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Abstract

Background and Aim: Reepithelialization can be described as the resurfacing of'a wound with new epithelium in the process
of healing, with the overlapping step from keratinocyte migration and proliferation to the tissue contraction. Zinc oxide-
turmeric extract dressing has been proven to have anti-inflammatory properties, but its effectivity in the reepithelialization
process is still unknown. This study aimed to determine the effect of a wound dressing consisting of zinc oxide and turmeric
extract on wound reepithelialization by assessing the expression of cytokeratin 14 (CK14), epidermal growth factor receptor
(EGFR), and epithelial cadherin (E-cadherin).

Materials and Methods: A total of 40 Wistar rats were randomized into four control and four treatment groups (n=5 per
group). On day 1, a square-shaped full-thickness skin excision measuring 6x6 mm in size was created in the dorsal thoracic
area of the rats, and the wounds were either dressed with a combination of zinc oxide and turmeric extract in the treatment
groups or left undressed in the control groups. Then, the rats were sequentially sacrificed on days 3, 5, 7, and 14 to obtain
subepithelial excision samples, which were subsequently subjected to immunohistochemistry analysis for the expression of
CK14, EGFR, and E-cadherin to ascertain wound reepithelization. The data were tabulated and analyzed using a one-way
analysis of variance and least significant difference test.

Results: The highest expression levels of CK14, EGFR, and E-cadherin were observed on days 7 and 14 in the treatment
and control groups, respectively. While the expression levels of these markers on day 7 were found to be significantly higher
in the treatment than the control groups, no significant difference in the expression levels on day 14 was detected between
the control and treatment groups (p<0.05).

Conclusion: A wound dressing consisting of zinc oxide and turmeric extract can help accelerate reepithelization in the
wound healing process.

Keywords: cytokeratin 14, epithelial cadherin, epidermal growth factor receptor, turmeric extract, wound dressing.

Introduction Keratinocytes, the major cellular component of
the epidermis, are crucial not only for barrier main-
ponent of wound healing, is often used as a success  enance but also for its r.estm."at_ion on injury through
parameter. Reepithelialization can be described as @ PrOCess known as eplt.hellallza.tlon [2]. They are
the resurfacing of a wound with new epithelium, primarily composed of intermediate filament (IF)-
which starts approximately 16-24 h after injury forming proteins typical of epithelial cells, called ker-
(i.e., precisely during the proliferation phase). The atins (Ks) or_cytokeratins (CKs), W}!i‘:h are es:sential
wound healing process involves blood clot forma- for healthy tissue structure [3]. While epithelial tis-

Epithelialization, which is an essential com-

tion, inflammation, reepithelialization by keratino- ~ Sues express different pairs of Ks depending on the
cyte migration and proliferation, granulation tissue ~ Cell type, all stratified squamous epithelia express
formation, neovascularization, and tissue contrac- ~ K3/K14 in the basal layer [4]. Numerous factors con-
tion, with these steps overlapping largely with one trol keratinocyte dlf'ferer.)tlatlon, such.as ep.ldermal
another [1]. growth factor (EGF), which exerts a mitogenic effect

on basal cells through interaction with EGF receptors

Copyright: Meizarini, et al. Open Access. This article is distributed (EGFRS) [5] After tissue injury EGFR is strongly
under the terms of the Creative Commons Attribution 4.0 N

International  License  (http://creativecommons.org/licenses/ upregulated in keratinocytes at the wound edge and

by/4.0/), which permits unrestricted use, distribution, and  remains present in the hypertrophic proliferating area
reproduction in any medium, provided you give appropriate credit of the epithelium until the vroliferative vhase ceases
to the original author(s) and the source, provide a link to the P P phas .

Creative Commons license, and indicate if changes were made. Studies using cultured keratino{;y‘tes, as well as ani-
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made available in this article, unless otherwise stated. signaling might promote reepithelialization by at least
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three distinct mechanisms: (1) Collaborating with inte-
grins to activate the mitogen-activated protein kinase
pathway [6]; (2) disintegrating desmosomal and
hemidesmosomal adhesions and remodeling cell-cell
and cell-substratum contacts to allow the migration of
keratinocytes [2]; and (3) stimulating the expression
of integrins, extracellular proteases, and matrix mole-
cules that facilitate reepithelialization [7]. Moreover,
EGFR activation has been linked to intercellular junc-
tions and actomyosin organization [8]. It has been
shown that EGFR itself is directly regulated by epi-
thelial cadherin (E-cadherin), which is a member of
the cadherin family and plays a key role in cell-cell
adhesion and signaling [8.,9]. Staining for E-cadherin
has confirmed the presence of E-cadherin-containing
adherens junctions at the sites of'cell-cell contacts in all
epidermal layers, with no apparent enrichment in the
granular layer, where tight junctions are formed [8].

