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ABSTRACT
Wound healing is part of the regeneration of skin tissue from the damage. This will be hampered by the
Methicillin resistant Staphylococcus aureus (MRSA) infection. This study aims to determine the effect of
+dalethyne against epithelialization in wound healing of the skin MRSA-infected rats. Thirty six Wistar rats, 3
months old, are divided into 6 groups, 2 groups of negative control, 2 groups of positive control, 2 groups of
treatment group (All are sacrificed on the fourth day and sixth day). Incision to the back skin of rats by a knife
along the incised 2 cm and depth to subcutaneous was done. Wound of positive control groups infected by
MRSA, wound in the treatment groups also infected MRSA and then applied topically +dalethyne. Each groups
are sacrificed on day 4 and 6, the skin tissue is fixed, made histological preparations, stained with HE. The
measurement of the epithelial length using Optilab mounted on a light microscope. The data are analyzed by
comparing the mean and SD. The epithelial length in the treatment group was higher than the positive control
{(0,46±0,19)vs(0,21±0,16);(0,63±0,76)vs(0,42±0,301), being compared with the negative control is not much
different. Conclusion: Topical +dalethyne accelerates epithelialization in wound healing of the skin MRSAinfected rat.
KEYWORDS: Wound healing, MRSA infection, +dalethyne, epithelialization.
1. INTRODUCTION
Nosocomial infection is still a serious problem,
especially in patients who need healthcare in hospital
for long period of time. Several bacteria causing
nosocomial infection are resistant to one or more
antibiotics. It worsens the condition of patients being
cared in hospital, even causes death and increases the
cost of hospitalization for patients. This is without a
doubt brings a loss to public who uses healthcare
facility, such as hospital. One of the indicators used to
measure hospital performance is nosocomial infection,
which is an indicator of healthcare quality in the
hospital. Bacterial infection inhibits wound healing
process on skin of patients who receive healthcare in
hospital, such as patient who has surgery, prosthetic
bone implantation, urinary catheter application,
infusion application for a long period, gangrene and
bedsore following a chronic metabolic disease with or
without complication, or immune system deficiency.
Several microbes causing nosocomial infection on the
skin are Staphylococcus aureus, Streptococcus pyogenes,
Acinetobacter sp., Pseudomonas sp. Staphylococcus
aureus is selected to be used in this research as the cause
of , nosocomial infection on the skin because this
bacteria is often found in severe infection or in patients
with immune system deficiency or combined infection
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with other bacteria. These bacteria can also cause
severe infection on the skin (Tortora, 2016).
Methicillin resistant Staphylococcus aureus (MRSA) is a
classified as bacteria which can produce biofilm, toxin,
and superantigen which can avoid immune system and
protect itself from antibiotic damage by using
staphylococcal cassette chromosome mec (SSCmec)
transfer which forms protection from antibiotic with
methicillin structure. This type of Staphylococcus aureus
can cause much severe pain when infecting skin with
open wound (Murray et al, 2016).
Wound on skin can be caused by several things, which
are wound from trauma (mechanical, chemical,
thermal, electric) or from blocking in blood vessel
(such as in Buerger disease). Wound can cause the
loss of skin structure, which affects epidermis, dermis,
or even muscle. Wound affecting dermis structure or
muscle will be followed by bleeding because blood
vessel is also affected. Wound becomes port d’entry
for microorganism to enter the body, causing wound to
be unsterile. Pathogenic microorganism which
p en et r a t e s through wounded skin can cause infection,
which can be localized, can spread to tissue beneath
the skin, and can even spread systematically to other
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organs
depending
on
pathogenicity
of
the
microorganism. Infection stimulates body immune
response to eradicate the microorganism. The immune
response can be non- specific (innate) and specific
(acquired) (Abbas, 2015).
When trauma happens and disrupts skin structure due
various things, inflammation is triggered as the first
defense to keep skin tissue and prevent wider damage.
When inflammation happens, there is infiltration by
inflammatory cells, such as PMN (polymorphonuclear),
macrophage, and lymphocyte, to destroy pathogenic
microorganism which penetrates the wound area. PMN
and macrophage do phagocytosis to microorganism
which penetrates through the wound and destroy the
microorganism by producing free radical. On the other
hand, lymphocyte is activated by dendritic cell
expressed receptor which recognizes pathogen.
Activated lymphocyte produces pro-inflammation
cytokines (TNF-α, IL-1, IL-6, IL-8) (Modlin et al, 2008).
Epithelialization is one of the basic mechanisms in
wound healing. Three main tissues that play role in
wound healing are connective tissue, blood vessel, and
epithelial tissue. Epithelialization, a complex process
involving epithelial cell, is modification of epithelial
cell internal structure which involves migration,
proliferation, and differentiation. In healing phases, there
is often an overlapping of time, physiology, and cell
type. It depends on etiology of the cause of wound,
whether infection happens, whether there’s medicine or
intervening action (Han, 2016).
Bacterial resistance to antibiotic increases the number
of death caused by MRSA infection. The need of
medicine which effectively eradicates multiple antibiotic
resistant microorganisms becomes a challenge today,
with hope of suppressing the number of death caused by
MRSA infection.
+dalethyne is a new active compound extracted by
ozonisation, consists of combination of compounds:
essential oil (aldehyde), fatty acid (stearic, oleic,
linoleic, palmitic), iodine, and peroxide. +dalethyne
forms an antimicrobial agent that can kill bacteria and
induce formation of new tissue on wounded skin.
Literature Review
Skin Structure and Function
Skin is the largest organ in the body with total weight
of 2.7 – 3.6 kg and receives a third of total blood
volume in the body. Skin thickness ranges between
0.5 – 6 mm, skin consists of extracellular cells and
matrix. Cell structure consists of 3 layers, epidermis
which is the thin layer and the outer most layer of skin,
dermis which is a thick layer and located on the inside,
and subcutaneous adipose tissue beneath dermis
(hypodermis). Hypodermis is a loose connective tissue
beneath dermis (Chu, 2008).
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Human skin has many important functions, especially as
first defense, protecting from various elements outside
the body. When there’s a wound the skin, integrity of
skin defense is compromise and this can be a door for
various microorganism, such as bacteria and virus, to
enter the body. Skin can also be important factor in
maintaining mental health and social stage of human
(Han, 2016).

