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Background: Collagen plays a crucial role in post-extraction wound
healing. Thunnus albacares skin, a collagen source synthesized through
the papain soluble collagen (PaSC) method with varying NaCl
concentrations, is assessed for non-toxicity using the MTT assay on BHK-
21 fibroblast cell cultures. This research is to determine cell viability
resulting from synthesizing collagen powder from the skin of yellowfin tuna
(Thunnus albacares) with varying NaCl concentrations using the papain
soluble collagen (PaSC) method.

Method: Collagen powder was synthesized by cleaning Thunnus
albacares skin measuring 1x1 cm, soaking it in 0.1 M NaOH, hydrolyzing
it with CH3COOH, extracting it with papain enzyme, and then dividing the
samples into four groups: without NaCl, NaCl 0.9 M, NaCl 1.3 M, and NaCl
1.7 M. Samples were centrifuged (6000 rom) and followed by freeze-
drying. Cell viability was obtained by conducting a cytotoxicity test using
the MTT Assay method on BHK-21 fibroblast cells.

Result: The percentage of cell viability in groups K, P1, P2, Ps, and Pswere
100%, 10.708%, 113.750%, 107.833%, and 105.958%, respectively. The
Kruskall-Wallis test yielded a significance value 0.000, indicating a
significant difference (p<0,005). The Mann-Whitney test confirmed
significant differences between groups.

Conclusion: Collagen powder from Thunnus albacares skin with NaCl
concentrations of 0.9 M, 1.3 M, and 1.7 M showed no toxic effects, while
the group without NaCl showed toxic effects. Collagen powder with a NaCl
concentration of 1.7 M yielded ideal results and showed no toxic effects.
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INTRODUCTION

Collagen is one of several important components in the body in the form of structural proteins
that are in the extracellular matrix and can be found in large quantities in the body's connective tissues
such as skin, ligaments, bones, tendons, and cartilages®. Collagen is employed in tissue engineering
endeavors due to its favorable biocompatibility, biodegradability, and minimal antigenic properties?.
Collagen has a role in the field of dentistry in healing post-extraction wounds that create tooth socket
formation. Collagen also participates in forming new tissue and alveolar bone healing that encompasses
various cellular and molecular activities, such as the breakdown and reconstruction of both soft and
hard tissues in the form of scaffold, reducing postoperative pain and swelling®4. Collagen can reduce
bleeding while accelerating the wound healing process which can be obtained in the form of plug,
sponge, scaffold, drug delivery carrier, microfibrillar, and matrix5. Collagen can be made into scaffold
that is useful for bone regeneration bone regeneration because it can be absorbed by the body and has
good attachment to cells®.

In general, collagen can be obtained from cattle, chicken, mammals, pigs, and birds’. Marine
biota can be used as an option as a source of collagen with good prospects because its use is not
limited to all religions and does not cause infectious diseases?®. Fisheries waste is currently generated
quite a lot around the world so that the utilization of these wastes is currently increasing to increase
economic value, utilization in the field of biotechnology, and the desire to minimize the amount of waste
in societys.

This study uses the skin of yellowfin tuna ( Thunnus albacares) which will be utilized as a source
of collagen because it contains glycine, glutamic acid, proline, arginine, hydroxyproline, alanine, serine,
and aspartic acid in large quantities so that it has the potential to be a halal source of collagen®°. The
protein content of yellowfin tuna skin (Thunnus albacares) is higher than other body parts at 37.32%,
while the meat is 28.34%, the egg is 22.83%, and the swim bubble is 17.52%"".

Yellowfin tuna (Thunnus albacares) has the highest catch than other tuna species with 69% of
the 1,297,062 tons of tuna catch from 2004 to 2011 in Indonesia'?. Therefore, this study used the skin
of yellowfin tuna (Thunnus albacares) as the main source of collagen powder.

The collagen extraction method used in this study is an enzymatic extraction method, namely
papain soluble collagen (PaSC) because the amount of collagen obtained during fish skin extraction is
more than extraction by the acid method'3. Papain enzyme comes from papaya plants that can be found
in many places and already has a halal certificate because the source taken comes from plants and is
easy to obtain.

