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ABSTRACT

Background: Damage to the integrity of some body tissues due to trauma
commonly referred to as injury can occur intentionally or unintentionally.
Angiogenesis and fibroblast proliferation are important stages in the
proliferation stage in determining the success of the wound healing process.
Chitosan from haruan fish scales has active functional groups in the form of
anti-inflammatory and antioxidants that are effective in accelerating wound
healing.

Method: This study was a pure experimental study with a post-test only design
with a control group design which was divided into a treatment group and a
control group. The treatment group consisted of chitosan haruan fish scales at
concentrations of 1%, 3%, and 5%. The control group consisted of povidone
iodine as a positive control and no treatment as a negative control. All rats were
injured on the back and then euthanized on days 3, 5, 7, and 14.

Result: The chitosan from haruan fish scales affected the formation of new
blood vessels and fibroblasts on day-3, increase the number of new blood
vessels on day-5, decrease the number of new blood vessels accompanied by
increase the number of fibroblasts on day-7, and also decrease the number of
fibroblasts on day-14.

Conclusion: 3%, and 5% chitosan from haruan fish scale proved to be
effective against angiogenesis and fibroblast proliferation in wound healing.
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INTRODUCTION

Damage to the integrity of some body tissues due to trauma commonly referred to as injury can occur
intentionally or not.>2 The prevalence of injuries according to the Ministry of Health of the Republic Indonesia in
2013 was 8.2% with the highest type of wound, namely abrasions of 70.9% followed by lacerations of 23.2%.3
Incidents of injuries in the field of dentistry can occur due to iatrogenic trauma caused by dentist errors during
dental and oral care procedures.* Based on research by Madhavan and Herald (2016)5, stated that most dentists
causing iatrogenic traumatic to the soft tissues of the oral cavity during crown preparation (52%), followed by
extractions (36%), root canal treatment procedures (17%), and restorative procedures (11%). If an injury is left
untreated, it can lead to the complications such as bleeding and infection wounds that occur will heal through
tissue repair, a complex process involving a lot of cell.5” Wounds become port de entry for microorganism to
enter the body, making the wound non-sterile. Pathogenic microorganism with their adhesins will bind to host
tissue receptors so that they can cause infection and delayed the wound healing process depending on the
pathogenicity of the microorganisme.4>

Wound healing process in the oral cavity generally has the same principles as wound healing in other
parts of the body and has the main goal for repairing tissue and function after injury. One of the important
process in wound healing is the proliferative phase which involves angiogenesis, fibroblast proliferation, and re-
epithelialization. Angiogenesis plays an important role in providing a supply of nutrients and oxygen to support
cell metabolism.8 This stage is characterized by the secretion of various cytokines and growth factors such as
Fibroblast Growth Factor (FGF), Transforming Growth Factor (TGFa, TGF B), Vascular Endothelial Growth
Factor (VEGF), and angiopoietin. Angiogenesis starts from day 3 to day 7 and increased on day 5.° This process
is simultaneously followed by fibroblast proliferation which is naturally stimulated by Interleukin-IB (IL-IB),
Platelet Derived Growth Factor (PDGF), and Fibroblast Growth Factor (FGF).1° Fibroblasts began to migrate
and accumulate into the wound site on the 3rd day and then increased on the 7th day.!! Fibroblasts decreased
on the 14th day because they were replaced by collagen matrix which marked the end of the proliferative phase.
Fibroblast proliferation is an important stage in wound healing because fibroblasts synthesize collagen matrix
which plays a role on initiating wound closure. Failure in this proliferation process will lead the failure of wound
healing so a good wound care is needed to prevent this failure.1?

