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ABSTRACT 

 
Ozonated olive oil has been widely used as a local infection therapy to overcome bacterial resistance 

from antibiotics with systemic administration. However, the disadvantage of systemic antibiotics is it 
cannot be used in large doses for local infection therapy. Periodontitis is an infectious disease that causes 
alveolar bone damage. In the periodontitis healing process, osteoblasts and angiogenesis play essential 
roles in bone regeneration. The study aims to determine the effect of topical application ozonated olive oil 
to osteoblasts number and angiogenesis of alveolar bone in periodontitis healing process using in vivo 
study. 32 Sprague Dawley rats were divided into two groups: the treatment and placebo groups, 16 rats 
in each group. The induction of periodontitis was performed by ligating lower incisor with silk ligature 
for seven days. The treatment group received ozonated olive oil, and the placebo group received 1 % of 
CMC-Na twice a day. Four rats from each group were necropsied on day 3, 5, 7, and 14 and then processed 
into histological sample preparations by hematoxylin-eosin staining and counted the number of osteoblast 
and blood vessels. All collected data were analyzed using two-way ANOVA and posthoc LSD test. The 
average number of osteoblasts, blood vessels in the treatment group were significantly higher than the 
placebo group (p <0.05) either on day 3, 5, 7, and 14. Results showed the ozonated olive oil increase the 
regeneration of alveolar bone in the periodontitis healing process in Sprague Dawley. Therefore ozonated 
olive oil has the effect of periodontal tissue regeneration. 
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INTRODUCTION  
In the era of antibiotic resistance, we need a 

naturally occurring substance like Ozone to treat 
infection without any toxic side effects 
(Srinivasan and Chitra, 2015). Nowadays, 
ozonated olive oil is widely used as local infection 
therapy to overcome bacterial resistance from 
antibiotics by systemic administration. However, 
the disadvantage of systemic antibiotics is that it 
cannot be used at a large dose for local infection 
therapy. 

Periodontitis is a chronic infectious 
disease that slowly damages supporting tissues of 
the teeth due to the inflammation process on 
tissues. If the inflammation is not treated, the 
damage will affect alveolar bone, resulting in 
bone resorption (Laine et al., 2012). The goal of 
periodontal treatment is to eliminate 
inflammatory stimulus that causes bone 
resorption. The presence of bone formation in the 
inflammatory response and periodontal disease 
affect the outcome of treatment (Carranza et al., 
2006). One crucial indicator of bone formation is 
the number of osteoblast cells in bone 
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(Junquiera and Carneiro, 2004). Osteoblasts are 
formed from osteoprogenitor cells, while 
osteoprogenitor cell differentiation is controlled by 
several growth factors, including BMPs, FGF, PDGF, 
and TGF-β (Agata et al., 2007). 

In the bone healing process, angiogenesis 
serves as an essential process in improving blood 
supply that will trigger the regeneration of bone 
tissue (Kotze et al., 2014). Growth factor that plays 
a role in the angiogenesis process includes 
Fibroblast Growth Factor (FGF), Vascular 
Endothelial Growth Factor (VEGF), and Platelet-
Derived Growth Factor (PDGF). The function of 
those growth factors is to stimulate endothelial 
proliferation, migration, and blood vessel 
formation (Li et al., 2003; Bauer et al., 2005). 

Ozone therapy presents a great advantage 
when used as a support for conventional 
treatments, for example, to dental caries, 
periodontal procedures, and endodontic treatment 
(Nogales et al., 2008). Ozone is an unstable gas that 
quickly releases new oxygen molecules to form 
another oxygen so that ozone is used for therapy 
for a long time (Baysan and Beighton, 2007).          
The therapeutic effect of ozone showed that     
topical application of ozone might induce 
expression     of     growth    factors     such     as    PDGF, 
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TGF-β, and VEGF in cutaneous wound healing     
(Kim et al., 2009). The combination of IGF-I, TGF-β, 
and PDGF increase the rate of bone formation and 
bone repair (Nancy, 2003). Ozone is profitably and 
practically employed as ozonated olive oil which 
contains the O3 molecule stabilized as an ozonide 
between the double bonds of a monosaturated 
fatty acid as oleic acid, which is ideal for topical use 
of O3 to treat chronically infected cutaneous and 
mucosal areas of the body (Kim et al., 2009). 

