115

Dental Journal

Mejoah Kedokeran (i

Dental Journal
(Majalah Kedokteran Gigi)
2023 June; 56(2): 115-121

Original article

The expression of BMP4 and FGF2 in Wistar rats (Rattus
norvegicus) post application of gourami fish (Osphronemus
goramy) collagen

Chiquita Prahasanti!, Niken Luthfiyya Arini?, Kurnia Dwi Wulan?, Onge Victoria Hendro®, I Komang Evan Wijaksana', Noer Ulfah', Banun
Kusumawardani*, Padmini Hari®, Shahabe Saquib Abullais®

"Department of Periodontics, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia

*Undergraduate student, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia

3Department of Periodontology, Faculty of Dentistry, Universitas Hang Tuah, Surabaya, Indonesia

4Department of Biomedical Sciences, Faculty of Dentistry, Universitas Jember, Jember, Indonesia

SFaculty of Dentistry, MAHSA University, Kuala Lumpur, Malaysia

®Department of Periodontics and Community Dental Sciences, College of Dentistry, King Khalid University, Abha, Saudi Arabia

ABSTRACT

Background: Periodontitis is a chronic inflammatory disease of the periodontal tissue that is characterized by alveolar bone resorption.
This occurs due to an imbalance of osteoblast and osteoclast during the bone formation and resorption processes. In order to obtain
complete regeneration of periodontal tissue, bone grafting is frequently used in periodontal surgical therapy. Although each material has
disadvantages, safe graft materials derived from animal sources can be employed as an alternative to bone graft materials. Osteoblast,
osteoclast, calcified bone matrix, type I collagen, osteonectin, and hydroxyapatite can all be found in gourami scales, a form of food waste.
BMP4 has osteoinduction functions, which are important in bone metabolism. Through angiogenic activity, FGF2 also contributes to
periodontal regeneration. Purpose: The aim of the study was to assess the expression of BMP4 and FGF?2 after the treatment group had
been given gourami fish scale extract. Methods: Thirty-two experimental three-month-old male Wistar rats (150-200g) were randomly
divided into four groups: a seven-day control group, a seven-day treatment group, a 14-day control group, and a 14-day treatment
group. One mandibular incisor was extracted from each Wistar rat. The post-extraction socket was filled with blood for the control
group and collagen extract for the treatment. Results: The one-way ANOVA test showed a significance level of 0.000 (p = <0.05).
Conclusion: The expression of BMP4 and FGF2 increased after the application of collagen extract from gourami scales.
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INTRODUCTION The most common periodontal diseases are gingivitis
and periodontitis; in gingivitis, inflammation is limited
to the gingival area, whereas in periodontitis, there is

a destruction of connective tissue and alveolar bone.’

Periodontitis is defined as a chronic inflammatory disease
indicated by the infiltration of immune cells in the gingiva,

which leads to connective tissue damage, clinical attachment
loss, and resorption of the alveolar bone.!? Poor oral hygiene
and lifestyle choices lead to the onset and progression of
periodontitis, one of the most prevalent chronic inflammatory
diseases in humans.? Periodontitis is a risk factor for a number
of diseases, such as infectious endocarditis, cardiovascular
disease, fatal or nonfatal stroke, premature birth, diabetes
mellitus, pulmonary disease, and sinus disease.*

When there is an increase in attachment loss caused by
periodontitis, both in terms of the number of teeth and the
severity, this will affect a person’s quality of life. This
is due to the possibility that it will enhance masticatory
dysfunction by causing tooth migration, tooth extrusion,
tooth hypermobility, and tooth loss.°

The use of collagen-based biomaterials in tissue
engineering applications has increased over the last few
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decades. Collagen is a versatile material that is frequently
used in the fields of medicine, dentistry, and pharmacology
because it has several advantages, including biocompatibility,
biodegradability, adequate mechanical strength, flexibility,
and the ability to absorb body fluids for nutrient transfer.’
Collagen has great vascularity and a superior ability to repair
wounds, which makes it biocompatible.® An alternative
source of collagen production is fish scales. Type I collagen
can be found in gourami fish scale extract (Osphronemus
goramy). The ideal porosity size for bone regeneration is
between 100 and 500 um; gourami scale collagen extract has
pores ranging in size from 191.6 to 385.3 um. The collagen
scaffold’s porosity size contributes to the availability of
spaces for cells to penetrate and grow.’

