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Background: Diabetes is a disease that affects people worldwide, version 3
including in Indonesia. The prevalence of diabetes in Indonesia is (revision)
increasing from year to year. One of the most devastating 23Sep 2021
complications of diabetes mellitus is diabetic ulcers, which is a limb-
threatening complication. Over the past few decades, ozone version 2 2 X
generated using plasma medical te@ology has been investigated as  reyision) e o
an agent that helps wound healing. This study aims to evaluate the 06 May 2021 repert repert
effects of topical ozonated virgin coconut oil (VCO) in a diabetic wound
mouse model. ion 1 ?
Methods: This study was an experimental study with a post-test version o
09 Jun 2020 report

control design. An ulcer wound model was made in 50 diabetic male
Wistar mice, divided into five groups, and a control group of 10 non-
diabetic mice. The control groups were given conventional therapy 1. Gamal Badr
only and the treatment groups were also given topical ozonated VCO Egypt

with different flow durations (0 min, 90 min, 7 h, 14 h). Macroscopic

appearance and wound contraction were observed. HSP90B, VEGF-A, 2. Rekha Raghuveer Shenoy ', Manipal
EGF, bFGF, and CD34 levels were measured from the immunostained
slices of wound margins.

Results: The reduction of wound length was proportionally related to  Any reports and responses or comments on the
the duration of ozone flow. Ozonated VCO with a longer duration of
ozone flow healed the wound more quickly and had the shortest

, Assiut University, Assiut,

Academy of Higher Education, Manipal, India

article can be found at the end of the article.
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wound length. VCO with ozone flow for 14 hours (16837.10 pm) had
the biggest reduction in wound length compared to other groups. The
wounds treated with ozonated VCO showed an increase in HSP90B,
VEGF-A, EGF, bFGF, and CD34 levels that correlated to improved
wound healing. A longer period of treatment resulted in higher levels
of wound healing biomarkers compared to shorter therapeutic
durations.

Conclusions: Topical ozonated VCO improved the wound healing
process in a diabetic ulcer mouse model by improving macroscopic
wound appearance and increasing levels of wound healing
biomarkers.

Keywords
diabetic ulcer, ozone, virgin coconut oil, full-thickness wound, delayed
wound healing, HSP90a, VEGF-A, EGF, bFGF, CD34
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Introduction

Diabetes is a non-communicable disease that has become
a worldwide burden. In 2014, the number of people with
diabetes in the world reached 8.5% of the total world
population. According to a WHO report, the prevalence of
diabetes has kept increasing steadily for the last three decades,
especially in low-income and middle-income countries such
as Indonesia'. In 2013, the prevalence of diabetes mellitus
among productive-age citizens of Indonesia was 4.6%". In line
with the WHO report, the International Diabetes Federation
found that in 2017, the prevalence of diabetes mellitus among
adults in Indonesia had increased to 6.7%.

Diabetes is a risk factor and cause of several other diseases,
including blindness, kidney failure, diabetic neuropathy, diabetic
vasculopathy, and diabetic ulcers. Of those diabetic patients,
15% of them will develop a diabetic ulcer. If the diabetic ulcer
is not managed properly, it can develop into gangrene, thus
increasing the likelihood of amputation. 12-24% of patients
who have diabetic ulcers end up requiring amputation ™.

Diabetic ulcers are a serious complication in patients with
diabetes’. A diabetic ulcer is defined as the presence of a
full-thickness lesion located distally relative to the ankle.
Diabetic ulcers are caused by a combination of several risk
factors, including neuropathy, peripheral arterial occlusive disease,
and previous ulcerations™. Of all diabetic patients worldwide,
6.3% are aflected by diabetic ulcers’. Diabetic ulcers are limb-
threatening conditions that can potentially result in the
amputation of a limb'",

The management of diabetic ulcers needs a holistic approach,
taking into consideration systemic conditions, complications
of neuropathy or atherosclerosis, and classification of injuries.
Treatment of diabetic ulcer wounds involves three stages, consisting
of cleansing, debridement, and dressing. Besides, pressure control
and infection control are also needed. Ulcers can become an
area of bacterial growth that must be treated with antibiotics
according to the results of bacterial culture' ",

Virgin coconut oil (VCO) is a product of coconut that is
produced by processing fresh coconuts at a low tempera-
ture. This processing method keeps important substances in
the coconut oil intact and ensures they do not degrade. VCO
mainly contains 90% saturated fatty acids and 10% unsaturated
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fatty acids. VCO contains antioxidants such as tocopherol and
beta carotenes and has properties to enhance moisturization of
the skin'®. ¥VCO has been shown to increase wound contrac-
tion rate in chronic wounds that exhibited delayed wound heal-
ing, and have the potential to increase wound healing biomarker
levels in a full-thickness wound mouse model' """,

Ozone is an inorganic triatomic molecule composed of three
oxygen atoms and is highly soluble’*. Ozone is known to
have a role in protecting the ecological balance of the earth
and can interact at a basic level with industrial pollutants.
Ozone also has a unigue biological ability that has the poten-
tial to be used in the medical field. Medical uses of ozone
use ozone dissolved in water (ozonated water), ozonated oils,
and ozone in gas form”. Previous studies found that ozone
acts as an agent that helps ulcer wound healing in patients with
diabetes mellitus. Ozone interactions with skin tissue can: cause
inactivation of bacteria, viruses, and fungi; stimulate antioxidant
production; reduce blood and plasma viscosily: increase
erythrocyte membrane fluidity: loosen tissue; stimulate hemo-
globin activity and increase oxygen absorption and release:
improve blood circulation to tissues: induce tissue collagen
formation; activate the formation of granulation tissue: acceler-
ate epithelialization: and increase the phagocytic activity and
activation of fibroblasts. Ozone also supports the treatment of
diabetes mellitus through decreasing blood sugar levels and
increasing oxygen supply into the tissues™ .