Ozone usually is present as a gas made of 
three atoms of oxygen with cyclic structure 
(Ozdemir et al., 2013). Ozone exhibits some 
pharmacological actions, such as antimicrobial 
effect (bactericidal, viricidal, and fungicidal), 
antiinflammation, immunomodulator, 
biosynthesis (activate the metabolism of 
carbohydrate, protein, lipid), bioenergetics, 
antihypoxic, analgesic and hemostatic (Ahmed         
et al., 2013). The use of ozone in dentistry is 
available in three forms: ozonated water, ozone gas, 
and ozonated olive oil (Bocci et al., 2009). Ozonated 
olive oil is widely used as a therapeutic agent for 
clinical wound healing agent. Ozone in the form of 
ozonated olive oil is more stable and durable than 
the others. Ozonated olive oil also contains 
molecules ozonide that can trigger tissue 
regeneration (Mosallam et al., 2011). 

The research on therapeutic effects of ozone 
showed that topical application of ozone increases 
collagen synthesis and fibroblast proliferation at 
the skin wound and enhances the expression of 
growth factors PDGF, TGF-β, and VEGF (Kim et al., 
2009). Ozone chemically reacts with double bonds 
of carbon that exist in oleic acid, a form of 
unsaturated fatty acid, to form a large molecular 
complex called ozonide. Ozonide is useful as an 
antimicrobial agent by stimulating reparative and 
regenerative pathways at cellular level (Mosallam 
et al., 2011). 

This research used the experimental model 
with Sprague dawley rats because it has similarities 
with human periodontal tissue. Histologically, the 
structure and composition of the mucosal tissue of 
rats showed not much difference from human 
mucosal tissue (Meitha and Windurini, 2003).      
The purpose of this research is to determine the 
effect of topical application of ozonated olive oil 
based on the number of osteoblasts and the 
angiogenesis of alveolar bone in the periodontitis 
healing process using Sprague dawley rats. 

 

METHODOLOGY 
The study was approved by Committee for 

Research Ethics and Integrity of the Dentistry 
Faculty of Universitas Gadjah Mada (Registration 
number: 00463/KKEP/FKG-UGM/EC/2015 and 

00461/KKEP/FKG-UGM/EC/2015). This study 
used ozonated olive oil for the treatment group and 
1 % of CMC-Na application for the placebo group. 
The research used 32 Sprague dawley that divided 
into two groups consisted of 16 rats each. 

The induction of periodontitis proceeds by 
intramuscular injection of ketamine hydrochloride 
(0.2 mL · 200 g–1 body weight) for sedation effect. 
Subgingival mandibular incisors Sprague dawley 
were ligated using silk ligature for seven days. The 
clinical signs after induction of periodontitis were: 
inflammation in the gingiva, abscess, and both 
incisors of Sprague dawley became mobile. The 
treatment group then received ozonated olive oil, 
and the placebo group received 1 % of CMC-Na. 
The application performed twice a day using an 
excavator to the periodontitis area, after curretage. 
On day 3, 5, 7, and 14, four rats from each group 
were necropsied by cervical dislocation then 
processed into histological sample preparations by 
hematoxylin-eosin staining. The active osteoblast 
cells shape marked by cuboidal to columnar with a 
basophilic nucleus and had a rough endoplasmic 
reticulum. The blood vessels appeared as round or 
oval-shaped cavity, surrounded by endothelial 
cells in the flat form with the dark purple nucleus, 
sometimes encountered red blood cells in the 
cavity. The number of osteoblast and blood vessels 
were observed by two observers using a light 
microscope at 400x magnification in 5 visual fields. 
Data were analysed using two way ANOVA test and 
Post Hoc Least Significant Difference (LSD) test. 

 

RESULT AND DISCUSSION 
The mean and deviation of osteoblast 

number in treatment and placebo groups increased 
from day 3, 5, 7, and 14. The mean of osteoblast 
number in the treatment group was higher than the 
placebo group. The result of two-way ANOVA test 
on observation time and application material 
groups obtained p=0,000 and p=0,001 (p < 0,05), 
there was a significant difference in the number of 
osteoblasts based on observation time and 
application material although the interaction 
between observation time and application material 
did not affect the amount of osteoblast significantly 
(p > 0,05).  

The next comparison test was Post Hoc LSD 
test to determine the difference of osteoblast 
number between treatment and placebo group in 
each day group. The result of Post Hoc LSD test 
showed p-value > 0,05 on day 3, and p-value < 0,05 
on day 5, 7, and 14. Osteoblast number on the day 5, 
7, and 14 had significantly different between 
treatment and placebo group, meanwhile, on the 
day 3 was not significantly different. The result of 
Post Hoc LSD test demonstrated that there was a 
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significant difference between each day group in 
treatment and placebo group (p < 0,05). 