The requirement for a material to be implemented in the oral cavity is to have biocompatibility
and not disturb the surrounding tissue so that it is necessary to conduct a cytotoxicity test as an
evaluation of dental materials to obtain cell viability'>. The cytotoxicity test performed in this study was
the MTT assay method by calculating the total reduction of MTT salt with a wavelength of 595 nm which
has a yellow color to formazan which has a purple color by the respiratory chain in mitochondria, namely
tetrazolium succinate reductase®.

The media used for the cytotoxicity test in this study were BHK-21 (Baby Hamster Kidney-21)

fibroblast cells because BHK-21 fibroblast cells originated from embryos so they have advantages such

Odonto : Dental Journal. Volume 11. Number 1. July 2024



Viability of BHK-21 Fibroblast Cells Resulting from Synthesis of Collagen Powder (Thunnus albacares)
with Variation of NaCl Concentration

96

as good stability, not easy to mutate, easy to culture and grow'”-8. A material is said to be non-toxic if
after calculating the percentage of cell viability > 50% and is said to be toxic if the percentage of cell
viability < 50%°.

The addition of NaCl is done for precipitation process before centrifugation to obtain a
precipitate20. Utilization of salt with high concentration can precipitate proteins that act as wet collagen
precipitates by attracting water that binds protein molecules?'. Giving NaCl with various concentrations
aims to get the best collagen extract results so it is necessary to determine the appropriate NaCl
concentration in the collagen precipitation process?2. The addition of NaCl with a high concentration

can damage and become toxic due to changes in osmotic power due to high Na ions23.

RESEARCH METHOD

The research used was true experimental laboratories research with posttest-only control group
design. The number of groups in this research were 5 consisting of the control group, without NaCl,
NaCl 0.9 M, NaCl 1.3 M, NaCl 1.7 M and each group consisted of 6 samples so that the total number
of samples was 30. This research was conducted in April 2023-January 2024 at Mas Junet Fresh Fish
Shop located in Mergan Market Malang, Widya Mandala Catholic University Surabaya Pharmacy
Laboratory, Hang Tuah University Surabaya Chemistry Laboratory, and Surabaya Pharmaceutical
Veterinary Center Laboratory (PUSVETMA).

The tools used in this study are cutting board, knife, analytical balance, micropipette, beaker,
glass jar, sieve, basin, glass stirring rod, erlenmeyer, measuring cup, 6000 rpm centrifugator, 10 ml
conical tube, 5 L jerry can, freeze dryer, specimen container, 4 °C refrigerator, magnetic stirrer, conical
tube, 96 plates mold, laminar flow, UV stelirizer, ELISA reader, and syringe.

The materials needed in this study are yellowfin tuna skin (Thunnus albacares), papain enzyme
with activity of 30,000 USP/mg (EC. 3.4.22. 2), NaOH, NaCl, CHsCOOH, aquabidest, whatman filter
paper, 14 kDa dialysis bag, flannel cloth, water, pH indicator paper, fibroblast cell line Baby Hamster
Kidney-21 (BHK-21) from PUSVETMA Surabaya, Eagle's Minimum Essential Medium (MEM),
phosphate buffer saline (PBS), dimethylsulfoxide (DMSO), kanamycin, penicillin streptomycin, foetal

bovine serum (FBS), fungizone.

Sample preparation
This study begins with sample preparation by collecting the skin of yellowfin tuna (Thunnus
albacares) and making sure there is no meat attached to the fish skin. Then the skin was cleaned with

running water until clean and cut into small square parts with a size of 1x1 cm.