Heat shock protein 90 (HSP90) is a protein chaperone released
and upregulated from pancreatic beta cells under inflammatory
conditions®. HSP90) is a member of the heat shock protein
superfamily and itsell consists of HSP90o and HSP9OB™.
HSP90 1s excreted when normal cells are injured and heat shock
proteins, especially HSP90o, are essential for the early phase
of wound healing because they promote keratinocyte differen-
tiation, re-epithelialization, dermal cell recruitment, and also
protect tissues from further injury*"'. Vascular endothelial
growth factor (VEGF) has an important role in the coordination
of wound healing™. VEGF-A exhibited misregulation in dis-
eases with microvascular disorders”. Diabetes causes reduced
VEGF signaling, alongside impaired angiogenesis and decreased
collateral blood vessel formation™. Besides causing microvascular
and macrovascular disorders, this impaired angiogenesis also has
a significant role in the pathogenesis of diabetic wound healing™.
Increased VEGF-A is beneficial in diabetic wound healing by
increased angiogenesis, vessel diameter, re-epithelialization, and
wound closure ™. Epidermal growth factor (EGF) plays an important
role in wound healing through stimulation, proliferation,
and migration of several types of cells, such as keratinocytes,
epithelial cells, endothelial cells, and fibroblasts, thus facili-
tating dermal regeneration’-". EGF is synthesized in the
pancreas, and its levels are decreased in diabetic animal models™.
Increased EGF levels might have several benefits for wound
healing in diabetic wounds and ulcers by increasing granulation
tissue formation in diabetic wounds™ . Basic fibroblast growth
factor (bFGF) aids in wound healing”. bFGF influences
chemotaxis, cell differentiation, cell proliferation, and tissue
regeneration, and was found to increase epithelial wound healing
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in an early study"". CD34" is a biomarker that can be used to
predict the healing of diabetic wounds. CD34" levels are decreased
in subjects with diabetes compared to subjects with normal
glucose tolerance, and lower levels of CD34* are also corre-
lated with a significantly higher risk of diabetes™". Levels of
sphingosylphosphorylcholine (SPC) in  the bloodstream can
be used to predict the healing of diabetic neuropathic wounds,
which might show its significance in improving the healing
of diabetic wounds™.

Currently, there are limited studies of ozone (reatment in
animal models of diabetic ulcers and a lack of clinical trials
concerning the efficacy of ozone treatment for ulcers in patients
with diabetes mellitus, especially in Indonesia. We used VCO as
the ozone carrier liquid in this study. This study aims to evalu-
ate the effect of topical ozonated VCO using a diabetic wound
rat. model, assessed by macroscopic wound improvement and
immunohistochemical staining parameters.

Methods

Ethical statement

This study is an experimental study with a post-test control
design. This research was approved and declared ethically
feasible by the Ethics Commission of the Public Health Faculty,
Diponegoro  University Semarang with ethical clearance
number 078/EC/FKM/2018. All efforts were made to ameliorate
harm to animals by administering anesthesia to all of the study
animals before full-thickness wound model creation, keeping
the animals in a well-maintained cage, and ensuring graceful
termination of animals (using cervical dislocation procedure)
before we took tissue samples for a histopathology examination.

Animals

The animals used in this study were male adult laboratory rats
(Wistar strain). The rat was three months in age with a mean
weight of 250 = 50 grams. We obtained the rat from a local
laboratory-grade rat breeder, with a pure-breeding status. The rat
included in this study fulfilled the inclusion criteria for healthy
conditions (active movement), and exhibited no signs that met
our exclusion criteria: behavioral changes (activities seemed
weak and lazy). The choice of rat strain and size is related to
the wound model creation; the large size of the Wistar rats
enables us to have an ample area on the rat back to create the
full-thickness wound model. The rats were kept in stainless-steel
laboratory-grade mouse cages at a constant room lemperature
of 28.0+2.0°C, which was monitored with a digital thermom-
eter. The rat was kept in our laboratory mouse room in cages
with wood shavings as the bedding material, which was changed
once a week. Each cage was inhabited by two to three rats
according to the cage size. We did not mix rats from differ-
ent groups in one cage. Fluorescent lighting was turned on for
12 hours per day between 9.00 AM to 9.00 PM, with adequate
ad libitum food supply (BioFeed pellets, manufactured by
Karunia Kasih Abadi, Klaten, Indonesia) and water supply
(clean drinkable water). We routinely assessed the clinical
and behavioral status of the rat every day during routine
checks to prevent any clinical or behavioral changes in the
laboratory rat. No rats were found dead, having decreased
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appetite/growth, or exhibited behavioral changes during the
study period.

In the diabetic group, we induced type 1 diabetes in the rat
by injecting a single dose of 40mg/kg body weight strepto-
zotocin, dissolved in a buffer solution of 50 mM citrate with
a pH of 4.5 to obtain a final concentration of 40 mg/ml. We
assessed the blood glucose level before streptozotocin injec-
tion as a baseline value and repeated 10 days after streptozo-
tocin injection to determine whether the diabetic induction
was successful or not. The measurements of blood glucose
levels were done using glucose oxidase phenol 4-aminoantipyrine
(GOD-PAP) obtained from Diagnostic Systems International
The diagnosis of type 1 diabetes was made if blood glucose
levels reached more than 200 mg/dl (11.1 mmol/liter) 10 days
alter streptozotocin injection, or if blood glucose levels reached
twice the baseline blood sugar noted at the time of injection.
The average blood glucose in the diabetic rats measured before
the wound infliction was 245 mg/dL

Production of ozonated VCO

The manufacture and testing of ozonated VCO were carried out
at the Plasma Ru h Center (PRC), Diponegoro University,
Indonesia. The fools used for making ozonated oil were
ozone generators (ozone generator manufactured in-house
by Plasma Research Center, Diponegoro University) and magnetic
stirrers. The ozone outlet is connected to an anti-oxidation
hose with a diffuser, which served to increase the effectiveness
of ozone absorption in the oil Magnetic stirrers were used
to facilitate the ozone dissolving process into the oil. The oil
used in this study was VCO. Ozone was dissolved into VCO
with a volume of 100 ccs in each cycle and an oxygen flow rate
of 0.1 liters/minute with an ozone concentration of 3360 ppm.
We varied the duration of the ozonation process to create
several concentrations ol ozonated oil. The duration of ozonation
was 90 minutes, 7 hours, and 14 hours.

