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SUMMARY

Delayed wound healing (the diabetic ulcer) is one
of the major complications of diabetes mellitus
(DM), which has shown an increasing trend over
previous decades to affect almost 15% of diabetic
patients. Virgin coconut oil (VCO) is a natural oil
rich in vitamins and antioxidants and possesses
antimicrobial and antiviral activities. In the current
study, we evaluated the effects of topical applica-
tion of VCO on wound healing in diabetes-induced
Sprague-Dawley rats. A total of 72 animals were
divided into 4 groups: i.e. (i) non-diabetic non-
treated (NN), (ii) diabetic non-treated (DN), (iii)
diabetic treated with VCO (VCO), and (iv) diabetic
treated with silver sulfadiazine cream (SS).
Wounds were inflicted on all groups using punch
biopsy needles, and the animals were treated for
14 days. Wound closure rate (WCR) was meas-
ured on day 5, 10, and 14. Histological analysis
was performed on day 7 and 14. Total protein con-
tent and superoxide dismutase (SOD) activity were
measured on day 1, 7, and 14. WCR in VCO
group was higher on all days compared to DN.
Histological analysis revealed that VCO promoted
re-epithelialization and increased collagen content
of wound tissue. Total protein content in VCO
group was higher on day 7 and 14 compared to
both DN and SS groups. VCO showed insignificant
effects on SOD levels. In summary, VCO was
found to be better than silver sulfadiazine cream in
the healing of diabetic wounds via promoting re-
epithelialization and collagen synthesize as well as
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increasing WCR and total protein content.
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INTRODUCTION

Delayed wound healing (the diabetic ulcer) is
considered to be one of the major complications of
DM (ADM, 2014) which is commonly present in
uncontrolled diabetic patients. The diabetic ulcer
has shown an increasing trend over previous dec-
ades. In total, it is estimated that 15% of patients
with diabetes would suffer from ulcers (Leone et
al., 2012). A diabetic ulcer is reported to be a ma-
jor source of morbidity and a main cause of hospi-
talization in diabetic patients (Aalaa et al., 2012;
Shahbazian et al., 2013). It can lead to infection,
gangrene, amputation, and even death in neglect-
ed cases (Snyder et al., 2009). Moreover, the dia-
betic ulcer is responsible for physical distress as
well as productivity and financial losses, which
lead to a severe economic burden (Vileikyte,
2001).

Wound healing is a complex process that runs
through four sequential but overlapping phases:
haemostasis, inflammation, proliferation, and re-
modeling (Reinke et al.,, 2012). DM causes de-
layed wound healing via several mechanisms: (i)
angiogenesis disorders, in which there is a failure
to develop new blood vessels in the wound area
leading to poor oxygen and nutritional supply to
the wound site (Brem et al., 2007); (ii) prolonged
inflammation phase caused by inefficient immune
system of diabetic patients (Edwards et al., 2004);
(iii) destruction of extracellular matrix (ECM) in-
cluding collagen and glycosaminoglycan by specif-
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ic enzymes as matrix metalloproteases (MMPs)
(Bjarnsholt et al., 2008), and (iv) increasing oxida-
tive stress and free radicals in addition to lowering
levels of anti-oxidants (Maritim et al., 2003).

Virgin coconut oil (VCO) is a natural oil extracted
from the mature kernel of the coconut fruit (Cocos
nucifera L.) through different mechanical and natu-
ral methods (Mansor et al., 2012). VCO has plenty
of health benefits due to the retained vitamins and
antioxidants, as well as the antimicrobial and anti-
viral activities (Mansor et al, 2012). Its anti-
inflammatory effects were observed in acute and
chronic inflammation stages (Intahphuak et al.,
2010). VCO was proven to have significant antioxi-
dant effects (Yeap et al., 2015), including increas-
ing levels of superoxide dismutase enzyme in the
wound tissue of normal rats (Nevin et al., 2010). In
the case of human chronic skin conditions such as
xerosis and atopic dermatitis, VCO showed signifi-
cant healing effects (Evangelista et al., 2014). Fur-
thermore, VCO showed remarkable effects on
wound healing of normal rats (Nevin et al., 2010).
In the present research, the effect of topical appli-
cation of VCO on diabetic wounds was observed.
The results were also compared to the treatment
with a conventional antibiotic cream, i.e., silver
sulfadiazine cream.

