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Background: Dermatitis associated with ileostomy is an important problem that affects many people, especially children.
The aim of this study was to investigate the therapeutic effects of ozone on dermatitis due to ileostomy, and
to develop an alternative treatment option.

Material/Methods: A total of 28 rats were divided into 4 groups: control, ileostomy, ozone, and zinc oxide. lleostomy was performed
in all rats except the control group. After a 1-week waiting time, the ozone group was administered ozone ther-
apy and the zinc oxide group was administered zinc oxide cream locally once a day for a total of 7 days. All rats
were sacrificed at the end of this period. The efficacy of treatment was examined by biochemical, histopatho-
logical, and immunohistochemical parameters. The levels of malondialdehyde (MDA), total glutathione (tGSH),
total antioxidant capacity (TAC), and total oxidant status (TOS) were measured from tissue. Vascular endothe-
lial growth factor (VEGF) and proliferating cell nuclear antigen (PCNA) were examined immunohistochemically.

Results: Dermatitis occurred pathologically in all rats that underwent ileostomy surgery. The lowest dermatitis score was
in the ozone treatment group (p<0.05). lleostomy dermatitis caused increased levels of MDA and TOS. Ozone
treatment resulted in reduced MDA and TOS levels, while the levels of tGSH and TAC were increased (p<0.05).
Both VEGF and PCNA immunostaining were augmented in the ozone treatment group (p<0.05).

Conclusions: Local ozone application may be a good alternative compared to the conventional treatment methods for the
prevention of skin lesions that develop after ileostomy.
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Background

An ostomy is a surgical opening of internal structures to the
outside of the body. lleostomies, colostomies, and urostomies
are the most common types. An ileostomy is a surgical proce-
dure in which the small intestine is attached to the abdomi-
nal wall in order to bypass the large intestine. Digestive waste
can then exit the body through the stoma, which is an artificial
opening through which watery stool passes and collect in the
ileostomy bag. The common stoma complications are peristo-
mal dermatitis, infections, abscesses, retraction, fistula, vascu-
lar compromise, parastomal herniation, bowel obstruction, and
electrolyte imbalance [1,2]. Peristomal skin problems are com-
mon and affect up to 73.0% of ostomates. Peristomal irritant
dermatitis is the most frequent skin complication and can be
both a cause and a consequence of poor adhesion of stoma
appliances; it is associated with leakage of stoma contents.
This problem is common, affecting up to 62.0% of ostomates,
and can be associated with considerable social, psychologi-
cal, and physical problems [3]. Irritation of the skin surround-
ing the stoma is more frequently observed with ileostomies
than with colostomies due to greater quantities of liquid and
the caustic nature of the bilious small intestinal contents [2].

Irritant contact dermatitis is the most common peristomal
skin complication [4]. Chemical injury occurs by intestinal con-
tents contacting the skin. The skin becomes red, painful, and
slippery and therefore it becomes difficult to affix the ostomy
bag to the skin. Preventing the progression is critical because
the dermatitis can lead to worsened leakage, further irrita-
tion and pain, and ongoing complications. Medical or surgical
methods have been used to prevent and treat peristomal skin
complications, while topical wound care products have been
used to treat the damaged skin. lleal peristomal leakage has
been shown to be controlled temporarily using a mushroom-
type (de Pezzer) catheter in addition to medical treatment [5].
Eroded peristomal skin can be treated with a hydrocolloid pow-
der before placing the stoma appliance. Topical and aerosol
corticosteroids or antihistamines have been useful in speed-
ing peristomal skin recovery [1,6], while zinc oxide has been
used topically in irritant dermatitis treatment and is known
for its treatment efficacy [7-12].

Ozone is a gaseous molecule consisting of 3 oxygen atoms.
The oxygen molecule (0,) is stable, but ozone (0,) is an un-
stable structure. The use of an ozone-oxygen gas mixture for
treatment is known as ozone therapy [13]. Hydrogen perox-
ide, a powerful oxidizing agent, is responsible for the biologi-
cal and therapeutic effects of ozone. It leads to reductions in
antioxidant levels and shocks in the body due to the stimu-
lating effect of hydrogen peroxide. As a result of this effect,
the defense system is stimulated and thus resistance to the
oxidative process is increased, including antioxidant enzyme
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expression [14]. Ozone therapy can increase acute cutaneous
wound healing and regulate other processes, such as inflam-
matory responses [15]. Many studies have shown the advan-
tages of ozone use in infected wounds, gangrene starts, burns,
circulatory disorder diseases, chronic skin wounds, and abdom-
inal extensive infections [16-18].

