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INTRODUCTION 

           Reconstructing bone defects in the mandibular 

bone caused by trauma, neoplasia, infection, and 
degenerative diseases is essential in restoring jaw 

function and quality of life for patients. Extensive 

defects in the maxillofacial region can lead to 

disturbances in both aesthetics and stomatognathic 
function for patients.1 Autologous bone graft 

continues to be the gold standard in the management 

of defects due to its osteogenic, osteoinductive, and  
 

 
osteoconductive properties. However, it is limited by its 

availability and can result in defects at the donor site and 

increased morbidity.2 
Tissue engineering is a technology in the field of 

medicine that is currently being developed with the basic 

concept of combining cells, scaffolds, and growth factors. 

The current challenge in bone tissue engineering is to 
create an ideal biomaterial that is both mechanically and 

biologically suitable, enabling the formation of bone 

tissue with good vascular support for defect 
reconstruction.3,4 
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ABSTRACT 
Background: The xenogeneic scaffold such as FDBB is considered immunogenic due to the presence of 

xenogeneic cell residue. A decellularization process is added to FDBB to reduce the inflammatory response. 

Objectives: The objective of this study is to evaluate the efficacy of dc-FDBB in reducing the host inflammatory 
response after implantation, compared to DBBM as the gold standard scaffold with renowned biocompatibility. 

Method: Sixty Rattus Novergicus were divided into four groups, subcutaneously implanted FDBB, dc-FDBB, 

DBBM scaffolds and one group is sham-operated. On the 2nd, 7th and 14th postoperative days, a thoracotomy was 
performed and 1.5 ml of intra-cardiac blood was taken for ELISA test. Statistical tests were carried out by testing 

the normality of the data (Shapiro-Wilk) and homogeneity (Levene), then a comparative test was carried out with 

the Analysis of Variance (ANOVA) on data that was normally distributed and homogeneous, on data that was not 

normally distributed or not homogeneous, a comparison test with the Kruskall test Wallis, followed by the Post 
Hoc Tuckey HSD test (p<0.05).  

Results: Statistical analysis on days 2, 7 and 14 on levels of IL-6 (p = 0.530, p = 0.279, p = 0.790), TNF-α (p = 

0.250, p = 0.009, p = 0.324), and IL -10 (p = 0.743, p = 0.349, p = 0.374 as a whole showed the result (p>0.05), 
there was no significant difference between all groups. Results of analysis of TNF-α day 7 (p=0.009) with (p > 

0.05) showed that there was a difference, and continued with the post hoc test with the result p = 0.005, there was a 

difference between the controls compared to the dc-FDBB. 

 Conclusion: There was no significant difference in serum levels of IL-6, TNF-α, and IL-10 after FDBB and dc-

FDBB implantation. 
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The use of xenogenic materials is preferred due to 

their lack of donor site morbidity and high 

bioavailability, making them easily accessible. The 
immune response of the recipient to the immunogenic 

components of xenogenic tissues poses a critical 

barrier in scaffold applications. Unwanted immune 
responses can lead to early resorption, fibrosis at the 

implant site, implant rejection reactions, and 

ultimately failure.5,6 

Freeze-Dried Bovine Bone Scaffold (FDBB) is 
considered as an alternative in tissue engineering for 

the reconstruction of mandibular defects while 

retaining organic components.7 In a previous study by 
Montessory et al, 2022, FDBB scaffold showed some 

damaged osteocyte residues and no osteoblast cells 

were found, whereas dc-FDBB and DBBM scaffolds 
did not show any osteocyte or osteoblast residues. The 

average DNA concentrations of FDBB, dc-FDBB, 

and DBBM scaffolds were measured using a 

spectrophotometer, with mean values of 19.75 ng/μL, 
16.84 ng/μL, and 8.72 ng/μL, respectively, indicating 

that FDBB is considered to contain higher DNA 

content.8 
The process of decellularization (removal of 

remaining cells) is one strategy to eliminate antigenic 

and immunogenic properties on xenograft scaffolds. 
Decellularization process removes all cellular 

components from the original tissue while retaining 

the structure and composition of the Extra Cellular 

Matrix (ECM) as much as possible to achieve an 
osteoinductive scaffold.9 There are various methods 

of decellularization procedures, but a standardized 

decellularization process has not yet been patented 
due to the diverse characteristics and protocols used 

in different research groups.10 Decellularization is 

achieved chemically by using detergents such as 

Triton X-100, sodium dodecyl sulfate (SDS), sodium 
deoxycholate (SDC), and ammonium hydroxide. 

Freezing/thawing cycles are a physical process that 

can also be used in the decellularization process. The 
combination of chemical and physical processes can 

enhance efficient decellularization results and 

preserve the ECM.7,11  
Deproteinized Bovine Bone Mineral (DBBM) has 

been used for a long time, but it has the disadvantage 

of having all the important organic components 

extracted during the manufacturing process, making it 
non-osteoinductive. Freeze Dried Bovine Bone 

(FDBB) was later developed as a good choice for bone 

grafting as it retains organic materials such as growth 
factors and other cellular components while 

maintaining inorganic materials.7 

In vivo research has been employed in several studies 

to examine the body's response following the 
implantation of scaffolds.9 Subcutaneous implantation  

 

 