Pre-treatment

Next, the sample pre-treatment stage was carried out by soaking the 1x1 cm yellowfin tuna
(Thunnus albacares) skin in a 0.1 M NaOH solution in a ratio of 1:10 (b/v) for 24 hours and replacing
the NaOH solution every 8 hours at a temperature of 10 °C. Rinse the skin of yellowfin tuna (Thunnus

albacares) with aquabidest until it reaches neutral pH (pH 7-7.5).
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Hydrolysis and extraction

Then the hydrolysis and extraction stage was carried out by mixing papain enzyme (EC
3.4.22.2) with a concentration of 10,000 U/g followed by mixing 0.5 M CH3COOH solution. Soaking was
carried out for 72 hours (3 days). The filtrate was filtered with Whatman filter paper and flannel cloth
and divided into 4 groups with equal amount of solution and precipitation process with NaCl in groups
2 to 4 with concentrations of 0.9 M, 1.3 M, and 1.7 M for 24 hours. Each group was put into a 10 ml
conical tube for centrifugation with a 6000 rpm centrifugator for 1 hour and collect the pellet. The dialysis
process was carried out with aquabidest with a 14 kDa dialysis bag for 24 hours to dismiss the other
chemical materials and then collected in the specimen container.
Freeze dry

Wet collagen was stored in a 4°C refrigerator for 24 hours and then freeze dried with a freeze

dryer (Labfreeze FD-12-MR) for 72 hours to obtain dry collagen powder.

Viability test

Cytotoxicity test was performed by sterilizing collagen powder using UV sterilizer for 30
minutes. Then the first column well was filled with BHK-21 fibroblast cells in Eagle's minimum essential
medium (MEM) culture medium, kanamycin, penicilinn streptomycin 1%, foetal bovine serum (FBS)
10%, and fungizone 100 units/ml as much as 100 pl in each well as cell control. Wells in the twelfth
column were filled with Eagle's minimum essential medium (MEM), kanamycin, penicilinn streptomycin
1%, foetal bovine serum (FBS) 10%, and fungizone 100 units/ml in 100 ul in each well as media control.

Wells in the 2nd-5th columns were filled with BHK-21 cells at a density of 3x10% in Eagle's
minimum essential medium (MEM) culture medium, kanamycin, penicilinn streptomycin 1%, foetal
bovine serum (FBS) 10%, and fungizone 100 units/ml at 100 pl in each well. Yellowfin tuna skin
(Thunnus albacares) collagen powder was added into each well as much as 50 pl in each of the 29,
3rd, 4t and 5% columns. Perform the incubation process with 5% CO: for 20 hours at 37°C.

Then remove the microplate from the incubator and cell culture media. Remove the culture
media and collagen powder in the well with the help of a syringe so that the BHK-21 cells remain in the
well. Each well is refilled with 100 ul of cell culture media. Perform MTT and Phosphate Buffer Saline
(PBS) filtration with 0.20 pl millipore in each well and incubate for 3 hours in the hope that MTT can be
metabolically active. Total incubation time in 37°C incubator is 24 hours. Take MTT and culture media
with syringe. Then add DMSO 50 pl to each well to dissolve the formazan crystals and then shaker the
microplate for 5 minutes.

Read the optical density (OD) value of formazan using an ELISA reader with a wavelength of
620 nm. Calculate the percentage of total BHK-21 fibroblast cell viability using the cell viability formula:

OD treatment—OD media control

% Viability of cells = x 100%

OD cell control-0D media control

Data analysis
The data obtained will be statistically analyzed using SPSS 27 with a significant value used is

(a=0.05). The research data were analyzed using the Shapiro Wilk normality test and the Levene test
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for homogeneity test. In this study, the data were not normally distributed and not homogeneous so that
non-parametric tests were carried out with the Kruskall-Wallis test and the Mann-Whitney test was

carried out.

RESULTS
The results obtained the viability value of collagen powder from yellowfin tuna skin ( Thunnus
albacares) with various NaCl concentrations using the papain soluble collagen (PaSC) method against

BHK-21 fibroblast cells, by looking at the absorbance value using the MTT Assay method.

Table 1. Mean absorbance value, standard deviation, and percentage of live cells of yellowfin tuna skin
collagen powder (Thunnus albacares) using MTT Assay method.

