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Abstract: Objective: Mucormycosis is a rare invasive fungal infection, but fatal when it occurs and triggered by tooth extraction,
cause damage of the oral mucosa gingival tissue . The aim of this study is to analyze the expression of VEGF-A in maxillary mucosal
tissue of mucormycosis infection on dental extraction after Hyperbaric Oxygen (HBO) therapy.

Material and methods: It was a true laboratory experimental study with post test only control group design, using 34 male marmots
with mean age of 3-4 month and body weight 300-400 gram and were divided in 6 groups by random allocation : 1 control group, 1
group of dental extraction and 4 intervention group. Two group, first with injection of 10°CFU/mI Rhizopus oryzae strain CBS
110.17 0,3 ml, and then tooh extraction. The other two group, dental extraction first and then rhizopus oryzae injection. The four
intervention group were divided with non HBO and HBO treatment of 2,4 ATA 3x30 minute, one session, for 5 days. The expression
of VEGF-A was examined by immunochemistry.

Results: Mean and Standard deviation in Normal (K-1) 0,37+0,15 ; Dental extraction (K-2) 2,20+£0,47 ; Rhizopus oryzae injection and
dental extraction non HBO (K-3) 3,65+0,69; Rhizopus oryzae injection and dental extraction with HBO (K4) 8,50+1,35 ; Dental
extraction and Rhizopus oryzae injection non HBO (K5) 4,40+0,79 ; Dental extraction and Rhizopus oryzae injection with HBO (K6)
9,48+0,61 .

Conclusion: Hyperbaric oxygen therapy 2,4 ATA, 3x30°, one session for 5 days has been significantly proven to increase the
expression of VEGF-A in macrophage of maxillary mucosal tissue which infected by mucormycosis on dental extraction 25,6 times
(K-6) and 23 times (K-4) more higher than normal group.

Keywords: Expression of VEGF-A; Maxillary Mucosal; Mucormycosis; Hyperbaric oxygen.

Introduction

Fungal infections, also called mycoses, are important causes of morbidity and mortality in humans. Some fungal infection
are endemic, and these infection usually caused by fungi that are present in the environment and whose spores enter human. Other
fungal infections are said to be opportunistic because the causative agents cause mild or no disease in healthy individuals but may
infect and cause severe disease in immunodeficient persons. The human airway is continuously open to the non sterile environment
where fungal spores have the potential to reach lung tissue and produce disease." Mucormycosis is a rare opportunistic fungal
infection which affects less than two people in a million.? However, it is a life-threatening infection and fatality rate can be as high as
50 to 100%.® Mucormycosis is one of the most rapidly progressing and lethal form of fungal infection in humans which usually
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begins in the nose and paranasal sinuses. This fungus invades the arteries, forms thrombi within the blood vessels that reduce blood
supply and cause necrosis of hard and soft tissues.* Although rare, the common form of this opportunistic fungal infection is seen in
the rhinomaxillary region.® Common fetures of rhinocerebral, pulmonary and disseminated diseases include blood vessel invasion,
hemorrhagic, necrosis, thrombosis and a rapid fatal outcome.® Oral manifestation of these infections occur when the organism enter
through an invasive portal such as a dental extraction.” The most impotant species in order of frequency is Rhyzopus arrhizus

(oryzae).t

The use of hyperbaric oxygen as adjunctive treatment for Zygomycosis has been reported since 1970s and hyperbaric oxygen
treatment is usually well tolerated and is associated with low risk of adverse events.® Hyperbaric oxygen therapy has been used as an
adjunct to aggressive surgical debridement, amphotericin B therapy , control of any underlying predisposing conditions by aiding
neovascularization and subsequent healing .> Hyperbaric oxygen therapy has also been used to treat mucormycosis.®

VEGF (Vascular endothelial growth factor), a glycoprotein, has attracted attention as a potential inducer of angiogenesis. It is
detectable in periodontal tissues within endothelial cells, plasma cells, and macrophages and in junctional, sulcular, and gingival
epithelium.’® VEGF found in saliva plays an important role in wound healing in the oral mucosa.’* VEGF-A is a member of 7
members of the VEGF family.> Brown LF study, reported that the over expression of VEGF-A occurs during the initial phase of

wound healing.®

This study was conducted to analyze the expression of VEGF-A after therapy with hyperbaric oxygen in maxillary mucosal tissue

of mucormycosis infection on tooth extraction.

