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ABSTRACT

Introduction: Wounds fatality is possible on instances where
treatment is not conducted correctly. Moreover, Aloe Vera possesses
anti-microbial activities, while ozone has bactericidal and
antioxidant effects. This study is, therefore, aimed at assessing the
number of neutrophils and the diameter of full-thickness wounds,
following the multilevel dose administration of ozonated aloe vera
oil.

Methods: This is an experimental study, based on a post-test only
control group design, with treatment and control groups. A total of
50 Sprague Dawley rats (250 + 50 grams) were randomly divided
into 10 units, the control was administered aloe vera oil, gentamicin
ointment, and the treatment with ozonated aloe vera oil at varied
dose of 600, 1200, and 1800 mg/ml. Subsequently, five groups

were terminated on the 3rd day, while the remaining groups were
euthanized on the 7th day. The neutrophil counts were obtained
after histological examination with Hematoxylin Eosin (HE) stain,
while the wound diameter was measured using calipers.

Results: There were significant differences between the control and
treatment groups. This was evidenced in the decreased neutrophil
count after administering ozonated aloe vera oil at a dose of 1800
mg/ml, compared to 1200 and 600 mg/ml, and also aloe vera oil
and gentamycin ointment. Furthermore, wound diameter was
substantially reduced with all ozonated treatments, than the aloe
vera oil and gentamycin treatments.

Conclusion: Ozonated aloe vera oil is characterized by the capacity
to improve wound healing

Keywords: Full-thickness defect wound healing, Sprague Dawley, Ozonated aloe vera oil
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INTRODUCTION

The physiological response to skin injuries, through
a process known as wound healing, consists of
various complex pathways, required to restore
tissue integrity, comprising blood clots formation,
acute and chronic inflammatory responses,
neovascularization, and cell proliferation to
apoptosis. These activities are mediated by various
cells, cytokines, matrices, and growth factors,
through three phases, encompassing inflammatory,
tissue proliferation, and remodeling. The
Inflammation phase extends from the inception
of injury to day 3. The process is characterized by
vasoconstriction, followed by the collaborative
activities of platelets and fibrinogen to form blood
clots. The Neutrophil cells assemble to prevent
bacterial infection, and then the keratinocytes."*

The results suggest Aloe vera accelerates
wound healing by promoting the proliferation and
migration of fibroblasts and keratinocytes and by
protecting keratinocytes from preservative-induced
death.’

Open access: http:/ijbs-udayana.org/ and http://www.ojs.unud.ac.id/

Ozone (03) is a oxidant much stronger than
oxygen, with the ability to oxidize numerous
substances that are inert to oxygen under normal
conditions.® Some literature have confirmed the
capacity to dissolve in plasma, water, serum,
physiological saline and produce ROS (radical
oxygenspace). Moreover, thelipids presentin plasma
resemble those in lipoprotein, and thus undergo
peroxidation, through an ozone dependent process.
The H,0, produced is said to play an important role
in biochemically and immunologically activating
the body.”®

Ozone is widely recognized as one of the
best bactericidal, antiviral and antifungal agents.
Currently, they have been empirically used as a
chronic therapeutic mediator in chronic wounds,
tropical and ischemic wulcers, resulting from
the ability to decrease bacterial infections, heal
dermal damage and increase oxygen pressure on
exposure.>'

Neutrophils are the first inflammatory cells
translocated to the injury site, with the main role
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of defending the body against infections, and
are drawn to the area within 24-36 hours after
injury." These cells are recruited in high numbers
to phagocyte debris and microorganisms, including
reactive oxygen species (ROS)."> Also, they are a
part of the inflammatory response, characterized
by the ability to secrete inflammation strengthening
signals at the early stages of healing, and also act
as an indicator to terminate the process. Moreover,
fibroblasts and myofibroblasts are mainly implicated
in the elevation of wound size, by providing the
contractile force needed to join both edges of the
injury." This study, therefore, aims to determine the
effect of ozone in the form of ozonated aloe vera
oil, in accelerating the wound healing time of full-
thickness defect in ozone-treated Sprague Dawley
mice. The evaluation was based on neutrophil count
and the resulting wound diameter.