Figure 1: Skin structure.
Epidermis functions as the outer most defenses
against environment outside the body. Acidic nature of
skin protects it against microorganism. Keratin is a hard
layer protecting the body from microorganism invasion
and infection, as well as maintaining moisture.
Langerhans cells form receptors that recognize
microorganism, virus, and even foreign compound
which then activate immune system. The ability to
keep water concentration is important in maintaining
skin health. The amount and distribution of melanin
pigment causes variety in human skin color. Vitamin D
is synthesized in epidermis with the help of ultraviolet
ray; synthesis is done by keratinocyte which is located
in stratum basale and stratum spinosum of epidermis
(Flanagan, 2013).
Dermis is home of additional epidermis component.
Dermis consists of immune cells that fight against
infection in the skin. Dermis provides supply of blood,
nutrition, and oxygen to itself as well as epidermis. It
also functions as skin temperature regulator by using
superficial blood vessel and sense of touch by using
nerve receptors (Han, 2016).
Hypodermis or subcutaneous is a layer which consists of
fat and connective tissue which is rich in blood vessel
and nerves. This layer is crucial in regulating body and
skin temperature (Han, 2016).
Wound and Healing Process
Wound is a condition in which there’s a disruption in
normal skin structure with depth and severity vary
between different wound conditions. Wound is not only
a cut on skin layer, but can also reach tissue beneath
the skin. There are open and close wounds. Examples
of open wound are incision, laceration, abrasion, stab
injury, and penetrating injury. Examples of close wound
are contusion due to blunt object, bruises, and wound
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with damage on tissue beneath the skin but leaving
both epidermis and dermis intact. The depth of wound
varies; wound within the epidermis is classified as
superficial and wound which affects part of the dermis
is classified as partial thickness wound. Full thickness
wound covers all the epidermis and dermis, and even
the tissue beneath skin, such as subcutaneous tissue,
fascia, and muscle. Acute wound is a wound with
healing process that takes around 7 – 14 days (Han,
2016).
There are 4 phases of wound healing process:
hemostatic phase, inflammation phase, proliferation
phase, and remodeling or re-formation of skin structure
phase. Figure 2j shows the estimation of starting time
and period of each phase in functional wound healing
process (with no complication or infection) (Han, 2016).
Hemostatic Phase
Hemostatic phase happens as soon as trauma happens. In
order to stop bleeding, open blood vessel goes through
vasoconstriction, then activated platelet adheres with
each other and aggregates around wound area. Platelet
is activated by extracellular collagen (type I). As
platelet interacts with collagen, platelet releases
mediator (growth factor and cyclic AMP) and
glycoprotein, which signal platelet to be become
stickier and accumulate. Alpha platelet granules releases
glycoprotein in the form of fibrinogen, fibronectin,
thrombospondin, and factor von Willebrand. When
platelet aggregation occurs, blood clotting factors is
released, causing fibrin to aggregate in the wound area
(Kumar et al, 2015).
Inflammation Phase
This phase happens 24 hour after the trauma to skin,
and can last up to 2 weeks, depending on whether there’s
an infection which prolongs the phase. Mast cell
releases granules containing enzyme, histamine, and
other active amines which induce inflammation
symptoms, rubor (redness), calar (heat), tumor
(swelling), and pain, around the wound area. Neutrophil,
monocyte, and macrophage are the main cells in this
phase. These cells clean up infection and debris in the
wound, also release soluble mediators, such as proinflammation cytokine (TNF-α, IL-1, IL-6, and IL-8)
and growth factor (PDGF, TGF-β, TGF-α, IGF-1 and
FGF) which are involved in activation of fibroblast
and epithelial cell for preparation of next phase in
wound healing process (Koh et al, 2013).
Proliferation Phase
Fibroblast migrates to the wound as a response to
soluble mediators that are released by platelet and
macrophage. Fibroblast migration to extracellular matrix
depends heavily on the recognition and interaction of
fibroblast with specific components in the matrix. In
normal dermis condition, fibroblast in inactive and not
distributed, while in matrix around wounded area and in
granulating tissue, fibroblast becomes active and
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increases in number. Fibroblast binds matrix
components, such as fibronectin, vitronectin, and fibrin,
by using fibroblast’s integrin receptor. Integrin attaches