MATERIALS AND METHODS

Animals

Seventy-two male Sprague-Dawley rats, weigh-
ing 150-250 g, were purchased from the Laborato-
ry Animal Resource Unit, Faculty of Medicine, Uni-
versiti Kebangsaan Malaysia. They were kept in
specially prepared metabolic cages at room tem-
perature (23-28°C) with 12 hours light/12 hours
dark photoperiod and 50% to 60% humidity in or-
der to maintain normal circadian rhythm in the ani-
mal room. The rats were fed ad libitum with normal
rat feed and water. Project protocol was approved
by UKMAEC (Universiti Kebangsaan Malaysia -
Animal Ethics Committee). The study was con-
ducted in the Animal Lab, Department of Anatomy,
Universiti Kebangsaan Malaysia Medical Center.

Experimental design

Animals were acclimatized under standard labor-
atory conditions for one week before the com-
mencement of the experiment. Rats were divided
into four main groups. NN group (n=18) is a normal
group which is neither diabetic nor treated; DN
group (n=18) is a diabetic non-treated group; VCO
group (n=18) is a diabetic group treated topically
with 1 ml of VCO daily for 14 days on daily basis;
and SS group (n=18) is a diabetic group treated
topically with silver sulfadiazine cream for 14 days
on daily basis. In each group, six rats were sacri-
ficed on day 1, 7, and 14. Wound tissue from sacri-
ficed animals was collected for histological and
biochemical analysis.

Induction of diabetes

Diabetes was induced in three groups (VCO, SS,
and DN) by injecting the animals with a single
dose (65 mg/kg) of streptozotocin (STZ) (Cayman
Chemical, USA) intraperitoneally (Furman, 2015).
Fasting blood glucose level was measured on the
3" day after administration of STZ. Animals were
considered diabetic if fasting blood glucose (FBG)
was > 8 mmol/L (Furman, 2015).

Wound creation

On the day of the surgery (day 0), the rats were
anesthetized with a combination of tiletamine and
zolazepam (Zoletil 50; Virbac Laboratories, Carros,
France). The thoracolumbar region of the rat was
shaved to clear area for wounding. Four full-
thickness skin excision wounds 6 mm in diameter
were created using a punch biopsy needle 6mm in
diameter (Fisher Scientific - USA), two on each
side of the median line, approximately 20 mm
from each other, and at a depth of about 1 mm on
the dorsal aspect of the thoracolumbar region of all
the animals.

Wound treatment

In the VCO group, each rat was treated topically
with 1 ml of VCO (Bio-Asli, Malaysia) daily for 14
days. In the SS group, wounds were just covered
with a layer (1/16 inch thickness) of silver sulfadia-
zine cream (according to the manufacturer’s proto-
col) daily for 14 days. For the NN and DN groups,
wounds were not treated. The wounds were left
open during the entire experimental period.

Wound closure rate

Wound closure rate (WCR) was measured by
serially photographing the wounds along with a
scale (as a reference) using a digital camera
(Coolpix 5400, Nikon, Japan) on day 5, 10, and 14
after wounding. The wound area was measured
using image analysis software (Imaged Software,
USA). The following formula was used to calcu-
late the rate of wound closure by using the initial
and subsequent area of the wound during the ex-
periment: % wound closure = [(day O area - day (n)
area)/day 0 area] X 100, n = number of days (5, 10
or 14) (Kumar et al., 2008).