Bone morphogenetic protein 4 (BMP4) is a member
of the bone morphogenetic protein family which is part of
the transforming growth factor-beta superfamily that plays
an essential role in bone formation.'” In the early stages
of bone formation, BMP4 acts as a stimulatory factor in
cartilage ossification. BMP4 can be found in bone marrow
cavities, periosteum, mesenchymal cells, cartilage cells,
and muscle cells near fractured bones. BMP4 stimulates
bone formation indirectly by inhibiting osteoclastogenesis,
which is important in fracture repair.'!

In periodontitis, the addition of fibroblast growth factor
2 (FGF2) is able to promote the establishment of cementum,
periodontal ligament, and alveolar bone.'? FGF2 has been
researched for its role in periodontal regeneration due to
its angiogenic and mitogenic activities during the wound
healing process. This protein elevates the expression of
bone morphogenetic protein 2 (BMP2), which leads to an
increase in bone deposits. It also stimulates fibroblast cell
proliferation and increases angiogenesis.

Numerous studies have found that scaffolds derived
from gourami fish scale extract have good biological
properties that are safe for the viability of human gingival
fibroblast,'® baby hamster kidney fibroblasts-21 fibroblast
cell culture,’ and osteoblast cell culture.'* Scaffolds derived
from gourami fish scale extract can enhance the expression
of osteoprotegerin (OPG), receptor activator of nuclear
factor kappa-p ligand (RANKL)," alkaline phosphatase
(ALP), transforming growth factor beta (TGF-B),16 BMP2,
and vascular endothelial growth factor (VEGF)!” in
osteoblast cell cultures, which can accelerate angiogenesis
and osteogenesis. However, no study has determined the
effect of type I collagen scaffold derived from gourami
fish scale extract (O. goramy) on the expression of BMP4
and FGF2 during the bone regeneration process. This study

aims to assess the expression of BMP4 and FGF2 after the
treatment group is given type I collagen scaffold derived
from gourami fish scale extract (O. goramy) during the in
vitro bone regeneration process.

MATERIALS AND METHODS

The Faculty of Dental Medicine, Universitas Airlangga,
issued a Certificate of Ethical Eligibility for this study with
the number 423/HRECC.FODM/IX/2020, and the study
was conducted in compliance with the standards of animal
ethics and care. This study employed 32 experimental white
male rats (Rattus norvegicus) that were three months old
and weighed 150-200 grams in vivo in an experimental lab
setting with a post-test-only design. Samples were chosen at
random, and the Lemeshow sample size formula was used
to calculate the sample size, which led to eight samples
for each sample group. For pain relief while extracting the
mandibular incisor from each animal to create an alveolar
bone defect, 0.2 ml of ketamine was intramuscularly
injected into the gluteus muscle. Each mandibular incisor
socket was left with blood in the control group. Extracted
gourami scale collagen was used to fill each mandibular
incisor socket in the treatment group. BMP4 and FGF2
markers were examined on seventh and 14 days after the
rats in the treatment group were given 30 mg of gourami
scales collagen extract.

