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ABSTRACT
PURPOSE: To investigate the effects of preoperative rectal ozone insufflation on surgical wound healing over the proinflammatory 
cytokines and histopathological changes.
METHODS: Twenty one rabbits were divided into 3 groups. Sham, surgical wound, and ozone applied (6 sessions, every other day 70 
µg/mL in 12 mL O2-O3 mixture rectally) surgical wound groups were created. TNF-alpha and IL-6 levels from all rabbits were studied 
at the basal, 24th hour, and 72nd hour. The histopathological examination was done by removing the surgical scar tissue at the end of 
72nd hour.
RESULTS: TNF-alfa and IL-6 levels were significantly lower compared to the control group, in the rabbits treated with ozone. 
The increase in angiogenesis, the decrease in the number of inflammatory cells, epidermal and dermal regeneration, better collagen 
deposition, and increased keratinisation in stratum corneum were observed in the histopathological examination. It was determined that 
the wound healing noticeably accelerated in the ozone group.
CONCLUSION: Preoperative rectal ozone insufflation had a positive effect on surgical wound healing in acute period.
Key words: Ozone. Wound Healing. Rabbits.
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Introduction

Wound healing is clinically defined as the completion 
of the closure of the wounded skin area. This is a dynamic and 
interactive process which parenchymal cells, extracellular matrix, 
blood cells, and a variety of soluble mediators are involved in. 
Wound healing includes the phases of hemostasis, inflammation, 
cellular proliferation, matrix synthesis and remodeling, 
angiogenesis, and formation of granulation tissue1,2. Cytokines 
play an important role in the development and differentiation 
of T cells, B cells, and hematopoietic cells and stimulation or 
suppression of inflammation. The systemic effects of certain 
cytokines are more pronounced while some cytokines show 
regional impact3. IL-6 pulls marginal neutrophils in to circulation 
by increasing the life span and activation of neutrophils. It helps 
the migration of neutrophils from bone marrow to scar tissue. 
IL-6 causes the increase in the levels of vascular endothelial 
growth factor (VEGF) by showing synergistic effect with tumor 
necrosis factor α ( TNF α ) and interleukin- 1 (IL-1). In this 
way, new vessel formation (angiogenesis) and endothelial cell 
proliferation are ensured4. Limiting the inflammation activated 
in the wound healing is important also for prognosis and healing 
process of the wound. It was shown the increase in expression of 
TNF-α inhibits collagen synthesis in the wound area1. Ozone is a 
gaseous molecule consisting three oxygen atoms. Ozone (O3) is 
an unstable molecule in contrast to stable Oxygen molecule (O2). 
Ozone therapy (OT) is sistematically effective when pathological 
and immunological processes are activated. There are ischemic 
and infectious conditions such as macular degeneration due to 
aging in these wound healing processes5. 

Ozone causes a chain reaction when meet blood and 
activates antioxidant enzymes. These enzymes trigger many 
reactions, too and consequently better blood supply to the tissues 
is ensured by increasing the oxygen carrying capacity of blood. 
Cell alimentation, regeneration and the process of disposing 
toxins are accelerated by this effect. Therefore, there are cell 
metabolism activator and immunomodulator effects of ozone 
therapy, too besides its antioxidant effect6-7. Ozone has various 
therapeutic effects on wound healing due to the content of neutral 
oxygen which activates antioxidant enzymes and has bactericidal 
capacity8-9.

 In our study, we aimed to investigate the effects 
of preoperative rectal ozone insufflation on surgical wound 
healing, proinflammatory cytokines (IL-6 and TNF-α) levels and 
histopathological changes.

Methods

The necessary permissions for the experiments were 
obtained from Çanakkale 18 Mart University Animal Experiments 
Ethics Committee and the study was conducted at the Experimental 
Research Center of Çanakkale 18 Mart University. 

Twenty one adult New Zealand white rabbits at body 
weight 3.0-3.5 kg were used in this study. The rabbits were clinically 
examined in terms of behaviour, respiratory, cardiovascular system 
before starting the study and any negativeness was not determined 
in the animals included in the study.