 
 

in small animal models facilitates preclinical testing 

assessing immune reactivity and reseularization capacity 

quite effectively nowadays.12 Subcutaneous implantation 
in mice gets studied extensively owing largely to its 

capacity for evaluating factors like potential sensitization 

and genotoxicity fairly accurately.12 
Cytokine measurement in body fluids like serum offers a 

valid method for examining inflammatory responses over 

time amidst complex immune system interactions.13 This 

method is utilized to assess systemic reactions and the 
severity of inflammatory responses following the 

subcutaneous implantation of freeze-dried bovine bone 

scaffolds, both decellularized and non-decellularized.  
Interleukin-6 (IL-6) is a proinflammatory cytokine 

initially identified as a stimulator of B cells. IL-6 has 

various functions related to the regulation and 
coordination of the immune system, metabolism, and 

nervous system14. TNF-α initiates an essential mediator 

cascade of inflammation that correlates with IL-1β. TNF-

α stimulates prostaglandin synthesis, resorption13, and 
regulates the differentiation and function of osteoblasts 

and osteoclasts.15 IL-10 is an anti-inflammatory cytokine, 

a multifunctional cytokine, a critical immune modulator, 
and plays a positive role in maintaining the balance of 

immune responses, dampening acute inflammatory 

feedback, and generating a negative feedback loop that 
reduces the release of inflammatory mediators.16 IL-6, 

TNF-α, and IL-10 in the context of the pro and anti-

inflammatory actions of the immune system affect innate 

immunity and adaptive immunity to scaffold 
implantation, therefore necessitating in vivo studies to 

investigate the non-specific response post-implantation 

of freeze-dried bovine bone scaffolds, both decellularized 
and non-decellularized, by comparing serum levels of IL-

6, TNF-α, and IL-10.  

In this paper, analysis of serum IL-6 TNF-α and IL-10 

levels following subcutaneous implantation of 
decellularized and non-decellularized freeze-dried 

bovine bone scaffolds was undertaken. 

 

MATERIAL AND METHODS 

 

This study represents an in vivo laboratory research. The 

research design employed was a post-test only control 
group design, comparing the serum levels of IL-6, TNF-

α, and IL-10 in Rattus norvegicus on days 2, 7, and 14. 

The research groups were divided into 4 categories: 
Group 1 consisted of Rattus norvegicus that underwent 

the same surgery but were not implanted. Group 2 

included Rattus norvegicus implanted with deproteinized 
bovine bone material scaffold. Group 3 comprised Rattus 

norvegicus implanted with freeze dried bovine bone 

xenograft scaffold subcutaneously. Group 4 consisted of 

Rattus norvegicus implanted with decellularization freeze 
dried bovine bone xenograft scaffold. Serum levels of IL-

6, TNF-α, and IL-10 were measured at three different  
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time points for each group: on day 2, day 7, and day 

14. Replication at each observation time was 

conducted with the appropriate minimum sample size 
calculated beforehand.  

An ethical approval was granted by the Animal Care 

and Use Committee (ACUC) of the Faculty of 
Veterinary Medicine at Universitas Airlangga in 

Surabaya, Indonesia under Ethical Clearance 

Number: 2.KEH.125.09.2022 on September 20, 2022. 

All experiments on animals were carried out 
following the institution's protocols for animal 

welfare.    

The sample size used in this study was calculated 
based on the calculation formula.17 In order to address 

the possibility of failure, the proportion of drop-outs 

from the sample was calculated using the formula: n’ 
= n + 10% of n. It was found that n’=4. Therefore, 

there were 5 samples in each group of the study, 

multiplied by 4 groups, and then multiplied again by 

3 observation times. The total number of observations 
was 60 observations in each kit. In this study, serum 

IL-6, TNF-α, and IL10 were observed, resulting in 

180 observations.  
In this study, the independent variables included three 

types of materials, namely deproteinized bovine bone 

mineral (DBBM) xenograft, freeze-dried bovine bone 
xenograft (FDBB) xenograft, and decellularized 

freeze-dried bovine bone xenograft (dc-FDBB) 

xenograft. The dependent variables measured were 

serum levels of IL-6, TNF-α, and IL-10, which were 
analyzed using the ELISA method. Additionally, the 

controlled variable in this study was the type of test 

animal, specifically Rattus norvegicus strain Wistar. 
The equipment utilized in this study includes a hair 

clipper, handle scalpel, curved clamp, needle holder, 

anatomical tweezers, surgical tweezers, suture 

scissors, 1cc syringe, rat blood storage media, rat 
ELISA kits for IL-6, TNF-α, and IL-10, as well as 

ELISA testing tools. The research materials consist of 

Scaffold DBBM, FDBB, dc-FDBB, ketamine, a 10% 
povidone iodine solution, No #15 blade, suturing 

needle, Silk 3-0 thread, and topical antibiotics. 

 

RESULTS 
 

Based on a study conducted during the period of 

November – December 2022, involving a sample size 
of 60 Wistar rats divided into 4 groups: subcutaneous 

FDBB scaffold, dc-FDBB, DBBM (positive control), 

and sham-operated (negative control). All 
experimental animals were in good health, with no 

signs of illness or disability, and there were no 

fatalities. 