The gourami scales were obtained by washing fish
scales and freezing them; then, 100 grams were taken
and soaked in a 6% acetic acid solution for seven days.
During the soaking process, the acetic acid solution was
changed daily. After seven days, the process continued
by running water over the fish scales until a pH of neutral
was reached. Collagen strands emerged during rinsing, and
collagen clots formed. The collagen was then freeze-dried
for 12 hours at a condensing temperature of -76°C and an
ambient temperature of 23.6°C to completely eliminate
all water content. The sterilizing of the collagen products
was accomplished utilizing ethylene oxide gas. After being
cultured for seven and 14 days, the levels of BMP4 and
FGF2 expression in the osteoblast cells were analyzed
using an immunohistochemical test. The data collection
was based on the number of osteoblasts expressing BMP4
and FGF2. Immunohistochemical representation of incisor
socket preparations stained with immunohistochemical
techniques, using monoclonal antibodies BMP4 (3C11C7)
NBP2-52424 and FGF2 (C-2): sc-74412 (St Cruz, US).

Table 1. Mean and standard deviations of BMP4 and FGF2 expression
Marker Group Day Mean + SD
7 5.09 + 1.494
Control 14 10.22 + 1.863
BMP4 7 9.50 + 2.615
Treatment e LR
14 15.75 = 3.251
7 5.56 + 1.870
FGE Control 14 8.69 = 1782
Treatment 7 13.41 £2.074
14 17.63 + 1.350
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RESULTS

The data collection was based on the number of osteoblasts
expressing BMP4 and FGF2. Table 1 shows that on days
seven and 14, the average expression level of BMP4 in the
treatment group was higher than that in the control group.
The highest average was obtained in the treatment group
on day 14. Table 1 also suggests that when compared with
the control group, the expression of FGF2 was significantly
higher in the treatment group. The treatment group’s
greatest average was achieved on day 14.

Images of the immunohistochemical representations
of incisor socket preparations using monoclonal
antibody BMP4 (3C11C7) NBP2-52424 stained using

immunohistochemical techniques can be seen in Figures
1 and 2. Using various magnifications, images A, B, and
C represent the expression of BMP4 in the control group.
Image A is magnified 40x, image B is magnified 200x,
and image C is magnified 1000x until BMP4 is clearly
visible. In contrast, images D, E, and F show the results
of the treatment group with magnifications of 40x, 200x,
and 1000x. In Table 1, it can be seen that the treatment
group had more BMP4 than the control group. It can be
concluded that the expression of BMP4 on treatment group
day 14 showed highest results, with an average number
of 15.75.

Data retrieval research results were based on the
number of osteoblasts expressing FGF2. Images of the

Figure 1. Expression of BMP4 in incisor socket preparations with monoclonal antibody BMP4 stained using immunohistochemical
techniques. A—C show BMP4 expression in the control group after seven days at 40x, 200x, and 1000x magnification,
respectively. D-F show BMP4 expression in the treatment group after seven days at 40x, 200x, and 1000x magnification,

respectively.

Figure 2. Expression of BMP4 in incisor socket preparations with monoclonal antibody BMP4 stained using
immunohistochemical techniques. A—C show BMP4 expression in the control group after 14 days at 40x, 200x,
and 1000x magnification, respectively. D-F show BMP4 expression in the treatment group after 14 days at

40x, 200x, and 1000x magnification, respectively.
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immunohistochemical representation of incisor socket
preparations using monoclonal antibody FGF2 (C-2):
sc-74412 stained using immunohistochemical techniques
can be seen in Figures 3 and 4. Similar to Figures 1 and
2, Figures 3 and 4 show the expression of FGF2 in the
control group (Figures A, B, and C) and the treatment group
(Figures D, E, and F). In the treatment group, the amount
of FGF2 also increased compared with the control group,
with highest results on day 14, as shown in Figure 4, with
an average number of 17.63.