to specific amino acid (R- G-D or arginine-glycineaspartate acid) or to side of matrix component. When
one side of fibroblast binds to matrix component, the
cell expands its cytoplasm to find other sides to bind.
Once finding new side to bind, cell releases previous
binding (by local protease activity) and uses
cytoskeleton actin filaments to move forward.
Fibroblast secretes proteolytic enzyme to facilitate
fibroblast migration to matrix. Secreted enzymes are
three types of MMP which are collagenase (MMP-1),
gelatinase (MMP-2 and MMP-9) that destroy gelatin
compound, and stromelysin (MMP-3) which has several
proteins in ECM (extracellular matrix) (Han, 2016).
Remodeling Phase
Remodeling is the last phase of wound healing which
happens after granulated tissue turns into scarred tissue
and skin elasticity increases. Granulated tissue
maturation involves the decrease in number of
capillaries by becoming one with bigger blood vessel
and
decrease
of
glycosaminoglycan
(GAG)
concentration, water bound to GAG, and proteoglycan.
Cell density and metabolic activity decrease in
granulated tissue which goes through maturation.
Medication also happens in type, amount, and
arrangement of collagen, which improve elasticity. At the
beginning, type III collagen is synthesized in high
amount. Then, it’s replaced by type I collagen,
dominated by nerve collagen in skin. New epithelial
elasticity is only 25% compared to normal tissue.
Repaired skin tissue after wounded will never be as
strong as normal tissue which is never wounded (Han,
2016).
Epithelialization
Epithelialization is a process that involves adhesion of
epithelial cell and structure modification which then
migrates, proliferates, and differentiates. Mature and
intact epidermis tissue has five layers as explained
before; its epithelial cells are differentiating starting
from keratinocyte in stratum basalis which is bordered
with cuboid shape dermis. Only epithelial cells in
stratum basalis can proliferate, then adhere with both
surrounding cells and basalis membrane with the help of
intercellular connector, desmosome (for intercellular
adhesion) and hemidesmosomes (for epithelial cell and
basalis membrane adhesion). Released growth factors
(EGF, keratinocyte growth factor / KGF, TGF-α) bind
with each growth factor’s receptor on epithelial cell, and
then induce migration and proliferation. Bound between
growth factor and receptor triggers desmosome and
hemidesmosome to be soluble, so that cells can
migrate. Integrin receptor is expressed, and basalis
epithelial cell with cuboid shape turns into flat shape
then migrates to form thin layer on top of new
granulated tissue, following the length of collagen
filaments (Li et al, 2005).
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Basalis epithelial cell proliferation in the wound area
provides new cells in epithelial cell layer on top of
granulated tissue. Epithelial cells in this layer forms and
secretes proteolytic enzyme (MMP) that allows cells to
penetrate scar, necrosis surface, or eschar. MMP plays
role in re-formation of ECM, cell migration, mitogenic
factor activation. Cell Migration continues until epithelial
cells reach other additional cells and forms unified
layer. As soon as this happens, all epithelial layer
proliferates and layered epidermis is formed and
maturating to repair skin defense functionality. TGF-β
is one of the growth factors that help maturation
(modification and keratinization) of epidermis layer.
Intercellular desmosome and h em i desm os om e attach
to the new basalis membrane. Epithelialization is a
clinical sign of wound healing, but not the end of healing
process (Han, 2016).
Methicillin-resistant
Staphylococcus
a u re u s
((MRSA)
Staphylococcus aureus morphology
S. aureus is a single cell organism, called
prokaryotes. It has shape of coccus (round) that forms a
groupd (figure 2d), its cytoplasmic structure consists of
nucleoid, and its chromosome is double helix DNA,
extrachromosomal and no nucleosome (plasmid), and
ribosome 70s which consists of subunit 30s and 50s.
Cytoplasmic membrane has lipid (cholesterol) bilayer
structure. It has a capsule with polysaccharide, pili for
adhesion, fimbrae and flagella for bacterial motility
(Murray et al, 2016).
Bacterial cell wall is a complex with less elastic
structure and affects cell shape. Main function of cell
wall is protecting bacterial cell from higher intracellular
pressure compared to extracellular that carries risk of
rupture (bursting). Clinically, cell wall is important
because it contributes to bacteria ability to cause
disease, has part to adhere with APC (antigen presenting
cell) receptor, and becomes location for antibiotic to
work. S. aureus cell wall consists of macromolecule
peptidoglycan, teichoic acid, and lipoteichoic acid
(Tortora et al, 2016).