During the experiment, the animals were fed with 
standard food, constantly they had opportunity to access to water. 
The temperature of the living environment was 21±2°C and the 
light was set to be as 12 hours dark 12 hours light. 21 rabbits were 
randomly divided into three groups; 

Group O (n=7): Ozone group treated with O2-O3 mixture
Group K (n=7): Control group treated with air 
Group S (n=7): Sham group
Six treatments every other day 70 µg/mL in 12 cc O2-O3 

mixture was slowly insufflated rectally for 1 minute to Group O. 
10 Fr nasogastric tube was cut to 5 cm for insufflation, the catheter 
tip was filed to avoid irritation of the rectal mucosa, and was placed 
4 cm inside rectally by using lumric material. The same procedure 
was carried out by giving 12 cc of air rectally to the Group K. Any 
treatment was not applied to Sham group.

The rabbits were fasted 12 hours before the operation. 
The blanket set to 39˚C was laid to the ground to prevent heat loss 
during anesthesia. 5 mg/kg xylazine (Rompun®, Bayer Healthcare 
LLC) and 30 mg/kg of ketamine HCl were injected into the 
quadriceps femoris muscles by planning the application of general 
anesthesia for approximately 20 minutes to the rabbits. 26 Gauge 
catheter was inserted into right marginal ear vein by checking 
the pedal and palpepral reflexes. Blood samples were taken into 
tubes for studying TNF-α and IL-6.  4 µg/kg fentail (Fentanyl-
Janssen, Janssen-Cilac, Beerse, Belgium) in intravenous 2 mg/
kg rocuronium bromure (Esmeron 50 mg/5 ml, Organon İlaç A.Ş. 
Istanbul, Turkey) to supress the respiration was given to all rabbits 
under sedation. It was supported with 100 % O2 by the appropriate 
face mask for the rabbit and Mapleson C pediatric ventilation 
circuit. V-gel Rabbit (R-3, Docsinnovent® Ltd. London, UK) 
airway device was placed by the same anesthesiologist when all 
rabbits were completely paralyzied10. Another anesthesiologist 
pulled the tongue to lateral by holding it for the easy insertion of 
airway device during this process.
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Maintenance of anesthesia and laparotomy

All experimental animals apart from the ones in Sham 
group were connected to the pediatric ventilator (MPV-10 Infant 
Transport Ventilatör, Bio-Med Devices, Connecticut, USA) 
combined with anesthesia device (Anesthesia Machine w/O2 
Flush Model M3000PK Parkland Scientific Lab And Research 
Equipment. Florida, USA) by pediatric Jackson Rees circuit. 
Maintenance of anesthesia was provided using 1,5-2 MAC 
isofluran as to be the mixture of 50% O2 and 50% air. Respiratory 
rate was ventilated as 40/min and pressure of 15 cm H2O (about 
tidal volume of 10 mL/kg) and 1:2 of inspiratory to expiratory ratio 
to comply with the rabbit physiology. Laparotomy was performed 
by 5 cm incision for the implementation of real anesthesia and 
surgical procedures to all rabbits from the fifth minute of anesthesia 
on and then the process of suturing was initiated, this process 
was continued until 15th minute of maintenance of anesthesia. 
The inhilation agent was stopped at the 30th minute and 4 mg / 
kg intravenous dose of sugammadex was done to reverse muscle 
relaxation, the rabbits returning adequate spontaneous breathing 
back were extubated, the aspiration was supported with the mask 
for a while. The operated rabbits were monitored for 3 days. The 
bloods were drawn into suitable tubes at the 24th and 72nd hours 
of the experiment for studying TNF-α and IL-6. The rabbits were 
sacrifised under general anesthesia at the end of the 72nd hour and 
samples taken from injured areas were placed in formalin for the 
histopathological examination of wound healing. Samples were 
taken from the appropriate places in accordance with the wounds 
of other rabbits and were placed in formalin in Sham group after 
sacrification.

Analysis of inflammatory cytokines

Rabbit serum IL-6, TNF-alpha levels were measured 
using an enzyme-linked immunosorbent assay (ELISA) kit 
(Rabbit TNF-Alpha Cat. No: CK-E91014, Rabbit IL-6 Cat.No: 
CK-E80171, Hangzhou Eastbiopharm Co. Ltd., Hangzhou, China) 
according to the manufacturer’s instructions. The intra-assay and 
inter-assay coefficients of variations were <10% and <12% for 
rabbit IL-6 and TNF-alpha respectively.

Histopathological examination

Histopathological wound scores were examined by 
a pathologist and a histologist performing blind ratings. For 

this, 10 preparates from 1 animal in each group (n=7) were 
obtained. Grading and statistics were made by categorizing the 
histopathological changes, such as granulation tissue thickening, 
epidermal regeneration, dermal regeneration, collagen distribution, 
angiogenesis, inflammatory cells as + (low), ++ ( medium), +++ ( 
high ) and + +++ ( very high ) on total of 200 areas by selecting 2 
areas on each preparate. All groups were dyed with Hematoxylin 
Eosin and Masson’s trichrome dyes.

