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Introduction
Inflammation is a mechanism or reaction of 
the body’s natural immune system to fight 
and protect from irritants, microorganisms, 
and foreign objects. This process is a 
biological response to danger signals 
that threaten the body. Inflammatory 
responses generally occur if there is a 
foreign body that activates macrophages 
and other cells to produce and release 
various cytokines including tumor necrosis 
factor‑alpha  (TNF‑α). In Indonesia, 
the number of diseases that involve 
inflammatory processes is quite high.[1,2]

In general, all foreign objects that enter 
the body will trigger the emergence of 
the foreign body’s immune response 
which is referred as immunogenic or 
antigen, which can trigger the production 
of antibodies. Antibodies which are 
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Abstract
Background: Inflammation is a mechanism or reaction of the natural immune system to defend 
from external hazards. All foreign objects that enter the body will trigger an immune response in the 
form of antibodies. In Indonesia, the prevalence of diseases that involve the inflammatory process in 
the body is high. Freeze‑dried hydroxyapatite gypsum puger  (HAGP) scaffold is a gypsum powder 
which is currently under development as a bone replacement material. Freeze‑dried hydroxyapatite 
bovine  (HAB) scaffold is a bone substitute material available on the market. Objective: To analyze 
the inflammatory and immunogenic responses in the tissue after application of freeze‑dried HAGP 
scaffold compared to freeze‑dried HAB scaffold through mediators of tumor necrosis factor 
alpha (TNF‑α) and immunoglobulin G (IgG) in rats. Materials and Methods: This study used Wistar 
rats. HAGP group and HAB group were applied subcutaneously, settled for 7 and 14  days, then 
the levels of TNF‑α and IgG were measured using enzyme‑linked immunosorbent assay. Statistical 
analysis was done using nonparametric test with the Kruskal–Wallis test. Results: TNF‑α levels at 
day 7 in the HAGP group were nearly equal to the control group, while those in the HAB group 
were higher. Statistically, the significance was P = 0.184 (P > 0.05). At the 14th day, the level of IgG 
on the HAGP and HAB groups the level was higher than the control group, statistically it was found 
P = 0.127. Conclusion: freeze‑dried HAGP scaffold compared to freeze‑dried HAB scaffold did not 
cause inflammatory and immunogenic response on rats through mediators of TNF‑α and IgG.
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glycoproteins that produced by B cells 
will form immunoglobulin  (Ig), There 
are several types of Igs, including IgG 
which is the most common type in the 
body.[2,3] An example of foreign material 
that is often inserted into human body is 
bone replacement material.

Biomaterials serve as a medium to deliver 
inflammatory cells to the desired area and 
induce local tissue regeneration, acting as a 
barrier to protect cells implanted in tissues 
from host immune attacks, or as reactors to 
stimulate recruitment, and differentiation of 
the host cells.[4] Biomaterials function as an 
integral component of tissue engineering that 
serves to provide the original extracellular 
matrix framework so that cell growth and 
tissue regeneration can take place.[5]

Freeze‑dried hydroxyapatite gypsum 
puger  (HAGP) scaffold is a synthetic 
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bone replacement material derived from natural gypsum 
powder  (CaSO4.2H2O) which is being developed as 
a preservation material for the alveolar bone.[6] The 
freeze‑dried HAGP scaffold material has been successfully 
synthesized by characterization using scanning electron 
microscopy, X‑ray diffraction, and degradation test on 
alveolar bone sockets.[7,8] Freeze‑dried hydroxyapatite 
bovine scaffold  (HAB) is a bone substitute available 
readily on the market that is used as a comparison in this 
research.[9‑11]

HAGP scaffold material as well as HAB scaffold contains 
hydroxyapatite. Hydroxyapatite  (Ca10(PO4)6(OH)2) is a 
calcium phosphate crystal that provides rigidity in bone 
tissue.[12‑14]

In general, a safety measurement of bone replacement 
material that will be used as tissue preservation needs 
to be conducted to make sure they are biocompatible. 
Biocompatibility of materials can be measured in  vivo by 
observing the inflammatory and immunogenic responses to 
tissue.[15,16]

The freeze‑dried HAGP scaffold material has never 
been tested for its tissue response. Hence, it is important 
to conduct a research to analyze the inflammatory and 
immunogenic responses to tissue after application of 
freeze‑dried HAGP scaffold in rat. The purpose of this 
study was to analyze the inflammatory and immunogenic 
responses to tissue after administration of freeze‑dried 
HAGP scaffold through a decrease in TNF‑α and IgG 
mediators in rat.