A wound dressing comprised zinc oxide com-
bined with turmeric extract has been proven to have
anti-inflammatory properties, therefore contributing
to the healing of skin excisional wounds in rats [ 10].
A previous study showed this combination to be
capable of accelerating the inflammatory stages of
the wound healing process by increasing the num-
ber of macrophages earlier than normal and lowering
toll-like receptor 2, nuclear factor-kappa B, tumor
necrosis factor-alpha, and cyclooxygenase 2 [10,11].
Nevertheless, its effectivity in the reepithelialization
process is still unknown.

This study aimed to investigate the effect of a
wound dressing consisting of zinc oxide and turmeric
extract on wound reepithelialization through the
expression of CK 14, EGFR, and E-cadherin.

Materials and Methods

Ethical approval

This research was a post-test only control
group design study. The methods were reviewed and
approved by the Ethical Committee Board No. 139/
HRECC.FODM/VIII/2017.

Study period and location

Thisstudy was conducted from July to September
2018 at Biochemistry and Molecular Biology
Laboratorium, Faculty of Medicine, Universitas
Brawijaya, Malang, Indonesia.

Wound dressing preparation

In brief, 0.3 g of zinc oxide powder (Merck
KGaA, Darmstadt, Germany) and 0.3 g of turmeric
liquid extract (Balai Materia Medica, Batu, Indonesia)
were mixed together on a mixing pad with a stain-
less-steel spatula for 60 s before reaching a homog-
enous consistency. The prepared wound dressing was
then applied to the wounds.

Animals and experimental design

In total, 40 male Wistar rats (Rattus norvegicus)
weighing 200-300 g were obtained from Wistar Farm
(Malang, Indonesia) and were allowed to adapt to the
new environment for a week before being divided into
four control (namely, C3, C5, C7, and C14) and four
treatment groups (namely, T3, T5, T7, and T14) of five
animals each. Onday 1, a square-shaped full-thickness
skin excision measuring 6 x 6 mm in size was created
in the dorsal thoracic area of the rats (Figure-1), and
the wounds were either dressed with a combination of
zinc oxide and turmeric extract in the treatment groups
or left undressed in the control groups. All the wounds
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Figure-1: The experimental design in the animal.
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were then covered with hypoallergenic tapes (BSN
Medical, Hamburg, Deutschland) and sterile gauze.
Afterward, the rats were sequentially sacrificed on
days 3 (C3, T3), 5 (C5,T5), 7(C7, T7), and 14 (C14,
T14) to obtain subepithelial excision samples, which
were subsequently analyzed immunohistochemically
for the expression of CK 14, EGFR, and E-cadherin to
examine wound reepithelization.

Immunohistochemistry staining

The samples were fixed in 10% neutral buff-
ered formalin for 48 h, dehydrated with ethanol and
embedded in paraffin blocks. Sections of 4 um thick-
ness were cut from the paraffin blocks and mounted
on slides. Immunohistochemical staining for CK14,
EGFR, and E-cadherin was performed using the fol-
lowing mouse monoclonal antibodies, respectively:
CKI4 (clone LLOO1; Santa Cruz Biotechnology,
Dallas, USA), EGFR sc-373746 (clone A-10; Santa
Cruz Biotechnology, Dallas, USA), and E-cadherin
sc-8426 (clone G-10; Santa Cruz Biotechnology,
Dallas, USA). The secondary antibody used was CRF
Anti-Polyvalent HRP Polymer (anti-mouse, anti-rah-
bit; ScyTek Laboratories, Logan-Utah, USA).

The expression of CK14, EGFR, and E-cadherin
was observed under a light microscope (Nikon Eclipse
E 100, Tokyo, Japan) at 1000= by two different indi-
viduals, who separately counted 20 fields of view, and

the average was used for each slide. Images were cap-
tured using a Sony ILCE A7 camera (Sony, Tokyo,
Japan).
Statistical analysis

Data collected were tabulated and analyzed
using a one-way analysis of variance and least signif-
icant difference test in SPSS version 21 (IBM, New
York, USA).

Results

Representative images of the immunohisto-
chemical expression of CK14, EGFR, and E-cadherin
in the basal layer are shown in Figure-2. No signif-
icant difference was found between the control and
treatment groups regarding the expression levels of
these markers on day 3. Yet, the expression levels in
the treated rats rose on day 5, peaked on day 7, and
then decreased on day 14 (Figure-3). On the contrary,
the expression levels in the control rats showed an
increasing trend until day 14, except for CK-14, which
had a decrease on day 5 before having an increasing
trend until day 14.