Group Replication Mean * Standard
Deviation
K 6 100.000% £ 0.000
P4 6 10.708% £ 6.901
P2 6 113.750% + 7.682
Ps 6 107.833% + 4.203
P4 6 105.958% + 5.816

Description:
K = Control group containing BHK-21 fibroblast cells.
P1 = Treatment 1 (BHK-21 fibroblast cells treated with Thunnus albacares skin collagen powder without NaCl

administration).
P2 = Treatment 2 (BHK-21 fibroblast cells treated with Thunnus albacares skin collagen powder with 0.9 M NaCl

concentration).
P3 = Treatment 3 (BHK-21 fibroblast cells treated with Thunnus albacares skin collagen powder with 1.3 M NaCl

concentration).
P4 = Treatment 4 (BHK-21 fibroblast cells treated with Thunnus albacares skin collagen powder with 1.7 M NaCl

concentration).
Mean (%) = The average value of the number of living cells in each group after the MTT test in percentage form

Cell Viability of BHK-21

140%

120%

113,750%
107.833%
100% 16p,958%
100%
80%
60%
40%
20% 10,708%
- ]

Control Without NaCl0,9M NaCl1,3M NaCl1,7M
NaCl

%Cell Viability

Group

Figure 1. Mean cell viability values of BHK-21 fibroblasts
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Based on the results of the study, it is known that the group that has the highest fibroblast cell
viability value (%) is the NaCl 0.9 M group (113,750%) while the group that has the lowest fibroblast
cell viability value (%) is the group without NaCl (10,708%).

The Saphiro-Wilk test was used as a normality test because the number of samples used in
this study was less than 50 samples. The normality test results showed that group K had a significant
value of <0.05 while in groups P1, P2, P3 and P4 had a significant value of p>0.05. This indicates that
the cell viability test results of yellowfin tuna skin collagen powder (Thunnus albacares) against BHK-
21 fibroblast cells are not normally distributed so that it can be continued with non-parametric tests.

Based on the results of the homogeneity test using the Levene test, the significance value is
0.006 (p>0.05), which means that the results of the cell viability test of yellowfin tuna skin collagen
powder (Thunnus albacares) against BHK-21 cells are not homogeneous so that it can be continued
with a non-parametric test, namely the Kruskall-Wallis test and the Mann-Whitney test.

Kruskall-Wallis test was conducted to determine the difference in cell viability between all
groups of yellowfin tuna skin collagen powder (Thunnus albacares) with varying NaCl concentration

using papain soluble collagen (PaSC) method and cell control group.

Table 2. Kruskall-Wallis test results

Kruskall-Wallis Df Asymp.Sig.
Test
21.709 4 0.000

Table 2 shows the results of the Kruskall-Wallis test which shows p=0.000 (p<0.05) which can
be concluded that there are significant differences between each treatment group. Then the Mann-
Whitney test can be done to determine the significant difference between the viability of BHK-21
fibroblast cells with groups K, P1, P2, P3, and P4.

Significant differences in each group can be done by performing the Mann-Whitney test with a

significance value of p<0.05.

Table 3. Mann-Whitney test results

Control Without 0,9 M 1,3M 1,7M
NaCl NaCl  NaCl NaCl
0.002*  0.007* 0.002* 0.040*
Without 0.004*  0.004*  0.0-4*
NaCl

Control
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1,7M
NaCl
Based on Table 3, it is known that there is a significant difference (p<0.05) between the control
group and groups P1, P2, P3, and P4, group P1 and groups K, P2, P3, and P4, group P2 and groups

K and P1, group P3 and group K and P1, group K and P1. There is no significant difference between
groups P2 with P3 and P4. There is no significant difference between group P3 and P4.

DISCUSSION

This study generally aims to determine the differences in cell viability of the synthesized
Thunnus albacares skin collagen powder with variations in NaCl concentration using the papain soluble
collagen (PaSC) method. There is a difference in the average percentage of living cells in group K
(100%) when compared to groups P1 (10.708%), P2 (113.750%), P3 (107.833%), P4 (105.958%) in
the form of the number of living cells due to the treatment of collagen powder so that there is a reaction
on the number of fibroblast cells that affect cell toxicity.

