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ABSTRACT

Salmon skin extract contains high proline and hydroxyproline, and has been suggested as a potential
topical agent for traumatic oral ulcer healing. The aim of this study was to evaluate the effect of salmon
skin extract as traumatic oral ulcer healing. A total of 32 Wistar rats (200 g to 250 g) were distributed
into four groups. Group 1 served as the control group (no treatment), Group 2 was topically treated
with salmon skin extract agent 4%, Group 3 was topically treated with salmon skin extract agent 5%,
and Group 4 was topically treated with salmon skin extract agent 6%. Traumatic ulcers at lip mucosa
were performed in all rats and 0.1 ml salmon skin extract was applied on the ulcer twice daily for seven
days. The animals were euthanised on the last day of treatment. Biopsy specimens were taken from
the lip mucosa in all rats for epithelial thickness evaluation and the study for number of fibroblasts by
histological analysis. Significant increase in epithelial thickness and the number of fibroblasts (p > 0.05)
was observed in salmon skin extract treatment groups as compared to the control group. Salmon skin
extract 6% treatment group had the highest epithelial thickness and the number of fibroblasts amongst
the study groups. Salmon skin extract promises an innovative topical application treatment for traumatic
oral ulcer healing. Salmon skin extract 6% was the most effective concentration for traumatic oral ulcer
healing.
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INTRODUCTION are secondary lesions which resulted from

the loss of epithelial lining of the mouth,
The prevalence of traumatic oral ulcers in and stimulate the free nerve ending in the
the world reaches 24% of the population lamina propria that causes pain (Laskaris,

(Silva et al.,, 2015). Traumatic oral ulcers 2004; Regezi er al., 2015). Trauma can be
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from mechanical trauma, thermal trauma,
iatrogenic trauma or chemicals (Neville ez al.,
2015).

The wound healing process requires an
extracellular matrix which is the largest
fibrous component consisting of collagen
(Tracy et al., 2016). Collagen synthesis
will begin immediately on the 3rd day after
injury, which is after the proliferation of
fibroblasts begins. Collagen synthesis will
decrease slowly seven days after injury
(Chattopadhyay & Raines, 2014).

The development of microbial antibiotic
resistance is the reason for the global search
for antimicrobials from natural ingredients
(Aslam ez al., 2018). Natural materials that
have low side effects or risk, are usually
sourced from the sea (Bonifacio ez al.,
2014). Marine materials in Indonesia still
have good prospects to encourage the
economic recovery. Salmon is one of the
marine sources which has potential as an
export commodity. Processing of fisheries
waste, such as salmon skin into collagen as
treatment, however, is still limited (Silva
etal., 2014).

Acetate acid extract from salmon has an
ingredient that is rich in amino acids,
proline and hydroxyproline which are the
main components of collagen (Fan er al.,
2017). External collagen plays a role in
the maturation phase by helping natural
collagen from within the body to give
strength to new tissues and increase the
organisation of collagen fibres during wound
healing remodelling. The process of wound
healing involves a variety of specialised
cells, such as platelets, macrophages,
fibroblasts, epithelial and endothelial
cells. These cells interact with each other
and with the extracellular matrix such as
collagen. The collagen is synthesised and
deposited primarily by fibroblasts. Fibroblast
migration and deposition of extracellular
matrix (ECM) components conferring
increased the keratinocyte motility during
re-epithelialisation (Krafts, 2010).
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Based on the above background, the present
study had tested the effectiveness of topical
application of salmon skin acetic acid
extracts in the healing process of traumatic
oral ulcers in male Wistar rats, by analysing
the epithelial thickness and the number of
fibroblasts in the ulcer region, in search of
an alternative material for the treatment of
traumatic oral ulcers.

MATERIALS AND METHODS

This research is an experimental study using
the post-test only control group design. The
indicator used in analysing the therapeutic
effect of salmon skin acetic acid extract on
the healing process of traumatic oral ulcers is
by analysing the thickness of the epithelium
and the number of fibroblasts in the ulcer
region. The sample criteria used were male
Wistar rats, aged five months, body weight
around 200 g to 250 g. The study was
conducted at the Laboratory of Biomedicine
and Oral Biology, Faculty of Dentistry,
Universitas Hang Tuah Surabaya. Approval
for the experimental use of laboratory
animals was obtained from the local Ethics
Committee of the Faculty of Dentistry,
Universitas Hang Tuah Surabaya, Indonesia
(Ref. No.: 149/KEPK/XII/2018).

A total of 32 male Wistar rats were used in
this research. The experimental groups were
equally divided into four animal groups.
The Wistar rats were provided by and kept
under controlled environmental conditions
(24°C relative humidity 40% to 60%, 12 h
alternate light-dark cycles, food and water ad
libitum) in the Animal Centre Laboratory,
Faculty of Dentistry, Universitas Hang Tuah.
After one week of acclimatisation, the rats
were randomly allocated to four groups.
Group 1 served as the control group and
received no treatment, Group 2 was treated
with salmon skin extract agent 4% (0.1 ml,
2 x 1), Group 3 was treated with salmon skin
extract agent 5% (0.1 ml, 2 X 1), Group 4
was treated with salmon skin extract agent
6% (0.1 ml, 2 x 1) topically.