MATERIAL AND METHODS

Study design

This is an experimental research with post-test
only control group design. The process involves
a control, with standard therapy/intervention,
and the treatment group. The outcome data were
recorded after the duration of therapy. A total of ten
groups were created, where the controls, P1 and P2
received aloe vera oil, and gentamicin, respectively
for 3 days. Furthermore, P3, P4 and P5 were
administered ozonated Aloe vera Oil at a dose of
600, 1200, and 1800 mg/ml of ozone, respectively for
3 days. Therefore, P6 and P7 groups were provided
with aloe vera therapy and gentamicin, respectively
for 7 days, while P8 P9 and P10 received ozonated
Aloe vera Oil at a dose of 600 1200, and 1800 mg/ml
ozone, respectively for 7 days. The measurements
were conducted at the end of the intervention
period in each group.

Animal model

The sample of this study include 50 adult male
Sprague Dawley rats, weighing 250 + 50 grams,
distributed randomly into 10 groups, with 5 in

Figure 1. Full-thickness wound in mice model
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each. Also, a full-thickness defect measuring 1 cm
in diameter was created on the back of the rat. The
samples were maintained at room temperature
of 28.0 £ 2.0°C, and provided with 12 hours light,
from 06.00-18.00 and darkness from 18.00-06.00.
These conditions were to ensure the elimination of
stress, and feeding was conducted ad libitum.

Wound model, ozonated aloe vera extract, and
histopathology examination

Figure 1 shows the I-centimeter full-thickness
wound on the back of the rat . Moreover, ozonated
ointment, derived from mixing ozone from the
generators and aloe vera oil, was obtained from
the Plasma Research Laboratory of Diponegoro
University. Therefore, a magnetic stirrer was used
to facilitate the mixture to be ready for use as a
treatment material. This sample was then collected
for testing with a spectrometer or dissolved ozone
meter kit, while potassium iodide titration method
is used to measure ozone levels in ozone-depleting
oils.

A total of 40 ml Aloe vera oil was used, with
varied ozone concentrations of 600, 1200, and 1800
mg/ml. According to some literature, the minimum
and maximum dose of ozone used was 700 and
1700 mg/ml, respectively. Meanwhile, magnetic
stirrers are adopted to facilitate the mixing process,
and the products were tested with a spectrometer
or a dissolved ozone meter kit. At the end of the
intervention (day 3 and 7), the wounded tissues
were collected for histological examination. The
procedure required the application of standard
hematoxylin and eosin (HE) to determine the
histological structure, while neutrophil count was
assessed in 10 large fields of view.

Statistical analysis

Data were analyzed using SPSS version 25.0 for
windows (Chicago Ilinois), and the numerical data
were presented as mean and standard deviation or
median, with an interquartile range. In addition,
one Way ANOVA and alternative Non-Parametric
Kruskal Wallis, followed by a Post-Hoc Test, were
used to evaluate the differences between groups.
Therefore, all values obtained were considered
significant at p <0.05.

RESULT

A description of the number of neutrophils in
each treatment group can be seen in (Table
1), neutrophil count in all group was normally
distributed (p>0.05). Table 2, One Way ANOVA
test results for neutrophil count obtained p-value
<0.05, Post Hoc Games-Howell test was performed
to see a significant difference in the number of
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neutrophils between the two groups (Table 3).
The results showed that the wound size diameter
decreased significantly in the group treated with
ozonated aloe vera oil with doses of 1200 mg/ml
and 1800 mg/ml ozone (P4 and P5), if compared
to the diameter of the wound size in the group
receiving aloe vera oil therapy only (P1), with a

value of 77.60 mm; 85.40 mm versus 97.60 mm.
The administration of ozonated aloe vera oil to
each group of full-thickness defect tissue injury in
Sprague Dawley rats showed its effect, which tended
to reduce the size of the wound. It appears that by
administering a specific dose of ozonated aloe vera
oil (1200 mg/ml and 1800 mg/ml) the treatment
groups P4 and P5, the reduction in wound size
in the wound healing process compared with the