Povidone iodine 10% can be administered for wound care. This medicine has become the gold standard
and the medicine of choice most often used by health care practicioner and even the public to help heal wounds.
On the other hand, prolonged use has negative side effects.1131445 Therefore, alternative materials that are
safer are needed, one of which is by using chitosan from haruan fish scales.’® Chitosan has been shown to be

non-toxic, has excellent biocompatibility and biodegradability, acts as a drug delivery system, antitumor agent,

antioxidant, anti-inflammatory, antibacterial, and can accelerate wound healing.*>*#

Chitosan plays a role in accelerating wound healing by inducing the migration of inflammatory cells such
as PMNs and macrophages, stimulating fibroblast proliferation and the process of angiogenesis for tissue
regeneration. %24 This is supported by the research of Matica et al. (2020)?* which states that chitosan can
accelerate wound healing by stimulating inflammatory cells, macrophages and fibroblasts. Research by Amer
et al. (2019)2 also stated that the chitosan of freshwater crab (Potamonautes niloticus) shells with
concentrations of 1%, 2%, and 3% had the effect of accelerating wound healing with the most effective

concentration of 1%. Research by Sulisetyowati et al. (2015)23 also proved that 2% chitosan was effective in
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wound healing. This was also supported by the research of Inan and Saraydin (2013)2* which showed that
chitosan with a concentration of 0.8% played a role in accelerating wound healing by increasing VEGF secretion.
and FGFR-3 which is a growth factor in wound healing.

The authors were interested in using haruan fish (Channa striata) in this research because this fish is the
most abundant type of fish consumed by the people of South Borneo. The edible body parts of the haruan fish
are 40-50% and the rest is thrown away as waste including fish scales. Accumulated fish waste can pollute it
environment and can cause many health problems if not effectively controlled. Fish scales that can be utilized
because contains the natural biopolymer chitin which is located at the bottom of the dermis of the scales haruan
fish. A derivative of chitin is chitosan that can be used in various ways various fields, one of which is
biomedicine.?®

Chitosan derived from haruan fish scales has been shown to have amino groups in molecular chains that
can induce antibacterial, antioxidant and anti-inflammatory properties.1”2528 This chitosan has a deacetylation
degree (DD) of 85.25%, which means higher than the degree chitosan deacetylation according to SNI is 275%.
DD is one of the important parameters of chitosan quality. The higher the DD, the more amino groups in the
chitosan molecular chain is expected so that the chitosan will be more reactive.?5

There has been no research on the effect of haruan fish scale chitosan on wound healing in terms of the
number of new blood vessels and fibroblasts motivated researchers to analyze the effectiveness of the chitosan

from haruan fish scales (Channa striata) on angiogenesis and the number of fibroblasts in incision wound.

RESEARCH METHOD

This research had been obtaining ethical feasibility statement from Ethics Committees of Dental Faculty,
Lambung Mangkurat University (No. 002/KEPKG-FKGULM/EC/I11/2022). This research used true experimental
with a post-test only with control group design. Haruan fish scale chitosan was made in Biochemistry Lab,
Faculty of Medicine, Lambung Mangkurat University. Chitosan solution with 1%, 3%, and 5% concentrate was
made in Biomedical Lab, Faculty of Medicine, Lambung Mangkurat University. Trial animals handling,
preparation of making process and stanning, also observation and calculating of the result in histopathological
preparations was held in Balai Veteriner Banjarbaru.

The Making of Chitosan Fish Scale: Three kilogram of haruan fish scale from haruan cracker industry
collected from Kampung Kuin Cerucuk. Fresh haruan fish scale was put in the ice box to keep it fresh. The fish
scale washed with running water and dried at 50°C in the oven for 24 hours. The scale was then crushed into
powder weighing 1,5 kilogram and stored in an airtight container. The powder of haruan fish scale deproteination
with natrium hydroxide (NaOH (4% b/v) which boiled for 1 hour. The scale powder cooled to room temperature
for 30 minute and filtering the sample residue. The sample washed with distilled water until pH was neutral and
filtered back, then put in the oven for 24 hours at 50°C. After deproteination, the powder of haruan fish scale
were demineralized with 1% HCL with a ratio of powder and solution was 1:4 and soaked for 24 hours. The
sample residues were filtered and the samples were washed repeatedly by using distilled water to get a neutral
pH, then the sample dried in the oven for 24 hours at 50°C.17:27

The powder of haruan fish scale containing chitin was tested first to detect the presence of chitin by using

