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Abstract
BACKGROUND: Radiation dermatitis is one of the most common side effects of external radiation therapy. Ozonated 
Aloe vera oil is a novel topical intervention with immunomodulatory properties that have been proven to improve 
wound healing by promoting fibroblast proliferation and collagen synthesis.

AIM: The purpose of this study was to investigate the effect of topical ozonated A. vera oil application on the 
vascularization aspect of wound healing in a radiation dermatitis animal model.

METHODS: Thirty-six adult male Sprague Dawley rats were randomized into six groups of equal size (n = 6/group): 
two control and four intervention groups: Positive control (C1) rats were not given any therapy, and comparative 
control (C2) rats were given topical hydrocortisone cream 2.5%. Subjects in the P1 group were given non-ozonated 
A. vera therapy, P2 group was given 300 mg/mL ozonated A. vera, P3 group was given 600 mg/mL ozonated A. vera, 
and P4 was given 1200 mg/mL ozonated A. vera therapy. Subject termination and histopathological analyses of 
vascular endothelial growth factor (VEGF) and microvascular density were carried out after 7 treatment days.

RESULTS: Based on Weidner microvascular density scoring system, the least microvascular density was 
observed in C2, P3, and P4 (2.0 ± 0.0), followed by P1 (2.1 ± 0.1), P2 (2.9 ± 1.5), and C1 (3.0 ± 0.7). Based on 
immunoreactive immunoreactive score (IRS) VEGF scoring system, the lowest expression of VEGF was observed 
in group P3 (4.1 ± 1.1), followed by P4 (4.3 ± 0.8), C2 (4.3 ± 1.3), P1 (5.1 ± 1.0), P2 (5.4 ± 0.6), and C1 (6.5 ±1.0). 
There was a strong positive correlation of VEGF and microvascular density.

CONCLUSION: Topical application of ozonated A. vera to the radiated skin of Sprague Dawley rats reduced VEGF 
expression and microvascular density. This anti-inflammatory effect may suggest its potential clinical application.
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Introduction

The most common side effect of external 
radiation for cancer is radiation dermatitis, especially 
in patients diagnosed with skin, breast, head, and 
neck cancer since they are subjected to higher dose 
of radiation [1], [2]. The severity of radiation dermatitis 
ranges from faint erythema with mild symptoms, to 
skin ulceration or necrosis causing major discomfort 
and morbidity [3]. Major treatment side-effects may 
ultimately result in worse cancer survival since it affects 
treatment adherence [4]. Extensive work is being put 
in creating an effective and well-tolerated radiotherapy 
through dosing modifications, and application of modern 
techniques (e.g. intensity-modulated and volumetric-
modulated arc radiation therapy) [5]. There are 
considerable studies and guidelines for maintaining skin 
health by preventing and treating radiation dermatitis 
by topical interventions. Numerous topical agents (i.e. 
silver sulfadiazine, ascorbic acid, allantoin, almond oil, 
olive oil, dexpanthenol, calendula) have been evaluated, 
however, the evidence for preventing and reducing the 

severity of radiation dermatitis is still limited [6], [7], [8].
Aloe vera is a plant that possess various 

pharmacological and biochemical properties that have 
been proven to promote skin wound healing [9], [10], [11]. 
A novel approach of utilizing A. vera is by dissolving ozone 
with the plant extract creating an enriched compound. 
Ozone is a triatomic gas molecule that possess potent 
antimicrobial activity, antioxidative, immunoregulation, 
epigenetic modification, biosynthesis, analgesic, and 
vasodilatation. Based on this premise, ozone has been 
utilized medically in different forms: ozone hydrotherapy, 
ozone hydrotherapy, and ozonated water or oil for 
external use [12]. Topical application of ozonated 
water and oil has been proven to mitigate symptoms 
such as pruritus and edema [13]. Compared to normal 
non-ozonated A. vera, ozonated A. vera (OVA) was 
observed to promote higher fibroblast recruitment and 
collagen thickening in a full-thickness wound model [14]. 
Currently, there is no data regarding the effect of OVA on 
the vascularization of wound healing. This study aimed 
to investigate the effect of OVA on vascular endothelial 
growth factor (VEGF) expression and microvascular 
density in a radiation dermatitis animal model.
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Methods

All experimental subjects used in this study 
were housed in a certified facility compliant with 
Medical and Animal Research guideline. Ethical 
clearance for animal experimentation was acquired 
from governing ethical committee (No.  107/EC/H/
FK-UNDIP/IX/2021).