Experimental procedure

The full-thickness wound model, treatment application, and
observation were done simultaneously on all study groups:
however, the diabetic induction was conducted 10 days earlier
before the wound model creation to make sure all rats were
ready to undergo wound model creation simultaneously in their
final state (diabetic or non-diabetic according to the group). The
research process began by inducing the diabetic ulcers in the
Wistar rat in the diabetic group. We soaked cotton with 0.05ml
of chloroform and put the cotton into a glass beaker containing
a mouse. This allowed us to carry out aerosol administra-
tion of anesthesia in a similar manner to anesthesia aerosol gas
administration in humans who underwent surgery, which we
applied for two minutes. The administration of anesthesia
was carried out directly before we excised the wounds, at our
laboratory mouse surgery table, which was cleaned and
sanitized before the process began to minimize the risk of
contamination from the surgical field or surgical apparatus. After
hypoesthesia was achieved (measured by loss of muscular tone, loss
of righting and palpebral reflexes, decreased rate of respiration,
and loss of response to painful stimulation), the hair in the
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region of the spine at the top of the back (thoracolumbar area)
was shaved”. Then we made four incisions, each with a
diameter of 6 mm, separated by the median line. The full-
thickness skin incision was done using punch biopsy with a
depth of 1 mm.

A total of 60 rats were used in this research. The sample was
then divided into six groups randomly (achieved by simple
randomization), where each group consisted of 10 rats. The
minimum sample size for this study was obtained according to
the Frederer sample size calculation formula: (t-1) (n-1) = 15:
where t = number of groups and n = number of replica-
tions/mumber of minimum samples per group. There are six
groups in this study: therefore, the formula was (6-1) (n-1)
= 15, which results in 5n = 20. We added more rats (twice the
sample amount) due to the need to obtain three rats for every
histopathology examination, which was done three times during
the study (explained in the next section). These groups were:
the negative control group (C-), a control group of rat with
negative diabetes mellitus status that received conventional
treatment such as washing the wound with normal saline and
gentamycin antibiotic ointment (Kimia Farma pharmaceutical
industry, Indonesia); the positive control group (C+), a control
group with positive diabetes mellitus status that received similar
conventional treatment to the negative control group, such
as washing the wound with normal saline and gentamycin
antibiotic ointment (Kimia Farma pharmaceutical industry,
Indonesia); the first treatment group (P1), which received normal
saline wound wash and non-ozonated VCO treatment; the second
treatment group (P2), which received normal saline wound
wash and 90-minute ozonated VCO oil therapy: the third treat-
ment group (P3), which received normal saline wound wash and
7-hours ozonated VCO oil therapy: and the fourth treatment group
(P4), which received normal saline wound wash and 14-hours
ozonated VCO oil therapy.

We applied the oils (ozonated VCO or regular VCO according
to the group) to the wound once a day in the moming (approxi-
mately 8 am or 9 am) for fourteen consecutive days, thinly
covering the entire wound surface with each treatment. The
rat was first taken out of the cage, received the treatment at
our mouse surgical table (which was cleaned and sanitized
beforehand), and then returned to the cage. The wound was left
open and not covered with any kind of covering. For the mac-
roscopic wound contraction measurement, we measured the
wound contraction length using a digital measurement caliper
(0,01 mm measurement scale, 150mm maximum length) on the
first day, the third day, the fifth day, the seventh day, and the
fourteenth day before we applied the ozonated VCO each
day, and recorded it in a follow-up table for further analysis.

Immunohistochemistry

For the immunohistochemistry staining, we analyzed the
wound three times during the study period: on the first day, on
the third day, and on the seventh day. We sacrificed three rats
each period according to the standard operational procedure for
immunohistochemistry staining. The anesthesia was admin-
istered by aerosol chloroform, similar to the method we used
earlier when we created the wound model. We did not use
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injectable anesthesia due to our concern that the injectable
anesthesia might disturb  the histopathological —appearance
of the tissues. The rat was first anesthetized using ether gas
before we took samples from the wound margin. Afterward,
we fixed the slices using 10% neutral buffered formalin for
24 hours, embedded it into a paraffin block, and thinly sliced
it. We then measured the immunohistochemistry levels using
specific staining for each of the biomarkers. The immunohisto-
chemistry interpretation was done by pathology experts and was
done blindly to make sure there was no subjectivity bias. The
inclusion of each mouse in each immunohistochemistry period
was randomized to prevent any bias. The remaining rat was
terminated according to animal ethics by cervical dislocation.

Data analysis

Data analysis was done using SPSS version 16.0, using a
single animal as the unit of analysis. We used one-way ANOVA
to compare the means between the control group and the diabetic
group. Data were considered as significant if p <0.05.

Results

During the research, none of the 60 rats used in this study died
before the research process ended and there were no observed
adverse effects in the animals used in this study.

The measurements of wound length on day | to 14 (Table 1)
as an indicator of wound healing shows a better wound heal-
ing process for the VCO with a longer duration of ozone flow.
The reduction of wound length is directly proportional to the
duration of ozone flow. The greatest to smallest wound length
reduction is found in the VCO with ozone flow for 14 hours
group (P4), followed by the 7 hours ozonated VCO group (P3),
90 minutes ozonated VCO group (P2), non-ozonated VCO group
(Pl), and the diabetic wound without VCO group (C-). The
P4 group, which received VCO with ozone flow for 14 hours
shows the greatest reduction in wound length (16837.10 pm)™.
The smallest reduction in wound length was found in the
C+ group (6370.77 pm), as expected. The results can be seen in
Table 1 and Figure 1.

Figure 2 shows the macroscopic wound morphology comparison
of wound healing between the study groups. As shown in the
picture, the wounds in the treatment groups healed much faster
compared to the positive control group without any treatment.
The fastest wound healing was found among the P4 group,
which had almost closed completely on the 14" day, where
at the same time the wound on the positive control group had
still barely healed. The P3 group had a similar wound healing
result, although the wound length is still greater than that of the
P4 group, signifying that the P4 group achieved the best wound
healing result compared to all other therapeutic groups. There-
fore, these results suggest that topical application of ozonated
VCO can improve wound healing in diabetic rats, as shown
by the improved wound contraction length compared to the
diabetic positive control group without any treatment.