Table 1. Descriptive and normality tests of neutrophil counts in each _ j,.i 1 istration of Ozonated aloe vera oil dose 600
group mg/dl (P3) decreases significantly, with values of
Study Group Mean £ SD Median (min-max) p 77.60 mm and 85.40 mm (Table 4, Table 5).
P1 104.88 + 16.28 109 (80.2 - 124) 0.813 The diameter of the wound in the P2 group
(using gentamycin only) did not show a significant
P2 107.40 £ 9.97 102.6 (98.8 - 122 0.265 . .
( ) difference, with a value of 94.80 mm compared to
P3 134.04 +12.19 126.8 (123.8 - 150.4) 0.122 the P1 and P3 groups. Still, there was no significant
P4 129.68 + 17.40 127.4 (108.8 - 157.2) 0.325 difference between the P4 and P5 groups. This shows
P5 144.76 + 23.16 140.4 (126 - 183.4) 0.169 that the administration of ozonated aloe vera oil has
- 179,64 + 43.70 192.4 (118.4 - 222.2) 0.533 asubstantial effect in increasing the healing response
T ' ' ’ ’ of full-thickness defect wounds which causes the
P7 216.04+72.18 179.2 (146.4 - 300.4) 0.137 wound size to shrink faster in Sprague Dawley
P8 116.16 + 8.49 112.4 (109 - 128.6) 0.258 rats (Table 5). There is a significant reduction in
P9 96.40 + 10.06 93.4 (87.6 - 112.6) 0337 wound diameter in the group using ozonated aloe
vera oil dose 1800 mg/ml (P10) when compared to
P10 59.28 + 8.68 59.2 (50.6 - 72) 0.632 .. .
the wound treatment group receiving aloe vera oil
therapy alone (P6), with a value of 66.00 mm versus
Table2. One Way ANOVA test results for neutrophil count 79.00 mm. It appears that without the use of ozone,
Study group Mean + SD p the diameter of the wound by giving aloe vera oil
1 104.88 1608 <0.001% did not appear to be significantly different, Wlth a
value of 79.00 mm compared to 81.20 mm with the
P2 107.40 £9.97 wound treatment group receiving gentamicin. The
P3 134.04 £12.19 group that received ozone and aloe vera oil showed
P4 129.68 + 17.40 a significant reduction in wound size, with a value:
P5 144.76 + 23.16 66.00 mm compared to 79.00 mm (Table 6 and 7).
P6 179,64 + 43,70 This indicates that administration of ozonated aloe
T vera oil significantly reduced the diameter of full-
P7 216.04+72.18 thickness defect wounds in the Sprague Dawley rat
P8 116.16 + 8.49 model. Tissue histology can be seen in figure 2, red
P9 96.40 + 10.06 arrow represent neutrophil.
P10 59.28 + 8.68
Table 3. Post Hoc Games-Howell test results for neutrophil count
Study group P2 P3 P4 P5 P6 P7 P8 P9 P10
P1 1.000 0.176 0.458 0.192 0.157 0.213 0.899 0.983 0.020*
P2 - 0.086 0.407 0.193 0.174 0.227 0.862 0.755 0.001*
P3 - 1.000 0.989 0.527 0.437 0.320 0.014* <0.001*
P4 - 0.959 0.466 0.399 0.829 0.113 0.003*
P5 - 0.823 0.586 0.389 0.077 0.007*
P6 - 0.985 0.249 0.112 0.031*
P7 - 0.281 0.174 0.076
P8 - 0.142 <0.001*
P9 - 0.005*
*Significant (p<0,05)
50 Published by DiscoverSys | IJBS 2020; 14(2): 48-54 | doi: 10.15562/ijbs.v14i2.253
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Table 4. Kruskal Wallis-test result on wound diameter in groups P1-
P5
Study group Median (min - max) P
P1 96 (96 — 100) 0.002*
P2 96 (88 - 98)
P3 96 (88 - 97)
P4 87 (79 -91)
P5 77 (72 - 84)
Table 5. Mann Whitney test results of group P1-P5
Study group P2 P3 P4 P5
P1 0.238 0.432 0.008* 0.008*
P2 - 0.822 0.026* 0.008*
P3 - 0.027* 0.009*
P4 - 0.059

Table 6. ANOVA test of wound diameter in group P6-P10

Study group Mean = SD p Homogeneity test
P6 79.00 £ 6.52 0.003* 0.102**
p7 81.20 £ 5.22
P8 73.00 £ 2.00
P9 72.60 £ 6.95
P10 66.00 = 5.48

Table 7. Post-hoc test of wound diameter in groups P6-P10

Study group P7 P8 P9 P10
P6 0.535 0.101 0.081 0.001*
pP7 - 0.029* 0.023* <0.001*
P8 - 0.910 0.058
P9 - 0.073

DISCUSSION

The results show a significant difference between
the positive control and treatment groups. This is
indicated by the positive effect of ozonated aloe
vera oil on the number of neutrophils and the
wound diameter in Sprague Dawley rats with full-
thickness skin defect. The outcome is substantially
prominent in the treatment group, compared to
the samples treated with gentamicin, used as the
positive control.