The highest expression levels of CK14, EGFR,
and E-cadherin were observed on days 7 and 14 in the
treatment and control groups, respectively. Although
the expression levels of these markers on day 7
appeared to be significantly higher in the treatment

CK14

Figure-2: The expression of cytokeratin 14, epidermal growth factor receptor, and E-cadherin in the basal layer at 1000x
indicated by the red arrow in both the control (C3, C5, C7, and C14) and treatment (T3, T5, T7, and T14) groups.
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Figure-3: Mean and standard deviation of cytokeratin 14, epidermal growth factor receptor, and E-cadherin expression on

the control and treatment groups on day 3, 5, 7, and 14.

than the control groups (p<0.05), no significant differ-
ence in the expression levels on day 14 was detected
between the control and treatment groups.

Discussion

In general, the expression levels of CKI4,
EGFR, and E-cadherin in the treated rats increased
gradually to reach a peak on day 7 before declining
on day 14. In the control rats, however, the expres-
sion levels increased slowly until they peaked on day
14. These trends indicate that reepithelialization was
completed earlier in the rats dressed with the combi-
nation of zinc oxide and turmeric extract compared to
the untreated controls. This finding is in accordance
with a previous study, wherein the topical application
of curcumin products was shown to result in quicker
reepithelialization, collagen deposition, and wound
reduction [12].

It has been shown that once the skin barrier is
disrupted through acute injury, neutrophils, mono-
cytes, and macrophages are recruited to the site of
injury, followed by activation of keratinocytes, which
— in the basal layer — are proliferative and character-
ized by an infrastructure composed of K-containing
[Fs (e.g.., K5 and Kl14) [2.13]. Furthermore, an
in vitro study documented keratinocyte migration 1
day after wounding; it also demonstrated that, within
4-5 days, keratinocytes covered the whole wound
area and formed a neoepidermis, which, in tumn,
began to thicken and form a multilayered epithelium
from days 4 to 10[14].

According to the results of immunohistochemi-
cal analysis, the expression of CK 14 in the control rats
rose significantly on day 7 and continued to increase
until day 14 due to the ongoing keratinocyte prolifer-
ation necessary for neoepidermis formation and thick-
ening, thus contributing to the differentiation process.
Only basal keratinocytes have the ability to prolifer-
ate, whereas terminally differentiated keratinocytes
in the suprabasal layer have lost this ability [1]. The
increased expression of CK14 in the rats dressed with
zinc oxide and turmeric extract occurred even faster,
with its level peaking on day 7 and slowly declining
thereafter. This result suggests that the topical appli-
cation of zinc oxide and turmeric extracts to wounds

might accelerate keratinocyte migration to the site of
injury and consequently keratinocyte proliferation in
the basal layer to form a thick neoepidermis. As these
cells move upward to the skin surface, they start to
differentiate and lose their proliferation potential,
leading to a gradual reduction in the levels of K5/
K14 [4]. It is noteworthy that the process of differenti-
ation involves switching from the synthesis of K5 and
K14 in the basal layer to K1 and K10 in suprabasal
layers [2].

EGF and transforming growth factor-o., which
are among numerous factors controlling keratinocyte
differentiation, have been proven to exert a mitogenic
effect on basal cells through interaction with EGFRs
on the basal cells of the oral mucosa [5]. Besides,
it has been demonstrated that after tissue injury,
EGFR is strongly upregulated in keratinocytes at the
wound edge until the proliferative phase ceases [15].
In a previous study, although EGFR was found to
be restricted to the basal area during early stages of
epidermal morphogenesis, staining of control tissue
sections revealed localization of EGFR not only in
the basal layer but also in suprabasal layers [8]. The
expression of EGFR in the control rats exhibited an
increase on day 5, was relatively stable on day 7, and
then escalated significantly on day 14, indicating that
the proliferation of CK 14 and EGFR which needed for
epithelial formation, were still in progress on day 14.
On the other hand, the expression of EGFR in the rats
dressed with zinc oxide and turmeric extract increased
on day 5, reached its peak on day 7, and diminished
slightly on day 14. Since EGFR expression has been
associated with keratinocyte proliferation [15] and
CK14 expression, the dressing implemented herein
showed the ability to induce epithelial cell prolifera-
tion and junction formation more quickly.

E-cadherin directly regulates EGFR [8]. The
expression of E-cadherin in the basal layer of the
control rats significantly increased on day 7 and fol-
lowed a progressive upward trend until day 14. With
respect to the treatment groups, however, the increase
in E-cadherin expression began earlier on day 5 and
reached its peak on day 7, followed by a modest
decline on day 14. This implies that the zinc oxide-tur-
meric extract dressing could help the formation of
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adherens junctions happen faster. Hence, cadherin-de-
pendent regulation of suprabasal junctional EGFR is
deemed essential not only for the establishment of
epithelial barrier function but also for regeneration of
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