 

Serum IL-6 Levels Results 

The serum IL-6 levels in this study can be seen in  

 
 

Table 1. The data results show the highest mean in Group 

4, which is the dc-FDBB implantation on day 7, at 12,612 

± 2,143 pg/ml. Whereas the lowest serum IL-6 level is 
found in Group 4, which is the dc-FDBB implantation on 

day 2, at 7,414 ± 1,537 pg/ml. In the control group, there 

is an increase in the mean IL-6 level from day 2 (9,227 ± 
2,927 pg/ml) to day 7 (10,424 ± 4,115 pg/ml), and then a 

decrease on day 14 (9,683 ± 3,158 pg/ml). In Group 2, 

which is the DBMM implantation, there is a consecutive 

decrease in the mean IL-6 level from day 2 (9,873 ± 2,442 
pg/ml) to day 7 (9,098 ± 2,077 pg/ml), and day 14 (8,527 

± 2,556 pg/ml). In the third group, which is the FDBB 

implantation, there is an increase in the mean IL-6 level 
from day 2 (9,050 ± 3,422 pg/ml) to day 7 (11,060 ± 

2,126 pg/ml), and then a decrease on day 14 (8,159 ± 

1,947 pg/ml). In Group 4, which is the dc-FDBB 
implantation, there is an increase in the mean IL-6 level 

from day 2 (7,414 ± 1,537 pg/ml) to day 7 (12,612 ± 

2,143 pg/ml), and then a decrease on day 14 (8,444 ± 

2,354 pg/ml).  
Statistical testing was conducted with results as shown in 

Table 2. Normality tests using the Shapiro-Wilk test on 

days 2, 7, and 14 revealed significant values for the 
control group: p = 0.119, p = 0.223, p = 0.61; for DBBM: 

p = 0.384, p = 0.908, p = 0.701; for FDBB: p = 0.111, p 

= 0.318, p = 0.533; and for dc-FDBB: p = 0.848, p = 
0.617, p = 0.787, all with p>0.05 indicating normal data 

distribution. Subsequent homogeneity testing using 

Levene's test showed insignificant values on days 2, 7, 

and 14: p = 0.218, p = 0.69, p = 0.761, with p>0.05 
indicating homogeneous data. This was followed by One-

Way ANOVA testing, which yielded results as presented 

in Table 2, with p values of 0.530 on day 2, 0.279 on day 
7, and 0.790 on day 14, indicating no significant 

differences (p>0.05) among groups on days 2, 7, and 14.  

 

Serum TNF-α Levels Results 
The serum TNF-α levels in this study can be observed in 

Table 3. The data results indicate the highest mean in 

group 4, which received dc-FDBB implantation on day 2 
(62,164 ± 12,732 pg/ml). On the other hand, the lowest 

serum TNF-α levels were found in the control group on 

day 7 (29,434 ± 17,291 pg/ml). In the control group, there 
was a decrease in the mean TNF-α levels from day 2 

(48,589 ± 12,593 pg/ml) to day 7 (29,434 ± 17,291 

pg/ml), followed by a slight increase on day 14 (32,264 ± 

11,817 pg/ml). In group 2, which received DBMM 
implantation, there was a consecutive decrease in mean 

TNF- α levels from day 2 (52,424 ± 13,999 pg/ml) to day 

7 (47,171 ± 14,018 pg/ml), and day 14 (37,239 ± 15,428 
pg/ml). Group three, which received FDBB implantation, 

also showed a consecutive decrease in mean TNF-α 

levels from day 2 (54,867 ± 18,181 pg/ml) to day 7 

(47,619 ± 7,793 pg/ml), and day 14 (45,359 ± 14,093 
pg/ml). Finally, in group 4, which received dc- FDBB 

implantation, there was a consecutive decrease in mean  
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TNF-α levels from day 2 (62,164 ± 12,732 pg/ml) to 

day 7 (59,414 ± 2,707 pg/ml), and day 14 (47,070 ± 

14,069 pg/ml).  
The normality test using Shapiro-Wilk on day 2 

revealed significant values for the control group p = 

0.055; DBBM p = 0.218; with p < 0.05 indicating a 
normal distribution of data. However, for the FDBB 

group p = 0.008; dc-FDBB p = 0.032, with p < 0.05 

indicating that the data did not follow a normal 

distribution, thus necessitating the use of the Kruskal-
Wallis test on day 2, yielding a significant value of p 

= 0.250 (p > 0.05), indicating no significant 

differences between groups.  
On days 7 and 14, the normality test revealed non-

significant values of p > 0.05, indicating a normal 

distribution of data. For the control group on days 7 
and 14, the significant values were p = 0.277, p = 

0.671; DBBM p = 0.183, p = 0.289; FDBB p = 0.618, 

p = 0.216; and dc-FDBB p = 0.453, p = 0.394, all with 

p > 0.05 indicating a normal distribution of data. 
Subsequently, the homogeneity test using Lavene’s 

test yielded non-significant values on days 7 and 14, 

with p = 0.213, p = 0.776 (p > 0.05), indicating 
homogeneity, followed by the One-Way Anova test.  

On day 7, a significant value of p = 0.009 (p < 0.05) 

indicated significant differences between groups. 
However, on day 14, a non-significant value of p = 

0.324 (p > 0.05) indicated no significant differences 

between groups (Table 4).  

The Post Hoc Test or Multiple Comparison, using 
Tukey HSD with a result of p = 005 (p<0,05), 

indicates a significant difference in the head-to-head 

comparison between the dc-FDBB group and the 
control group (see Table 5).  