Experimental subjects

2 months-old, thirty-six male Sprague Dawley 
rats weighing 150 ± 50 grams were divided into 6 
groups. All subjects were fed with standard rat chow 
ad libitum and acclimatized for 2 weeks before the start 
of the experiments. The six experimental groups were:
•	 C1 (positive control): radiation with no treatment
•	 C2 (comparative control): radiation 

+ hydrocortisone acetate 2.5% cream
•	 P1: radiation + A. vera (not ozonated)
•	 P2: OVA 300 mg/mL
•	 P3: OVA 600 mg/mL
•	 P4: OVA 1200 mg/mL.

Radiation dermatitis and topical intervention

The rats were anesthetized using intraperitoneal 
injection of ketamine-xylazine (ketamine 80  mg/kg, 
xylazine 10  mg/kg) before radiotherapy. Each rat 
was laid in prone position to expose the lumbar area 
measuring 4 × 4 cm before receiving 7 Gray electron 
beam radiotherapy from linear accelerator (Siemens 
Primus™). Radiotherapy was performed by one board-
certified radiooncologist. Subjects were returned to 
their cage after treatment, allowed to regain their 
consciousness spontaneously before topical intervention 
the next day. Grade I (NCI CTCAE version 5.0) radiation 
dermatitis characterized by faint erythema with dry 
desquamation was consistently observed in all subjects 
[15]. Different concentrations of OVA and normal A. vera 
oil were obtained from Diponegoro University Plasma 
Research Center, produced by a method previously 
described by Hidayat et al. [14]. 24 h after radiotherapy, 
radiation dermatitis was treated using hydrocortisone 
acetate 2.5% cream, A. vera oil, or OVA oil applied 
topically daily according to the assigned treatment group 
described above, for 7 consecutive days.

Immunohistological analysis

Euthanasia and tissue explant were conducted 
after 7  days of topical intervention. Tissue excision 
was performed on the radiated tissue along with small 
normal skin along its margin. Explanted tissue was 
fixated with 10% buffered formalin, trimmed into 3 mm 
slices, and prepared into paraffin block. Tissue paraffin 
block were cut into slices of 3 micrometers followed by 

VEGF antibody (ThermoFisher™) and hematoxylin and 
eosin (HE) staining.

Semiquantitative immunoreactive score 
(IRS) system was used to evaluate the VEGF [16]. 
Positively stained cells are graded into 5 categories: 
none = 0; <1% = 1; 1–10% = 2; 11–33% = 3; 34–67% = 4; 
and more than 67% = 5) and the staining intensity into 
3 categories: none = 0; weak = 1; intermediate = 2; and 
strong = 3. The staining percentage and intensity score 
were added together to give the final IRS score of 0 
to 8. Microvascular density was evaluated and graded 
based on a scoring system described by Weidner 
et al. [17]. Microvascular density of 0% = 0; <5% = 1; 
5–10% = 2; 11–33 % = 3; 34–66% = 4; and more than 
66% = 5. Qualitative assessment of both the VEGF dan 
microvascular density were taken from three different 
high power (400×) magnifications field from each sample 
to be averaged. Immunohistochemical preparation and 
analyses was conducted by two independent board-
certified pathologists.

Statistical analysis

Statistical analysis was performed using 
SPSS version  22 (IBM Corporation, USA) software. 
Data normality was conducted using the Shapiro-Wilk 
test. Based on the abnormally distributed values, the 
VEGF and microvascular density were analyzed using 
the Kruskal-Wallis test, followed by Mann-Whitney U 
tests after a significant main effect is found. Correlation 
analysis was performed using Spearman’s test. 
A  p value of <0.05 was considered to be statistically 
significant.

Results

Three rats each from the C1, C2, and P1 
died post-radiotherapy and were excluded from the 
analysis. At the end of the study, there were five rats 
in abovementioned groups. Representative histological 
appearance HE and VEGF antibody staining showed 
in Figures  1 and 2. Based on Weidner score, the 
least microvascular density was observed in C2, 
P3, and P4  (2.0 ± 0.0), followed by P1  (2.1 ± 0.1), 
P2 (2.9 ± 1.5), and C1 (3.0 ± 0.7). The highest vascular 
density was observed in C1-no treatment group with 
statistically significant differences when compared to 
all OVA (P1-3) groups. Based on immunoreactive (IRS) 
score, the lowest expression of VEGF was observed 
in group  P3  (4.1 ± 1.1), followed by P4  (4.3  ± 0.8), 
C2  (4.3  ±  1.3), P1  (5.1 ± 1.0), P2  (5.4 ± 0.6), and 
C1 (6.5 ±1.0). The highest VEGF expression was also 
observed in the C1-no treatment group. However, 
the difference was not statistically significant when 
compared to the OVA (P1-3) groups. The results of 
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Spearman’s correlation test showed positive strong 
relationship between the expression of VEGF and 
microvascular density (r=0.7, p=<0.001). The data 
mentioned above are presented in Tables 1-3.

