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ABSTRACT 
 

Burns are a condition that is often found in the world in various cases such as accidents. The 
incidence of burns will probably increase as human activities become more complex. Wounds that are not 
treated immediately tend to become infected and cause death. Fish oil is one of the ingredients that has been 
studied for wound healing. Previous research shows that fish oil is rich in long-chain omega-3 fatty acids 
such as docosahexaenoic acid and eicosapentaenoic acid, which have anti-inflammatory effects. However, 
there has not been much research on the type of fish oil used and the wound healing process. The aim of 
this study was to determine the wound-healing activity of milkfish (Chanos chanos Forsskal.), patin 
(Pangasius djambal), and eel (Anguilla bicolor) fish oil. Tests were carried out on 25 mice as an experimental 
animal model for burn wounds. Data on percentage wound reduction and the re-epithelialization process 
were statistically calculated using one-way analysis of variance (ANOVA) followed by a post-hoc LSD test. 
The research results showed that milkfish oil, patin fish oil, and eel fish oil in a concentration of 10% on an 
ointment basis were able to reduce wounds significantly. Eel fish oil shows the greatest burn wound healing 
process with re-epithelialization when compared to other oils. The type of fish oil affects the wound healing 
process.  
Keywords: Fish; Omega-3; Wound Healing; Re-Epithelialization 
 

INTRODUCTION  
Burns are the tissue damage produced by 

thermal stress (Razdan et al., 2023) . Burns may 
cause deep tissue damage under the surface 
(Sasongko et al., 2018). According to data from the 
World Health Organization (WHO), there were 
around 180.000 deaths caused by burns in the year 
2018 (Hughes et al., 2021). Every year, over 
195.000 people in Indonesia die as a consequence 
of burns (Angkoso & Kekalih, 2022). The high 
burn-related fatality rate is a source of worry for 
health professionals and researchers worldwide 
who are doing medication development studies. 
The human body may heal burn wounds by a 
variety of mechanisms such as coagulation, 
inflammation, matrix synthesis and deposition, 
angiogenesis, fibroplasia, epithelialization, 
contraction, and remodeling (Kazemzadeh                 
et al., 2022). Increasing the pace of wound healing 
and lowering wound healing time has long been a 
major priority (Liang et al., 2022). 
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Fish oil is a natural ingredient that is known 
to have an influence on the healing process of      
burn wounds (Sasongko et al., 2022). Burns cause 
an increase in saturated fatty acids and 
monounsaturated fatty acids compared to 
polyunsaturated fatty acids in plasma 
phospholipids (Salehi et al., 2023). These changes 
may be consistent with a pro-inflammatory 
response and suggest a possible increased 
utilization of lipids to synthesize membrane lipids 
to improve wound healing (Novak et al., 2017). 
Previous research shows that fish oil is rich in long-
chain omega-3 fatty acids such as docosahexaenoic 
acid (DHA) and eicosapentaenoic acid (EPA), 
which have anti-inflammatory effects (Sasongko et 
al., 2020). The type of fish oil is thought to influence 
the therapeutic effect due to variations in 
nutritional content (Sasongko, Zulpadly, et al., 
2023). Several types of fish oil that are known to be 
rich in omega-3 fatty acids, especially EPA and 
DHA, are milkfish oil (Chanos chanos), eel fish oil 
(Anguilla bicolor), and patin oil (Pangasius 
djambal)    (Kusharto   et    al.,    2014) ;   (Sasongko,  
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Nugroho, et al., 2023).  
Variations in the content of fatty acids and 

other components contained in fish oil allow for 
differences in the ability to heal burn wounds. In 
general, the wound repair process can be divided 
into three stages: inflammation, proliferation, and 
remodeling (Eming et al., 2014). The proliferation 
stage is the most important step in the wound 
repair process, which involves the proliferation 
and migration of various cells, including 
endothelial cells, fibroblasts, keratinocytes, and 
macrophages (Gong et al., 2023). More specifically, 
the proliferation stage can be divided into two 
parts, namely re-epithelialization and granulation 
tissue formation, which are complementary, 
closely related, and influence each other (Baltzis et 
al., 2014). Granulation tissue instantly fills the 
tissue defect, and the epidermis eventually covers 
the wound to full re-epithelialization, indicating 
wound healing (Gong et al., 2023). There have not 
been many studies on the effect of fish oil on burn 
wound healing. The aim of this study was to 
determine the wound-healing activity of milkfish, 
patin, and eel fish oil. In this study, the re-
epithelialization process was evaluated as the main 
pathological parameter in the wound healing 
process. 