Serum IL-10 Levels Results 

The average serum IL-10 levels in this study showed 

the highest mean in the control group on day 7 (17,748 
± 23,168 pg/ml). Conversely, the lowest serum IL-10 

levels were found in group 4, which underwent dc-

FDBB implantation on day 14 (2,986 ± 1,983 pg/ml). 
In the control group, there was an increase in the 

average IL-10 levels from day 2 (5,532 ± 3,318 pg/ml) 

to day 7 (17,748 ± 23,168 pg/ml), followed by a 
decrease on day 14 (6,769 ± 2,844 pg/ml). For group  

 
 

2, which received DBMM implantation, the mean IL- 

10 levels decreased from day 2 (4,892 ± 3,424 pg/ml) to 

day 7 (3,593 ± 2,464 pg/ml), and then showed a slight 
increase on day 14 (3,645 ± 2,563 pg/ml). In group 3, 

undergoing FDBB implantation, the mean IL-10 levels 

decreased from day 2 (8,971 ± 12,239 pg/ml) to day 7 
(7,005 ± 1,761 pg/ml), and further decreased on day 14 

(4,383 ± 4,678 pg/ml). A similar pattern was observed in 

group 4 (dcFDBB), where the mean IL-10 levels 

decreased from day 2 (9,506 ± 6,122 pg/ml) to day 7 
(7,036 ± 5,676 pg/ml), and further decreased on day 14 

(2,986 ± 1,983 pg/ml) (Table 6).  

The statistical test results for IL-10 levels based on 
normality testing using the Saphiro-Wilk test on days 2, 

7, and 14 showed that on day 2, the data in the FDBB 

group was found to be non-normal with a p-value of 
0.040 (p < 0.05), while the control group had a p-value of 

0.427, DBBM group had a p-value of 0.679, and dc-

FDBB group had a p-value of 0.716, all of which were 

considered normal as the p-values were > 0.05. On days 
7 and 14, the significance values for the control group 

were p = 0.364 and p = 0.359, for DBBM group p = 0.216 

and p = 0.575, for FDBB group p = 0.652 and p = 0.237, 
and for dc-FDBB group p = 0.273 and p = 0.446, all of 

which were > 0.05, indicating that the data from all 

groups on days 7 and 14 were normally distributed. 
Further, homogeneity testing using Lavene's test showed 

significant values on days 7 and 14, p = 0.160 and p = 

0.098, respectively, both of which were > 0.05, indicating 

homogeneous data. Comparison tests between groups 
were then conducted using the Kruskal Wallis test and 

One Way ANOVA on days 7 and 14, yielding p-values 

of 0.743, 0.349, and 0.274 on days 2, 7, and 14, 
respectively, all of which were > 0.05, indicating no 

differences between groups on days 2, 7, and 14.  

 

Table 1. Data Description of IL-6 data; mean & SD 
(pg/ml) between groups and between observation times 

  

  
 

 

 

 

Table 1. Data Description of IL-6 data; mean & SD (pg/ml) between groups and between observation times 

 

Group N 
Days 2 Days 7 Days 14 

Mean SD Mean SD Mean SD 

Control 5 9,227 2,927 10,424 4,115 9,683 3,158 

DBBM 5 9,873 2,442 9,098 2,077 8,527 2,556 

FDBB 5 9,050 3,422 11,060 2,126 8,159 1,947 

dc-FDBB 5 7,414 1,537 12,612 2,143 8,444 2,354 
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Figure 1. Graph of mean serum IL-6 levels between groups 

 

 
Figure 2. Graph of mean serum IL-6 levels between observation times 

 

Table 2. Statistical analysis results of IL-6 data (tests for normality, Levene Test for homogeneity, and One 

Way Anova for differences between observations on days 2, 7, and 14) 
 

Time Group Mean ± SD (pg/ml) Saphiro-wilk (p)* Lavene’s test 

(p)* 

One Way 

Anova 

(p)** 

Day 2 Control 9,227 ± 2,927 0,119* 0,218* 0,530 

DBBM 9,873 ± 2,442 0,384* 

FDBB 9,050 ± 3,422 0,111* 

dc-FDBB 7,414 ± 1,537 0,848* 

Day 7 Control 10,424 ± 4,115 0,223* 0,069* 0,279 

DBBM 9,098 ± 2,077 0,908* 

FDBB 11,060 ± 2,126 0,318* 

dc-FDBB 12,612 ± 2,143 0,617* 

Day 14 Control 9,683 ± 3,158 0,061* 0,761* 0,790 

DBBM 8,527 ± 2,556 0,701* 

FDBB 8,159 ± 1,947 0,533* 

dc-FDBB 8,444 ± 2,354 0,787* 

*) p-value > 0.05 normal/homogeneous significant in normality test/homogeneity test; 

**) p-value < 0.05 there is a significant difference in the t-test 
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Table 3. Description of TNF-α data; mean & SD (pg/ml) between groups and between observation times 

Group N Days 2 Days 7 Days 14 

Mean SD Mean Mean SD Mean 

Control 5 48,589 12,593 29,434 17,291 32,264 11,817 

DBBM 5 52,424 13,999 47,171 14,018 37,239 15,428 

FDBB 5 54,867 18,181 47,619 7,793 45,359 14,093 

dc-FDBB 5 62,164 12,732 59,414 2,707 47,070 14,069 

 

 
Figure 3. Graph of mean serum TNF-α levels 

 

 
Figure 4. Graph of Mean Serum TNF-α Levels between observation times 

 

Table 4. Results of statistical analysis of TNF-α data (normality test, Levene Test homogeneity test, and One 

Way Anova/Kruskall Wallis test) between observation times on days 2, 7, 14) 

 