Descriptive measurements of HSP90A levels are shown in

Table 2. The lowest HSP9DA levels were obtained in the C+
group and the highest HSP90A levels were obtained in the P4
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Table 1. Mean wound length comparison between study groups onday 1, 3,5, 7 and 14.

Wound length (pm)

= = C+ P1 P2 P3 P4
1 2222913 2149631 2021250 2282582  21486.29  23079.71
3 2157644 1824373 16380.8% 1676267 1492540 13126.56
5 2130752 17760.51 1467256 1534278  13666.57 1093959
7 1515154  17590.03 1138299 1373039 13466.64  7940.71
14 1467547 1512554 11680.91 8753.86 7276.65 6242.61
Deltaday 1-14  7553.66 6370.77 8531.99 1407196  14209.64 16837.10

C-, negative control group with negative diabetic status; C+, positive control group with positive diabetic
status; P1, non-ozonated VCO therapeutic group; P2, 90-minute czonated VCO therapeutic group; F3, 7-hours
ozonated VCO therapeutic group; P4, 14-hours ozonated VCO therapeutic group; YCO, virgin coconut oil.

Wound Length Comparison (um)

14

Study period (Days)
w

o
8

5000.00 10000.00

15000.00 20000.00 25000.00

Wound length (um)

® 14-hours Ozonated VCO m 7-hours Ozonated VCO

B Non-Ozonated VCO

o Positive Control

90-minute Ozonated VCO

B Negative Control

Figure 1. Wound length comparison between study groups in the 1%, 3%, 5%, 7t and 14™ day. VCO, virgin coconut oil.

group throughout the measurement period. The histopathological
images of HSP90a-stained cells are shown in Figure 3. One-way
ANOVA showed a significant difference for all three measure-
ment days. For the first day measurement, both the P3 group
and P4 group exhibited significantly higher HSP90A levels
compared to the C+ group. No group showed significantly higher
HSP90A levels as compared to the C- group for the first-day
measurement. For the third day measurement, all therapeutic
groups exhibited significantly higher HSPOOA levels compared
to the C+ group, with P2, P3 and P4 groups showing
significantly higher HSP90OA levels compared to the C- group.
Results for the seventh-day measurement were similar to the
third-day measurement, where all therapeutic groups exhibited
significantly higher HSP90A levels than to the C+ group, with

P3 and P4 groups showing significantly higher HSP90A
levels compared to the C- group.

Descriptive measurements of VEGF-A levels are shown in
Table 3. The lowest VEGF-A levels were obtained in the C+
group and the highest VEGF-A levels were obtained in the P4
group throughout the measurement period. The histopathological
images of VEGF-stained cells are shown in Figure 4. One-way
ANOVA showed a significant difference for all three meas-
urement days. For the first day measurement, significantly
higher VEGF-A levels were found for P2, P3 and P4 groups
as compared to the C+ group, with P3 and P4 groups showing
significantly higher VEGF-A levels compared to the C- group.
For the third-day measurement, P2, P3 and P4 groups exhibited
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Day 5 Day 7 Day 14

Control Diabetes -

Caontrol Diabetes +

VCO + Ozone 0 min

VCO + Ozone 90 min

VCO+ Ozone Th

VCO+ Ozone 14h

-
T

~r

Figure 2. Macroscopic wound healing comparison between the study groups. The wound for the 14-hours ozonated VCO group
healed faster and better compared to the control group. VCO, virgin coconut oil.

Table 2. HSP90A measurement results.

1= day 3 day 7" day Average
Group
Mean +5SD Mean +5SD Mean +5SD Mean +5SD

C- 6.7500 0.50000 6.8500 0.60622 9.9500 0.78102 7.8500 0.45044
C+ 27500 1.08972 27267 157176 32500 1.75000 29100  1.08503
F1 55833 284312 8.8333 1.75594 9.7500 1.63936 8.0567 1.92149
P2 5.6667  2.18422 11.6667 212623 134633 282773 102667 1.76517
F3 9.2500 163936 122500 2716506 176767  1.14019 130600  0.58000
P4 11.0833 256580 16.1867 0.73112 17.9167 166458 150633 1.40863

C-, negative control group with negative diabetic status; C+, positive control group with positive diabetic status, P1,

non-ozenated VCO therapeutic group; P2

S0-minute ozonated VCO therapeutic group; P3, 7-hours czonated VCO

therapeutic group; P4, 14-hours czonated VCO therapeutic group; VCO, virgin coconut oil.

significantly higher VEGF-A levels compared to the C+
group, with only the P4 group showing significantly higher
VEGF-A levels compared to the C- group. Results for the
seventh-day measurement shows similar results to the first-

and third-day measurements, where P2, P3 and P4 groups

exhibited significantly higher VEGF-A levels compared to both
C+ and C- groups.
levels are

Descriptive measurements of EGF shown in

Table 4. The lowest EGF levels were obtained in the C+ group
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Figure 3. HSP90« cells stained using immunohistochemistry under a microscope. Top row, from left to right: negative control group
with negative diabetic status; positive contrel group with positive diabetic status; non-ozonated VCO therapeutic group. Bottom row, from
left to right: 90-minute ozonated VCO therapeutic group; 7-hour ozonated VCO therapeutic group; 14-hour ozonated VCO therapeutic

group. The size bar indicates 20 pm. VCO, virgin coconut oil.

Table 3. VEGF-A measurement results.