Histological analysis of wound tissue
Histological analysis of wound tissue on day 7
and 14 for all groups was performed. In order to
obtain good sections for microscopy, the fixed tis-
sues were first dehydrated to remove aqueous
fixative and tissue water. Next, the tissue was
cleared to remove the dehydrating agent. Finally,
fixed skin specimens from each group were em-
bedded in paraffin and sectioned using a micro-
tome to be picked up on microscope slides. Slides
were stained with Haematoxylin and Eosin (H&E)
and Masson’s Trichrome stains. Then, slides were
mounted with neutral DPX medium and examined
under a light microscope connected to an image
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analyzer (Leica CTR.MIC., Germany) to capture
images of the wound tissue. To evaluate the
amount of collagen present in the wound tissue,
we used Imaged software to calculate the percent
area stained by blue color which represents the
collagen fibres using Masson’s Trichrome stain
(Foot, 1933). Based on a scoring system, the
amount of collagen was graded semi-quantitatively
according to the percent area which was stained
with blue color on a five-tier scale where 0 = less
than 10%, 1+ = 10-25%, 2+ = 25-50%, 3+ = 50—
75%, 4+ = more than 75% (McDonald et al., 1999).

Total protein content

Wound tissue was collected using punch biopsy
needles (same needles used to inflict wounds) to
ensure collecting the wound tissue, not the normal
skin. Then, 100 mg of wound tissue was homoge-
nized in total protein extraction reagent (Thermo
Scientific, USA). Total protein content of 72 sam-
ples was measured using Coomassie Plus
(Bradford) Assay Kit (Thermo Scientific, USA) con-
taining Coomassie Plus (Bradford) Assay Rea-
gent; which contains coomassie G-250 dye, meth-
anol, phosphoric acid and solubilizing agents in
water; and Albumin Standard Ampules, 2 mg/mL,
10 x 1 mL ampules, containing bovine serum albu-
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min (BSA) at 2.0mg/mL in a solution of 0.9% saline
and 0.05% sodium azide. Coomassie dye binds
protein in an acidic medium; an immediate shift in
absorption maximum occurs from 465 nm to 595
nm with a concomitant color change from brown to
blue. 10 pyL of protein sample was added to the
assay reagent, mixed well, and incubated briefly.
Then, the absorbance was measured at 595 nm
using a plate reader. Protein concentrations were
estimated by reference to absorbance obtained for
a series of standard protein dilutions, which were
assayed alongside the unknown samples.

Superoxide dismutase level

An amount of 100 mg of wound tissue was add-
ed to 1 ml of cold PBS solution. Then, tissue was
homogenized using Bio-prep tissue homogenizer.
Homogenized tissue was centrifuged at 1500 x g
for 5 minutes at 4°C to pellet tissue debris. The
supernatant was collected and stored in -80°C
freezer for subsequent downstream analysis. SOD
activity in wound tissue for 72 samples on day 1, 7,
and, 14 was evaluated. The assay was performed
using superoxide dismutase assay kit (Cayman
Chemical, USA) containing Assay buffer (50 mM
Tris-HCI, PH 8.0, containing 0.1 mM hypoxan-
thine), Sample buffer (50 mM Tris-HCI, pH 8.0),
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Fig 1. Wound closure rate (WCR) of all groups on day 5 (A), day 10 (B), and day 14 (C). WCR of VCO group was sig-
nificantly higher compared to DN group on all days and to SS group on day 5 and 14 (P<0-05). * indicates significant
difference compared to SS group (P<0-05). # indicates significant difference compared to DN group (P<0-05). NN: non
-diabetic non-treated group; DN: diabetic non-treated group; VCO: virgin coconut oil treated diabetic group; SS: silver

sulfadiazine cream treated diabetic group.
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Fig 2. Macroscopic photographs of the wounds of all groups showing the closure progression of wounds on day 5, 10,
and 14. NN: non-diabetic non-treated group; DN: diabetic non-treated group; VCO: virgin coconut oil treated diabetic

group; SS: silver sulfadiazine cream treated diabetic group.