VEGF facilitates angiogenesis in wound healing, creating en-
dothelial cell proliferation and migration, as well as new cap-
illary formation. PCNA is known as a proliferation marker. In
studies related to ozone therapy in wound healing, PCNA and
VEGF expression has been used as an immunohistochemical
marker of ozone effectiveness [15,19].

The aim of this study was to investigate ozone therapy, which
has been widely used due to its antioxidative effect in med-
ical treatment of ileostomy dermatitis. For this purpose, the
relationship between antioxidative enzymes and immunohis-
tochemical markers were analyzed in an experimental study.
Development of ozone therapy as an alternative treatment op-
tion in clinical applications will also be discussed.

Material and Methods

Study groups

This study was approved by the Ethics Committee for Animal
Experimentation of Atatiirk University, Erzurum, Turkey
(06.06.2014-91).

Twenty-eight Sprague-Dawley rats weighing 250-300 g were
randomly divided into 4 distinct groups of 7 animals each.
The rats used in the experiments were obtained from Atatiirk
University Medical Practice and Research Center and were
housed in aerated plastic breeding cages at a constant tem-
perature of 21+1°C, with a 12-h light/dark cycle. Rats were
fed ad libitum using a standard pellet chow and tap water.
In Group 1 (control group) and Group 2 (ileostomy group),
an ileostomy was performed but no treatment was given. In
Group 3 (ozone group) and Group 4 (zinc oxide group), ileos-
tomy was performed and ozone or zinc oxide treatment was
administered after surgery.

Surgery

Each rat was anesthetized using ketamine hydrochloride
(80 mg/kg) (Ketalar 50 mg/ml Flakon, Pfizer®) and xylazine hy-
drochloride (10 mg/kg) (Rompun 100 mg/ml, Bayer®) intraper-
itoneally. After shaving the right abdominal region of rats, lap-
arotomy was performed with a 1-cm transverse skin incision
from the right midabdominal region. Loop ileostomy was per-
formed from 5 cm proximal to the ileocecal junction. The ileum
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ans was fixed to the fascia with a 5/0 Vicryl, and the ileum tip
was fixed to the skin with a 5/0 Vicryl. After the surgical pro-
cedure, rats were placed into individual cages to prevent any
damage to each other. The drainage of the intestinal contents
was observed from ileostomy in the postanesthetic period.

Ozone and zinc oxide application

Ozone (0,) was created by an ozone generator (0ZONO-SAN
Photonik 1014, Hansler GmbH; Nordring & Iffezheim, Germany).
The ozone flow rate was kept constant at 60 mg/ml concentra-
tion, 97.0% oxygen +3.0% ozone gas mixture at 3 L/min. The
ozone/oxygen mix was applied to 2 cm of skin around the ile-
ostomy of rats in Group 3 using a sterile gauze once a day for
7 days. Zinc oxide (Oksizinc baby 40 g, Oxyde de Zinc 20.0%,
D-Panthenol 5.0%, Dermotek Medicine, Turkey) was applied
to 2 cm of skin around the ileostomy of rats in Group 4 once
a day for 7 days.

Sample collection

All animals were anesthetized 7 days after the surgical proce-
dure. The skin (2 cm?) was excised from the ileostomy around
and a portion of it was reserved for histopathologic and bio-
chemical examination. The portion reserved for histopatholog-
ic analysis was placed into 10.0% buffered formaldehyde so-
lution. Samples reserved for MDA measurement were stored
at —80°C. A 5-ml blood sample was taken from the abdominal
aorta and centrifuged to separate the serum. The blood se-
rum samples were stored at —80°C until assayed for biochem-
ical examination (tGSH, TAC, TOS).