Time Group Mean ± SD (pg/ml) Saphiro 

-wilk (p)* 

Lavene’ s 

test (p)* 

One Way 

Anova 

(p)** 

Kruskall 

Wallis 

(p)** 

Day 2 Control 48,589 ± 12,593 0,055* - - 0,250 

DBBM 52,424 ± 13,999 0,218* 

FDBB 54,867 ± 18,181 0,008 

dc-FDBB 62,164 ± 12,732 0,032 

Day 7 Control 29,434 ± 17,291 0,277* 0,213 0,009** - 

DBBM 47,171 ± 14,018 0,183* 

FDBB 47,619 ± 7,793 0,618* 

dc-FDBB 59,414 ± 2,707 0,453* 

Day 14 Control 32,264 ± 11,817 0,671* 0,776 0,324 - 

- DBBM 37,239 ± 15,428 0,289* 

FDBB 45,359 ± 14,093 0,216* 

dc-FDBB 47,070 ± 14,069 0,394* 

*) p-value > 0.05 normal/homogeneous significant in normality test/homogeneity test; 

**) p-value < 0.05 there is a significant difference in the t-test 
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Table 5. Statistical analysis results of Post Hoc Test / Multiple comparison / Tukey HSD TNF-α on day 7 

Between Groups 

Group Post Hoc Test / Tukey HSD (p)* Day-7 

 DBBM 0,125 

Control FDBB 0,111 

 dc-FDBB 0,005* 

DBMM FDBB 1,000 

 dc-FDBB 0,390 

FDBB dc-FDBB 0,427 

*) p-value <0.05 there is a significant difference in post hoc multiple comparison between groups on day 7 

 

 
Figure 5. Graph of mean serum IL-10 levels 

 

Table 6. Description of IL-10 data; mean & SD (pg/ml) between groups and between observation times 

 

Group Days 2 Days 7 Days 14 

Mean SD Mean Mean SD Mean 

Control 5,532 3,318 17,748 23,168 6,769 2,844 

DBBM 4,892 3,424 3,593 2,464 3,645 2,563 

FDBB 8,971 12,239 7,005 1,761 4,383 4,678 

dc-FDBB 9,506 6,122 7,036 5,676 2,986 1,983 

 

 
Figure 6. Graph of Mean Serum IL-10 Levels between groups and between observation times there are differences 

between groups on days 2, 7, 14 
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Table 7. Results of statistical analysis of IL-10 data (normality test, Levene Test homogeneity test, and Kruskal-

Wallis test) between observation times on days 2, 7, 14 

Days Group Mean ± SD 

(pg/ml) 

Saphiro 

-wilk (p)* 

Lavene ’s 

test (p)* 

One Way 

Anova (p)** 

Kruskal- 

Wallis (p)** 

Day 2 Control 5,532 ± 3,318 0,427* -  0,743 

DBBM 4,892 ± 3,424 0,679* 

FDBB 8,971 ± 12,239 0,040 

dc-FDBB 9,506 ± 6,122 0,716* 

Day 7 Control 17,748 ± 23,168 0,364* 0,160* 0,349 - 

DBBM 3,593 ± 2,464 0,216* 

FDBB 7,005 ± 1,761 0,652* 

dc-FDBB 7,036 ± 5,676 0,273* 

Day 14 Control 6,769 ± 2,844 0,359* 0,098* 0,374 - 

DBBM 3,645 ± 2,563 0,575* 

FDBB 4,383 ± 4,678 0,237* 

dc-FDBB 2,986 ± 1,983 0,446* 

*) p-value > 0.05 normal/homogeneous significant in normality test/homogeneity test; 
**) p-value < 0.05 there is a significant difference in the t-test 

 

 

DISCUSSION 
 

Scaffold DBBM was chosen as the positive control 

group due to its widespread use and biocompatible 
nature. However, DBBM has limitations as it only 

contains inorganic components, leading to decreased 

osteoinductive properties and very slow degradation, 
resulting in impaired healing with graft particles 

integrating into new bone growth 7. Additionally, this 

study included a negative control group consisting of 

rats undergoing the same surgical procedure without 
implantation to distinguish between cytokine levels 

measurable as a response to surgery and as a response 

to biomaterial implantation. 
In vivo research was conducted to examine the body's 

response following the implantation of a scaffold. 

Subcutaneous implantation of a scaffold in Wistar 
strain Rattus novergicus was chosen for Subcutaneous 

implantation of a scaffold in Wistar strain Rattus 

norvegicus was undertaken for research involving 

small animals serving as preclinical testing models 
assessing immune reactivity and revascularization 

capacity allowing assessment of tissue compatibility 

such as potential sensitization irritation and systemic 
toxicity.12 

In this study, serum levels of pro-inflammatory 

cytokines TNF-α and IL-6 were measured to assess 

inflammatory activity, while the anti-inflammatory 
cytokine IL-10 was measured to assess anti-

inflammatory activity following scaffold implantation 

on days 2, 7, and 14. Systemic cytokine profiles can 
serve as additional parameters for evaluating the in 

vivo response to new biomaterials or modifications, as 

well as for monitoring or predicting outcomes post-
implantation. Analyzing different populations of 

inflammatory cells at different time points can help 

clarify the reasons for observed differences in cytokine 

kinetics over time and their correlations with each other, 

as well as potential associations with serum cytokine 
levels and local reactions at the implantation site. This 

can also aid in understanding the relationship between 

material properties, inflammatory responses, systemic 
and local immune-related material reactions, and implant 

function, thus elucidating the role of cytokine mediation 

in these interactions.18 In this study, days 2, 7, and 14 

were chosen to capture both acute and chronic 
inflammatory responses.  

Scaffold DBBM was chosen as the positive control group 

due to its widespread use and biocompatible nature. 
However, DBBM has limitations as it only contains 

inorganic components, leading to decreased 

osteoinductive properties and very slow degradation, 
resulting in impaired healing with graft particles 

integrating into new bone growth.7 Additionally, this 

study included a negative control group consisting of rats 

undergoing the same surgical procedure without 
implantation to distinguish between cytokine levels 

measurable as a response to surgery and as a response to 

biomaterial implantation.  