Statistical analysis

The obtained data was compared using “IBM SPSS 
Statistics 19” statistical analysis software owned by Çanakkale 
Onsekiz Mart University. Wilcoxon test was used for the 
intragroup comparison of TNF-α and IL-6 levels, Mann-Whitney 
U test was used for the intergoup comparison of TNF-α and IL-6 
levels. Mann-Whitney U test was used in the comparison of 
histopathological examination data. A p-value of less than 0.05 
was considered to show a statistically significant result. Obtained 
results were tabulated and transferred to the graphs.

Results

Inflammatory cytokines

TNF-α: There was no statistically significant difference 
between the groups in comparison to basal values in all three 
groups (p>0.05). Any significant change was not observed in 
Group S in the intragroup assessments. A significant increase 
was observed at both 24th hour (p=0.018)  and 72nd hour(p=0.018)  
compared with basal values in Group K. The increase observed at 
the 24th hour (p=0.306) and 72nd hour (p=0.176) compared with 
basal values in Ozone treated group was not significant. There 
was not a significant difference between control and ozone groups 
(p>0.05) while the significant increase (p<0.05) was observed at 
the intergroup 24th hour in both control group and ozone group 
compared to Sham group. The observed increase in control group 
and ozone group compared with Sham group at the intergroup 72nd 
hour was statistically significant (p<0.05) (Table 1, Figure 1).
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TABLE 1 - TNF alpha and IL-6 levels and statistical intragoup comparison results.
TNF alfa levels IL-6 levels

Basal 24. hour 72. hour Basal 24. hour 72. hour
Group S 38.3 ± 5.5 33.1± 1.1 34.6 ± 2.2 23.1 ± 4 19.3 ± 1.8 20.2 ± 3
Group K 36.1 ± 5.4 40.7 ± 4.9a 49 ± 4.3 b, c 24.6 ± 4.6 28.4 ± 5.7 51.5±13.2b,c

Group O 36.7 ± 5.6 38.3 ± 4.3 40.4 ± 2.7 23.1 ± 3.9 26.2 ± 5.1 31 ± 11
a:p<0.05 between basal to 24. hour, b:p<0.05 between basal to 72. hour, c:p<0.05 between 24. to 72. hour. Data are described as means ± standard deviations.

FIGURE 1 - Graphical representation of TNF alpha levels and statistical 
intergoup comparison results. Data are described as means ± standard 
deviations.

IL-6: There was no statistically significant difference 
between the groups in comparison to basal values in all three 
groups (p>0.05). Any significant change was not observed in 
Group S in the intragroup assessments. The increase at the 24th 
hour was not significant compared with basal values in Group K 
(p=0.176). When the values measured at basal-72nd hour (p=0.043) 
and 24th hour-72nd hour(p=0.033) were compared, asignificant 
increase was observed. There was not a significant increase at 
24th hour (p=0.499), 72nd hour (p=0.310), and between 24th-72th 
hours (p=0.469) compared with basal values in Group O. There 
was no significant difference between control and ozone groups 
(p>0.05) while a significant increase at the intergroup 24th hour in 
both control and ozone groups compared with Sham group. At the 
intergroup 72nd hour, there was not a significant difference between 
Sham-ozone and control-ozone groups (p>0.05) while there was a 
significant difference between Sham and control groups (p<0.05) 
(Table 1, Figure 2).

FIGURE 2 - Graphical representation of IL-6 levels and statistical 
intergoup comparison results. Data are described as means ± standard 
deviations.

Histopathological examination

Tissue samples had the normal histological appearance 
and the cells on layers were easily distinguished by morphological 
features in Group S (Figure 3, Table 2). Increased angiogenesis 
and vasculogenesis, along with the regeneration of the epidermal 
and dermal, prominently increasing wound thickness due to the 
formation of granulation tissue, the indistinct cells located in 
the upper epidermal layer were observed in Group K. Though 
the limits of Squamous epithelial layers are not certain, it was 
determined that re-epithelialization increased due to this the 
edema areas were taken shape between the connective tissue in 
the dermal layer. It was seen that inflammatory cell infiltrations 
increased in areas close to the veins, the cells formed groups in 
such a way that forming clusters from place to place (Figure 4, 
Table 2). 
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FİGURE 3 - Sham group. Masson Trichrome staining. Normal tissue 
appearance.