Staphylococcus aureus Pathogenicity
Two factors suspected to be the virulence factors of S.
aureus are gene ica which codes the formation of polyN-acetylglucosamine/polysaccharide
intercellular
adhesion (PNAG / PIA) and insertion of gene IS256.
IS256 plays role in genetic adaptation during infection
by inserting itself to ica or agr locus. Insertion to ica
locus increases the formation of PNAG / PIA, while
insertion to agr inhibits biofilm formation regulation,
therefore biofilm will grow thicker. These two
virulence factors help S. aureus to colonialize both
for commensal and infection purposes (Sunhyo et al,
2014).
PNAG / PIA, PGA, and protease ScpA play role in
protecting bacteria from antimicrobial protein which is
produced by non- specific immune system (innate).
Intercellular adhesion by PIA and biofilm protein is
important factors as bacteria stress mechanism on skin
environment. PGA plays role in osmotic tolerance,
which is the original function of this polymer in noninfectious S. aureus. There’s still no conclusive data
about the difference between commensal and infectious
strains in term of their surface components recognizing
adhesive matrix molecules (MSCRAMMs). Due to
these virulence factors, S. aureus can clinically cause
skin infection depending on the bacterial contamination
frequency, bacterial adhesion mechanism to skin, and
bacterial ability to avoid immune system which help to
colonialize. High number of bacteria population can
cause infection (Murray et al, 2016).
S. aureus synthesizes several toxins, which are
exotoxin (5 cytolytic toxin, 2 exfoliative toxin,
enterotoxin, and toxin shock syndrome toxin- 1/TSST1). Exfoliative A toxin, enterotoxin, and TSST-1 are
classified as polypetides, called superantigen (Murray et
al, 2016).
Methicillin-resistant S. aureus has a gene which plays
role in certain antibiotic resistance, especially
methicillin, which is the first antibiotic option for
Staphylococcus infection. Gene coding for methicillin
resistance in mobile genetic elements (MGEs) is called
staphylococcal cassette chromosome mec (SCCmec),
which consists of mecA, coding for protein that binds to
penicillin / β lactam, PBP2a (penicillin-binding protein
2a). PBP2a is an enzyme in bacterial membrane that
catalyzes transpeptidation reaction, which is crucial for
cross binding in peptidoglycan chain. Since PBP2a has
low affinity to all β-lactam antibiotics, Staphylococcus
can survive after exposure to high dosage of this
antibiotic group. There are 10 identified SCCmec
structures in S. aureus; one of them is SCCmec type
IV. Methicillin resistant S. aureus also shows resistance
to other antibiotics, such as rifampicin, flouroquinolone,
gentamisin, tetracycline, chloramphenicol, erythromycin,
clindamycin and sulfonamide (Ito et al, 2014).