Van Wesslink colour reaction test. The sample was reacted with 1% potassium-iodide (12-Kl) to give a yellowish-
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brown color, then add 1 M H2S0O4 to give a purplish red or red violet which there was positive reaction of chitin.
Then, chitin powder of haruan fish scales mixed with 50% NaOH and boiled for 2 hours on a hotplate with 80°C
temperature. The sample cooled for 30 minutes at room temperature, then washed with distilled water and dried
for 24 hours in the oven at 50°C. Final result of haruan fish scale chitosan in the form of white cream colour of
150 gram.1727.2% For making of chitosan solution, chitosan dissolved in 1% acetic acid to make 1%, 3%, dan 5%
concentrate of chitosan solution and added 50% glycerol.24:27.30
Trial Animals Handling: This study used 60 male Wistar rat aged 2-3 months and weighing 180-200

gram. The rats were adapted in a laboratory for 1 week. The rats were divided into five groups: negative control
group (K-), positive control group (K+), 1% chitosan from haruan fish scales, 3% chitosan from haruan fish
scales, and 5% chitosan from haruan fish scales. Each sample group was divided into 4 subgroups based on
the day of observation, namely the 3, 5t 7th and 14™ days. Angiogenesis were observed on day3', 5,7t days;
while for the proliferation stage, fibroblasts were observed on day 3, 7" and 14™ days. In order for rats to fall
asleep, a sedative procedure was conducted using diethyl ether exerting inhalation technique. The fur on the
back was shaved with 5 cm in length and 3 cm in width and then was disinfected with 70% alcohol to get a
sepsis condition during incision procedure. The incision wound was made for about 2 cm in length and 2 mm in
depth to subcutis at the back of rat. Wound position equal with os vertebrae and 50 mm from rat ear. Overflowing
blood was cleaned using distilled water and dried with sterile cotton bud.%31-34

Application 0,5 ml in the morning at 09.00 and in the afternoon at 15.00 of 10% povidone iodine and
1%, 3%, and 5% chitosan on wound area was done using sterile cotton bud with rotated one-way movement.
Each group of rats were euthanized 24 hours after day 3, 5, 7, and 14 using ketamine 22-44 mg/kg body weight
intramuscularly. Furthermore, excision of tissue in the wound area 30 mm long (around erythema) and 3 mm
wide with wound position was in centre. Wistar rat which have been sacrificed handled by incineration and then
buried in the space provided. 333536

Preparation of Making Process and Stanning: The incision tissue was fixed with 10% Neutral
Formalin (BNF) solution followed by tissue fixation, tissue trimming, tissue processing, tissue embedding
(blocking), and cutting (tissue block cutting). Staining of preparations was done using the Haematoxylin Eosin
(HE) method.%”

RESULTS
The histopathological preparations were observed using an Olympus microscope equipped with an EP50
camera and connected to a PC with a magnification of 400 times at 5 visual fields, then the number of new

blood vessels and fibroblasts was counted.
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Angiogenesis

Histopathological features and mean angiogenesis in wound healing on days-3, 5 and 7 are presented in

the following figures and tables.

Figure 1. Histopathological picture of angiogenesis on day-3 in the negative control group (A), positive control (B), 1%
chitosan from haruan fish scale (C), 3% chitosan from haruan fish scale (D), 5% chitosan from haruan fish scale (E)

Figure 2. Histopathological picture of angiogenesis on day-5 in the negative control group (A), positive control (B), 1%
chitosan from haruan fish scale (C), 3% chitosan from haruan fish scale (D), 5% chitosan from haruan fish scale (E)
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Figure 3. Histopathological picture of angiogenesis on day-7 in the negative control group (A), positive control (B), 1%
chitosan from haruan fish scale (C), 3% chitosan from haruan fish scale (D), 5% chitosan from haruan fish scale (E)

Tabel 1. Mean and Standard Deviation of Number of New Blood Vessels in Incision Wounds of Wistar Rats

Group Mean + SD
Day-3 Day-5 Day-7
Chitosan 1% 1400+£1,00 24,67+152 17,00+ 1,00
Chitosan 3% 18,00+£1,00 29,00+1,00 15,00+ 1,00
Chitosan 5% 1967+152 3200+£1,00 11,00+ 1,00
Positive Control 16,00+ 1,00 27,00+2,00 15,33+1,52
Negative Control 11,00+1,00 21,00+1,00 19,67 +1,52