 

MATERIALS AND METHODS 
Materials 

Milkfish purchased from the Mojosongo fish 
market, Central Java, aged 5–6 months with a body 
weight range of 300–400 g; eel fish purchased from 
the Colomadu eel fish farming place, Central Java, 
aged 4–5 months with a body weight range of 300–
500 g; patin (Pangasius djambal) originating from 
the Mojosongo fish market, Central Java, aged 5–6 
months with a body weight range of 300–500 g; 
vaseline album; cera alba; male white mice (Mus 
musculus) BALB-C strain aged 2–3 months 
weighing 20–30 g; and 10% povidone iodine 
ointment . 

 
Fish oil extraction 

Milkfish, patin, and eel fish oils are 
separately extracted using the boiling method. 
Each fish was cut into smaller pieces and ground 
using a blender. Then, the fish blender added the 
water (1:2 w/v) and put it into a pan. Then,                   
it was heated with an electric stove at 100°C             
for 40 minutes (Sasongko et al., 2017). Each 
separate fish oil processing process is taken as 
milkfish oil (CFO), patin fish oil (PFO), and eel fish 
oil (AFO). 

 
 
 

Fish oil sample preparation 
The fish oil obtained was then prepared and 

formulated with a standard hydrocarbon ointment 
base (Table I). The formulation of hydrocarbon 
ointment is carried out by weighing vaseline album 
and cera alba according to what is needed. Then 
the two bases were melted in a porcelain cup using 
a water bath at a temperature of 61–65 oC 
(Sasongko et al., 2018). Then, pour the melted base 
mixture into a mortar, add half of the fish oil to 
reach the desired concentration formula, and stir 
until thoroughly mixed. 

 
Animals preparation 

The experimental animals used were male 
mice (Mus musculus) aged 2–3 months, weighing 
20–30 g, obtained from the Dunia Kaca Laboratory, 
Kemuning, Karanganyar, Central Java, Indonesia. 
Mice were placed in a 12-hour light cycle and a 12-
hour dark cycle for a week and received unlimited 
food and drink. All testing protocols have received 
approval from the Health Research Ethics 
Committee of RSUD Dr. Moewardi Surakarta, 
Central Java (No: 1021/VII/HREC/2022). 

 
Burn wound model 

All animals were given 5 mg/kg Xylazine 
and 60 mg/kg Ketamine intraperitoneally (i.p.). 
After the mice became unconscious, we shaved 
their back hair with depilatory lotion and stroked 
them with 70% ethanol. Mice with hairless backs 
were exposed to a hot brass rod (diameters 10 
mm) for 45 seconds to induce burn injuries (Gupta 
et al., 2015) . 

 
Animal groups 

After a week of acclimatization, 25 mice 
were separated into five groups and each group 
consisted of five animals (n = 5). All groups 
consisted of mice that experienced a burn injury 
model. Group 1 did not receive fish oil sample 
treatment and was only given hydrocarbon 
ointment base (control group). Group 2 was 
treated   with   ointment   containing 10% povidone  
 
 

Table I. Fish oil formula in hydrocarbon 
ointment base 
 

Material Material weight (grams) 
Milkfish Oil - 5 - - 
Eel Fish Oil - - 5 - 
Patin Fish Oil - - - 5 
Cera Alba 7.5 6.75 6.75 6.75 
Vaseline Album 42.5 38.25 38.25 38.25 
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iodine (Standard group). Group 3 was treated with 
samples of milkfish oil (CFO). Group 4 was treated 
with samples of patin oil (PFO). Group 5 was 
treated by giving samples of eel fish oil (AFO). The 
experiment was carried out for 21 days by giving a 
sample of ± 0.25 grams every morning, smeared on 
the burn area. 