Figure 2: S. aureus cell wall structure.
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Skin Immune System against MRSA Infection
Non Specific Immune System
Infection starts when pathogen penetrates anatomical
barrier of host. Several non- specific immune
mechanisms activated are several groups of soluble
molecule that are present in extracellular fluid, blood,
and secreted by epithelial cells. Soluble molecules
includes antimicrobial enzyme, such as lysozyme to
digest bacterial cell wall; antimicrobial peptides, such as
defensin to lyse bacterial cell membrane; plasma protein
system known as complement system to lyse bacterial
cell. Phagocytosis in non-specific immune system is
done by neutrophil and macrophage. If phagocytosis fails
to kill bacteria, non- specific immune cell is activated
by pattern recognition receptor (PRRs) that recognizes
molecules called pathogen- associated molecular
patterns (PAMPs) which is an identifier of microbe.
Activated cells in non-specific immune system involve a
lot of effector mechanisms to eliminate infections. If
infection can defeat non- specific immune system,
specific immune system, which destroys pathogen
specifically and forms long term memory cells, is
involved (Murphy, 2017).
Specific Immune System
APC (antigen presenting cell), induced by S. aureus
phagocytosis and TLR stimulation by S. aureus cell
wall components, expresses MHCL class II. MHC class
II binds with TCR (T cell receptor) CD4+. T helper cell
(Th cell) CD4+ differentiates to Th17 which produces
cytokine IL- 17 and IL-22. IL-17 stimulates
chemokines, other cytokines (IL-1, IL-6, TNF,
CSF/colony stimulating factor) which increases
production of neutrophil and stimulates production of
antimicrobial peptide (AMP). IL-22 increases barrier
function and stimulates production of AMP. APC also
synthesizes IL-1 and IL-6 which together with growth
factor TGF-β (transforming growth factor-β) activate
transcription factor STAT3 and RORγT that stimulate
differentiation of T cell CD4+ into Th17. Figure 3
shows collaboration between non specific and specific
immune system against bacterial infection on skin
(Ranzato, 2011).