Table 1 shows the average number of new blood vessels in the incision wounds of Wistar rats (Rattus
norvegicus) which were given chitosan from Haruan fish scales (Channa striata) concentrations of 1%, 3%, 5%,

positive control (10% povidone iodine), and control negative on day 3, 5, and 7.
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Figure 4. Average Number of New Blood Vessels

Based on figure 4, shows the average number of new blood vessels in each treatment group on day-3, 5
and 7. The average on the 3rd day shows the formation of new blood vessels is starting to occur, on the 5th
day the graph shows an increase, and on the 7th day the graph shows a decrease in the number of new blood
vessels.

Table 1 and Figure 4 show the formation of the number of new blood vessels on the 3rd day sequentially
starting from the most, namely the group given 5% chitosan from haruan fish scales, the group given 3%
chitosan from haruan fish scales, the group given 10% povidone iodine, the group given 1% chitosan from
haruan fish scales, and the least negative control.

Table 1 and Figure 4 show an increase in the number of new blood vessels on day 5 starting from the
most in a row, namely the group given 5% chitosan from haruan fish scales, the group given 3% chitosan from
haruan fish scales, the group given 10% povidone iodine, the group given 1% chitosan from haruan fish scales,
and the least negative control.

Table 1 and Figure 4 show the largest decrease in the number of new blood vessels on the 7th day
sequentially starting from the group given 5% chitosan from haruan fish scales, the group given 3% chitosan
from haruan fish scales, the group given 10% povidone iodine, the group given 1% chitosan from haruan fish
scales, and the least negative control.

Fibroblast Proliferation
Histopathological features of fibroblast cell number and mean in wound healing on days-3, 7, and 14 are

presented in the following figures and tables.
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Figure 5. Histopathological picture of number of fibroblasts on day-3 in the negative control group (A), positive control (B),
1% chitosan from haruan fish scale (C), 3% Chitosan from haruan fish scale (D), 5% chitosan from haruan fish scale (E).

Figure 6. Histopathological picture of number of fibroblasts on day-7 in the negative control group (A), positive control (B),
1% chitosan from haruan fish scale (C), 3% Chitosan from haruan fish scale (D), 5% chitosan from haruan fish scale (E).

Figure 7. Histopathological picture of number of fibroblasts on day-14 in the negative control group (A), positive control (B),
1% chitosan from haruan fish scale (C), 3% Chitosan from haruan fish scale (D), 5% chitosan from haruan fish scale (E).
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Table 2. Mean and Standard Deviation of Number of Fibroblast Cells in Incision Wounds of Wistar Rats

Group Mean + SD
Day-3 Day-7 Day-14
Chitosan 1% 22,00£1,00 42,00+1,00 2500=1,00
Chitosan 3% 26,67 158 4767+153 23,00x1,00
Chitosan 5% 29,00+£1,00 53,00+1,00 20,00%1,00
Positive Control 24,00+1,00 45,00+2,00 23,33+1,53
Negative Control 18,00+ 1,00 37,00+1,00 29,00+ 1,00

Table 2 shows the average number of fibroblast cell in the incision wounds of Wistar rats (Rattus
norvegicus) which were given chitosan from Haruan fish scales (Channa striata) concentrations of 1%, 3%, 5%,
positive control (10% povidone iodine), and control negative on day 3, 7, 14.
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Figure 8. Average Number of Fibroblast Cell

Figure 8 shows the average number of fibroblasts in each treatment group on days 3, 7, and 14. The
average on the 3rd day graph shows that fibroblasts are starting to be stimulated, on the 7th day the graph
shows an increase, and on day 14th shows a decreasing graph.

Table 2 and Figure 8 show the formation of fibroblasts on day 3 sequentially starting from the most,
namely the group given 5% chitosan from haruan fish scale, the group given 3% chitosan from haruan fish
scale, the group given 10% povidone iodine, the group given given 1% chitosan from haruan fish scale, and the
least negative control.