After weighing was complete, each animal
received a single intramuscular injection
of 80 mg/kg of xylazine and 10 mg/kg of
ketamine. Wounds were performed in all rats
for the traumatic oral ulcer animal model.
Punch biopsy of a 3 mm diameter is used
as a tool to induce injury by removing the
circular area of the lower labial mucosa.
A tool equipped with a rubber stopper is
placed on the punch to produce ulcers with
a controlled depth of 5 mm. Salmon skin
extracts were prepared based on study by
Bak er al. (2018). In the present study,
salmon skin extracts with concentrations of
4%, 5% and 6% were used. The application
of salmon skin extracts were made twice a
day with a cotton swab for seven days and
the lesions were treated daily. The animals
were sacrificed at the end of the 7th day
study period. A section of the lower labial
mucosa containing the induced ulcer was
collected, fixed with 10% paraformaldehyde,
embedded in paraffin and routinely
processed for hematoxylin-eosin staining
to count the number of fibroblasts in each
group using graticule and seen under a
microscope with 400X magnification. The
specimens were analysed by two blinded,
calibrated pathologists who evaluated the
epithelial thickness and the number of
fibroblasts. Data are presented as mean
+ SD. Statistically significant differences
between groups were determined by one-
way ANOVA followed by least significant
differences (LSD) test at p < 0.05 using
SPSS 23.0 for Windows (IBM, Armonk,
NY).
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RESULTS

The results obtained were presented in
Table 1 and Fig. 1. There was a statistically
significant difference between all groups.
Statistically significant (p < 0.001) increase
in epithelial thickness and the number of
fibroblasts were observed in salmon skin
topically treated groups as compared to the
control group. Traumatic oral ulcer group
with no treatment had the lowest epithelial
thickness and the number of fibroblasts
amongst the study groups. There were
significant differences in epithelial thickness
and the number of fibroblasts between the
groups treated using salmon skin extracts
with concentrations of 4%, 5%, and 6%.
The higher the therapeutic concentration,
the higher the thickness of the epithelium
and the number of fibroblasts. Salmon skin
extract 6% topically treated group had the
highest epithelial thickness and the number
of fibroblasts amongst the study groups.

DISCUSSION

Wistar rats are
provide several
other animals,
manipulation,

used because they
advantages compared to
including low cost, easy
low maintenance in the
environment, controlled sanitation and
special diets (Cavalcante er al., 2011).
Wistar rats and human oral mucosa have

similarities, which consist of complete
epithelial tissues on the surface and
connective tissues, called basal lamina

Table 1. Means and SD of epithelial thickness and the number of fibroblasts from each group

Epithelial thickness

The number of
fibroblasts

Mean SD Mean SD

Control
Salmon skin extract with concentrations of 4%

Salmon skin extract with concentrations of 5%

© © 0 0o

Salmon skin extract with concentrations of 6%

6.70 255 22.22 3.83
148.30 23.24 * 272.89 55.57 *
159.85 30.18 * 276.00 66.82 *
162.96 33.97 * 314.52 88.82 *

Note: *p < 0.05, significantly different from the control group.
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Epithelial thickness

Fibroblasts

Fig. 1 Histological features of epithelial thickness and the number of fibroblasts in traumatic oral ulcer
healing. (a) Group 1 served as the control group and received no treatment; (b) Group 2 was treated with
salmon skin extract agent 4%; (c) Group 3 was treated with salmon skin extract agent 5%; (d) Group 4 was
treated with salmon skin extract agent 6%.

which provides support and nutrition to the
epithelium (Sullivan et al., 2001).

The result of the present study proves that
collagen peptides derived from the salmon
skin extracts can accelerate the wound
healing process, thus could be a potential
therapeutic product that may be beneficial
in wound clinics. Overall treatment with
collagen peptide from salmon skin extracts
on rats with full-thickness excised wounds
had positive result in wound contraction
as compared with the control. Histological
assessment of collagen peptides treated
rats models showed a remarkable signs
of re-epithelialisation, tissue regeneration
and increased fibroblast proliferation. Re-
epithelialisation during the ulcer recovery
process can be examined by measuring
the thickness of the epithelial layer on
two opposite sides of the ulcer. Re-
epithelialisation is a complex series in
the process of wound healing, through
various stages of repair, proliferation and
differentiation of keratinocytes (Pastar er al.,
2014; Politis er al., 2016). The proliferation
of fibroblasts determines the outcome of
wound healing. Fibroblasts will produce
collagen which will link the wound, and

m http://aos.usm.my/

fibroblasts will also affect the process of
reepithelialisation that will close the wound
(Takeuchi ez al., 2017).

Peptide bioactivity from fish waste can
be wused as medicine because it has
antihypertensive, antioxidative, antimicrobial,
neuroprotective,  antihyperglycemic  and
anti-aging properties (Venkatesan ez al.,
2017; Cheung et al., 2015). Marine-derived
collagen has also been widely used for tissue
engineering because of its excellent bioactive
properties such as biocompatibility, low
antigenicity, high biodegradability and cell
growth potential (Cho ez al., 2014; Subhan
et al., 2015).

CONCLUSION

The results showed that the thickness of the
epithelium and the number of fibroblasts
increased with the increasing concentrations
of salmon skin extracts. The higher the
concentration of salmon skin extracts, the
higher the content of collagen, to accelerate
the process of re-epithelialisation and
proliferation of fibroblast cells in the healing
process of traumatic oral ulcers.
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