1tday 3 day 7t day Average

Group Mean +5D Mean +5D Mean +5D Mean +5D

C- 3.7500 066144 75833 1.18145 7.6667 1.25831 65.3333 0.52042
C+ 1.9167 076376  2.6667 1.01036  4.0833 1.60728  2.8900 0.77544
P1 5.2500 139194  7.0000 330719  9.5333 2.83564  7.2633 0.92338
P2 7.8333 2712623 112500 1.80278 147500 3.04138 11.2767 1.38059
P3 9.5833 146487 132567 1.64092 150833 1.52753 12.6400 046119
P4 11.7700 190284 151133 1.7333% 175833 251661 14.8233 1.50134

C-, negative control group with negative diabetic status; C+, positive control group with positive diabetic status; P1,
non-czonated VCO therapeutic group; P2, 90-minute ozonated VCO therapeutic group; P3, 7-hours czonated VCO
therapeutic group; P4, 14-hours czonated VCO therapeutic group; VCO, virgin coconut oil.

and the highest EGF levels were obtained in the P4 group through-
out the measurement period. The histopathological images of
EGF-stained cells are shown in Figure 5. One-way ANOVA
showed a significant difference for all three measurement days.
For the first day measurement, significantly higher EGF levels
were found for P2, P3 and P4 groups compared to the C+
group, with no group showing significantly higher EGF levels
compared to the C- group. For the third day measurement, all
therapeutic groups exhibited significantly higher EGF levels
compared to the C+ group, with the P3 group showing signifi-
cantly higher EGF levels compared to the C- group. Results for
the seventh-day measurement show that all therapeutic groups
exhibited significantly higher EGF levels compared to the

C+ group, with P2, P3 and P4 groups showing higher EGF
levels compared to C- group.

Descriptive measurements of bFGF levels are shown in Table 5.
The lowest bFGF levels were obtained in the C+ group and the
highest bFGF levels were obtained in the P4 group throughout
the measurement period. The histopathological images of bFGF-
stained cells are shown in Figure 6. One-way ANOVA showed
a significant difference for all three measurement days.
For the first day measurement, significantly higher bFGF
levels were found for P2, P3 and P4 groups compared to the C+
group, with only P4 showing significantly higher bFGF levels
compared to the C- group. For the third day measurement,
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Figure 4. VEGF-A cells stained using immunohistochemistry under a microscope. Top row, from left to right: negative control group
with negative diabetic status; positive control group with positive diabetic status; non-ozonated VCO therapeutic group. Bottom row, from
left to right: 30-minute czonated VCO therapeutic group; 7-hours ozonated VCO therapeutic group; 14-hours czenated VCO therapeutic

group. Size bar indicates 20 pm. VCO, virgin coconut oil.

Table 4. EGF measurement results.

48333 137689 68333  1.50693 10.0000 1.63936 72233 0.21127
C+ 19167 152753  2.0833 038188 29167 112731 23033  0.96028
P1 64167  2.00520 5.0000 250000 104167 076376 86100  0.62554
P2 9.0000 2.00000 116667 1.37689 13.4467 (048583 113700 1.24531
P3 100667 160728 126667 267317 144867 087922 124400 116116
P4 105333 4.18947 142500 1.80278 17.2500 060324 140100 1.30767

C-, negative control group with negative diabetic status; C+, positive control group with positive diabetic status; P1,
non-czonated VCO therapeutic group; P2, 90-minute ozonated WCO therapeutic group; P3, 7-hours czonated VCO
therapeutic group; P4, 14-hours ozonated VCO therapeutic group; YCO, virgin coconut oil.

all therapeutic groups exhibited significantly higher bFGF
levels compared to the C+ group, with P2, P3, and P4 groups
showing significantly higher bFGF levels compared to the
C- group. Similar to the third day, results for the seventh-day
measurement  show that all therapeutic groups exhibited
significantly higher bFGF levels compared to the C+ group,
with P2, P3 and P4 groups showing higher bFGF levels
compared to the C- group.

Descriptive measurements of CD34 levels are shown in Table 6.
The lowest CD34 levels were obtained in the C+ group
and the highest CD34 levels were obtained in the P4 group

throughout the measurement period. The histopathological
images of CD34-stained cells are shown in Figure 7. One-way
ANOVA showed a significant difference for all three measure-
ment days. For the first day measurement, significantly higher
CD34 levels were only found for the P4 group compared to both
C+ and C- groups. For the third day measurement, all therapeutic
groups exhibited significantly higher CD34 levels compared to
the C+ group, with P2, P3 and P4 groups showing signifi-
cantly higher CD34 levels compared to the C- group. Similar
to the third day, results for the seventh-day measurement
show that all therapeutic groups exhibited significantly higher
CD34 levels compared to the C+ group, with only the P4 group
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Figure 5. EGF cells stained using immunohistochemistry under a microscope. Top row, from left to right: negative control group with
negative diabetic status; positive control group with positive diabetic status; non-ozonated VCO therapeutic group. Bottom row, from left to
right: 90-minute ozonated VCO therapeutic group; 7-hour ozenated VCO therapeutic group; 14-hour ozonated VCO therapeutic group. Size

bar indicates 20 pm. VCO, virgin cocenut oil.

Table 5. bFGF measurem ent results.

1=t day 3« day
Group
Mean +SD Mean +5SD

C- 46667  1.01036  5.0000

C+ 20833 0.62915 23333

P1 59100 230365  8.7833

27 79167 0.94648 10.2700

P3 80033 202073  11.9700

P4 98333 0.87797 159167

2.04634
1.15470
1.22317
1.11969
242050
1.50693

7t day Average
Mean +5D Mean +5D
65000  0.9013% 53900  0.74586
36733 009292 26967 059719
9.0333 1.12305 79067  0.80065
119400 1.34078 10.0433 060682
163067 071150 120900 059632
19.8033 262413 151833 0.98399

C-, negative control group with negative diabetic status; C+, positive control group with positive diabetic status; P1,
non-ozonated WCO therapeutic group; P2, 30-minute czonated VCO therapeutic group; P3, 7-hour ozonated VCO
therapeutic group; P4, 14-hour ozonated VCO therapeutic group; YCO, virgin coconut oil.

showing higher CD34 levels compared to the C- group. There-
fore, the P4 group most consistently had higher levels of
all growth factors and biomarkers measured in this study.

Discussion

VCO can be produced from fresh coconut or coconut milk,
which is rich in medium-chain triglycerides and lauric acid.
Lauric acid is a precursor of monolaurin, which can modulate
immune cell proliferation. If a wound occurs, the inflamma-
tion process commences and immune cell activity increases™"".