Table 2 and Figure 8 show an increase in the number of fibroblasts on day 7 starting from the most in a
row, namely the group given 5% chitosan from haruan fish scale, the group given 3% chitosan from haruan fish
scale, the group given 10% povidone iodine, the group given 1% chitosan from haruan fish scale, and the least
negative control.

Table 2 and Figure 8 show the largest decrease in the number of fibroblasts on day 14 in a row starting
from the group given 5% chitosan from haruan fish scale, the group given 3% chitosan from haruan fish scale,
the group given 10% povidone iodine, the group given 1% chitosan from haruan fish scale, and the least
negative control.

The data obtained was then subjected to statistical analysis using SPSS 26.0. The data normality test
used the Shapiro Wilk test and the homogeneity test used Levene's test. Data that proved to be normally
distributed and homogeneous were tested by parametric OneWay ANOVA
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Table 3. One way ANOVA test results

Group Sig

Day-3 .000

Angiogenesis Day-5 .000
Day-7 .000

Day-3 .000

Fibroblast proliferation Day-7 .000
Day-14 .000

The results obtained in the table 3 show significance of 0,000 (p-value <0.05), it means that there were

significant differences between treatment groups in angiogenesis and fibroblast proliferation.

DISCUSSION
The proliferative phase is one of the phases that plays an important role in establishing a balance

between scar tissue formation and tissue regeneration in wound healing that occurs from day 3 to day 14. The
proliferative stage consists of 3 main processes, namely angiogenesis, fibroblast proliferation, and
reepithelialization.38-41
Angiogenesis

Table 1 and Figure 4 show that the chitosan of Haruan fish scales had an effective effect on the formation
of new blood vessels on the 3rd day, increasing the number of new blood vessels on the 5th day, and decreasing
the number of new blood vessels on the 7th day. This is in line with the theory and research of Luthfi et al.
(2020)#° which stated that angiogenesis occurs during the proliferative phase of wound healing starting on day
3 to day 7 and increasing on day 5. This study proved that 1%, 3%, 5% chitosan from haruan fish scales and
10% povidone iodine were more effective than negative controls in forming new blood vessels on day 3 and
increasing the number of new blood vessels on day 5. This shows that the chitosan of haruan fish scales in
wounds can accelerate the formation and increase in the number of new blood vessels so that the process of
removing debris, providing nutrients, and oxygen in the metabolic process for tissue regeneration during wound
healing can be accelerated.?224

Chitosan consists of a chain of N-acetyl-D-glucosamine in the form of a polymer which will be
biodegraded by lysozyme enzymes into N-acetylglucosamine monomers that can bind to the main macrophage
receptor, the mannose receptor so that macrophages will be activated and proliferate. Activated macrophages
will increase metabolic activity in the secretion of growth factors such as Vascular Endothelial Growth Factor
(VEGF), Fibroblast Growth Factor (FGF), Transforming Growth Factor (TGF), and angiopoietin which can
accelerate the formation of new blood vessels through increased proliferation and differentiation of endothelial
cell.#2- 43, 44 Povidone iodine also plays a role in increasing vessel formation new blood in the wound healing
process by binding to CD34+ which activates EPCs (endothelial progenitor cells) for proliferation and endothelial
cell differentiation.°

3% chitosan from haruan fish scales in this study was shown to have an effect equivalent to 10% povidone
iodine in forming new blood vessels on day 3 and increasing the number of new blood vessels on day 5. This

is because the chitosan from haruan fish scale and 10% povidone iodine both have antibacterial activity which
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can help wound healing in the inflammatory phase so that the proliferation phase can begin more quickly.8
Chitosan from haruan fish scale has a very positively charged amine group (-NH2) that very reactive so it can
bind to the negatively charged bacterial cell wall. The interaction between the -NH2 group and the bacterial cell
wall can change the permeability of the bacterial cell and cause leakage of protein and other intracellular
components, which then causes bacterial cell death.'” Povidone iodine 10% acts as an antibacterial by inhibiting
bacterial protein synthesis through the oxidation of amino acids in the membrane bacterial cells.*>