Radical detector containing tetrazolium salt solu-
tion, SOD standard solution containing 100 ul of
bovine erythrocyte SOD (Cu/ZN), and Xanthine
oxidase enzyme. The tetrazolium salt detects the
number of superoxide radicals generated by xan-
thine oxidase and hypoxanthine by converting it
into a detectable dye measured by a plate reader
at 440-460 nm. The more dye indicates more su-
peroxide radicles, which in turn indicates lower
SOD activity. The SOD activity of each sample
was estimated by reference to absorbance ob-
tained for a series of standard SOD dilutions,
which are assayed alongside the unknown sam-
ples.

Statistical Analysis

The data were expressed as mean + standard
error mean (SEM). The statistical analysis was
performed using one-way analysis of variance
(ANOVA) followed by Tukey's post hoc test.
P<0.05 was considered significant. All statistical
analysis was performed using SPSS software

(version 22.0; SPSS Inc., Chicago, IL, USA).
RESULTS

After injection of animals with streptozotocin,
there was an increase in FBG levels, reduction of
body weight, an extensive water intake, and in-
creased urine output. On day 3 after streptozotocin
administration, rats were found to be hyperglyce-
mic and their FBG levels remained high (23.49 +
0.64 mmol/L) throughout the experiment compared
to normal FBG levels (4.87 + 0.06 mmol/L) before
STZ administration.

Wound closure rate. WCR in the VCO group
was significantly (P<0.05) higher compared to both
DN and SS groups on day 5 and 14 as well as to
DN group on day 10. SS group showed significant
(P<0.05) higher WCR on all days compared to DN
group (Fig. 1). Macroscopic photographs of the
wounds of all groups showing the closure progres-
sion of wounds through the experiment are shown
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Fig 3. Skin wound on day 7 after wound creation. VCO and NN showing intact epidermis; VCO showing mature dermal
papillae; SS and DN showing evident epidermal damage. VCO: virgin coconut oil treated diabetic group; SS: silver
sulfadiazine cream treated diabetic group; DN: diabetic non- treated group; NN: non-diabetic non-treated group. Hae-
matoxylin and eosin; original magnification x200.

in (Fig. 2).

Histological analysis. Histological analysis of
wound tissue on day 7 revealed intact epidermis
with developed dermal papillae in both VCO and
NN group compared to the damaged epidermis in
both DN and SS groups (Fig. 3). On day 7, VCO
and NN groups showed high collagen content (3+
and 3+, respectively) (Fig. 4). While in DN and SS
groups there was less collagen content (2+ and
1+, respectively) and more cellular infiltration (Fig.
4). On day 14, all groups showed complete epithe-
lialization (Fig. 5). However, VCO group showed a
fully mature epidermis with efficient dermal-
epidermal interdigitation (Fig. 5). VCO and NN
groups showed more collagen fibres (3+ and 3+,
respectively) arranged in a very well-organized
manner along with fibroblasts simulating the nor-
mal skin. On the other hand, the DN and SS
groups showed a moderate amount of collagen
(2+ and 2+, respectively) (Fig. 6).

Total protein content. The total protein content
of wound tissue on day 1 was higher in VCO group
compared to both DN and SS groups. However,

Values were not significantly different (P>0.05).
Meanwhile, on day 7 and 14, wound tissue of VCO
group showed significantly (P<0.05) higher total
protein content compared to both DN and SS
groups (Fig. 7).

SOD levels. SOD activity in wound tissue of NN
group was insignificantly (P>0.05) higher on day 1,
7, and 14 compared to the other groups. On the
other hand, SOD values of VCO, SS, and DN
groups were insignificantly different (£P>0.05) (Fig.
8).