The results of the study were analyzed using SPSS 16
software, and the output of the results of the analysis can be
seen in the attachment sheet, while the explanation of the
test results will be discussed below. The data needed to be
normally distributed in order to be used in the parametric

analysis. The testing of the data distribution for each group
was carried out using the Shapiro—Wilk test. Significant
value of normality test with Shapiro—Wilk test for marker
BMP4 was p: 0.101 (p > 0.05) and FGF2 was p:0.209
(p > 0.05), which meant that all the data were normally
distributed (Table 2). Levene’s test of homogeneity showed
p > 0.05, indicating that the BMP4 and FGF2 markers

Table 2. BMP4 and FGF2 normality tests
Shapiro-Wilk
Marker . -
Statistic df Sig.
FGF2 0.945 32 0.101
BMP4 0.956 32 0.209

Figure 3. Expression of FGF2 in incisor socket preparations with monoclonal antibody FGF2 stained using
immunohistochemical techniques. A—C show FGF2 expression in the control group after seven days at 40x,
200x, and 1000x magnification, respectively. D-F show FGF2 expression in the treatment group after seven
days at 40x, 200x, and 1000x magnification, respectively.

Figure 4. Expression of FGF2 in incisor socket preparations with monoclonal antibody FGF2 stained using immunohistochemical
techniques. A—C show FGF2 expression in the control group after 14 days at 40x, 200x, and 1000x magnification, respectively.
D-F show FGF2 expression in the treatment group after 14 days at 40x, 200x, and 1000x magnification, respectively.
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showed homogeneous variations between the different
groups. Then, the data analysis was continued using the one-
way analysis of variance (one-way ANOVA) parametric
test. This test was used to compare the levels of BMP4 and
FGF2 expression in the control and treatment groups to see
if there were any significant differences. The results showed
that the treatment group’s levels differed significantly, with
significance levels of BMP4 Sig. 0.000 and FGF2 Sig. 0.000
as shown in Figure 5 and 6.

A post hoc test was conducted using Tukey’s honestly
significant difference test (Tukey’s HSD) after the results
from the one-way ANOVA test had been obtained, and it
showed significant differences. This test was completed to

7th Day

Figure 5. Expression of BMP4 in all groups.

20
18
16
14
12

o N M O

7th Day

Figure 6. Expression of FGF2 in all groups.

Table 3. Result of BMP4 and FGF2 HSD testing
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determine the differences between the research groups, and
they differed significantly. The significance levels using
Tukey’s HSD for markers BMP4, Sig. 1.000 (p > 0.05),
and FGF2, Sig. 1.000 (p > 0.05), indicated that there was
a substantial difference between the research groups based
on the post hoc test (Table 3).

DISCUSSION

The bone regeneration process necessitates three basic
components, namely osteoprogenitor cells (stem cells,
osteoblasts, cementoblasts, and fibroblasts), signaling

m Control Group
M Treatment Group

(*) Significantly
different (p < 0.05)

14th Day

m Control Group
H Treatment Group

(*) Significantly
different (p < 0.05)

14th Day

Subset for alpha = 0.05

Groups N BMP4 FGF2

1 2 3 1 2 3 4
Control 7 8 5.09 5.56
Treatment 7 8 9.50 8.69
Control 14 8 10.22 13.41
Treatment 14 8 15.75 17.63
Significance level 1.000 932 1.000 1.000 1.000 1.000 1.000
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molecules (BMP, FGF, and PRP), and scaffolds (collagen,
fibrin, polyglycolide, polylactide polymer, and copolymer),
to regulate the differentiation and function of osteoprogenitor
cells in damaged periodontal tissues to form new bone,
cementum, and periodontal ligament.'® There are two
cells that regulate bone homeostasis: osteoblasts for bone
formation and osteoclasts for bone resorption. Osteoblasts
develop from mesenchymal stem cells (MSCs) and play a
major part in bone mass maintenance and regeneration, bone
quality determination, and skeletal system function.'®

Collagen can be extracted from various sources;
some of the most commonly used collagen sources for
tissue engineering are bovine (skin, bone, and tendon),
porcine (skin and bone), and marine animals (fish, prawn,
octopus, squid, cuttlefish, starfish, jellyfish, sponges, sea
urchin, and sea anemone). Fish collagen can be extracted
from bones, skin, fins, and scales.?’ Fish collagen has
several advantages, including a high level of security (no
hand, foot, and mouth disease from pigs or spongiform
encephalopathy from cows), a high absorption rate, a low
cost, biocompatibility, and no religious restrictions.>!