Biochemical evaluation

tGSH analysis

A double sandwich ELISA kit (Shanghai Sunred Biological
Technology Co., Ltd; Catalog No: 201-11-5134) was used to
analyze rat reduced glutathione (GSH) level in samples.
MDA analysis

An ELISA kit (Shanghai Sunred Biological Technology Co., Ltd.;
Catalog No: 201-11-0157) was used to analyze rat MDA lev-
els in the samples.

TAC detection

Serum total antioxidant capacity detection was determined by
an automatic measurement method developed by Erel [21].
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TOS detection

Serum total oxidant status detection was determined by an
automatic measurement method developed by Erel [22].

Histopathologic evaluation

For histological analysis, the formalin-fixed skin samples were
prepared for paraffin sections. Then, 4-um sections were made
and placed on slides. These slides were stained with hema-
toxylin and eosin (H&E). Histopathological examination of
the rat tissue damage was done for each parameter: epider-
mal atrophy, hair-follicle atrophy, collagen loss, and edema,
based on a scoring system where none=0, mild=1 +, moder-
ate=2 +, and severe=3 +. Total scores were calculated accord-
ing to these parameters. A score of 4 or higher was accepted
as presence of dermatitis and scores of less than 4 was ac-
cepted as no dermatitis [20].

Immunohistochemical evaluation

The 4-pm sections were made and placed on positively charged
slides for immunohistochemical (IHC) staining. Then, these slides
were stained with the VEGF (VG-1, Code; SC-53462, Santa Cruz,
dilution rate 1:50) and PCNA (PCNA, Code: SC-56, Santa Cruz, di-
lution rate 1:50) antibodies. A fully automated IHC device (Leica
Bond-Max, Melbourne, Australia) was used for immunostaining.
Histopathological and immunohistochemical evaluations were
done using a light microscope (Olympus BX53, Tokyo, Japan).
For VEGF antibody staining, pneumocytes and macrophages of
human lung tissue were used as a positive control. For PCNA
antibody, the staining of hepatocytes in human liver tumor was
used as a positive control. Negative controls were tested by
omission of the primary antibody (secondary only). The slides
were then covered with coverslips and treated with alcohol and
xylene. VEGF and PCNA immunostaining ratios were defined in
the range of 0 to 3: Score 0=no staining, Score 1=weak staining
(less than 10.0% focal involvement), Score 2=moderate staining
(11.0-50.0% regional involvement), and Score 3=strong stain-
ing (greater than 50.0% diffuse involvement) [20].

Statistical analysis

Descriptive statistics are represented as mean + standard de-
viation. The variables were assessed after controlling precon-
ditions of sphericity and homogeneity of variances (Shapiro-
Wilk and Levene test). One-way analysis of variance (ANOVA)
was used in data analysis. Some variables were determined
not to meet the requirements after testing prerequisites of
parametric test, in which case Box-Cox data transformation
was performed. A nonparametric Kruskal-Wallis test was used
when preconditions were not still met after data transforma-
tion. The adjusted LSD test was used to evaluate the variables
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Figure 1. Peristomal macroscopic view of of different groups before sacrifation. (A) Severe peristomal dermatitis in a rat Group 2;
(B) Minimal deramtis after ozone therapy; (C) Moderate dermatitis after zinc oxide treatment.

Table 1. Statistical analysis of biochemical data

Group 1 7 8.32 2.51
CGowp2 7 7% 71
MDA CGowp3s 7 sagr o044 0015*
Growp4 7 857 018
CTotal 22 945 364
""""""""""""""""""""""""""" Growp1l 7 24346 6468
CGowp2 7 1868154 sa48
{GSH CGrowp3 7 201424 17.55 0.049"
Growp4 7 286710 1673
CTotal 2 459 9391
""""""""""""""""""""""""""" Growp1 7 246 149
CGowp2 7 099« 053
TAC CGrowp3 7 2214 o048 0.034"
Gowp4 7 1% o061
CTotal 2 179 099
""""""""""""""""""""""""""" Growp1 7 3s 204
CGowp2 7 492904 2160
T0S CGrowp3 7 3821 2805 0.045"
Growp4 7 aase 2580
CTotal 2 054 3243

* p<0.05. @ Different from Group 1; ® different from Group 2;  different from Group 3; ¢ Different from Group 4.

with significant differences. Data were evaluated using SPSS
(Version 17, Chicago IL, USA) software. Statistical significance
was accepted with a p-value of less than 0.05.