Based on the results of the study, it shows that there is a significant difference between group
K (100%) and P1 (10.708%) which can be caused by group K is a control group of cells not given
treatment and only contains BHK-21 fibroblast cells so that no changes occur when reading absorbance
values and calculating cell viability. Group P1 (without NaCl) has a lower percentage of cell viability
than the control group because in group P1 no NaCl was given during the synthesis process. This
causes the collagen powder of yellowfin tuna skin (Thunnus albacares) to remain in acidic condition
due to the provision of acetic acid at the hydrolysis stage. NaCl has a function in purifying collagen
which is soluble in acid. The absence of NaCl causes the collagen to have an acidic pH (pH <7) because
there is no purification process of collagen by NaCl. The hydrolysis process with acetic acid causes
collagen to degrade and the solvent becomes toxic because the effect of acidic pH in the MTT Assay
test causes an increase in toxicity to fibroblast cells because the cells do not proliferate?*. Acidic pH
levels in collagen cause cells to undergo a protein denaturation process so that damage occurs between
intramolecular disulfide covalent bonds with hydrophobic bonds, ionic bonds, and hydrogen bonds so
that low cell viability is obtained?.

Based on the results of the study, it shows that there is a significant difference between group
K (100%) with P2 (113.750%), P3 (107.833%), and P4 (105.958%) which can be caused by group K
which is a cell control group that only contains BHK-21 fibroblast cells so that cell viability is 100%.
Collagen powder in groups P2 (113.750%), P3 (107.833%), and P4 (105.958%) had more cell viability
than group K 100% which means the ability of fibroblast cells to proliferate is high because the dose of
collagen given to cells provides a good therapeutic effect. Research has shown that collagen, as a
biomaterial, can promote the attachment and proliferation of cells and tissues2. Another influence that
makes the cells proliferate highly is that the collagen powder is given NaCl during the collagen extraction
process so that there is a precipitation process in the form of wet collagen precipitation which gives an

influence on cell viability. Giving NaCl with various concentrations causes collagen to undergo a
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purification process by NaCl so that collagen precipitates with a pH close to neutral and has a higher
amino acid content.

The results showed a significant difference between group P1 (10.708%) and group P2
(113.750%) because in group P1 the sample was not given NaCl during the collagen extraction process,
so that the collagen powder of yellowfin tuna skin (Thunnus albacares) remained in acidic conditions
due to the provision of acetic acid at the hydrolysis stage. Acetic acid that is still contained in the sample
causes collagen to degrade and the solvent becomes toxic because the effect of acidic pH on collagen
causes cells to undergo a protein denaturation process so that damage occurs between intramolecular
disulfide covalent bonds with hydrophobic bonds, ionic bonds, and hydrogen bonds so that low cell
viability is obtained?. Group P2 (NaCl 0.9 M) has a high cell proliferation ability because the dose of
collagen given to the cells provides a good therapeutic effect. Giving a concentration of 0.9 M NaCl is
a concentration of salt administration that is not too high so that changes in osmotic power due to the
amount of Na ions are low and do not make collagen toxic but rather produce higher cell viability and
make cells proliferate high.

The results showed that there was a significant difference between group P1 (10.708%) and
P3 (107.833%). In group P1, the sample was not given NaCl during the collagen extraction process, so
the collagen powder of yellowfin tuna skin (Thunnus albacares) remained in acidic condition due to the
provision of acetic acid at the hydrolysis stage. Acetic acid that is still contained in the sample causes
collagen to degrade and the solvent becomes toxic because the effect of acidic pH on collagen causes
cells to undergo a protein denaturation process so that damage occurs between intramolecular covalent
disulfide bonds with hydrophobic bonds, ionic bonds, and hydrogen bonds so that low cell viability is
obtained?s. Group P3 (NaCl 1.3 M) has a high cell proliferation ability because the dose of collagen
given to the cells provides a good therapeutic effect. Another influence that makes the cells proliferate
highly is that the collagen powder is given NaCl during the collagen extraction process so that there is
a precipitation process in the form of wet collagen precipitation which gives an influence on cell viability.
Giving 1.3 M NaCl concentration is a concentration of salt that is not too high so that changes in osmotic
power due to the amount of Na ions are not too high and do not make collagen toxic but rather produce
higher cell viability and make cells proliferate high.