Neutrophils are part of the immune system,
known to perform various functions during
the normal wound repair process. These are
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the first inflammatory cells translocated to the
injury site, with the main role to defend the body
against infections."! In addition, the arrival time
is often within the first 24-36 hours, and they
subsequently become the predominant cells in
the initial inflammatory phase (48 hours after
injury),'*** following the recruitment in high
numbers. Moreover, neutrophils phagocyte debris
and microorganisms to protect the body against
infections, including against reactive oxygen species
(ROS)."

The inflammatory response continues with
the active recruitment of neutrophils in response
to complement system activation, platelet
degranulation, and degradation products from
bacteria. ‘These activities attract numerous
inflammatory cytokines produced by activated
platelets, endothelial cells, and degradation products
of pathogenic agents. Therefore, neutrophils play
an active role in tissue cleansing,'®and also produce
antimicrobial substances and proteases needed
in the eradication and degradation of potential
pathogens.

These cells are a part of the inflammatory
response, characterized by the ability to secrete
signals required to strengthen inflammation in the
early healing stages, and also as an indicator for the
phase termination. During normal wound healing,
neutrophils undergo apoptosis after performing the
expected function and are eventually swallowed
by macrophages to provide the strong signals
required to resolve the inflammation. This process
is assumed to facilitate wound progression through
the next healing phase. Therefore, the continued
recruitment of active neutrophils and accumulation
of apoptotic cells due to poor regulation of healing
activities or reduced macrophage clearance
causes prolong inflammation and consequently
contributes to the development of chronic wounds.
In addition, phagocytic ability is applied to clean
potentially pathogenic wounds, as the neutrophils
help regulate inflammation and produce mediators
needed to activate other important cells in the
repair process."'

According to Travagli ef al. ozone has the ability
to heal wounds, due to the “oxidative killing”
effect on organisms, including Candida albicans
and Staphylococcus aureus. This activity reduces
wound infections, controls contaminations similar
to neutrophils, and reduces the time required
for healing.'”'® In addition, one of the theories
underlying oxidative killing function involves the
reaction between stable triozonide and exudates at
ulcer. This leads to decomposition into other water-
soluble peroxides, followed by the production
of hydrogen peroxide, subsequently increasing
disinfection, and stimulation of ozone effects.
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Figure 2. Histopathological picture showing the number of neutrophils using
hematoxylin-eosin stain with a magnification of 100x; Group P1 -
group P10.

Furthermore, ozone is also used as an antiseptic,
based on the ability to inactivate bacteria, fungi,
and protozoa, by interfering with the integrity of
bacterial cell capsules, through the oxidation of
phospholipids and lipoproteins. This is followed by
penetration into the cell membrane, reaction with
cytoplasm and causing changes to the cytoplasmic
substances, including the conversion of closed
circular DNA into open forms. Furthermore, there
is also a possible decline in bacterial proliferation
efficiency, as the penetrative ozone ability directly
affects cytoplasmic integrity, and interferes with
some levels of metabolic complexity." The increase
in oxygen tension at the injury site elevates
granulation tissue formation, and consequently
promotes the speed of wound closure.” Also,
amplified expressions of TGF-p and VEGE, known
to play a role in the wound healing process, were
reported in clinical and experimental researches
with ozone therapy.

Various studies have proven the important
role of ozone in wound healing and antimicrobial
activities.”?® The antiseptic properties have been
harnessed in the reduction of potential wound
pathogens, therefore suppressing the number
of neutrophils, terminating inflammation, and
accelerating wound repair.

The results of data analysis show significant
differences between groups treated with ozonated
aloe vera oil at a dose of 1800 mg/ml, compared to
1200 and 600 mg/ml. This outcome was attributed
to the substantial concentration-dependent
oxidative killing role of ozone. In addition, various
anti-oxidant systems are activated to defend the
body against oxidation and the occurrence of ROS
(Reactive Oxygen Species) in the form (O,, H,O,,
OH"), leading to the production of an antioxidant
enzyme. These ROS act as secondary messengers
for the various immunocyte and non-lymphoid
cells involved in the wound repair process, and also
play an essential role inadequate tissue repair and
coordinating the recruitment of lymphoid cells to
the injury site.'®"!