Materials and Methods
The research ethics test was conducted at the Faculty of 
Dentistry, Airlangga University. The type of research used 
is purely experimental. The research design used was the 
posttest‑only control group design. This study used three 
groups of male Rattus norvegicus  rats, aged 12–14  weeks, 
weighing 200–250 g (n = 5), and adapted for a week.

Preparation of freeze‑dried HAGP scaffold was initialized 
with weighing 4 g of HAGP, diluted solid gelatin with 
hot water with a temperature of 600°C. The HAGP was 
mixed with gelatin liquid up to 10 ml, freeze‑dried via 
freeze‑drying system, crushed, milled, and sifted with 
particle sizes of 150–355 μm, and sterilized by Gamma 
radiation in BATAN. Poly ethylene glycol  (PEG) then 
added to the HAGP scaffold,   to obtain a concentration of 
10% PEG we mixed liquid PEG 400 and solid PEG 4000. 
The resulting material then stored in a sterile container 
and ready for application to the subcutaneous area of rats  
[Figure 1].[17,18]

The rats were anesthetized intramuscularly using ketamine 
100 mg/ml and xylazine base 20 mg/ml ratio 1: 1 at a 
dose of 0.08–0.2 ml/kg BW. After anesthetized, they were 
shaved clean in the back, and an incision was made in the 

subcutaneous area with the length of 0.5 mm then closed 
with stitches using DR SELLA Silk Braided usp 3/0  75 
cm  (in control group). Next, an incision was made in the 
subcutaneous area of the rat’s back and augmentation was 
performed by inserting 0.1 ml of HAGP  +  PEG scaffold 
material and stitched. The comparison treatment group 
with HAB + PEG 0.1 ml augmentation was then sewn and 
waited for 7 and 14 days.

The rats were euthanized using 5 ml ether  placed in a 
cotton inside a closed glass container and then the rats 
were inserted one by one for 5 min. An open thorax surgery 
was conducted to draw 2 ml of blood from the heart. 
Furthermore the determination of TNF‑α levels on day 7 
and IgG on day 14 were performed using enzyme‑linked 
immunosorbent assay.

Statistical analysis

The data were tested for their normality using 
Shapiro–Wilk, and data distribution turned out to 
be abnormal, and the calculation continued using 
nonparametric test with the Kruskal–Wallis test.

Results
The TNF‑α level on day 7 in the HAGP scaffold group 
was almost identical with the control group while in the 
HAB scaffold group the levels were higher. The normality 
test proved that the data is not normally distributed, then 
we used Kruskal–Wallis test  (as nonparametric test) and 
statistically obtained P = 0.184. This means that there is no 
significant difference between the HAGP and HAB groups 
compared to the control [Table 1 and Figure 2].

The levels of IgG on day 14 in the HAGP and HAB groups 
both were higher than in the control group, statistically 
P  =  0.127. This shows no significant difference between 
the HAGP and HAB groups compared to the control 
group [Table 2 and Figure 3].

Discussion
Inflammatory and immunogenic responses in tissue after 
subcutaneous application of HAGP scaffold and HAB 
scaffold in rat was done by observing TNF‑α expression 
on day 7. Results TNF‑α expression in the HAGP scafold 
group was the same as in the control group, while in the 
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Table 1: Results of tumor necrosis factor‑α expression
Scaffold n TNF‑α P

X̅±SD Minimum‑maximum
Control 5 92.40±17.13 67.0‑102.8 0.184*
HAGP 5 93.70±17.34 77.4‑113.4
HAB 5 113.05±11.45 97.2-123.0
*There were no significant differences between the HAGP and
HAB groups compared to controls. n: Number of samples;
SD: Standard deviation; HAGP: Hydroxyapatite gypsum puger;
HAB: Hydroxyapatite bovine scaffold; TNF: Tumor necrosis factor
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HAB scaffold group, the expression is higher. It is clear that 
higher levels of TNF‑α indicate an ongoing inflammatory 
process. TNF‑α is a pro‑inflammatory mediator produced 
by macrophages that functions to stimulate inflammatory 
cells, fibroblasts, and epithelial cells. Inflammatory cells 
have a function to eliminate nonvital tissue and prevent 
invasive bacterial infections.[19]

An incision was made before administration of scaffold 
material in the subcutaneous region so that inflammation 
occurs in all groups of samples. Inflammation is the initial 
stage of a protective response from pathogens or foreign 
bodies, or injuries suffered by the host tissue.[20] This 
process is characterized by vascular dilation, increased 
capillary permeability, increased blood flow and leukocytes. 
The inflammatory response is very important because it 
not only warns cells to engage in an immune response 
during infection but also initiates wound repair and healing 
process.[21] Inflammation is marked by the presence of 
leukocytes, especially neutrophils, macrophages, and 
eosinophil.[22]