Figure 3: Immune response to MRSA infection on
skin wound.
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Components of +dalethyne Compound and Its
Function in MRSA Infected Wound Healing
Process
+dalethyne comes from ozonized olive oil, first
introduced in India in 2015 by a plant based skin care
company. Ozonation is done by infusing ozone using a
cold plasma ozone generator (Edward, 2009). Test by
research center in Pharmacy Faculty, Airlangga
University, showed that +dalethyne consist of fatty
acids (oleic acid, palmitic acid, stearic acid, linoleic
acid), essential oil (aldehyde group), iodine, and
peroxide.
Unsaturated fatty acid has antibacterial activity against
MRSA. Unsaturated fatty acid inhibits enzymatic activity
in bacterial cell, inhibits bacterial nutrition intake,
triggers peroxidation, and triggers auto oxidation which
directly lyse bacterial cell. Essential oil also has
antimicrobial activity. Its mechanism affects bacterial
membrane structure and cell wall, pH homeostasis in
bacterial cell, chaperone expression, and over
production of cell surface protein. Essential oil
increases permeability of bacterial cell which results in
the loss of essential nutrition from cell (causing trauma to
cell structure). It causes proton influx that goes beyond
cytoplasmic capability to hold, decrease of pH, and
disruption in cell function. Essential oil also causes over
expression of chaperone protein (DnaK, GroEL, HtpG
and Trigger factor Tf) and surface protein (OmpX and
OmpA) which disrupt bacterial cell metabolic pathway.
Essential oil is effective in inhibiting biofilm formation
of MRSA by using quorum sensing mechanism which
inhibits production and secretion of signal molecules
necessary for biofilm formation. Multiple drug
resistant MRSA is found to be still susceptible to
essential oil (Faleiro et al, 2014). Iodine and peroxide is
topical antiseptic which kill, inhibit, and decrease the
number of bacteria on the wound. This antiseptic has
broad spectrum antimicrobial activity (Atiyeh et al,
2009).
Method
The research is true laboratory experimental research
because controlled outside variables intervention is
applied to this research, or it uses Post Test Only
Control Group Design. The object is Rattus norvegicus
strain Wistar, aged around 3 months, weighing around
200 – 250 gram.
There are 6 groups of experiment object, which are O1
(negative control, observed on day 4), O2 (negative
control, observed on day 6), OK1 (positive control,
observed on day 4), OK2 (positive control, observed on
day 6), OP1 (treatment group, observed on day 4), OP2
((treatment group, observed on day 6). Negative control
is wound on rat without MRSA infection, positive
control is wound on rat with MRSA infection, and
treatment group is wound on rat with MRSA infection
and +dalethyne application. Each group has 6 rats (36
rats in total) every 6 rats are given 1 – 6 numbering by
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attaching a paper on the tail. The rat is then separated
randomly to 6 groups until each group has 6 rats.
Each rat is weighed and kept in a 20 x 15 x 15 cm
cage to adapt. Rats are anesthetized using ketamine
solution. Ketamine solution is made of 3 mL ketamine
and 1 mL xylazine, diluted with aqubidest for 6 mL
injection, then injected to rats (0.1 mL per rat) until rats
is in calm state and shows abdominal breathing only.
Anesthetized rats are shaved 3 x 3 cm wide,
disinfected with betadine, and incised ±2 cm on the
back as deep as subcutaneous layer using scalpel.
In positive control group and treatment group, wound
on rat skin is infected with 50 µL MRSA from 0.5
mcFarland bacterial suspension by using micropipette
on the wound. Bacterial inoculation is done after
bleeding stops in the wound. Application of cream
containing active ingredient +dalethyne is done in
treatment group. Application of cream containing active
ingredient +dalethyne is done using cotton bud 2 days
after infection. Application is done every day. On day 4
and day 6 after treatment, each group, including
negative control group, is killed by using ketamine as
anesthetics. Then, incision is applied to skin with
normal skin range of 0.5 – 1 cm from side of wound.
Skin tissue is put in fixation buffer formalin 10% for
15 – 24 hour. Deceased rats are buried.