The blood vessels began to form on day 3 
and continued to grow. The highest number of 
blood vessels was found on day 7 both in the 
treatment and the placebo group. On day 14,                
the number of blood vessels decreased in both 
groups, with a more significant decline was found 

in the treatment group. 
Two-way ANOVA test used to determine 

differences in the number of blood vessels in each 
group. The results of two-way ANOVA test on 
observation time and application demonstrated 
that the gap between observation time and 
application material affect blood vessels number 
were     significant.    Meanwhile,    the     interaction 

 
Figure 1. Comparison of osteoblast number of alveolar bone by the hematoxylin-eosin staining on days 3, 
5, 7 and 14. Osteoblast number between treatment (T) and placebo group (P) significantly increase in time 
dependent manner (p < 0.05; n = 4) 

 

 
 

Figure 2. Comparison of blood vessel number of alveolar bone by the hematoxylin-eosin staining on days 
3, 5, 7 and 14. Blood number significantly increase with time but on day 14, the number of blood vessels 
decreased. There was a significant difference between each days group in treatment (T) and placebo (P) 
group (p < 0,05; n=4) 
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between observation time and the use did not 
statistically affect the amount of blood vessels          
(p > 0.05). 

The result of Post Hoc LSD test also showed 
most of the p-value < 0.05, but there was no 

significant difference between day 5 and 14. The 
result of Post Hoc LSD test on application material 
showed that there was a substantial difference in 
the amount of blood vessels between the treatment 
and the placebo group either on day 3, 5, 7, and 14. 

The results of the study demonstrated that 
osteoblasts number increased from day 3, 5, 7,      
and continued up to day 14 both in ozonated olive 
oil treatment and placebo group, which indicated 
by the observation time that affected the number 
of osteoblasts significantly. Osteoblasts number 
was not significantly different in treatment and 
placebo group on day 3. The osteoblast cell then 
began to be active on day 3 in bone remodeling 
process (Sintessa et al., 2013). The healing process 
was also still in the early stages of inflammation 
that was dominated by inflammatory cells      

(Kalfas, 2001). 
On day 5 of observation, the number of 

osteoblasts already started to rise, and biglycan 
started to arise. Biglycan is one of protein that plays 
a vital role in bone mineralization (Roberts et al., 
2008). On day 7, the number of osteoblasts was 
higher than on day 3 and day 5 due to the initiation 
of new bone formation to synthesize and secrete 
matrix (Hardhani et al., 2013). Day 14 was the peak 
of the osteoblasts activity after bone loss (Sintessa 
et al., 2013). The peak of osteoblast cell activity 
would     lead    to    increased    collagen    and    matrix 

 
 

Figure 3. Hematoxylin-eosin staining of the alveolar bone on days 3, 5, 7, and 14. The ozonated olive oil 
treatment group A (Treatment) demonstrated the increased number of osteoblast at the alveolar bone in 
comparison to the placebo group B (Placebo) based on observation under microscope using magnification 
×400 
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deposition by osteoblasts (Junquiera and Carneiro, 
2004). 

The mean of osteoblasts number was 
significantly higher in ozonated olive oil treatment 
group compared to 1 % of CMC-Na placebo group. 
This is because ozone increased the expression of 
growth factors such as PDGF and TGF-β. The TGF-
β can enhance the activity of alkaline phosphatase, 
chemotaxis of osteoblasts, and osteopontin levels, 
thus increasing the number of osteoblasts in 

osteoblastogenesis (Junquiera and Carneiro, 
2004). Besides, ozone also able to cause 
antihypoxic effect by increasing inflamed tissue 
metabolism, tissue oxygenation, and decreasing 
the inflammation by inflammatory mediator such 
as PGE-2. The low number of PGE-2 may affect the 
osteoblast production because PGE-2 function is to 
stimulate the expression of RANKL by osteoblast 
precursor and osteoblast mature will be decreased 
and increase the production of osteoprotegerin 

 

 

 
 

Figure 4. Hematoxylin-eosin staining of the alveolar bone on days 3, 5, 7, and 14. The ozonated olive oil 
treatment group (A) revealed the increased of blood vessel number at the alveolar bone until day 7 but 
decrease in day 14, in comparison to the placebo group (B) based on observation under microscope using 
magnification ×400. 
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(OPG). Osteoprotegerin binding to RANKL is 
essential for the formation of osteoblasts 
(Hardhani et al., 2013; Gupta and Bansal, 2012). 

Ozone also has an immunostimulating effect 
that activates the immune system to produce more 
white blood cells and cytokines such as BMP that 
play a role in increasing the activity of 
mesenchymal cells in the process of cell 
differentiation of osteoblasts in the area of bone 
damage and induce bone formation (Indahyani, 
2013). In the placebo group, CMC-Na only serves as 
a gelling agent and emulsifier, which only 
reinforces the gel matrix (Nursal et al., 2010),            
so the 1 % of CMC-Na did not affect periodontitis. 