The results of this study indicate that TNF-𝜶 levels 

showed the highest mean on days 2, 7, and 14 in the same 

order of groups, namely the dc-FDBB group, followed by 

the FDBB group, DBBM group, and lowest in the control 

group (Figure 3). The pattern of TNF-𝜶 levels in the 

graphs for the FDBB, dc-FDBB, and DBBM groups 

showed a similar pattern, with the highest levels on day 
2, followed by a decrease on days 7 and 14. In contrast, 

the control group displayed a different pattern, with levels 

decreasing from day 2 to day 7, and slightly increasing by 
day 14. The decrease in levels from day 2 to day 7, which  
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was the lowest point, indicates that in the control 

group there was no biomaterial present, allowing the 

inflammation process to be resolved for initial wound 
healing, with wound healing at the incision site 

completed by day 7. The differences observed in the 

scaffold groups are due to the body's response to a 
foreign object, resulting in a more gradual decrease in 

TNF-𝜶 levels on the graph. However, the FDBB, dc-

FDBB, and DBBM groups displayed a consistent 

pattern of decreasing TNF-𝜶 levels until day 14, 
indicating resolution of inflammation and that the 

presence of biomaterial did not lead to prolonged 

inflammation. 
The highest TNF-α levels were found in the dc-FDBB 

group on day 2 post-implantation, indicating that the 

decellularized scaffold still triggered a fairly strong 

acute inflammatory response. This could be due to the 
presence of antigenic residues or a decellularization 

process that had not completely eliminated cellular 

components and immunogenic proteins. On the other 
hand, the DBBM group showed relatively lower TNF-

α levels, reflecting the immunological stability of 

synthetic materials that have been widely used 
clinically. 

The significant decrease in TNF-α levels on day 14 

across all groups indicates that the acute inflammatory 

response was temporary and did not develop into 
chronic inflammation. Biologically, this signifies that 

the immune system successfully resolved the 

inflammatory phase and began entering the resolution 
phase, which is important in the tissue healing process 

and scaffold integration. 

The highest levels of TNF-α on day 2 align with the 
theory that TNF-α is a proinflammatory cytokine that 

appears in the early stages of inflammation. The 

release of TNF-α increases 24 hours after implantation 

of bovine bone scaffold and decreases after 72 hours. 
TNF-α plays a role in the synthesis of inflammatory 

mediator prostaglandin, is involved in bone 

resorption, and triggers the synthesis of proteases 
through osteoblast and fibroblast as well as impacts 

the osteoprotegerin (OPG) / RANKL system.15 This 

corresponds with Paschalia and Antonios who state 

that TNF-α concentrations in experimental animals 
peak 24 hours after bone injury and return to normal 

levels after 72 hours.15 

The DBBM, FDBB, and dc FDBB groups exhibit 
similar patterns, but with higher levels compared to 

the control group, indicating an increase in TNF-α 

levels higher than the control group in the presence of 
biomaterial, suggesting that the increase in TNF-α 

occurs as a response to the body's reaction to the 

biomaterial. This is in line with previous studies that 

have revealed that the theory of biomaterial 
implantation is always accompanied by injury through 

surgical procedures.19 Tissue or organ injury sparks an 

inflammatory response against biomaterial starting  

 
 

with formation of temporary matrix rapidly around it.  

Implantation of hybrid engineered cell materials triggers 

innate and adaptive immune response against cellular 
components affecting host response towards material 

components.19 However, the DBMM levels are relatively 

lower because DBMM is composed of inorganic 
materials only, lacking the proteins that trigger 

inflammatory responses. On the other hand, FDBB is 

considered to contain trigger proteins such as the a-gal 

epitope, leading to a higher level of inflammation. The 
dc-FDBB, which undergoes a deactivation process 

during manufacturing to eliminate proteins that trigger 

inflammatory responses and reduce the release of pro-
inflammatory cytokines, actually results in higher levels 

of TNF-α compared to FDBB. This suggests that the 

deactivation process is not effective in reducing 
inflammatory responses. Deactivation process reduces 

mechanical properties of scaffold significantly due to 

weakening adhesion strength between organic and 

inorganic components drastically. A study has reported 
that mechanical testing emphasizes the important role of 

organic components, whose quality and morphology 

directly affect the material's strength and determine its 
deformation mechanisms.20  

In the comparison test with Kruskal Wallis on day 2, a p-

value of 0.250 was obtained, showing no difference 
between groups. On day 7, the One Way ANOVA test 

indicated a difference between groups with a p-value of 

0.009, and the Post Hoc test with Tukey HSD showed a 

difference between the control group and dc-FDBB group 
with a p-value of 0.005. However, on day 14, the One 

Way ANOVA test with a p-value of 0.324 revealed no 

difference between groups. The disparity between the dc-
FDBB and control groups on day 7 is attributed to a 

gradual decrease in TNF-α levels in the dc-FDBB group 

due to the presence of dc-FDBB biomaterial, resulting in 

wound healing by day 7. Overall, TNF-α levels in the 
FDBB and dc-FDBB groups approached the gold 

standard, DBBM, with no significant differences 

observed across groups. Both FDBB and dc-FDBB are 
well tolerated by the body, as they do not elicit excessive 

inflammatory responses and follow a pattern of decline, 

preventing prolonged inflammation. 
The IL-6 levels showed the highest mean on day 2 in the 

DBBM group, on day 7 in the dc-FDBB group, and on 

day 14 in the control group. The graphical pattern 

displays a similar trend in the FDBB, dc-FDBB, and 
control groups, with an increase in the mean value on day 

7 compared to day 2, and a decrease on day 14 compared 

to day 7. The graphical pattern indicates a different trend 
for the DBBM group, which consistently decreases from 

the beginning of implantation to day 14 (Figure 2).  