 
Assessment of wound size reduction 

Measurement of the area of the burn wound 
was carried out on days 1, 7, 14, and 21 after 
treatment. On day 22, all mice were sacrificed by 
cervical dislocation and evaluated using various 
parameters. The number of days based on the 
nearly closed wound condition to clearly see the 
histopathology. The following equation calculated 
the percentage of recovery and total wound 
closure (%) at each time point compared to the 
original wound, based on the wound image : 

 

Wound size reduction(%)= 
(initial wound area at first day  –  wound area at day n)

initial wound area at  first day
 ×100 

      
Epithelialization analysis 

On day 22, mice from each group were 
slaughtered by cervical dislocation to remove the 
scar tissue for histological analysis. Sample fixation 
was carried out in 10% formalin solution. After the 
samples were embedded in paraffin, 5 µm sections 
were cut using a microtome. Using established 
methods, tissue sections were stained with 
hematoxylin and eosin (H&E). Histological 
examination was carried out qualitatively and 
quantitatively to determine the general 
morphology and re-epithelialization process of    
the wound using a microscope with 400x 
magnification. 

 
Statistical analysis 

Data was presented for each group as mean 
± standard deviation (SD). Statistical analysis was 
carried out using one-way analysis of variance 
(ANOVA) with a significance of 95% (p<0.05).                
To differentiate groups of experimental animals,     
a post-hoc LSD test was applied using statistics. 

 

RESULTS 
Figure 1 shows the burn wound healing 

activity based on macroscopic observations of 
wounds in each group on days 1, 7, 14, and 21. All 
treatment groups experienced wound healing 
activity from day 7 to day 21 observation. The 
wound is still widening from the first to the 
seventh day. On day 14, the standard group treated 
with povidone iodine ointment (10%) had signs of 
healing, with the wound beginning to reduce. In the 
other group, the injuries remained visible but had 

begun to diminish in size. Based on the post hoc 
LSD test in Table II, the treatment group had a 
significant difference (p<0.05) in wound area 
compared to the control group on days 7, 14, and 
21. On day 21, the eel fish oil (AFO) treatment 
group had no differences. significant (p<0.05) with 
the standard group, while the milkfish oil (CFO) 
and patin oil (PTO) treatment groups had 
significant differences (p<0.05) with the standard 
group. This shows that eel fish oil has wound 
healing activity that is comparable to the standard 
group. 

Figure 2 shows the percentage of wound 
healing activity from day 1 to day 21, with the 
highest percentage in the standard group, followed 
by the eel fish oil (AFO) treatment group and the 
milkfish oil (CFO) treatment group.  

Figure 3 shows the mean amount of 
epithelial tissue after treatment on day 22. The 
standard group had the highest mean, followed by 
the eel fish oil (AFO) treatment group and the 
milkfish oil (CFO) treatment group. A comparison 
of the mean amount of epithelial tissue between 
the control group and other treatment groups 
showed an increase in the amount of epithelial 
tissue, which indicated that re-epithelialization 
had occurred, causing the wound area to decrease. 
Based on the results of the post hoc LSD test in 
Table II, it shows that the milkfish oil (CFO) and eel 
fish oil (AFO) treatment groups did not have 
significant differences compared to the standard 
group, so that the milkfish oil (CFO) and eel fish oil 
(AFO) treatment groups had activity. The re-
epithelialization was comparable to that of the 
standard group. 
 

DISCUSSION 
The results of this study indicate that fish oil 

has wound healing activity which is in line with 
accelerating the re-epithelialization process. 
Tanideh et al. (2016) also revealed the re-
epithelialization process of fish oil on wounds, 
where its anti-inflammatory properties reduce 
exudate and scar tissue. The study, while requiring 
a combination with other ingredients like honey, 
did not specify the type of fish oil used. Fish oil's 
omega-3 fatty acids can also serve as a nutritional 
supplement and a preventative measure to 
preserve skin health and homeostasis (Meng et al., 
2021). The ability to heal wounds is due to the 
composition of fish oil in the form of omega-3 fatty 
acids, omega-6 fatty acids, omega-9 fatty acids, EPA 
and DHA. On day 1, all treatment groups had not 
experienced wound healing but there was the 
formation of scabs which still looked reddish and 
wet. This is an inflammatory phase where the body 
will experience hemostasis and produce blood 
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clots to cover the wound so that necrotic tissue 
forms (Xue et al., 2018) . Arachidonic acid, which is 
a derivative of omega-6 fatty acids in fish oil, plays 
an important role in this phase as a pro-
inflammatory and anti-inflammatory. Arachidonic 
acid is converted by the enzyme cyclooxygenase 
(COX) into eucosanoids such as prostaglandin, 
prostacyclin and thromboxane. Prostasin plays a 
role in improving blood flow, while thromboxane 
causes blood platelets to stick together and clot. 
Apart from that, arachidonic acid is also converted 
by the lipoxygenase enzyme into leukotrienes and 
lipoxins. Leukotirene plays a role in phagocytosis 
of foreign compounds by attracting neutrophils 
and macrophages towards the wound and at the 
same time, neutrophils release chemical 
compounds to recruit more neutrophil cells. At a 
certain stage, the action of neutrophils must be 
prevented because it can damage cells and tissues 
caused by chemical compounds released by 