DISCUSSION

Reduction of body weight of diabetic groups was
noticed after STZ administration due to severe hy-
perglycemia experienced by the animals. WCR
was measured as an indicator of the speed of
wound healing. Previous studies measured the
WCR as a significant parameter for wound healing
(Qiu et al., 2007; Teoh et al., 2009). Other studies
have reported that a delayed wound closure may
cause worsening of wound healing and a faster
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Fig 4. Skin wound on day 7 after wound creation. VCO and NN showing high collagen content (3+ and 3+, respective-
ly) (blue color); SS and DN showing low collagen (2+ and 1+, respectively) and more cellular infiltration. VCO: virgin
coconut oil treated diabetic group; SS: silver sulfadiazine cream treated diabetic group; DN: diabetic non-treated
group; NN: non-diabetic non-treated group. Mason’s Trichrome; original magnification x200.

wound closure enhanced the wound healing pro-
cess (Jeffcoate et al., 2004). VCO and silver sul-
fadiazine enhanced wound healing of diabetic
wounds by accelerating the WCR. However, VCO
was proven to be significantly better than silver
sulfadiazine cream. This may be attributed to the
retained vitamins and antioxidants as well as the
antimicrobial and antiviral activities of VCO
(DebMandal et al., 2011; Mansor et al., 2012),
which helps not only to eliminate bacteria but also
to enhance the growth of wound tissue. On all
days, NN group showed a significantly (P<0.05)
higher WCR compared to DN group. Previous
studies reported a decreased WCR in diabetic rats
compared to normal rats (Qiu et al., 2007; Teoh et
al., 2009) which support our findings.

Histological analysis revealed that VCO promot-
ed the re-epithelialization process. This could be
explained by the intact epidermis and dermal-
epidermal interdigitation that were observed in
VCO group. This may illustrate the role of VCO in
enhancing re-epithelialization process, which is
considered a crucial step in wound healing
(Serarslan et al.,, 2007). Previously, VCO was

found to promote and accelerate the re-
epithelialization process in wound healing of nor-
mal rats (Nevin et al., 2010), which is in accord-
ance with our results. On the other hand, wound
tissue of DN group showed evident epidermal
damage and absent dermal-epidermal interdigita-
tion. Same findings were reported in a previous
study (Teoh et al., 2009). Also, the damaged epi-
dermis was observed in SS group, which may indi-
cate the insignificant effect of silver sulfadiazine on
the re-epithelialization process. On day 7 and 14,
VCO group showed a higher content of collagen
fibres compared to both SS and DN groups. The
results may support the ability of VCO to induce
collagen synthesize and deposition which was re-
vealed by other studies (Nevin et al., 2010). Colla-
gen is considered the major component of the
ECM and its role in the wound healing process
starts early after the skin injury and continues for
many weeks (Shoshan, 1981). The low collagen
content in DN group was found to be similar to the
findings of a previous study (Dogan et al., 2017).
This may be explained by the destructive effect of
DM on the ECM caused by increased MMPs en-
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NN

Fig 5. Skin wound on day 14 after wound creation. All groups showing complete epithelialization; VCO showing inter-
digitation between epidermis and dermis. VCO: virgin coconut oil treated diabetic group; SS: silver sulfadiazine cream
treated diabetic group; DN: diabetic non-treated group; NN: non-diabetic non-treated group. Haematoxylin and eosin;

original magnification x200.

zymes in the wound tissue (Bjarnsholt et al.,
2008). On day 14, the histological analysis of
wound tissue of VCO group showed more new
developed blood vessels compared to both DN
and SS groups. The results suggest that VCO may
have a role in promoting the angiogenesis pro-
cess. Same findings were found in a previous
study investigating the effects of VCO on wound
healing (Ibrahim et al., 2013). Angiogenesis pro-
cess is extremely vital for wound healing as it pro-
vides the essential oxygen and nutrients neces-
sary for healing process (Li et al., 2003).