Statistical analysis utilizing One Way ANOVA with p 

values on day 2, 7, and 14 of p = 0.530, p = 0.279, and p 
= 0.790 respectively, indicates that there is no significant 

difference among the four groups on days 2,  
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7, and 14. These findings align with the research 

conducted by You et al, which observed an increase 

in IL-6 levels on day 7, as IL-6 synthesis was 

stimulated by IL-1 and TNF-𝜶 especially in the initial 

stages of inflammation, resulting in elevated IL-6 

levels specifically on day 7.9 Subsequently, IL-6 

inhibits the activity of IL-1 and TNF-𝜶, leading to a 

decrease in pro-inflammatory cytokines and 

facilitating tissue regeneration and repair.9 The 

decrease in IL-6 levels as depicted in Figure 5.1 on 
day 14 signifies a dynamic reduction in serum pro-

inflammatory IL-6 levels post subcutaneous 

implantation, thereby preventing prolonged 
inflammation. 

IL-6, as a systemic proinflammatory cytokine, 

showed different fluctuation patterns over time 

depending on the scaffold type. In the dc-FDBB 
group, IL-6 levels peaked on day 7, indicating that the 

systemic inflammatory response lasted longer 

compared to other groups. This may be due to the 
ongoing interaction between the immune system and 

scaffold components that have not been fully 

recognized as "self." The delayed IL-6 peak also 
suggests the possibility of a secondary immune 

reaction to ECM degradation. 

Meanwhile, in the DBBM and FDBB groups, IL-6 

levels were relatively lower and decreased steadily, 
indicating that these scaffolds adapted more quickly 

in host tissues. These findings reinforce the 

hypothesis that biological scaffolds, especially non-
decellularized ones, have natural immunomodulatory 

capabilities, although their long-term effects still need 

to be assessed. 
During the initial phase of scaffold implantation, the 

body responds to it as a foreign object, leading to an 

inflammatory reaction. In the early stages of 

inflammation, macrophages (M1) release pro-
inflammatory cytokines such as IL-6 and TNF-α, and 

act as Antigen Presenting Cells (APCs) presenting 

MHC class II to Naïve CD4+ cells, resulting in Th1 
producing cytokines IFN-γ, IL-2, TNF-α that also play 

a role in inflammation. This is what causes an increase 

in TNF-α levels on day 2 and a decrease starting on 

day 3, as indicated by the findings of this study, in 
order to transition to adaptive inflammatory response 

and tissue repair.15 

This research findings are further supported by a 
preliminary in vitro study demonstrating that FDBX 

granules do not elicit prolonged immune responses.21 

The immune response to scaffolds is directly 
dependent on the amount of residual DNA, as nucleic 

acid is recognized by host immune cells. While in 

vitro research has also proven that both FDBB and dc-

FDBB models do not contain significant amounts of 
antigenic residues.8 

The results of the serum IL 10 levels described in 

Table 6, Figure 5, and Graph 6 illustrate a consistent  

 
 

pattern of IL 10 levels in both the FDBB and dc-FDBB 

groups, peaking on day 2 before decreasing on day 7 in 

both groups, and on day 14 in the FDBB and dc-FDBB 
groups. The elevated levels on day 2 indicate a body 

response in releasing anti-inflammatory cytokines as part 

of the M2 response to reduce inflammation. In the control 
group, the mean IL 10 levels increased on day 7 and 

decreased on day 14, aligning with the findings of You et 

al who observed an increase in IL-10 levels on days 7, 14, 

and 28 before a subsequent decrease.9 
The improvement on the early morning of the day 2 

compared to the control group indicates an anti-

inflammatory response in the FDBB and dc FDBB 
groups, which is beneficial in reducing inflammation. 

This phenomenon was not observed in the DBBM group, 

as evidenced by the relatively lowest and consistent 
levels of IL 10 on days 2, 7, and 14.  

IL-10 was chosen as the anti-inflammatory indicator in 

this study due to its status as a multifunctional cytokine 

that acts as a critical immunomodulator, playing a 
positive role in maintaining immune balance, attenuating 

acute inflammatory feedback, and generating a negative 

feedback loop that diminishes the release of 
inflammatory mediators.16 IL-10 reportedly inhibits 

cytokine synthesis pretty effectively and deactivates 

macrophages thereby preventing deleterious effects of 
excessive macrophage activation during various 

inflammatory responses.9 

The IL10 levels in the low-DBBM group may be 

attributed to the fact that DBBM contains only inorganic 
materials, whereas they are higher in the FDBB and dc 

FDBB groups due to the presence of organic materials, 

ECM, and growth factors that can stimulate towards M2 
response and anti-inflammatory cytokine IL 10 

production. When acute inflammation by M1 is resolved 

without prolonged or chronic inflammation, M1 will 

polarize into M2 and produce IL-10, which plays a role 
in down-regulating the immune response and stimulating 

growth factors (VEGF, FGF, PDGF) in the ECM, thus 

triggering angiogenesis and proliferation as a tissue 
regeneration process towards healing. The M2 response 

occurs when the scaffold is properly decellularized or 

xenoantigens are eliminated in the initial M1 response, 
leading to down-regulation of the immune response.22 

IL-10, as an anti-inflammatory cytokine, experienced a 

significant initial increase on day 2, particularly in the 

FDBB and dc-FDBB groups. This phenomenon indicates 
that despite early inflammation, the body also 

immediately triggers compensatory mechanisms to 

suppress the inflammatory response through IL-10 
secretion. This suggests the potential of biological 

scaffolds to promote a shift from the inflammatory phase 

to the regenerative phase. 

