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Abstract
This study investigated the expression of e-cadherin in the epidermis of re-epithelialized wound treated with Costus 
afer stem juice extract. Twenty-five adult female albino rats were used for the study. They were divided equally into 
5 treatment groups of: A – no treatment; B – iodine treatment only on the first day; C – iodine treatment for 7 days; 
D – Costus afer stem juice extract only on the first day; and E – Costus afer stem juice extract for 7 days. The rats 
were aseptically wounded on their dorsum under ketamine hydrochloride anaesthesia. They were treated according 
to their groups and closely monitored till the wounds healed. On healing, the rats were euthanized and samples of 
the healed skin were collected and processed for immunohistochemical staining using antibodies for e-cadherin. It 
was found that group D showed highest intensity of e-cadherin expression among the treatment groups, suggesting 
the influence of Costus afer stem juice extract on the process of mesenchymal-epithelial transition.
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Introduction
E-cadherin or cadherin-1 is a classical member of the cadherin 
superfamily expressed in epithelial tissues. It is a calcium-dependent 
cell-cell adhesion glycoprotein composed of five extracellular 
cadherin repeats, a transmembrane region and a cytoplasmic tail [1]. It 
is a major component of adherens junctions which link neighbouring 
cells through their actin cytoskeleton. The extracellular domain of 
e-cadherin binds to Ca2+ and establishes interactions with cadherin 
from the same cell in the case of cis-interaction or neighbouring 
cell in the case of trans-interaction [2-4]. Its cytoplasmic domain 
binds to p120-catenin and β-catenin [5-7].

During the wound healing process, e-cadherin expression is 
downregulated at the basal layer of the epithelium bordering the edge 
of the wound. This is to allow cell proliferation and cell migration, 
characteristics of epithelial-mesenchymal transition (EMT). Initially, 
it was thought that the loss of e-cadherin expression initiated EMT, 
but recent studies have shown that it is a downstream mechanism of 
EMT initiation cascade as the processes had already been initiated 
in the cytoplasm of the cells before the loss of e-cadherin at the cell 
membrane is observed. Growth factors such as epithelial growth 
factor (EGF), Snai1, transforming growth factor-beta 1 (TGF-β1) 
have been implicated in e-cadherin down-regulation during wound 
healing [8,9].

However, e-cadherin expression is not completely turned off 
during the wound healing process. It is required for collective cell 

migration, which is essential for proper re-epithelialisation [9-12]. 
E-cadherin has been reported to mechanically coordinate and direct 
the migration of large epithelial sheets. In the absence of e-cadherin, 
the migrating cells are scattered over the surface of the wound 
without proper alignment. When the cells at the migratory tongue 
of the keratinocytes which lack e-cadherin get in contact with other 
migrating cells, the cells undergo mesenchymal-epithelial transition 
(MET), regain their e-cadherin expression and begin to proliferate 
to re-establish the stratified nature of the epidermis [13-15]. 

The epidermis of scars and keloids have been reported to have 
low expression of e-cadherin compared to normal epidermis and 
the scar tissues retain many of the characteristics of mesenchymal 
tissue such as the expression of n-cadherin. In addition, e-cadherin 
expression in healing tissue has been found to be inversely related 
to fibrosis [16-20].

Costus afer has been used traditionally for the treatment of several 
ailments, including malaria, cough and tachycardia. Its stem has been 
found to be antimicrobial, antinociceptive, and antioxidative [21-24]. 
Studies by Udoh and colleagues showed that the stem juice extract 
of Costus afer promote wound healing and drive the healing process 
towards regeneration of lost tissue [25]. It has also been reported 
to significantly increase the rate of re-epithelialization and enhance 
the outcome of the healing process [26]. This study was therefore 
carried out to investigate the expression of e-cadherin in the healed 
epidermis of wounds treated with Costus afer stem juice extract.
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Methodology
Experimental Animals
The albino rats for this study were obtained from the Animal House 
of the Department of Pharmacology and Toxicology, Faculty of 
Pharmacy, University of Uyo. The ethical approval for the study 
was duly obtained from the Ethical Committee of the Faculty of 
Basic Medical Sciences, University of Uyo, Uyo, Nigeria. A total 
of twenty-five (25) adult female albino rats weighing between 243-
320g, were used for the study [27]. Before commencement of the 
study, all apparatus was obtained, assessed for functionality and 
put in place within 2 weeks to the study. Three days before the 
commencement of the experiment, the room and the apparatus 
were soaked in concentrated antiseptic solution and left overnight 
for asepsis. The next morning, they were washed and cleaned with 
soapy water and the rats were brought in 3 days after, when the 
concentration of antiseptic in the atmosphere of the room had 
dissipated. The rats were housed individually in rubber cages 
between 22 – 26°C temperature, humidity range of 50-60%, and 12-
hour light/dark lighting. They were fed with standard rat pelletized 
diet, (Vital Feed Growers, Green Cereals Nigeria Ltd.) and water 
ad libitum. 
 