FİGURE 4 - Control group. Masson Trichrome staining. Histopathological 
appearance consistent with significant tissue injury. 

TABLE 2 - Histopathological grading of all groups. 
Group Granülasyon doku 

kalınlaşması
Epidermal reje-

nerasyon 
Dermal  

rejenerasyon
Kollajen  
dağılımı 

Angiogenesis İnflamatuar 
hücreler

Grup S 0.00±0.42 1.00±0.48 1.00±0.52 1.00±0.00 0.00±0.97 0.00±0.42
Grup K 2.00±0.52a 2.00±0.00 a 2.00±0.42 a 2.00±0.70 a 2.00±0.67 a 3.50±0.69 a

Grup O 3.00±0.32 a,b 3.00±0.00 a,b 3.00±0.32 a,b 4.00±0.48a,b 3.00±0.57 a,b 2.00±0.00 a,b

a:A significant difference was found in the statistics done in terms of histopathological changes such as granulation tissue thickness, epidermal regeneration, dermal regen-
eration, collagen distribution, angiogenesis, inflammatory cells according to Mann-Whitney U test done between Group S, Group K, and Group O (p<0.05).
b:A significant difference was found in the statistics done in terms of histopathological changes such as granulation tissue thickness, epidermal regeneration, dermal re-
generation, collagen distribution, angiogenesis, inflammatory cells according to Mann-Whitney U test done between Group K and Group O (p<0.05).

It was seen that in Group O, angiogenesis and 
vasculogenesis increased more, these areas were found to be 
better identified with especially Mason staining. It was observed 
that granulation tissue was prominently formed together with 
epidermal and dermal regeneration, the thickness of the wound 
was less than Group K. It was determined that especially the cells 
located in the upper part of the epidermal layer became distinct 
and keratinisation on stratum korneum emerged. Though the 
limits of Squamous epithelial layers are not certain, it was seen 
that the borders of the cell could be identified and angiogenesis, 
vasculogenesis, and re-epithelialization markedly increased 
compared to Group K.

Despite the edema areas between the connective tissue in 
the dermal layer are similar to Group K, it was observed that the 
thickness of collagen threads increased and collagen deposition 
was higher in this group.  It was seen that inflammatory cell 
infiltrations were in areas close to the veins, but the cells were in 
a single view in a manner that not to form groups (Figure 5, Table 
2). It was observed that the wound healing process proceeded more 
slowly in the control group. It was determined that the wound 
healing was prominently accelarated in Ozone group.

FİGURE 5 - Ozone group. Masson Trichrome staining. Histopathological 
appearance consistent with better wound healing process.

Discussion

The decrease was observed in the proinflammatory 
cytokines; TNF alpha and IL-6 in the ozone treated group in our 
study. It was seen that the prominent formation of granulation 
tissue along with the regeneration of the epidermal and dermal, 
the wound thickness was less, angiogenesis, vasculogenesis, and 
re-epithelialization intensely increased in the histopathological 
examination. It was observed that the thickness of collagen tissue 
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increased and collagen deposition was higher in this group and 
wound healing was prominently faster.

Ozone is a molecule which affects systemically5. It 
triggers reactions that affecting each other, when it is taken into 
the body. The increase in antioxidant level and the reduction in 
lipid peroxidation occur at the end of these reactions. This effect 
reverts in a short time. Ozone also activates “heme oxygenase 1” 
enzyme, too.  This enzyme has antioxidant, antiapoptotic, and 
antiinflammatory effects11. 

It is reported that many factors have effects on wound 
healing12,13. There are studies investigating the effects of ozone 
treatment on infected wound healing. Lelyanov et al. for the first 
time, investigated the effects of ozone on wound healing14. In that 
study, it was reported that ozone made a positive contribution 
to the healing of colonic anastomosis wound. Again, Erginel et 
al. looked for the effect of ozone on colonic anastomosis wound 
healing in a rat model of peritonitis and stated that wound healing 
was better in the ozone treated groups, in their study15. It was 
determined that topical application of ozone had healing effects 
on acute skin wounds16. We observed that ozone had healing 
effects on surgical wounds of rabbits that we applied prophylactic 
ozone postoperatively in our study. Wound healing was found 
to be prominently accelerated in the rabbits treated with ozone. 
When we looked through in terms of histopathological changes 
such as granulation tissue thickening, epidermal regeneration, 
dermal regeneration and collagen distribution, angiogenesis, 
inflammatory cells, we observed that ozone had positive effects on 
wound healing at the same time. 