Figure 4: Distribution and means of each group
epithelial cell length.

Preparative of skin tissue is made and HE staining is
done. Then, epithelial cell length is observed and
measured using Optilab that’s applied to microscope
ocular lense with 40x magnification.
RESULT AND DISCUSSION
Result
Mean and deviance (SD) of epithelial cell length in
negative control, positive control, and treatment group
are shown in table 1, showing the increase of epithelial
cell lengths in treatment group both in day 4 and day 6
compared to positive control group.

Figure 5: Microscopic observation of epithelial tissue
on day 4 after wounding in negative control group
(40x magnification).

Comparison of epithelial cell length between treatment
group and negative control group shows no significant
difference both on day 4 and day 6.
Table 1: Means and deviance of epithelial cell length
(conversion from µm to mm) on wounded Wistar rat
skin in negative control, positive control, and
treatment groups.
Group
Day 4
Day 6
Negative
Mean
0,59
0,73
control
SD
0,711505
0,0083666
Positive
Mean
0,21333
0,42
control
SD
0,162682
0,301993
Mean
0,46
0,638333
Treatment
SD
0,194422
0,761326
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Figure 6: Microscopic observation shows no
epithelial cell formation on day 6 after wounding in
positive control group (40x magnification).
DISCUSSION
In this research, means of epithelial cells length in
negative control, positive control, and treatment groups
show increase from day four to six day. It is as sign of
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epithelialization in all three groups. It’s in accordance
with theory of wound healing process, which states
that epithelialization starts on day 3 when epithelial
layer covers the base of wound. Keratin can be
observed in both negative control and treatment
groups, but can’t be observed in positive control group.
Within 24 hour of wounding, keratinocyte migrates to
lateral and regenerates basalis membrane. After new
basalis membrane is formed, keratinocyte stops
migrating and continues with proliferation until its peak
on day 4.
Epithelial layer keeps growing longer and thicker, then
newly formed epithelial layer undergoes maturation
which results into new corneum layer. With
regeneration of basalis membrane, keratinocyte returns
to its former shape and re-adhesion of hemidesmosome
and lamina basalis happens. Presence of rete pegs
shows that epithelialization is ongoing to form a normal
epithelial tissue. Migrating epithelial cells will be
connected to each other and closes the wound. After
reaching normal epithelial thickness, migrating epithelial
cells stops.

4.

5.

6.

7.
8.

9.

10.
Control positive groups shows the lowest means of
epithelial cells length. It’s caused by longer
inflammation process due to MRSA infection. Fibroblast
still actively forms inflammasome complex to produce
pro-inflammation cytokine IL- 1β. Fibroblast also
proliferates and differentiates to synthesize granulated
tissue components (collagen, elastin, and proteoglycan).
Mean of epithelial cell length in treatment group is
almost the same as in negative control group. It shows
that +dalethyne can kill MRSA and induce
epithelialization which results in wound healing time
almost similar with physiological wound healing time.
Unsaturated fatty acid, essential oil, iodine, and
peroxidase can kill antibiotic resistant MRSA. Essential
oil also reduces pH in wound micro environment which
triggers migration and proliferation of keratinocyte. With
maturation of new epithelial tissue, epithelial cells
migrate to the side of wound and proliferate until it’s
connected with each other and closes the wound.
CONCLUSION
Based on the result of this research, it’s concluded that
topical
application
of
+dalethyne
accelerates
epithelialization in wound healing process on skin of
MRSA infected Wistar rats.
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