Plant Collection and Preparation of Extract
Identification and registration of Costus afer were done with 
the Herbarium of the Department of Pharmacognosy, Faculty of 
Pharmacy, University of Uyo with the herbarium number UUPH26(a) 
under the family Costacae as identified by the taxonomist. After the 
identification and confirmation, fresh stem of Costus afer were 
collected from bushes within Uyo local government area in February, 
2017. The foliage leaves were removed and the stems were washed 
and cut into pieces and crushed in an electric blender (NAKAI-Japan; 
HR-2818). The juice obtained from the blender was filtered with 
a chess cloth. Aqueous crude extract of the filtrate was obtained 
by evaporation in beakers placed in water bath at 40°C [28]. The 
extract was made into a semiliquid paste of 4g/ml concentration 
with water [25]. 

Experimental Protocol
The albino rats were divided equally into 5 groups of A, B, C, D 
and E for each treatment procedure (Table 3.1). After one (1) week 
of acclimatization, all the rats were wounded on their dorsum and 
treated according to group specifications. 

Table 3.1: Experimental Design
Group Number Treatment

A 5 Control
B 5 Iodine ointment for 1 day
C 5 Iodine ointment for 7 days
D 5 Costus afer paste for 1 day
E 5 Costus afer paste for 7 days

The health status of the rats were monitored closely by regular 
assessment of their weight and stress indicators according to National 
Centre for the Replacement, Refinement and Reduction of Animals 
in Research, as well as internationally accepted standard guide 
for care and use of laboratory animals promulgated and adopted 
by the National Institute of Health (NIH) publication number 85, 
revised 1996 and related ethics and regulation [23,29]. All animals 
were handled humanely with care. Throughout the experiment, all 

procedures were carried out with high degree of asepsis and no 
infection was observed in the wounds.

Wound Creation
All surgical interventions were carried out under general anaesthesia 
with ketamine hydrochloride (120mg/kg b.w. i.p.). A predetermined 
area of fur, 5cm from the ear centrally, was shaved off the rat dorsum 
using clipper (model number GM-3005). The shaved area was 
cleaned using an antiseptic soap solution and methylated spirit. 
Within the shaved area, another 1.5x1.5cm2 was marked off as the 
wounding site using methylene blue. The target area was excised 
with surgical blade, scissors and forceps to create a full thickness 
square wound. Immediately after wounding, sterile gauze was used 
to apply pressure on the wound until haemostasis was attained. 
Thereafter, the wounded rat was treated according to group. 

Application of Substances
The extract was made into a semiliquid paste of 4g/ml concentration 
with distilled water. Povidone iodine ointment (Wosan Iodine, Jawa 
International Nigeria Limited) with 5%w/w concentration was 
used for the study. The ointment was obtained commercially from 
pharmaceutical stores. Wounds of group A rats were left untreated, 
group B were treated with 0.2ml of iodine ointment only on the first 
day, group C were treated with 0.2ml of iodine ointment daily for 
7days, group D were treated with 0.2ml of Costus afer paste only 
on the first day, and group E were treated with 0.2ml of Costus afer 
paste daily for 7days.

Immunohistochemical Study 
The tissues obtained from the wound site were processed for 
immunohistochemical assessment of e-cadherin expression. The 
method used was the Avidin Biotin Complex (ABC) method also 
referred to as the Avidin Biotin Imuunoperoxidase method with 
formalin fixed and paraffin embedded tissues. The e-cadherin 
antibodies used for the work were manufactured by Ventana 
Medical Systems, Inc., USA with ref number 790-4497 and lot 
number G01366. The processed tissues were sectioned at 2µ on 
the rotary microtome and placed on the hot plate at 70°C for at 
least 1hour. Sections were brought down to water by passing them 
on 2 changes of xylene, then 3 changes of descending grades of 
alcohol and finally to water. Antigen retrieval was performed on 
the sections by heating them on a citric acid solution of pH 6.0 
using the microwave at power 100 for 15minutes. The sections 
were equilibrated gradually with cool water to displace the hot 
citric acid for at least 5min for the sections to cool. Peroxidase 
blocking were done on the sections by simply covering sections 
with 3% hydrogen peroxide (H2O2) for 15min. Sections were washed 
with PBS and protein blocking were performed using avidin for 
15min. Sections were again washed with phosphate buffered saline 
(PBS) and endogenous biotin in tissue were blocked using biotin for 
15min. After washing with PBS sections were incubated with diluted 
e-cadherin antibody of 1:100 dilution factor for 60 min. Excess 
antibodirs were washed off with PBS and a secondary antibody 
(LINK) was applied on sections for 15min. Sections were washed 
and horsradish peroxidase (HRP) label was applied on the sections 
for 15min. A working 3,3’-diaminobenzidine (DAB) solution was 
made up by mixing 1 drop (20microns) of the DAB chromogen to 
1ml of the DAB substrate. This working solution was applied on 
sections after washing off the HRP with PBS for 5min. The brown 
reactions began to appear at this moment especially for a positive 
target. Excess DAB solution and precipitate were washed off with 
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water. Sections were counterstained with Haematoxylin solution 
for 2min and blued briefly. Sections were dehydrated in alcohol, 
cleared in xylene and mounted in DPX.