Material and Methode

Before this study was done, it has been preceded by two preliminary research processes in-vitro and in-vivo to observe the effect
of hyperbaric oxygen on 10° Rhizopus Oryzae Strain CBS 110.17 (mucormycosis agent) and the healing effect of hyperbaric oxygen
on experimental animal (marmots) wich made infected by mucormycosis on dental extraction.™ This in-vitro study was to examine
the effect of hyperbaric oxygen to the growth of mucormycosis agent Rhizopus Oryzae strain CBS 110.17 after fourteen times
treatments with hyperbaric oxygen in macroscopic and microscopic aspects.™* The result implicate that HBO have effect on Rhizopus
oryzae Strain CBS 110.17.%

In in-vivo preliminary study, it was found that hyperbaric oxygen therapy had an effect on repair of damaged gingival mucous
tissue due to mucormyecosis infection both in maxillary and mandibular after extraction. On the lower jaw (mandibular), with tooth
extraction first and then fungal injection, compared with maxilla , fungal injection first and on the third day , the tooth extract and
there is a difference in tissue damage. The tissue damage in maxillae is worse than the mandible, but after being given HBO therapy,
healing in the maxilla is better than the mandible.®

In the study of the expression of VEGF-A to the effect of Hyperbaric oxygen in mucormycosis infection in maxillary gingiva
mucosa on dental extraction was a true laboratory experimental study with post test only group design. Thirty four (34) male
marmots with mean age of 3-4 month and body weight 300-400 gram and were divided in 6 groups by random allocaton : 1 control
group, 1 group of dental extraction and 4 intervention group. Two group, first with injection of 10°CFU/ml rhizopus oryzae strain
CBS 110.17 0,3 ml ,after the third day, tooh extraction. The other two group, dental extraction first and then rhizopus oryzae
injection . The four intervention group were divided with none HBO and HBO treatment of 2,4 ATA 3x30 minute, one session, for 5

days. The expression of VEGF-A was examined by immunochemistry.

Results
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Table 1. Mean and Standard Deviation of VEGF-A Expression in all Group.

Variabel | Normal Dental Rhizopus Dental Dental Dental
(n=6) Extraction | Injection> | extraction> | extraction-> | extraction>

K-1 (n=5) Dental Rhizopus Rhizopus Rhizopus

K-2 extraction | Injection Injection Injection

+ HBO Non HBO | Non HBO | +HBO

(n=6) K-3 | (n=6) K-4 (n=6) K-5 (n=5) K=6
VEGF-A | 0,37+0,15 | 2,204+0,47 | 3,65+0,69 | 8,50+1,35 4,40%0,79 9,48+0,61

Mean and 5t. Deviation
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Figure 1. Diagram of mean and standard deviation of VEGF-A expression on macrophage in all group

Table 2. The comparative results of VEGF-A expression between K1 and the other group
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Figure 2. Microscopic images of expression results of VEGF-A in Group-5 (K-5) (Dental extraction2> Rhizopus Injection Non

HBO

A brown macrophage cell appears s
tissue: Magnification 400 times.

) to give a positive reaction to the anti VEGF-A monoclonal antibody on the periodontal
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Figure 3. Microscopic images of VEGF-A expression results in Group-6 (K-6): the action of tooth removal - rhizopus
injections and received HBO therapy.
A brown macrophage cell appears ¥
tissue: Magnification 400 times.

) to give a positive reaction to the anti VEGF-A monoclonal antibody on the periodontal

The above research data, all distributed normally with statistical test Kolmogorov-Smirnov Z one sample, then done parametric

statistical test that is analysis on correlation, significance test and double comparison test between groups as in the next table below.

Table 3. Result of normality test of research variable in each group.

No | Variabel | Normal | Dental Rhizopus Rhizopus Dental Dental
(n=6) extraction | Injection> | Injection> | extraction | extraction
K1l (n=5) Dental Dental —>Rhizopus | 2Rhizopus
K2 extraction | extraction | Injection Injection +
Non HBO | + HBO Non HBO | HBO
(n=6) K3 (n=6) K4 (n=6) K5 (n=5) K6
1 | VEGF-A | 0,83 0,76 0,95 0,98 0,94 0,96
Table 4. Comparative Test Results in Groups K1, K2, K3, K4
Variabel Normal Dental Rhizopus Rhizopus p Value
(K1) extraction | Injection> Injection>
(K2) Dental Dental
extraction extraction
-OHB (K3) + HBO
(K4)
Hsp-72 0,37+0,15 % | 2,20+0,47 " | 3,65+0,69 ° 8,50+1,35 ¢ | <0,0001
Wilks’Lambda ; F = 24,278 ; value p < 0,0001
Note : different superscript letters show significant differences (p<0,05)
using a double comparison test (a,b,c,d)
Tabel 5. Comparative Test Results in Groups K1, K2, K5, K6
Variabel Normal Dental Dental Dental p Value
extraction | extraction extraction
(K1) (K2) —>Rhizopus ->Rhizopus
Injection Injection
-OHB (K5) +OHB (K6)
Hsp-72 0,37+0,15 ® b2’20i0’47 4,40+0,79 ° 9,48+0,61° <0,0001

Wilks’Lambda ; F = 24,278 ; value p < 0,0001
Note : different superscript letters show significant differences (p<0,05)
using a double comparison test (a,b,c,d)