Previous research found that VCO caused a significant reduc-
tion in ear edema, claw edema and granuloma formation in
Sprague Dawley rats™. VCO has been n to have significant
antioxidant effects including increased levels of the superoxide
dismutase enzyme in the wound tissue of normal rats'-". In the
case of chronic human skin conditions such as xerosis and
atopic dermatitis, VCO shows a significant healing effect™.
VCO is also efficacious as a therapy for wound healing and
angiogenesis. VCO showed a significant effect on the wound
healing of diabetic rats through increased wound closure
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Figure 6. bFGF cells stained using immunohistochemistry under a microscope. Top row, from left to right: negative control group
with negative diabetic status; positive control group with pesitive diabetic status; non-ozonated VCO therapeutic group. Bottom row, from
left to right: 90-minute ozonated VCO therapeutic group; 7-hour ozonated VCO therapeutic group; 14-hour czonated VCO therapeutic

group. The size bar indicates 20 pm. VCO, virgin coconut oil.

Table 6. CD34 measurement results.

1+ day 3 day 7* day Average
Group
Mean + 5D Mean + 5D Mean + 5D Mean + 5D

C- 35000 0661744 45833 1.66458  7.2167 0.62517 51000 @ 0.33601
C+ 14667 020207 1.5000 0.25000 2.5100 040509 1.8233 0.17214
P1 78267 523604 81333 0.76376  9.3167 169214 84267  2.29053
P2 67867 256535 10.1933 0.80755 11.0000 235425 93267 1.14129
P3 69167 137689 102500 222205 12.0833 146487 9.7500  1.38434
P4 128167 251661 154167 3.01386 19.9167 275379 16.0833 1.85263

C-, negative control group with negative diabetic status; C+, positive control group with positive diabetic status; P1,
non-ozonated WCO therapeutic group; P2, 30-minute czonated VCO therapeutic group; P3, 7-hour ozonated WCO
therapeutic group; P4, 14-hours czonated WCO therapeutic group; VCO, virgin coconut oil.

rate, total protein content, increased collagen synthesis and
re-epithelialization. VCO proved to be significantly better than
silver sulphadiazine cream in healing diabetic wounds™.

The results of this study show that the application of ozone
helps speed up the healing process of a diabetic ulcer. These
results are similar to several previous studies. Izadi et al
found that ozone therapy shortened the time needed for dia-
betic wounds to heal”. A systematic review of several studies
reported that ozone therapy reduces the ulcer area and shortens
the length of hospitalization compared to control therapies.

Ozone therapy was associated with a greater reduction of ulcer
area compared to antibiotic therapy™®.
2

Reis et al. reported that o.zone provided by a high-frequency
device might potentially be useful in the trea of ulcers, thus
contributing to the healing process™. This might be promoted
by a decrease in bacterial infection, fibroplasia activation and
keratinocyte prolifgtion. Ozone is a powerful oxidant; if
ozone comes into contact with body fluids, it will result in the
formation of reactive oxygen molecules and lead to several
biochemical events that influence cellular metabolism, tissue
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Figure 7. CD34 cells stained using immunohistochemistry under a microscope. Top row, from left to right: negative control group
with negative diabetic status; positive control group with positive diabetic status; non-ozonated VCO therapeutic group. Bottom row, from
left to right: 90-minute ozonated YCO therapeutic group; 7-hour ozenated VCO therapeutic group; 14-hour ozonated VCO therapeutic

group. The size bar indicates 20 pm. VCO, virgin coconut oil.

repair andBflicrobial infection. Ozone has the potential to pro-
mote the activation of transcription fa NF-kB, regulating
inflammatory responses, and release of platelet-derived growth
factor and transforming growth factor B1 from platelets™ """

The previous study conducted by Kim et al. gund an increased
intensity of collagen fibers and a greater number of fibrob-
lasts in an acute cutaneous wound for ozone group™. Fur-
thermore, during a systematic review ol the therapeutic use
of ozone in wounds, the authors discol that most of the
studies analyzed in their research found stimulation of the heal-
ing process (62.2%), followed by improvement in wound
appearance (43.5%) and a decrease in pain (17.4%). The
mechanism of how ozone improved wound healing might be
related to its effect on the growth factors, activation of the
antioxidant system, and activation of superoxide dismutase®"".
Besides its effect on the wound healing process, ozone also
improves the diabetic condition itsell by improving glycemic
control, preventing oxidative stress and normalizing organic
peroxides, aside from activation of superoxide dismutase as
explained above’. This condition might be beneficial to the
wound healing processlue to the improved condition of diabe-
tes itself. The authors concluded that ozone could be an impor-
tant treatment option for wounds and may bring numerous
benefits to patients®’.

In terms of immunohistochemistry parameters, our study found
that 14-hours ozonated VCO treatment increased HSP90a,
VEGF-A, EGF, bFGF and CD34 levels as measured in our study.
Ozone has the potential to increase wound healing by reducing
the wound area infection, controlling wound contamination

and reducing wound healing time*"*'. Ozone has also been found
to increase granulation tissue formation, which also increases
wound healing speed”. Zhang et al. showed that ozone increases
the expression of several wound healing biomarkers, such
as VEGF, transforming growth factor-f and platelet-derived
growth factor. They also found that ozone improves wound
healing in diabetic foot ulcers with a higher wound size
reduction in the ozone-treated group~.

As far as we know, there have been no other studies that show
any therapeutic modalities, except the direct application of
HSP90, that alters the wound healing result”. HSP90o. helped
to accelerate wound healing by recruiting both epidermal and
dermal cells, promoting dermal cell migration, and was able to
override the inhibitory effects of hyperglycemia on cell migra-
tion in diabetes™. Several studies have found that topically
applied HSP90o. protein improves wound healing in sev-
eral kinds of wounds, especially diabetic wounds™*. The
main pathology of diabetes is chronic hyperglycemia, which
causes destabilization of a key regulator of the HSP90o pro-
tein, hypoxia-inducible factor 1 -alpha (HIF-l1a)™*". The HIF-lo
pathway is involved in wound healing by helping human der-
mal fibroblast migration; this is one of the causes of diabetic
wound pathology**. HSP90o. improves wound healing by
mediating hypoxia-stimulated human dermal fibroblast motility
under normal glycemic conditions and “jumpstarts” cell migra-
tion under hyperglycemia conditions’*. Therefore, HSP90o
helps diabetic wound healing by by-passing downregulation of
HIF-la: and helps to ‘rescue’ the migration of hyperglycemic
cells that otherwise do not respond properly to the environmental
hypoxia®. Cheng et al found that HSP90o can promote
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wound healing in diabetic rat in a more effective manner”.
The middle domain of HSP90o contains the F5 fragment,
which acts as a pro-motility factor that affects all three human
skin cell types. This HSP90o fragment promotes dermal and
epidermal cell migration through LRP-1 or CD91 surface
receplors™™.