Result
E-cadherin expression was found to be higher in the Costus afer 
treated groups D and E than in the control and iodine treated groups 
B and C (Figure 1). Group D (single dose treatment with Costus 
afer) had the highest expression of e-cadherin.

Figure 1: E-cadherin expression in normal epidermis and healed 
epidermis (arrows) (x40).

N: E-cadherin expression in normal uninjured epidermis. 
A: E-cadherin expression in epidermal tissue of control, group A 
of which wounds were left untreated. 
B: E-cadherin expression in epidermal tissue of group B treated 
only on the first day with iodine ointment. 
C: E-cadherin expression in epidermal tissue of group C treated for 
7 days with iodine ointment. 
D: E-cadherin expression in epidermal tissue of group D treated only 
on the first day with aqueous extract of Costus afer stem. 
E: E-cadherin expression in epidermal tissue (arrows) of group E 
treated for 7 days with aqueous extract of Costus afer stem. 

Discussion
The stem of Costus afer is used traditionally for the treatment of 
wounds. Its sap has been reported to be rubefacient, to have burning 
sensation on open wounds with anodyne and healing properties 
[24,30]. It is also used traditionally to treat a range of skin ailments, 
veneral diseases and colic [22,31]. Scientific studies have reported 
that the stem extract of Costus afer has significant antibacterial, 
antifungal and amoebicidal activity in vitro. Its antinociceptive 
and antioxidant properties have also been reported [21-24,32,33]. 
Phytochemical analysis has shown that it contains significant wound 
healing biomolecules including alkaloids, flavonoids, quinones, 
saponins, glycosides and triterpenes [25,26,33,38]. Each of these 
molecules have been scientifically proven to promote wound healing 
through their effect on different phases of wound healing and wound 
healing cells [25,26]. Several minerals and ions that facilitate the 
healing process have also been identified in the stem of Costus 
afer. These minerals include copper, potassium, calcium, sodium, 
magnesium, manganese and phosphorus [25,26,34,38]. 

The presence of these biomolecules and minerals makes Costus afer 
stem a potential wound healing agent and supports its traditional use 
in wound treatment. Furthermore, studies by Udoh and colleagues 
showed that treatment of wounds with Costus afer stem juice extract 
maintained a moist healing environment and showed a considerable 
improvement in the healing process and outcome [25]. High rate 

of re-epithelialization and random organisation of dermal fibers 
with high tensile strength has also been reported in full thickness 
excisional wound model treated with Costus afer stem juice extract. 
Regeneration of hair follicles has also been reported, suggesting the 
regenerative potential of Costus afer stem [25,26].

This study showed that Costus afer stem juice treatment enhances 
the process of mesenchymal-epithelial transition as shown in the 
high intensity of e-cadherin expression in the epidermis of the healed 
skin. This is based on the reports that migratory keratinocytes which 
lose e-cadherin to become mesenchymal cells undergo contact 
inhibition and regain their e-cadherin when they come in contact 
with opposite migratory cells [13,15]. Furthermore, the present 
findings support the report of Ekanem and colleagues that Costus 
afer promotes wound healing through its effect on different activities 
of the healing process [26]. These findings can be related to its effect 
on the re-epithelialization process as it has been reported that Costus 
afer stem juice extract increases the rate of re-epithelialization, and 
E cadherin is known to contribute significantly to collective cell 
migration and the stability of epithelial sheet by holding the cells 
together [3,4,13]. This may indicate the potential of Costus afer stem 
juice in the effective treatment of wounds in keloid prone skin as 
well as the treatment of keloids, since proper mesenchymal-epithelial 
transition has been a major drawback in this condition [16-18].

Conclusion
The process of mesenchymal-epithelial transition is a major event 
that re-establishes the epidermis of an injured skin. Impairment of 
this process has been implicated in keloid formation. The results 
from this study have shown that Costus afer stem juice extract could 
be effectively used to promote this process through its enhancement 
of e-cadherin expression in the injured skin. However, more studies 
are recommended to ascertain its effect on this process as other 
factors may be implicated.
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