Figure 2: (a-f). Histological analysis of vascular endothelial growth 
factor (VEGF). Representative histological appearance of HE and 
VEGF antibody staining at 400× magnification. (a): C1-positive 
control, (b): C2-hydrocortisone acetate 2.5%, (c): P1-Aloe vera, 
(d): P2-Ozonated Aloe vera 300 mg/mL, (e): P3-Ozonated Aloe vera 
600 mg/mL, and (f): P4-Ozonated Aloe vera 1200 mg/mL

d fe

a cb

The IRS score graded the VEGF expression 
from a scale of 0 (minimum) to 8 (maximum) [16]. 
Weidner score graded the microvascular density from 
the least to most dense by score 0–5 [17].

Discussion

Wound healing is a well-ordered series of 
cellular interactions that may be disrupted by repetitive 
radiation exposure resulting in prolonged inflammation 
and thus the wound healing. An angiogenic growth factor 
such as VEGF may promote closure of chronic wounds 
exhibiting hypoxia and compromised vascularity. It 
functions as an endothelial cell mitogen, chemotactic 
agent, and inducer of vascular permeability. The VEGF 

is unique for its effects on multiple components of 
the wound healing cascade, including angiogenesis 
and recently shown epithelization and collagen 
deposition  [18]. However, high level of VEGF is 
associated with chronic inflammation. The expression 
of intercellular adhesion molecule-1 and vascular cell 
adhesion molecule-1 on the surface of endothelial 
cells is induced by VEGF production by tumor cells. 
Leukocyte adherence to endothelial cells is aided by 
these substances. Hepatocyte growth factor, apparently 
through suppression of NF-B, can prevent the 
upregulation of vascular cell adhesion molecule-1 and 
intercellular adhesion molecule-1 by VEGF in a model 
of skin inflammation. As a result, VEGF can increase 
the severity of inflammation by enhancing inflammatory 
processes. In this experiment, topical application of 
OVA lowered VEGF expression and microvascular 
density within the radiated tissue that strongly shows 
its’ anti-inflammatory effect. In diabetic retinopathy 
rats, treatment with ozone coloclysis similarly lower the 
production of VEGF and inflammatory cytokines [19].
Table 2: Comparison of vascularity between treatment groups
Treatment group comparison Microvascular density (P value) VEGF (P value)
C1 ‑ no treatment

C2 ‑ hydrocortisone 0.017* 0.005*
P1 ‑ Aloe vera 0.606 0.093
P2 ‑ OVA 300 mg/dL 0.010* 0.002*
P3 ‑ OVA 600 mg/dL 0.010* 0.004*
P4 ‑ OVA 1200 mg/dL 0.041* 0.002*

C2 ‑ hydrocortisone
P1 ‑ Aloe vera 0.014* 0.011*
P2 ‑ OVA 300 mg/dL 1.000 0.009*
P3 ‑ OVA 600 mg/dL 1.000 0.140
P4 ‑ OVA 1200 mg/dL 0.361 0.009*

P1 ‑ Aloe vera
P2 ‑ OVA 300 mg/dL 0.009* 0.034*
P3 ‑ OVA 600 mg/dL 0.009* 0.026*
P4 ‑ OVA 1200 mg/dL 0.045 0.034*

P2 ‑ OVA 300 mg/dL
P3 ‑ OVA 600 mg/dL 1.000 0.138
P4 ‑ OVA 1200 mg/dL 0.317 1.000

P3 ‑ OVA 600 mg/dL
P4 ‑ OVA 1200 mg/dL 0.010* 0.138

VEGF: Vascular endothelial growth factor, OVA: Ozonated Aloe Vera, *statistically significant.