This study used fish scale collagen, which was applied
to the tooth sockets of rats and then analyzed on days seven
and 14, which revealed that the treatment group’s mean
expression of BMP4 and FGF2 was higher than that of the
control group. The inflammatory process had stopped by
day seven, and proinflammatory mediators had started to
play a major part in the regeneration process. When specific
MSC:s are activated, they can proliferate and differentiate
into osteogenic cells, allowing for bone regeneration. Bone
formation can occur through intramembranous processes
(direct) and endochondral processes (indirect). In both
mechanisms, bone and cartilage induction occurs through
epithelial-mesenchymal interactions initiated by specific
cell differentiation. When mesenchymal progenitor cells
are exposed to BMP, they can differentiate into osteoblasts
and chondroblasts.?? This study shows that BMP can affect
bone formation either directly or indirectly. In this study,
day seven was selected not only because it was the end of
the inflammatory process but also because the height of
soft callus formation occurs in experimental rats on days
seven to nine post-trauma. Day 14 marks the height of the
formation of hard callus and the process of mineralization
of bone tissue. During hard callus formation, woven bone
replaces the calcified cartilage, making the callus denser
and mechanically harder.

BMP4 is a key inducer of osteoblast differentiation
and bone production.'® It also stimulates the ossification
of soft bones during the period of bone development.
Prior to the production of soft bone and new bone, BMP4
is expressed in considerable numbers within six hours of
a bone fracture, reaching 10 times the baseline value and
gradually decreasing to the baseline level within 72 hours.
Collagen extract was added in this study, and day 14 saw
a greater rise in BMP4 expression than day seven. On the
seventh and 14th day of the experiment, there was less
expression of BMP4 in the intervention group compared

to the control group. This suggests a beneficial impact on
the tooth socket’s bone-formation process. BMP4 was
present in the soft bone cells, mesenchymal cells, bone
marrow cavities, muscle cells in the vicinity of broken
bones, and periosteum.” This demonstrates how crucial
a function BMP4 plays in fracture repair. By suppressing
osteoclastogenesis, BMP4 indirectly promotes bone
growth.

The most popular FGF ligand for use in regenerative
medicine, including bone regeneration, is FGF2.B FGR2 is
a fundamental FGF that, through a variety of mechanisms,
including vasoformative processes, is thought to encourage
cell proliferation and differentiation. Angiogenesis,
wound healing, and bone regeneration are all facilitated
by FGF2. FGF2 acts as a trigger for mesenchymal stem
cell differentiation and proliferation during bone repair.
Additionally, FGF2 has potent angiogenetic effects.>*
Rats lacking FGF2 saw a marked decline in bone mass
and a reduction in bone formation.?® This assertion backs
up research findings showing that administering collagen
extract boosts FGF2 expression.

Another study discovered that the treatment of FGF2
can promote fibroblast cell proliferation, angiogenesis,
and bone production, which can boost periodontal
regeneration.'> Moreover, in a study using individuals with
a diagnosis of aggressive periodontitis, in comparison with
the control group, it was observed that vertical bone defects
had more alveolar bone.?> Collagen extract can speed
up bone development and be employed as an alternative
regenerative material for bone production, according to
this study’s findings of increased expression of BMP4 and
FGF2. Whereas FGF2 participates in angiogenesis, which
is crucial for periodontal regeneration, BMP4 works to
induce osteoblast differentiation. According to the findings
of the immunohistochemical experiment, the osteoblast cell
culture clearly expressed BMP4 and FGF2 after receiving
collagen obtained from gourami (Osphronemus goramy)
fish scales. In conclusion, the use of gourami (Osphronemus
goramy) fish scale collagen in osteoblast culture increases
the expression of BMP4 and FGF2.
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