5% chitosan from haruan fish scales in this study proved to be more effective than 10% povidone iodine
in forming new blood vessels on day 3 and increasing the number of new blood vessels on day 5. Besides it
proven that chitosan have antibacterial activity, chitosan of haruan fish scales also consists of an amino group
(-NH2) and a hydroxyl group (-OH) which are the key functional groups of antioxidant activity in chitosan. This
antioxidant activity can accelerate tissue repair in wound healing by reducing the negative impact of free radicals
through inhibiting the production of oxidants produced by phagocytic cells.?846 Chitosan from haruan fish scales
also have the monomer N-acetylglucosamine which can stimulate fibroblast proliferation to support the process
of angiogenesis in wound healing, whereas 10% povidone iodine can inhibit fibroblast proliferation and does
not have antioxidant activity so that mediation for angiogenesis is inhibited.4246:47

This study proves that 3%, 5% chitosan from haruan fish scales and 10% povidone iodine are more
effective than negative controls in reducing the number of new blood vessels on the 7th day. This is in line with
the research of Inan and Saraydin (2013)24, stated that chitosan accelerates wound healing by increasing VEGF
secretion in the process of angiogenesis on day 3 and decreased on day 7. VEGF plays a role in stimulating
vascular growth to areas with low oxygen which is regulated by Hypoxia Inducible Factor-1 (HIF-1).

The reduction in the number of new blood vessels begins with biodegradable chitosan thereby increasing
the stimulation of improved nutrition and oxygenation. This induces proteosome enzymes as enzymes that play
a role in degrading proteins that should not be expressed in the normal wound phase to become active and
stabilize the HIF-1a protein. Proteosome enzymes stimulated by chitosan lead to a decrease in the expression
level of the HIF-1a protein, which is accompanied by a decrease in VEGF and migration and proliferation of
endothelial cells. 846 This decrease is also supported by research by Widowati (2020)#¢ who proved that 5%
chitosan concentration can reduce HIF expression -1a on the 7th day of wound healing.

3% chitosan from haruan fish scale in this study was shown to have an effect equivalent to 10% povidone
iodine in reducing the number of new blood vessels on the 7th day of wound healing. This is because the new
blood vessels formed on the 3rd and 5th day after administration of chitosan fish scales and povidone iodine
both recovered inflammation and hypoxia. This causes pericytes that stabilize endothelial cells to secrete
inhibitors of vascular proliferation secretion via TGF-B activation. This is accompanied by a decrease in the
number of new blood vessels. 94

5% chitosan from haruan fish scale in this study proved to be more effective than 10% povidone iodine
in reducing the number of new blood vessels on the 7th day. These results proved that 10% povidone iodine
has a smaller effect on reducing the number of new blood vessels compared to 5% concentration of haruan fish
scale chitosan. This is because many new blood vessels are needed to supply nutrients and oxygen to support
the wound healing phase due to the inhibition of fibroblast proliferation due to the administration of 10%

povidone iodine.*”
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1% chitosan from haruan fish scale in this study proved not significant with the control group nor with the
positive control on each day treatment. This explains that 1% chitosan from haruan fish scale is not able to
accelerate angiogenesis. Meanwhile it also proves that the positive control is more effective than 1%
chitosan.?2:24
Fibroblast Proliferation

Table 2 and Figure 8 show that the chitosan of Haruan fish scales effectively stimulated the emergence
of fibroblasts on day 3, increased the number of fibroblasts on day 7, and decreased the number of fibroblasts
on day 14. This is in line with research by Laut et al. (2019)*? and Dwita et al. (2020)** which proved that
fibroblasts began to appear on day 3, increased in number on day 7, and decreased on day 14.