neutrophils. The formation of lipoxin can prevent 
the formation of leukorrhea so that the action of 
neutrophils can be stopped. Lipoxin is an anti-
inflammatory mediator that prevents neutrophil 
cell infiltration leading to inflammation so that 
inflammation does not continue (Daisa et al., 
2017). 

On days 7 and 14, the wound shrinks, 
indicating a proliferation phase characterized by 
re-epithelialization and the formation of 
granulation tissue which occurs over 3 to 10 days 
(Mofazzal et al., 2018). Re-epithelialization 
consists of migration, proliferation and 
differentiation of epithelial cells by changing 
keratinocytes into a proliferative phenotype which 
is influenced by several growth factors, one of 
which is Transforming growth factor- β (TGF- β) 
(Krishnaswamy & Korrapati, 2014). Furthermore, 
keratinocytes migrate through the interaction of 
various extracellular matrix (ECM) proteins such 

 
 

Figure 1. Macroscopic appearance of burn wounds in mice during the 21 days of the experiment 

 
Table II. Wound extent of burn wounds in mice after topical administration of CFO, PFO, and 

AFO for 21 days 
 

Group 
Mean ± SD 

Day 1 Day 7 Day 14 Day 21 
Control 0.785 ± 0 0.774 ± 0.067 0.762 ± 0.054 0.662 ± 0.151 

Standard 0.785 ± 0 0.605 ± 0.123 * 0.419 ± 0.212 * 0.129 ± 0.109 * 

CFO 0.785 ± 0 0.711 ± 0.054  0.547± 0.176 * 0.305 ± 0.128 * 

PFO 0.785 ± 0 0.736 ± 0.199  0.587± 0.034 * 0.319 ± 0.184 * 

AFO 0.785 ± 0 0.713 ± 0.305  0.413 ± 0.089 * 0.267 ± 0.079 * 

 

*, p<0.05 indicates significant difference compared to the control group 
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as fibronectin, vitronectin, and type I collagen via 
specific integrin mediators and form a temporary 
fibrin matrix. The fibrin matrix is temporarily 

replaced by granulation tissue, which consists of 
three types of cells: fibroblasts, macrophages, and 
endothelium. The formation of granulation tissue 

 
 

Figure 2. Percentage of burn wound healing activity in mice after topical administration of CFO, 
PFO, and AFO for 21 days. *, p<0.05 indicates significant difference compared to the control 

group. 
 

 
 

Figure 3. The process of re-epithelialization of burn wounds in mice after topical 
administration of CFO, PFO, and AFO for 21 days. *, p<0.05 indicates significant 

difference compared to the control group. 
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is determined by the number of fibroblasts, 
endothelium and macrophages. Fibroblasts have 
an important role in the formation of granulation 
tissue. Macrophages will produce growth factors 
such as PDGF and TGF- β1 which cause fibroblasts 
to proliferate, migrate, deposit extracellular 
matrix, and stimulate the endothelium for 
angiogenesis. Angiogenesis begins when blood 
clots form due to the release of TGF-β, PDGF, and 
fibroblast growth factor (FGF). When hypoxia 
occurs, the production of VEGF is stimulated and, 
together with several cytokines, activates 
endothelial cells to form new blood vessels and 
repair damaged ones. The release of PDGF and 
TGF-β also stimulates fibroblasts to develop and 
contributes to the formation of type 3 collagen 
fibers and fibronectin in the extracellular matrix. 
This process continues with epithelialization, 
where epithelial cells grow from the edge of the 
wound to the entire wound area through the 
epithelial-mesenchymal transition (EMT) process 
(Marconi et al., 2021). 