The results showed a significant difference between group P1 (10.708%) and group P4
(105.958%). The significant difference can be caused because in group P1 the sample was not given
NaCl during the collagen extraction process, so that the collagen powder of yellowfin tuna skin (Thunnus
albacares) remained in acidic condition due to the provision of acetic acid at the hydrolysis stage. The
absence of NaCl caused the collagen to have an acidic pH (pH <7) because there was no purification
process of collagen by NaCl. Group P4 (NaCl 1.7 M) produced collagen powder that could dissolve well
and homogeneous during the MTT Assay test which was conducted by administering NaCl 1.7 M.
Group P4 (NaCl 1.7 M) has a high cell proliferation ability because the dose of collagen given to the
cells gives a good therapeutic effect. Another influence that makes the cells proliferate highly is that the
collagen powder is given NaCl during the collagen extraction process so that there is a precipitation
process in the form of wet collagen precipitation which gives an influence on cell viability. Giving NaCl

with various concentrations causes collagen to undergo a purification process by NaCl so that collagen
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precipitate is obtained with a pH close to neutral and has a higher amino acid content. Giving a
concentration of 1.7 M NaCl is a concentration of salt that is high enough but still safe so that changes
in osmotic power due to the number of Na ions are higher than the P1 and P2 groups but does not
make collagen toxic but results in higher cell viability and makes cells proliferate high.

In this study, it was found that the P2 (NaCl 0.9 M), P3 (NaCl 1.3 M), and P4 (1.7 M) groups
had differences in the average percentage of cell viability but there were no significant differences and
had high cell viability of >50%, which means that the three groups were not toxic?6. This is due to the
provision of NaCl concentrations that are not too high but the higher the concentration of NaCl can
cause cell viability to decrease. Giving too high a concentration of NaCl can reduce cell viability,
damage, and become toxic due to high Na ions?327. Na ions cannot be maintained in cells at high
concentrations because they can cause toxicity in metabolism. Meanwhile, the content of amino acids
such as proline as an osmotic agent that can control and as an osmotic agent in collagen makes the
proline act as a negative charge against the Na ions28.

Another influencing factor is that the higher the concentration of NaCl given, the larger the
particle size produced, while the group that was not given NaCl produced a small particle size. The
smaller the particle size it can reduce cell viability and increase the number of dead cells because it
makes it easier for these particles to penetrate the intercellular space and cause rupture of the cell
wall?®. The resulting particle size can affect cell viability in the MTT Assay test conducted on yellowfin
tuna skin collagen powder (Thunnus albacares). The smaller the particle size, the lower the cell viability
and the larger the particle size, the higher the cell viability.

Other factors that can affect the results of the percentage of cell viability besides particle size
are the concentration of electrolyte solution (NaCl), type of solvent (CH3COOH), temperature, pH, and
the presence of external intruders that can survive with various temperatures and water pressure such
as bacterial and fungal microorganisms and other factors that occur during the process of making
collagen powder3°. Collagen powder is said to have good quality if the color produced has a white or
near white base color.

The results of this study showed that although there were significant differences between
groups K, P1, P2, P3, and P4, but in the P2, P3, and P4 treatment groups showed the results of a high
percentage of BHK-21 fibroblast cell viability and more than 50%, namely 113.750%, 107.833%, and
105.958% but in the P1 treatment group showed the results of a low percentage of BHK-21 fibroblast
cell viability and less than 50%, namely 10.708%. This proves that the P1 group is toxic and unsafe to
use while the P2, P3, and P4 groups are not toxic and indicate that the P2, P3, and P4 groups of
yellowfin tuna skin collagen powder (Thunnus albacares) with variations in NaCl concentration using
the papain soluble collagen (PaSC) method do not have toxic effects and are safe to use and qualify

according to SNI standards.

CONCLUSION
Collagen powder synthesized from yellowfin tuna skin (Thunnus albacares) treated with
variations in NaCl concentration of 1.7 M using the papain soluble collagen (PaSC) method is the best

group with an average percentage of BHK-21 fibroblast cells viability of 105.958% than other group.
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