Many studies have reported that various cell sources 
contribute to the production of cytokines in wound17,18. 
Proinflammatory cytokins; TNF alpha and IL-6 have negative 
effects on wound healing19. The decrease on levels of these 
cytokins will create positive impact on wound healing. We 
evaluated the antiinflammatory effects through these mediators in 
our study. Though there was not statistically significant decrease 
in IL-6 and TNF alpha overall values, it was found to be lower in 
ozone treated group compared with control group.

In the histopathological examination in our study, 
the decrease in the number of anti-inflammatory cells and also 
reduction of proinflammatory cytokine levels suggested that 
antiinflammatory activity of ozone had a positive effect on wound 
healing. Especially the increment of the cells located in the upper 
part of the epidermal layer in ozone treated group compared to 
control group was consistent with the reduction of cell apoptosis.  
Though the edema areas between connective tissue in the dermal 
layer was similar to control group, collagen deposition was higher 
in the ones treated with ozone made us think that ozone made 

a positive contribution to wound healing with its antioxidant 
property.

Kim et al.16 reported that the sizes of wound were small, 
collagen fibers and fibroblasts prominently increased in the ozone 
treated group in their study of local application of ozone on acute 
cutaneus wound healing. It was shown that reduction of wound 
size and the significant increase in collagen fibers after ozone 
treatment on diabetic wound20. These results suggest us the positive 
effect on wound healing of the ozone might be associated with its 
antiinflammatory, antiapoptotic, and antioxidant properties. 

Conclusion

Preoperative rectal application of ozone had positive 
effects on wound healing in acute period. 
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ERRATA

Erratum
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Publication: Acta Cir Bras. 2016;31(7):472-8.
DOI: http://dx.doi.org/10.1590/S0102-865020160070000007
On page of the original publication, instead of this Table 2:

TABLE 2 - Histopathological grading of all groups.

Group Granülasyon doku 
kalınlaşması

Epidermal  
rejenerasyon 

Dermal  
rejenerasyon

Kollajen 
dağılımı Angiogenesis İnflamatuar 

hücreler
Grup S 0.00±0.42 1.00±0.48 1.00±0.52 1.00±0.00 0.00±0.97 0.00±0.42
Grup K 2.00±0.52a 2.00±0.00 a 2.00±0.42 a 2.00±0.70 a 2.00±0.67 a 3.50±0.69 a 
Grup O 3.00±0.32 a,b 3.00±0.00 a,b 3.00±0.32 a,b 4.00±0.48a,b 3.00±0.57 a,b 2.00±0.00 a,b 

a:A significant difference was found in the statistics done in terms of histopathological changes such as granulation tissue thickness, epidermal regeneration, dermal regen-
eration, collagen distribution, angiogenesis, inflammatory cells according to Mann-Whitney U test done between Group S, Group K, and Group O (p<0.05).
b:A significant difference was found in the statistics done in terms of histopathological changes such as granulation tissue thickness, epidermal regeneration, dermal re-
generation, collagen distribution, angiogenesis, inflammatory cells according to Mann-Whitney U test done between Group K and Group O (p<0.05).

Consider this Table 2:

TABLE 2 - Histopathological grading of all groups.

Group Granulation Tissue 
Thickening

Epidermal  
Regeneration 

Dermal  
Regeneration

Collagen  
Distribution Angiogenesis Inflammatory 

Cells
Grup S 0.00±0.42 1.00±0.48 1.00±0.52 1.00±0.00 0.00±0.97 0.00±0.42
Grup K 2.00±0.52a 2.00±0.00 a 2.00±0.42 a 2.00±0.70 a 2.00±0.67 a 3.50±0.69 a 
Grup O 3.00±0.32 a,b 3.00±0.00 a,b 3.00±0.32 a,b 4.00±0.48a,b 3.00±0.57 a,b 2.00±0.00 a,b 

a:A significant difference was found in the statistics done in terms of histopathological changes such as granulation tissue thickness, epidermal regeneration, dermal regen-
eration, collagen distribution, angiogenesis, inflammatory cells according to Mann-Whitney U test done between Group S, Group K, and Group O (p<0.05).
b:A significant difference was found in the statistics done in terms of histopathological changes such as granulation tissue thickness, epidermal regeneration, dermal re-
generation, collagen distribution, angiogenesis, inflammatory cells according to Mann-Whitney U test done between Group K and Group O (p<0.05).
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