The research showed the average number of 
vessels increased on day 3, 5, and 7, whereas it 
decreased on day 14. The number of blood vessels 
peaked on day 7 both in the treatment and the 
placebo group. This happened because the 
capillaries will be formed about 3-5 days after 
trauma or injury (Li et al., 2003). The peak activity 
of blood vessels formation was on day 7 due to the 
expression of Vascular Endothelial Growth Factor 
(VEGF) reached its highest level in line with the 
clinical appearance of granulation tissue (Li et al., 
2003; Gruendermann and Fernsebner, 2005). 
VEGF will stimulate angiogenesis by inducing 
proliferative cells and hyperpermeability blood 
vessels, and increase the survival function of blood 
vessels (Li et al., 2003). 

On day 14, the number of blood vessels in 
the treatment group and the placebo group were 
less than day 7. This happened because, in the 
second week, the vascularization in injured tissue 
was decreased (Kumar et al., 2007). The decrease 
is due to the mediator of angiogenesis, namely 
VEGF, began to decline in number after 11 days 
(Uchida et al., 2003). In the final stage of healing, 
the angiogenesis process was pressed, the number 
of growth factors decreased, and the inflammatory 
process subsided (Kotze et al., 2014). The blood 
vessels will start to decrease when nutritional 
needs in tissues were fulfilled (Kumar et al., 2007). 

The decline in the average number of blood 
vessels that occurs on day 14 in the treatment 
group was more significant than the placebo group, 
which decreased 17.25 in the treatment group and 
9.63 in the placebo group. This indicated that the 
CMC-Na placebo group still require an active agent 
for the alveolar bone healing process. CMC-Na 
widely used only as a base in the manufacture of the 
gel and it is neutral compound (Rowe et al., 2006). 
It showed that the CMC-Na did not have the effect of 
supporting the healing process. 

In the time observations group, the statistic 
results showed that there are significant 
differences in the number of blood vessels between 

the time of observation, on day 3, 5, 7, and 14. This 
showed that at any time of observation from day 3 
to day 7 the number of blood vessels had continued 
to rise significantly, then decreased a significant 
amount also on day 14. Differences in the number 
of blood vessels are not substantial on day 5 and 
day 14. This was due on day 14, the number of blood 
vessels decreased close to the number of blood 
vessels on day 5. In statistic result of the 
application group, there are significant differences 
in the number of blood vessels between the 
treatment and placebo group. The results of this 
research showed that ozonated olive oil could speed 
up the improvement of blood vessels (angiogenesis) 
in the alveolar bone of the periodontitis healing 
process in Sprague Dawley because ozone can 
trigger an increase in growth factors such as VEGF, 
PDGF, and TGF-β, which help the formation of 
blood vessel structure and accelerate 
revascularization (Kim et al., 2009). 

Ozone chemically reacts with the double 
bond carbons in oleic acid (a form of unsaturated 
fatty acid contained in olive oil) to form ozonide 
molecules, which effective as an antimicrobial 
agent and stimulates reparative and regenerative 
pathways at cellular level (Mosallam et al., 2011). 
Ozonide molecules can form aldehydes, peroxide 
that would damage the nucleic acids of 
microorganisms and degrade it into protein 
subunits (Geweely, 2006). Ozone also increases the 
synthesis of interleukins, leukotrienes,                         
and prostaglandins that help to reduce 
inflammation and accelerate wound healing, and 
can increase the metabolism in inflamed tissue by 
improving the tissue oxygenation (Gupta and 
Bansal, 2012). Oxygen is carried by the blood 
vessels so that with increasing oxygenation in the 
injured tissue area, the number of blood vessels 
will also increase. Oxygenation improved by the 
application of ozonated olive oil will neutralize the 
damaging anoxic phase of bone tissue trauma so 
that tissue healing will go smoothly (Kotze et al., 
2014). 

Ozonated olive oil by topical application has 
a potential benefit in dentistry. This research 
showed one of its effect in periodontal therapy, 
ozone increase regeneration in periodontitis 
healing process. Ozone therapy has opened a new 
vista in treatment modalities for dental patients of 
all ages and applicable to a wide range of conditions 
of intra oral hard and soft tissues. It is especially 
suitable for younger patients who are often scared 
of “drilling” and find conventional treatment 
unacceptable. For older people having medical 
problems, that may complicate the conventional 
treatment, ozone therapy is easier and more 
efficient. Treating patients with ozone cuts off 
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treatment time, eliminates bacterial count more 
precisely and moreover, it was completely 
painless, therefore increased the acceptability and 
compliance of the patient. Further research in 
ozone would bring a revolution in dental practice 
in near future (Srinivasan and Chitra, 2015). 
 

CONCLUSSION 
Ozonated olive oil by topical application 

increases the number of alveolar bone osteoblasts, 
blood vessels in the healing process of 
periodontitis on Sprague dawley. Therefore, 
ozonated olive oil has potential to be developed for 
periodontal tissue regeneration. 
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