This study proves that chitosan fish scales with concentrations of 3%, 5%, and 10% povidone iodine are
more effective than negative controls in stimulating the appearance of fibroblasts on day 3 and increasing the
number of fibroblasts on day 5 during wound healing. These results indicate that the chitosan of Haruan fish
scales is proven to stimulate and increase the number of fibroblasts thereby accelerating wound healing. This
is because the N-acetylglucosamine monomer in chitosan will stimulate macrophages to increase cytokines and
growth factors such as Interleukin-IR (IL-13), Platelet Derived Growth Factor (PDGF), Fibroblast Growth Factor
(FGF), and Transforming Growth Factor-beta (TGF-R) which is important for fibroblast proliferation and
differentiation.® Povidone iodine has the ability to encourage the expression of transforming growth factor (TGF
3) which has role in wound healing. Increased expression of transforming growth factor (TGF ) induces a
change in the phenotype of fibroblasts to myofibroblasts. Increased myofibroblast activity contributes to wound
closure.®

Chitosan from haruan fish scales with concentrations of 3% in this study were shown to have an effect
equivalent to 10% povidone iodine in stimulating the appearance of fibroblasts on day 3 and increasing the
number of fibroblasts on day 5 in wound healing. This is because the chitosan from haruan fish scale and 10%
povidone iodine both have an antibacterial role so that they can accelerate wound healing. Chitosan acts as an
antibacterial through its ability to penetrate into the bacterial nucleus and binds to DNA to inhibit the processes
of DNA transcription, RNA and protein synthesis, causing bacterial death.l” Povidone iodine also acts as an
antibacterial because it has a 1-vinyl-2-pyrolidinone polymer complex which can destroys nucleotides and
proteins in bacteria.>°

5% chitosan from haruan fish scales in this study proved to be more effective than 10% povidone iodine
in stimulating the appearance of fibroblasts on day 3 and increasing the number of fibroblasts on day 5. Besides
it proven that chitosan have antibacterial activity, chitosan of haruan fish scale also has antioxidant activity
which can accelerate wound healing, while 10% povidone iodine does not have antioxidant activity so that the
mediation to stimulate and increase the number of fibroblasts is inhibited. These results are in line with the
research of Putri et al. (2020)% stated that there is antioxidant activity in chitosan from haruan fish scales as
evidenced by its ability to reduce free radical activity such as hydrogen peroxide, superoxide anions, and Cu2+
ions by binding to these radical ions.

This study proves that chitosan from haruan fish scales with concentrations of 3%, 5% and 10% povidone
iodine are more effective than negative controls in reducing the number of fibroblasts on the 14th day. This is
because chitosan forms cross-linked with glycosaminoglycan and glycoprotein which are extracellular matrix

macromolecules, thereby synthesizing TGF-31 and stimulating granulation tissue maturation. Adequate tissue
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formation causes a decrease in the number of fibroblasts and increases collagen synthesis which forms scar
tissue.'®

Chitosan from fish scales at a concentration of 5% in this study proved to be more effective than 10%
povidone iodine in reducing the number of fibroblasts on the 14th day. The decrease in the number of fibroblasts
in the wound is accompanied by the turnover of fibroblasts into a collagen matrix which plays a role in filling the
wound cavity. Povidone iodine 10% in this study proved to have a smaller effect on reducing the number of
fibroblasts in wound healing. This is due to the inhibition of collagen synthesis in supporting the wound healing
phase because the inhibition of fibroblast proliferation after being given by 10% povidone iodine.*” These results
are in line with the research of Danarti et al. (2014)** which stated that povidone iodine in concentrations of
more than 0.1% is toxic to fibroblasts, causing damage to cells.

1% chitosan from haruan fish scale in this study proved not significant with the control group nor with the
positive control on each day treatment. This explains that 1% chitosan from haruan fish scale is not able to
accelerate fibroblast proliferation. Meanwhile it also proves that the positive control is more effective than 1%

chitosan.22.24

CONCLUSION

The results of this study showed that 3%, and 5% chitosan from haruan fish scale proved to be effective
against angiogenesis and fibroblast proliferation in wound healing. Chitosan from haruan fish scales
concentrations of 3% have an effectiveness equivalent to 10% povidone iodine on angiogenesis and fibroblast
proliferation in wound healing. 5 % chitosan from haruan fish scale was the most effective concentration
compared to 10% povidone iodine in accelerating the wound healing process in terms of the number of new

blood vessels and fibroblast proliferation.
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