Most complications that arise from diabetes are related to
vascular alterations caused by diabetes. The pathology of
diabetic wound healing is tightly associated with insuffi-
cient angiogenesis and reduced VEGF signaling™-". Seilz
et al found that diabetic rat have decreased VEGF-A levels
compared to normal rat". The low VEGF tissue levels in dia-
betes patients might be caused by the inability of diabe-
tes patients to appropriately upregulate VEGF expression in
response to hypoxia®™®. Galiano et al. found that VEGF-A
treated diabetic rat showed accelerated cutaneous wound clo-
sure compared to untreated rat. The mechanism of how VEGF
facilitates tissue repair is by both increasing vasaar perme-
ability, which allows inflammatory cells to enter into the site
of injury, and also increasing the migration and proliferation
of pre-existing endothelial cells. In the VEGF-A treated dia-
betic wound model, there is a lot of abundantly vascularized
granulating tissue on the wound bed, which causes the wound
bed to become very hyperemic. When the VEGF-A treated
wounds are almost completely healed, the control wounds
were just starting to grow granulating tissue, and the granula-
tion itself did not exhibit hyperemia and vascularization as the
VEGF-A treated diabetic wounds did. VEGF treatment also
induces neovascularization and cell proliferation in diabetic
wounds®™.

Diabetes also causes EGF synthesis to be diminished, as
shown in diabetic animal models™. EGF is an important fac-
tor for wound healing, as it increases the stimulation, prolif-
eration, and migration of several cells related to wound healing,
such as keratinocytes, endothelial cells and fibroblasts, facilitates
better dermal regeneration, and accelerates the level of wound
contraction related to collagen deposition and proliferation
of myofibroblasts """, Degradation of several growth factors,
including EGF, might result in refractory diabetic ulcer wounds.
Several studies have shown the benefits of EGF therapy
in diabetic wound models. Zhang et al. found that EGF
improved diabetic wound healing by: increasing the formation
of granulation tissue, collagen uniformity and the extracellular
matrix; increasing the number of fibroblasts and improving
fibroblast morphology: and also increasing the number of
capillaries in the wound. EGF can also induce the migration of
inflammatory cells away from the wound, which results in
improvement of the wound microenvironment and tissue
nutritional status™. EGF also has the potential to enhance
wound healing and reduce wound healing time, as found by
Tsang et al. and Singla et al. "

This study found an increase in bFGF levels in wounds treated
with ozonated oil compared to nontreated wounds. Re et al
found that ozone increases the basal concentration of bFGF
in ozone-incubated platelet-rich plasma’™. An early study
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showed that bFGF improves diabetic wound healing in a diabetic
rat model by increasing the rate of cellular infiltration and
capillary ingrowth, which might be related to the ability of
bFGF to induce angiogenesis in wound healing™. bFGF is
the primary promoter for cell proliferation”. bFGF contributes
to wound healing by inducing angiogenesis, fibroblast prolif-
eration and endothelial cell migration”. A recent study using
bioinspired hydrogels with bFGF done by Zhang et al. found
that bFGF enhances cell proliferation, re-epithelialization, col-
lagen deposition, and wound contraction in the full-thickness
wound healing model. Chronic wound healing is also benefited
by the increase of bEGF™.

This study found an increase in CD34 levels in wounds treated
with ozonated oil compared to nontreated wounds. CD34
has been used to improve wound healing in diabetic wound
models using a CD34 injection direct to the wound itsell or
systemic injection of CD34 cells. Sivan-Loukianova et al
found that CD34 cells decreased diabetic wound size, accel-
erated epidermal healing, and rapidly accelerated neovascu-
larization in diabetic wounds, as shown by an increase in blood
vessel numbers and diameter”. Cil et al. found that direct appli-
cation of human umbilical-derived CD34 to the wound margins
improves diabetic wound healing by decreasing inflammatory
reactions and increasing wound revascularization™. A recent
study conducted by Kanji ef al. also found that systemically-
injected CD34 cells accelerate wound healing in streptozo-
tocin-injected rat. CD34 cells improved re-epithelialization,
increased neovascularization, improved granulation tissue for-
mation and increased collagen and myofibroblasts deposition™.
Diabetic wounds have decreased angiogenesis and increased
matrix metalloproteinases (MMPs), which inhibits proper
wound healing in patients with diabetes”. CD34 cells decreased
the pro-inflammatory activity of NF-kB, which therefore
also reduced the level of MMP-1 expression by inhibit-
ing the recruitment of NF-kB to the MMP-1 promoter site.
Therefore, CD34 can reverse the delayed wound healing factors in
patients with diabetes. Besides healing effects, the measurement
of CD34 cells in the wound margin can predict the healing of
diabetic wounds. Thom et al. found that the number of CD34
cells in stained epidermis taken from the wound margin of
diabetic wounds from diabetic patients was positively correlated
with wound healing itsell. Therefore, CD34 measurement in
the early weeks of the diabetic wound provides insight into how
well the diabetic wound will respond and can be used to
predict the healing result of diabetic wounds™.

There are several limitations in this study. First, we only meas-
ured macroscopic wound contraction length without analyz-
ing the histological and biochemistry aspects of the wounds
themselves. The comparison of wound healing histological
events and biochemistry profiles between diabetic control rat
and therapeutic group rat might enable further explanation on a
mechanistic basis of how ozone improved wound healing in
diabetic wounds. Moreover, we only analyzed the wounds until
the seventh day and did not measure the events that happened
until the wound successfully closed, as the end-result of the
wound healing is the restoration of the wound itself. In addition,
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insufficient literature about bFGF and CD34 in wound healing,
especially diabetic wound healing, also leads to difficulty in
determining the exact action of bFGF and CD34 in diabetic
wound healing and the relation between its increase and its effect
in the wound healing process. These could be considered to
seek a better understanding of how ozone improved the wound
healing process.