Discussion

The aim of this study is to analyze the effect of Hyperbaric Oxygen (HBO) therapy on the expression of VEGF-A in maxillary
mucosal tissue of mucormycosis infection on dental extraction. From the results of the above study, the exposed expression of
VEGF-A increased after the HBO therapy was given. The samples were subjected to immunohistochemical analysis. In microscopic

images of the expression results of VEGF-A, a brown macrophage cell appears to give a positive reaction to the anti VEGF-A
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monoclonal antibody on the periodontal tissue with magnification 400 times. In detail from table-1 and table-2, the following results
show that the expression of VEGF-A on K-6 ( group of tooth extraction, fungus injection with HBO) increases highest among other
groups with a value of 9,48+0,61 (25,6 times to K-1 /normal), followed by K-4 (group of fungus injection, tooth removal with HBO)
with 8,50+1,35 (23 times to normal). Group of tooth extraction, injection of the fungus without HBO (K-5) which is 4,40+0,79 (
11,9 times to normal) and K-3 (fungus injection and tooth removal without HBO tooth extraction) with 3,65+0,69 (9,9 times to
normal) and the smallest is K-2 (tooth extraction ) only 2,20+0,47 (5,9 times to normal ).

According to the theory, VEGF (vascular endothelial growth factor) acts as an angiogenesis factor. Angiogenesis occurred under
pathological condition contributing to the degree of inflammation as a result the new blood vessels transport proinflamatory cells to
the lesion and supply oxygen, nutrient to the inflamed tissue.!” Vascular endothelial growth factor (VEGF) is a chemical signal
produced by cells that stimulate new blood growth. This is part of a system that returns oxygen supply to the tissues if blood
circulation is inadequate. The normal function of VEGF is to create new blood vessels during embryonic development, new blood
vessels after injury and new blood vessels (collateral circulation) to cut off block vessels.** VEGF (Vascular endothelial growth
factor), a glycoprotein, has attracted attention as a potential inducer of angiogenesis. It is detectable in periodontal tissues within
endothelial cells, plasma cells, and macrophages and in junctional, sulcular, and gingival epithelium.’* VEGF found in saliva plays
an important role in wound healing in the oral mucosa.'* Brown LF study, reported that the over expression of VEGF-A occurs
during the initial phase of wound healing.** Numerous cytokines and growth factors are involved in the regulation of angiogenesis.
The most potent agent that acts specifically on vascular endothelium is vascular endothelium is vascular endothelial growth factor
(VEGF)." VEGF-A is a member of 7 members of the VEGF family.”> VEGF-A is identified originally as a specialized mitogen for
endothelial cells and the significance of VEGF in vascular development invivo studied through rats as experimental animals.'®
VEGF-A increases mucosal angiogenesis and stimulates leukocyte adhesion in vivo.” Hyperbaric oxygen therapy has been shown to
increase the expression of VEGF on disability although 2 weeks after treatment ends 6 weeks after surgery.?* Liu X.et al (2014) in
research on spinal cord injuri given Hyperbaric oxygen therapy, found that the expression levels of VEGF increased in spinal cord
injuri with HBO compared to group of spinal cord injuri without HBO.*

The results of this study illustrate that in each treatment groups, the expression of VEGF-A differs significantly (table-5) through
the symbols of letters (a/b/c) which are most increased in K-6, then K-4 which also receives HBO therapy, followed by K-5 and K-3
without HBO therapy and K-2 , tooth extraction, the smallest. This study analyzed the expression of VEGF-A in the maxillary
mucosal tissue damaged by mucormycosis infection on tooth extraction after HBO therapy in macrophages of periodontal tissue.
Prapulla (2007) indicated that VEGF plays a key role in periodontal disease progression and can be considered a biomarker of
periodontal disease progression.® Ramya and Kumar (2014) investigates the association between VEGF, Diabetes mellitus and
periodontitis. The level of the expression of VEGF was higher in diabetics patients with periodontitis when compared to non diabetic

patients with chronic periodontitis.*’

In this study, the maxillary mucosa was made infected by a fungal infection and tooth extraction which would trigger an increase
in VEGF-A expression. With HBO therapy, the expression of VEGF-A more increases according to the research of Fok et al (2006)
and Liu et al (2014) and the same with what Brown LF (1988) studied and reported that the over expression of VEGF-A occurs
during the initial phase of wound healing.***?? This happens as a result of the infection and then given HBO therapy which will
trigger an increase of VEGF-A expression to immediately form new blood vessels in the injuri region.’® In In the group that was
given HBO or without HBO therapy, that have tooth extraction first and injected with fungus , the expression of VEGF-A was more
higher than the group of injected fungus first and then removed teeth. This is due to the trauma that involves the blood vessels will
make an increase in VEGF-A expression because VEGF-A is a chemical signal produced by cells that stimulate new blood growth.*®
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Conclusion

Hyperbaric oxygen therapy 2,4 ATA 3x 30 minute, one session for 5 days has been significantly proven to increase the expression

of VEGF-A in macrophage of maxillary mucosal tissue which infected by mucormycosis on dental extraction 25,6 times (K-6) and

23 times (K-4) more higher than normal group.
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