On day 21, it appeared that the wounds in 
the standard group had covered the entire surface 
and in the treatment group there were only a few 
open wounds. In this case, a remodeling phase 
occurs, where fibroblasts differentiate into 
myofibroblasts, which then produce extracellular 
matrix, especially collagen. Myofibroblasts play an 
important role in tensile forces, which result in 
actin and myosin interactions in the wound area 
(Soji-Omoniwa et al., 2022). Apart from mature 
epithelial cells, basement membrane deposition 
occurs which consists of localization of cell 
membrane components such as type 3 collagen, 
laminin-1 and heparan sulfate proteoglycans 
(Ningsih et al., 2019). The matrix metalloproteinase 
(MMP) enzyme carries out the process of splitting 
type 3 collagen into type 1 collagen. Interlocking 
collagen fibers, especially of the type I phenotype, 
are rearranged in small parallel bundles along 
tension lines when the synthesis process is 
balanced (Xue et al., 2018) . The EPA and DHA 
content in omega 3 can topically heal wounds by 
increasing the cytokines IL-6 and TGF- β (Karoud 
et al., 2020) . An increase in the IL-6 cytokine 
causes collagen production by fibroblasts to 
increase so that the increased amount of collagen 
makes the wound healing process occur quickly 
(Johnson et al., 2020). Increased TGF- β can 
stimulate increased wound healing processes by 
regulating various events in the proliferation 
phase such as re-epithelialization and granulation 
tissue formation (Alsenani et al., 2021) . The fatty 
acid content in fish oil is very high, but omega-3 
fatty acids, especially EPA and DHA, have been 

widely reported to be responsible for wound 
healing activity (Meng et al., 2021). 

Post hoc LSD test statistical analysis of the 
average amount of epithelial tissue (Figure 3) on 
day 22 showed that the standard group had the 
highest average amount of epithelial tissue, 
followed by the eel fish oil (AFO) and milkfish oil 
(CFO) treatment groups. This result is directly 
proportional to the percentage of wound healing 
activity where a high amount of epithelial tissue 
has a high percentage of wound healing activity as 
well. The results of the post hoc LSD test statistical 
analysis of the extent of wound healing (Table II) 
and the graph of the percentage of wound healing 
activity (Figure 2) from days 1 to 21 show that the 
standard group has the ability to heal quickly 
compared to other treatment groups. The standard 
group was given ointment treatment containing 
povidone iodine, which is a bond between iodine 
and polyvinyl as an antiseptic to prevent infection 
in wounds. Antiseptics are chemicals that prevent, 
slow down or stop the growth of microorganisms 
on the outer surface of the body and help prevent 
infection so that they can speed up the wound 
healing process by inhibiting the growth of 
bacteria in wounds (Babalska et al., 2021). On day 
7, the control group experienced an expansion of 
the wound, this may be because the skin tissue 
around the wound was damaged, and the control 
group was only given a hydrocarbon ointment base 
which did not contain active substances that help 
in the wound healing process. Based on the LSD 
post hoc test of the extent of wound healing, the eel 
fish oil (AFO) treatment group did not have a 
significant difference with the standard group so 
that the eel fish oil (AFO) treatment group had 
wound healing that was comparable to the control 
group so that eel fish oil was better than fish oil. 
milkfish and patin. However, from the post hoc LSD 
test, the mean amount of epithelial tissue, the eel 
fish oil (AFO) and milkfish oil (CFO) treatment 
groups did not have a significant difference from 
the standard group so that both oils had 
comparable re-epithelialization activity to the 
standard group. The results of this study are 
consistent with previous studies that widely 
attribute the wound healing process to anti-
inflammatory activity. 
 

CONCLUSION 
This study investigated the role of milkfish 

oil, patin oil, and eel fish oil in burn wound 
healing's re-epithelialization process. During the 
re-epithelialization process, different types of fish 
have different burn wound healing activities. This 
study   did   not   carry   out  the  quantification and  
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comparison of EPA and DHA fatty acid content. 
Therefore, future research can compare fatty acid 
content and wound healing activity. 
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