Specifically in dc-FDBB, IL-10 levels remained high 
until day 7, which may reflect the immune system's 

efforts to balance the proinflammatory response due to 

remaining antigenic residues. Meanwhile, in DBBM, the  
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increase in IL-10 was not as pronounced, reflecting  

that synthetic scaffolds are more immunologically 

neutral and do not strongly stimulate the body's 
adaptive response. 

The macrophage response toward M2 occurs during 

the implantation of FDBB and dcFDBB scaffolds, 
where materials believed to trigger inflammation like 

the protein a-gal epitope can be eliminated in the early 

M1 response on days 1 and 2, leading to a shift from 

an M1 response towards an M2 response through T 
regulatory or T suppressor cells. M2 produces pro 

anti-inflammatory cytokines such as IL-10, IL-4, IL-

13, TGF-β, MMPs, as well as Growth Factors (VEGF, 
FGF, PDGF). IL-10, as an anti-inflammatory 

cytokine, plays a role in down-regulating the immune 

response.22 IL-10 acts as an immune response in the 
late stage of inflammation by inhibiting the synthesis 

of pro-inflammatory cytokines IL-1, IL-6, and TNF-

α, and deactivating macrophages as a role in down-

regulating the immune system. Additionally, IL-10 
activates B cells to form antibodies as a transition to 

the remodeling phase, and also stimulates growth 

factors (VEGF, FGF, PDGF) present in the ECM, 
which play a role in angiogenesis and proliferation 

during the remodeling and healing phases.23 

Ultimately, the results of the Kruskal-Wallis statistical 
test on day 2 indicate p = 0.743. The One Way 

ANOVA test results on days 7 and 14 with p = 0.349 

and 0.374 respectively, show that there is no 

significant difference in serum IL 10 levels post-
implantation of decellularized and non-decellularized 

scaffolds across all groups. The design of biomaterials 

has evolved beyond simply developing passive 
materials that limit immune responses. It now 

involves enhancing tissue repair through the ability to 

down-regulate unwanted inflammatory responses. 

The relationship between immune response and tissue 
repair is highly complex, and the current challenge is 

to develop biomaterials capable of modulating the 

immune system to stimulate tissue and organ repair.24 
Around 4 days post inflammation Treg cells arrive at 

inflamed site and modulate immune response by 

heavily promoting shift from M1 macrophage subtype 
to anti-inflammatory M2 subtype thereby enabling 

stem cell proliferation and differentiation.25 This 

aligns with the findings of this study that on day 7 

post-implantation of FDBB and dc FDBB, serum 
levels of the anti-inflammatory cytokine IL-10 

increased as a result of the M2 response. 

FDBB and DC FDBB offer advantages over DBBM 
because these materials retain Extracellular Matrix 

comprised of various tissue-specific macromolecules 

like collagen and elastin naturally. Decellularized 

scaffold alters plasticity of adherent macrophages 
thereby substantially enhancing inflammation and 

profoundly modulating immune regulation quite 

effectively. Circulating macrophages induce  

 
 

necessary reactions pretty quickly when activated by 

heterogeneous extracellular matrix leading to anti-

inflammatory responses or constructive remodeling.26 

CONCLUSION 

The findings of this study demonstrate a decrease in the 

levels of serum pro-inflammatory cytokines (IL-6 and 
TNF α), indicating a shift from pro-inflammatory 

cytokine levels towards improvement (M2 response) 

rather than prolonged inflammation (M1 response) in the 

freeze-dried bovine bone scaffold decellularization 
group. Of particular interest is the increase in IL-10 levels 

following the implantation of dcFDBB and FDBB 

compared to DBBM, suggesting that FDBB and dcFDBB 
may possess the potential for immunomodulation due to 

their ECM and growth factor properties.  The results of 

the comparative test indicate no significant difference in 

the levels of pro-inflammatory cytokines IL 6, TNF α in 
the serum post-implantation between desellularized and 

non-desellularized bovine bone scaffolds when compared 

to the control group. This suggests that both scaffolds do 
not elicit prolonged immune response (M1 response) and 

instead promote resolution (M2 response). These 

findings are consistent with previous research that found 
no significant differences in inflammatory cytokines 

TNF-α, IL-6, and ALP levels between the control group 

and those implanted with xenogeneic materials.6 

Overall, these results indicate that the choice of scaffold 
type significantly influences the dynamics of the 

inflammatory response in vivo. Biological scaffolds have 

advantages in triggering anti-inflammatory and 
regenerative responses, but also risk causing higher initial 

inflammation if the decellularization process is not 

optimal. Conversely, synthetic scaffolds such as DBBM 
tend to be more immunologically stable but have 

limitations in supporting active regenerative responses. 

Thus, a balance is needed between decellularization 

effectiveness, the scaffold's ability to support 
regeneration, and minimal inflammatory triggers. The 

results of this study can serve as a foundation for 

developing biomaterials with more precise 
bioengineering approaches, and are important in planning 

clinical applications of scaffolds in bone tissue 

engineering or other soft tissues.\ 
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