Different forms of proteins and amino acids were
found to essential in wound healing in the terms of
transporting trace elements, adhesion of regener-
ating tissue, the formation of ECM along with gly-
cosaminoglycans (GAGs), organization of cellular
elements, and inhibition of microbial invasion
(Powanda et al., 1981). The total protein content of
wound tissue in VCO group was significantly
(P<0.05) higher compared to the untreated groups
and the silver-sulfadiazine-treated group. In-
creased total protein content in VCO group may
indicate active synthesize and deposition of matrix

proteins (Sumitra et al., 2000). Same findings were
reported by other studies (Nevin et al., 2010). In-
creased total protein content in the VCO group
supports the high collagen content in wound tissue
of VCO group detected by the histological analysis.

SOD is a metalloenzyme that catalyzes the dis-
mutation of the superoxide anion to molecular oxy-
gen and hydrogen peroxide and thus forms a cru-
cial part of the cellular antioxidant defense mecha-
nism (Boyer, 1976).

20, + 2H" + SOD — H,05 + O,

SOD is widely distributed through different tis-
sues. However, it occurs in high concentrations in
brain, liver, heart, erythrocyte, and kidney
(Sandstrom et al., 1994). The amount of SOD pre-
sent in the intracellular and extracellular environ-
ment is vital for the prevention of disease linked to
oxidative stress (Maier et al., 2002). DM is associ-
ated with oxidative stress which increases the lev-
els of free radicals and decreases the levels of
antioxidants leading to more cellular damage and
delayed wound healing (Maritim et al., 2003). DM
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Fig 6. Skin wound on day 14 after wound creation. VCO and NN showing high collagen (3+ and 3+, respectively) fi-
bres arranged in well-organized manner (blue color) compared to SS and DN which are showing low collagen content
(2+ and 2+, respectively). VCO: virgin coconut oil treated diabetic group; SS: silver sulfadiazine cream treated diabetic
group; DN: diabetic non-treated group; NN: non-diabetic non-treated group. Mason’s Trichrome; original magnification
x200.
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Fig 7. Total protein content in wound tissue of all groups on day 1 (A), day 7 (B), and day 14 (C). The total protein con-
tent of VCO group was significantly higher compared to both DN and SS groups on day 7 and 14 (P<0-05). * indicates
significant difference compared to SS group (P<0-05). # indicates significant difference compared to DN group
(P<0-05). NN: non-diabetic non-treated group; DN: diabetic non-treated group; VCO: virgin coconut oil treated diabetic
group; SS: silver sulfadiazine cream treated diabetic group.
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Fig 8. Superoxide dismutase (SOD) activity in wound tissue of all groups on day 1 (A), day 7 (B), and day 14 (C). VCO
showed the insignificant effect on SOD level in wound tissue compared to both DN and SS groups on all days
(P<0-05). NN: non-diabetic non-treated group; DN: diabetic non- treated group; VCO: virgin coconut oil treated diabetic

group; SS: silver sulfadiazine cream treated diabetic group.

was proven to reduce levels of SOD in different
tissues such as skin (Jankovic et al., 2016) and
retina (Kowluru et al., 2006) in diabetic animals.
Results showed that SOD activity in the wound
tissue of NN group was insignificantly (P>0.05)
higher on day 1, 7, and 14 compared to the other
groups. This may support the role of DM in reduc-
ing levels of SOD in wound tissue (Jankovic et al.,
2016). VCO showed insignificant effects on SOD
levels. Previous studies showed that VCO exhibit-
ed antioxidant effects (Yeap et al.,, 2015) and it
had a significant effect on SOD levels in the
wound tissue of normal rats (Nevin et al., 2010).
However, based on our literature review, no other
studies have investigated the effect of VCO on the
SOD levels in wound tissue of diabetic rats. Fur-
ther investigations to evaluate the role of VCO as
an antioxidant in diabetic wounds are recommend-
ed.

Conclusion

VCO showed significant effects on the wound
healing of diabetic rats via increasing WCR and
total protein content as well as enhancing collagen
synthesize and re-epithelialization process. VCO
was proved to be more significant than silver sul-
fadiazine cream in the healing of diabetic wounds.
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