As ozonated VCO treatment can increase the levels of sev-
eral wound healing biomarkers, such as HSP90o, VEGF-A,
EGF, bFGF and CD34 levels, its increase might potentially
aid the wound healing process. This study is a preliminary
study in animals (in this case Wistar rat). Rat can be used as an
animal model for several skin diseases, including wound heal-
ing. Therefore, we hope that this research can be utilized as
a basis for further research on the usage ol ozonated VCO in
human wounds™

Conclusions

Ozonated VCO has the potential to increase immunohistochem-
istry wound healing parameters in a diabetic wound rat model,
as shown by the increase of HSP90o, VEGF-A, EGE bFGF
and CD34 levels. The improvement of the wound healing proc-
ess was proportional to the duration of ozone flow in VCO. A
longer treatment period and a longer VCO ozonation duration
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resulted in higher levels of biomarkers. Further research should
be done to improve the application of ozonated oil treatment
for diabetic ulcers in everyday practice.
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1. Authors should define the method of sacrifice instead of stating graceful termination of
animals.

2. Why only male rats were taken in this study? Diabetic foot ulcer occurs in women also.
3. The word subjects is not used for experimental animals.
4. Needs a grammatical check in section "Animals".

5. What is the meaning of this sentence, "During the research, none of the 60 rat dropped
out"?

6. Blood glucose levels just on the day of wound infliction should be mentioned.

7. Figure 2 does not represent excision wound model. It appears as an incision wound model.
8. Why were standard and VCO alone groups not considered in the study?

9. What is the rationale for having four VCO + ozone groups?

10. Literature reports show similar studies done in Sprague Dawley rats. Why was this study
performed in Wistar strain?

Is the work clearly and accurately presented and does it cite the current literature?
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Is the study design appropriate and is the work technically sound?
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Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
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Are all the source data underlying the results available to ensure full reproducibility?
No source data required

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that Ido not consider it to be of an acceptable scientific standard, for
reasons outlined above.
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Dear Rekha Raghuveer Shenoy,
Thank you very much for the review of this article.
We have uploaded a new version that addresses your concerns according to our article.
Our answers for your comments are marked in italics.
1. Authors should define the method of sacrifice instead of stating graceful termination
of animals.
The method of sacrifice is cervical dislocation; we have explained it in the Methods section.

2. Why only male rats were taken in this study? Diabetic foot ulcer occurs in women
also.
Female rats are more prone to hormonal changes that might affect the diabetic induction
process.

3. The word subjects is not used for experimental animals.
We have fixed this in the new version of the article. Thank you.

4, Needs a grammatical check in section "Animals".
We have re-checked the grammar in the new version of the article. Thank you.

5. What is the meaning of this sentence, "During the research, none of the 60 rat
dropped out"?
None of the 60 rats died before the end of the study period, which might affect the sample
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Size per group.

6. Blood glucose levels just on the day of wound infliction should be mentioned.
We have fixed this in the new version of the article. Thank you.

7. Figure 2 does not represent excision wound model. It appears as an incision wound
model.
We have fixed this in the new version of the article. Thank you.

8. Why were standard and VCO alone groups not considered in the study?
Control groups and non-ozonated VCO groups have already considered in the study.

9. What is the rationale for having four VCO + ozone groups?
We would like to find which ozonation time provides the best results for the wound
healing.

10. Literature reports show similar studies done in Sprague Dawley rats. Why was this
study performed in Wistar strain?
Wistar strain has larger size than Sprague-Dawley rats, which enables us to make a larger
wound and more easily monitor the healing process.
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All the data in the tables must be presented in bars and the authors must revise the
statistical analysis using different symbols for significance among the groups.

The authors should add the data for the time point 14 days-post wounding.

Is the work clearly and accurately presented and does it cite the current literature?
Partly
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Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
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If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Immunology.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.
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Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
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Gamal Badr
Laboratory of Immunology, Zoology Department, Faculty of Science, Assiut University, Assiut,
Egypt

In the present manuscript entitled: Topical ozonated virgin coconut oil improves wound healing
and increases HSP90q, VEGF-A, EGF, bFGF and CD34 in diabetic ulcer mouse model of wound
healing, the authors focused to investigate the effect of ozonated VCO on the healing process of
diabetic wounds using STZ-induced a diabetic mouse model. Several points should be seriously
taken in consideration for the following reasons:
1. The authors are advised to extensively revise the manuscript against English language
errors that are present throughout the manuscript. The manuscript was poorly written and
can not be accepted in the current version.
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2.The authors should respect the use of abbreviations throughout the manuscript. The
abbreviation must be defined at the first appear in the text and then the authors should use
the abbreviations throughout the manuscript.

3. The introduction section was too long and should be improved.

4. The most critical point of this study is that the authors used 6 animal groups (10 mice per
group) but they investigated the IHC expression of HSP90, VEGF, CD34, FGF and EGFon at 1,
3, 5 and 7 days post-wounding. However, the mice in the 14 days post-wounding time point

were terminated. The authors must investigate all the parameters at all time points post-
wounding.

5. The statistical analysis should be revised, and a multiple comparison test must be
performed.

6. All the data in the tables must be presented in bars figures under the main figures.
7. Figure 1 lacks legend on the X- and Y-axis and also lacks symbols for significance.

8. The authors must present the histopathological alterations throughout the interval time
points using H&E staining.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
No

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
No

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Immunology.

I confirm that I have read this submission and believe thatI have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
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significant reservations, as outlined above.

Author Response 08 Apr 2021

Matthew Brian Khrisna, Faculty of Medicine, Diponegoro University, Indonesia

Dear Prof. Gamal Badr,

Thank you very much for your review.

In response to your reservations, we have uploaded a newer version of this article.
Kindly review these new versions as the revised version of this article.

Thank you.

Regards,
Authors
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