Furthermore, ROS has the ability to regulate
blood vessel formation (angiogenesis) at the wound
site, thus promoting optimal blood perfusion, as
well as the constriction (vasoconstriction) and
relaxation (vasodilation).» During the wound
healing process, platelets, macrophages, fibroblasts,
endothelial cells and keratinocytes cells tend to use
ROS and RNS as radicals in wound healing.

The effect of aloe vera on wound healing is
possibly observed by assessing the number of
neutrophils and estimating the wound diameter. In
addition, the neutrophil count was performed on
days 3 and 7 after treatment, using hematoxylin-
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eosin staining, followed by calculation with a 100x
magnification binocular microscope, featuring
a square micrometer area of um’ Also, the
reduction in wound size was calculated within
a similar interval. The examination results show
significant decline in neutrophil profiles and
wound size shrinkage after administering aloe vera
in each group of full-thickness skin defects, with
or without ozonation, compared to the control,
treated with gentamycin. This variation was due to
the inflammation modulatory effect of Aloe vera,
alongside the ability to improve wound closure
diameter and promote new epithelialization. Also,
the tropical variety has been exploited in various
studies.

Wound diameter closure results from the
influence of fibroblasts, the spindle-shaped cells
originated from various tissues, especially the
connective type.”> This plays an essential role in
wound healing by breaking down fibrin clots,
forming new extracellular (ECM) matrices and
collagen structures needed to support other cells for
adequate wound healing.” Furthermore, fibroblasts
also play a role in contracting/shrinking the injury
size, while the subgroup termed myofibroblasts
helps in contracting the site. The primary function
of both cells are to provide the contractile force
needed to join both edges of a wound.” This also
causes shrinkage, characterized by the traction
force instilled on the extracellular matrix. leading
to ECM compaction, and consequently, wound
closure.” Oryan et al. examined the 2x2 cm sized
wound on the back of the rat treated with aloe vera
gel, to investigate any possible improvements in the
healing process. The results were evaluated based
on wound surface parameters and size shrinkage, as
well as epithelialization. Teplicki et al. also reported
on improved healing, in terms of proliferation
and migration of fibroblasts and keratinocytes,
after using Aloe vera.”” In addition, fibroblasts are
required in ECM formation, which consequently
plays an active role in wound closure, and the
positive effect of Aloe vera is attained through
increased cell migration, improved keratinocyte
function, and epithelialization.*

The results showed the fastest healing in the
group treated with ozonated aloe vera oil, at the
largest dose of 1800 mg/ml, followed 1200 mg/
ml, and 600 mg/ml, and then the positive control
provided with gentamicin, as well as aloe vera oil,
successively. Therefore, it is necessary to examine
the effects of aloe vera oil by ascertaining the
optimal dosage needed for wound healing.

The limitation of this study is the diversity in
each rat hygiene, which is estimated to possibly
influence the wound healing process. This makes it

Published by DiscoverSys | BS 2020; 14(2): 48-54 | doi: 10.15562/ijbs.v14i2.253

difficult to determine the exact remediation phase
on the third and seventh day of the sampling. In
addition, the treatment course in Sprague Dawley
rats is also possibly different from humans.

CONCLUSION

Wound healing with the provision of ozonated
aloe vera oil is improved in terms of neutrophil
count and wound diameter. The effect substantially
varies based on the dosage administered. However,
the amount of neutrophil increased on day 3
and decreased on day 7, compared to the control
groups treated with only gentamicin and aloe
vera, respectively. In addition, ozonated aloe vera
oil significantly influences the wound diameter of
the full-thickness skin defect in Sprague Dawley
rats, compared to the controls, and no significant
variation was observed between the ozone doses of
1800 and 1200 mg/ml.

The limitation of this study is the diversity in
each rat hygiene, which is estimated to possibly
influence the wound healing process. This makes it
difficult to determine the exact remediation phase
on the third and seventh day of the sampling. In
addition, the treatment course in Sprague Dawley
rats is also possibly different from humans.
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