Previously, OVA was demonstrated to 
accelerate the healing process of full-thickness defects 
by due to the rising in fibroblasts count, collagen 
thickening, greater macrophage count, and longer 
epithelialization length [14], [20]. Previous studies have 
shown that ozone reduces inflammation in dermatitis. 
The number of inflammatory cells in the epidermal layer 

Figure  1: (a-f). Histological analysis of microvascular density. 
Representative histological appearance of HE stained explants at 
400× magnification. (a): C1-positive control, (b): C2-hydrocortisone 
acetate 2.5%, (c): P1-Aloe vera, (d): P2-Ozonated Aloe vera 
300  mg/mL, (e):  P3-Ozonated Aloe vera 600  mg/mL, and 
(f): P4-Ozonated Aloe vera 1200 mg/mL

d fe

a cb

Table 3: Spearman’s correlation test of VEGF expression and 
microvascular density
VEGF Vascular Density p r

5–10% 11–33% 34–66%
5–25% 6 0 0 <0.001* 0.70
26–50% 17 2 0
51–75% 1 6 0
>75% 0 0 1
VEGF: Vascular endothelial growth factor, *statistically significant.

Table 1: Histopathological results of tissue vascularity
Treatment group Microvascular density VEGF

Weidner score (mean ± SD) IRS score (mean ± SD)
C1 ‑ no treatment 3.0 ± 0.7 6.5 ± 1.0
C2 ‑ hydrocortisone 2.0 ± 0.0 4.3 ± 1.3
P1 ‑ Aloe vera 2.1 ± 0.1 5.1 ± 1.0
P2 ‑ OVA 300 mg/dL 2.9 ± 1.5 5.4 ± 0.6
P3 ‑ OVA 600 mg/dL 2.0 ± 0.0 4.1 ± 1.1
P4 ‑ OVA 1200 mg/dL 2.0 ± 0.0 4.3 ± 0.8
SD: Standard deviation, VEGF: Vascular endothelial growth factor, OVA: Ozonated Aloe vera, 
IRS: Immunoreactive score.
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of papular and edematous lesions was significantly 
reduced in atopic dermatitis lesions with the use of 
topical ozone. Ozone is a gaseous molecule that may 
exist in both gas and liquid forms. Ozone has the ability 
to induce the expression of a variety of cytokines that 
are necessary for wound healing, as well as antibacterial 
and antiviral activity. It was shown to promote diabetic 
ulcer healing by regulating transforming growth factor, 
and platelet-derived growth factor, and basic fibroblast 
growth factor [21], [22].

There is still much debate and controversy 
regarding the appropriate therapeutic dose and 
its effectiveness because in very low or very high 
concentrations, it may be useless or bring adverse 
effects to the individuals. Ozone therapy can when in 
therapeutic doses, act as a non-toxic “therapeutic shock” 
to the body because it tends to restore the balance of 
the redox state through changes in the physiological 
response, which may be useful in the treatment of 
metabolic, inflammatory, infectious and neoplastic 
diseases [23]. In this study, it was observed that greater 
reduction of vascularization was observed in the 600 and 
1200  mg/dL dose; which suggests a dose-dependent 
results. However, the extend of its effect is comparable 
to the standard hydrocortisone topical therapy. This 
opens up the potential use of A. vera as an alternative 
therapy to the standard corticosteroid therapy, since 
Long-term use of corticosteroids damages and thins 
the cutaneous later. On the other hand, there are no 
data regarding the adverse effect of prolonged topical 
use of A. vera.

Our results showed a positive strong relationship 
between the expression of VEGF and microvascular 
density. Microvascular Density is associated with 
angiogenesis and strongly correlated with VEGF [24]. 
Angiogenesis, or blood vessel growth, is a fundamental 
phase in wound healing that involves blood vessel 
endothelial cells responding chemotactically to 
macrophage-derived substances produced in the 
wound region. Numerical simulations of the full model 
reveal the steady propagation of the healing unit 
through the wound space, the development of a dense 
band of fine, tipped capillaries near the leading edge 
of the wound-healing unit (the brush-border effect), 
and an elevated vessel density associated with newly 
healed wounds prior to vascular remodeling [25]. Our 
results showed a decrease in microvascular density on 
OVA groups compare to control. This was due to the 
decrease of VEGF expression to reduce inflammatory 
process during inflammation period on wound healing. 
This study showed the ability of OVA in reducing VEGF 
level and microvascular density on wound healing due 
to radiation therapy. There are several limitations to 
this study. Other than limited sample size, this study 
was restricted to an animal model, and only explored 
a single dose of external radiation. Further studies are 
required to ensure it save application, ideal therapeutic 
doses, and a model of repeated radiation therapy to 
better mimic real clinical application.

Conclusion

In conclusion, 7-day topical applications of 600 
to 1200 mg/dL of OVA reduced VEGF and microvascular 
density within the subcutaneous tissue of externally 
radiated Sprague Dawley rats. The extent of this 
anti-vascularization effect was similar to the standard 
hydrocortisone therapy; which may suggest OVA’s as 
an alternative treatment for radiation dermatitis.
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