14.000 2.268 9.380 2.200 

Groups K7 K14 P7 P14 

K7 - 0.004* 0.000* 0.017* 

K14 0.004* - 0.006* 0.940 

P7 0.000* 0.006* - 0.001* 

P14 0.017* 0.940 0.001* - 

A B 

C D 
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was seen in the expression of SOX9 on day 14 between the two groups (the control 
group and the treatment group) resulting from treatment with gourami fish scale 
collagen (P-value > 0.05). SOX9 expression in the day 7 and day 14 groups were 
significantly different (P-value = 0.05). 

 
Figure 4. Mean of expression SOX9. 

Figure 4 shows the SOX9 expression of the control and treatment groups on 
day 7 and day 14. The treatment group can be seen to have significantly increased 
expression of SOX9 compared to that in the control group. The day 14 treatment 
group has slightly decreased expression of SOX9 compared to that in the control 
group. In addition, SOX9 expression in the day 7 control group is significantly 
increased compared to that in the day 14 control group. A comparison between 
the day 7 treatment group and the day 14 treatment group showed a significant 
decrease in SOX9 expression. 

DISCUSSION 

Accomplishing the regeneration of alveolar bone defects remains a difficult 
task in dentistry (Nugraha et al., 2018; Saskianti et al., 2020). Bone regeneration 
is a process which need a well-coordinated cascade (Kurniawati et al., 2020). This 
process occurs entirely through three mechanisms: osteogenesis, osteoinduction, 
and osteoconduction (Poernomo et al., 2019). Regenerative treatment harnessing 
tissue engineering concept currently shows the most potential for treating alveolar 
bone defects. The following three elements of tissue engineering are collectively 
referred to as the tissue engineering triad: growth factors, stem cells and scaffolds 
(graft and platelet-rich fibrin) (Kurniawati et al., 2020; Saskianti et al., 2020). 

Increased rates of bone regeneration have been achieved by various means, 
including the use of capable bone grafts (Nugraha et al., 2018; Saskianti  
et al., 2020). Bone grafts are considered to be the gold standard for bone defect 
therapy. Bone substitution increase the bone healing response by providing 
osteogenic, osteoinductive, and osteoconductive elements (Poernomo et al., 
2019). Among different processes involved in the overall healing process, bone 
formation is a complex process that begins with the recruitment of osteoprogenitor 
cells that subsequently differentiate into osteoblasts, which is then followed by 
osteoid formation and matrix mineralization (Kurniawati et al., 2020).  

Osteoblasts formation needs important transcription factors namely OSX 
(Chen et al., 2018). Analysis of several osteoblast signaling pathways shows that 
an increase in OSX transcription has a direct effect on increasing osteoblast 
formation (Sitasari et al., 2020). OSX is an important transcription factor in 
preosteoblast differentiation and bone development. In addition to osteoblast 
differentiation and bone formation, OSX is also required for the regulation of the 
expression of osteoblast genes such as osteopontin (OPN), osteocalcin, and bone 

Groups 
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sialoprotein (Ramadhani et al., 2018). Sitasari et al. (2020) showed an increase 
in OSX expression on day 14 compared to that on day 7 after the administration 
of green tea extract. This is consistent with our results showing the mean OSX 
expression in the treatment group to be higher than that in the control group and 
day 14 treatment group having the highest mean. This indicates that the 
administration of gourami fish scale collagen can significantly increase OSX 
expression in alveolar bones of Wistar rats, thus proving gourami fish scale 
collagen to be capable of inducing increased expression of OSX markers as bone 
growth markers (Sitasari et al., 2020). 

SOX9 has been identified as a transcriptional master gene involved in 
skeletal morphogenesis (Nugraha et al., 2018). According to Stockl et al. (2013), 
SOX9 plays a proliferative role for rat stromal progenitor cells (SPCs), thus 
preventing and slowing osteogenic differentiation (Stöckl et al., 2013). However, 
Sumarta et al. (2016) reported that SPCs cultured in platelet-rich fibrin (PRF) 
increase SOX9 expression (Sumarta et al., 2016). Nugraha et al. (2018) also 
reported increased SOX9 expression as a result of culturing gingival stromal 
progenitor cells with PRF, with the highest expression of SOX9 being found in the 
day 7 treatment group. This is consistent with our results showing the highest 
mean for SOX9 expression in the day 7 treatment group (Nugraha et al., 2018). 
In other studies, the peak time of SOX9 of fracture healing was at day 7 and down 
regulated at day 10 to be dramatically decreased between days 14 and 21 (Kaback 
et al., 2008). In the skeletal formation process, SOX9 is expressed before RUNX-
2 and OSX. SOX9 was expressed in the osteo-chondrorogenitor phase before 
chondrogenic and osteogenic cell lines were determined (Akiyama et al., 2005).  

RUNX-2 and SOX9 are major transcription factors in the processes of 
osteogenesis and chondrogenesis. The temporal and spatial overlap of RUNX-2 
and SOX9 expression indicates a close relationship between these two major 
transcription factors in bone formation. SOX9 acts as a transcriptional suppressor 
for osteoblast differentiation and chondrocyte hypertrophy by inhibiting RUNX-2 
transactivation of its target gene (Shibata and Tamaki 2008). RUNX-2 also 
performs mutual inhibition of the activity of SOX9 (Cheng and Genever, 2010). 
Furthermore, expression of OSX in RUNX-2 expressing precursors induces these 
cells to differentiate into mature and functional osteoblast cells, which will 
eventually become osteocytes (Sinha and Zhou 2013). So it can be concluded that 
OSX acts as a downstream of RUNX-2 during the osteoblast differentiation process 
(Long, 2012). This shows that the collagen in gourami fish scales, when used as a 
scaffold, can bind and store growth factors (Zhang et al., 2011). Growth factors 
are known to stimulate and increase the expression of SOX9 from day 7 of 
osteogenic differentiation, which is thus useful for accelerating bone remodeling 
and cartilage formation (Nugraha et al., 2019). 

CONCLUSION 

The administration of gourami fish scale collagen with freeze drying method 
in extracted socket Wistar rats significantly increased OSX and SOX9 expression 
on day 7 compare to extracted socket without gourami fish scale collagen. 
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