A few minutes after the beginning of inflammation, the 
macrophages present in the tissue are histiocytes within the 
subcutaneous tissue. Macrophages will exclude important 
factors in inflammation such as TNF, interleukin‑1, factors 
that stimulate granulocyte‑monocyte colonies, monocyte 
colony‑stimulating factors  (CSFs) and CSF granulocytes. 
These factors are formed by macrophages that are activated 
in the tissue that undergoes inflammation, and a small 
number of others are formed by a network of inflamed 
cells, resulting in the increase of TNF‑α.[23]

Statistical analysis between the HAGP, HAB, and control 
groups resulting in P  =  0.184. This shows that the HAGP 
and HAB groups compared to the control group were not 
significantly different. This means none of them induce an 
inflammatory response compared to control because the 
HAGP scaffold and the HAB scaffold contain the basic 
ingredients of hydroxyapatite. Hydroxyapatite material 
is a bioactive ceramic that has good biocompatibility and 
bioactivity properties, it is an excellent material used for 
new bone growth and able to accelerate the regeneration 
process of damaged bones.[24] Hydroxyapatite in scaffold 
has a strong ability to stimulate cell proliferation  and 
induce osteogenic differentiation.[25] Scaffolds consisting 
of hydroxyapatite biomaterials have excellent ability in the 
formation of fibrous tissue between the bone implants.[26]

TNF‑α levels on day 7 are associated with osteoclast 
precursor recruitment and differentiation into adult 
osteoclasts in the defect. This is supported by other 
researchers that the defects are associated with TNF‑α 
expression  from the surface of osteoclast markers.[27]

Table 2: Results of immunoglobulin G levels
Scaffold n Ig G P

X̅±SD Minimum‑maximum
Control 5 48.46±32.20 21.15‑89.23 0.127*
HAGP 5 78.08±16.82 56.15‑94.23
HAB 5 308.75±235.98 109.23‑610.54
*There were no significant differences between the HAGP and HAB
groups compared to controls. n: Number of samples; SD: Standard
deviation; Ig G: Immunoglobulin G; HAGP: Hydroxyapatite gypsum
puger; HAB: Hydroxyapatite bovine scaffold
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Figure 2: Bar diagram of tumor necrosis factor‑alpha expression in the 
control group, hydroxyapatite gypsum puger scaffold and hydroxyapatite 
bovine scaffold

Figure 3: Immunoglobulin G levels in the control group, hydroxyapatite 
gypsum puger scaffold, and hydroxyapatite bovine scaffold

Figure 1: Scaffold application in subcutaneous rats
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Determination of immunogenic response to tissue after 
application of HAGP scaffold and HAB scaffold in rat 
subcutaneous layer was done by observing IgG expression 
on day 14. Observations made on day 14 because 
immune reactions that cause rejection of graft material 
transplantation are usually happened within 10–14 days. In 
this study, the expression of IgG in the HAB scaffold group 
was higher than the HAGP scaffold and control group. This 
was because the HAB scaffold was hydroxyapatite from 
bovine bones containing protein. Exposure to this kind 
of protein can increase the response of IgG. The higher 
the amount of protein exposure, the higher the amount 
of IgG antibodies produced. According to Bratawidjaja 
and Iris  (2014) the first  (primary) antigen exposure 
activates T cells and B cells, B cells then differentiate 
and proliferate to produce small amounts of IgG. Whereas 
repeated exposure  (secondary) with the same antigen will 
increase the proliferation of B cells to produce more IgG. 
IgG antibodies are the front line of adaptive immunity 
and   specific humoral response in the body against 
pathogens.[2,28]

Statistical analysis between the HAGP, HAB, and control 
scaffold groups results in P = 0.127. This shows that there 
was no significant difference between the HAGP and 
HAB groups compared to the control, which means that 
they did not cause an immunogenic response compared 
to the controls. This is because the HAGP and the HAB 
scaffold contain the main ingredients of hydroxyapatite. 
Hydroxyapatite material is biocompatible, low toxicity, 
biodegradable, nonimmunogenic, and noncarcinogenic.[29] 
bioceramic based composite material and has a potency as 
a biodegradable bone implant.[30]

Conclusion
Freeze‑dried HAGP scaffold does not cause an 
inflammatory and immunogenic response to rats through 
mediators of TNF‑α and IgG compared to freeze dried 
HAB scaffold.
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