Results

A total of 3 animals died during the study period (1 each from
Group 2, Group 3, and Group 4). New animals were includ-
ed in the study and the project was completed with groups
including 7 animals each. In the macroscopic examination of

the skin around the ileostomy before sacrifice, dermatitis was
found to be milder in the ozone group as compared to the il-
eostomy and zinc oxide groups (Figure 1).

The biochemical analysis of MDA, tGSH, TAC, and TOS is sum-
marized in Table 1. The MDA values were highest in Group 2
(10.75 nmol/g), while Group 3 MDA values were significantly low-
er than in Group 2 and Group 4 (P<0.05). tGSH (291.42 pmol/g)
and TAC (2.21 umol/g) values in Group 3 were higher than in
Groups 2 and 4. The values in Group 4 were significantly high-
er than the values in Group 2 (P<0.05). The TOS value in Group
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Figure 2. (A) MDA; (B) tGSH; (C) TAC; (D) TOS levels.

3 (38.21 pmol/g) was lower than in Groups 2 and 4, while the
value in Group 4 was lower than in Group 2 (P<0.05) (Figure 2).

Histopathological dermatitis was not observed in the control
group (Figure 3A). Group 2 had the most dermatitis (Figure 3B)
and Group 3 had the least (except when compared to the control
group) (Figure 3C) (P<0.05). Group 3 had the most VEGF immunos-
taining (Figure 4A), and it was lower in Group 4 (Figure 4B) and
marginal in Group 2 (Figure 4C). The strongest PCNA immunos-
taining was observed in Group 3 (Figure 4D), and it was higher in
Group 4 (Figure 4E) than in Group 2 (Figure 4F) (P<0.05) (Table 2).

Discussion

The topical effects of ozone and zinc oxide in ileostomy derma-
titis treatment were compared in this experimental ileostomy
model. Various topical agents other than zinc oxide have been
used in the treatment of dermatitis, which is a significant com-
plication of ileostomy. Sometimes it is not possible to cope with
the location of the ileostomy; therefore, it becomes necessary to
change the region of the ileostomy [7,23,24]. There have been
multiple reports presenting the positive effects of ozone therapy
in wound healing [15,17,25]. However, no studies have shown
the relationship between ozone and ileostomy dermatitis. A
week after ileostomy, noticeable dermatitis occurred on peristo-
mal skin regions of rats. We observed that ozone therapy applied
after ileostomy dermatitis provided a better healing macroscop-
ically than zinc oxide treatment. Significant epidermal atrophy,
hair-follicle atrophy, collagen loss, and edema were observed in
the untreated ileostomy group based on the histopathological

examination. These findings were found to decrease less in all
groups when compared with ozone therapy followed by zinc ox-
ide treatment. The most severe dermatitis was observed in the
untreated ileostomy group, whereas the least severe dermatitis
was observed in the ozone therapy group. In accordance with
the macroscopic appearance, the dermatitis score after ozone
therapy lower than after zinc oxide therapy (Table 2).

Wound healing is an active harmonic process consisting of
multiple phases; it occurs as a result of inflammation, angio-
genesis, granulation tissue formation, and repair of epitheli-
um tissue around the damaged region. If the factor causing
skin dermatitis continues, wound healing is delayed and the
resistance to treatment increases. Biochemical parameters,
such as MDA, GSH, TAC, and TOS, have been explored in in-
vestigations of oxidative damage in wound healing [25,26]. In
case of tissue damage, free oxygen radicals emerge and oxi-
dative stress occurs. In case of oxidative stress, lipid and pro-
tein oxidation products increase, while antioxidant enzymes
decrease [27,28]. Ozone, an antioxidant agent, increases tGSH
level and decreases MDA value, which is the final product of
lipid peroxidation [29-32]. The increase in TOS and MDA val-
ues in the skin tissue of rats after ileostomy dermatitis dem-
onstrated the presence of oxidative damage. While MDA and
TOS values were found to decrease significantly after ozone
therapy, tGSH and TAC values were found to increase. There
was a statistically significant difference between the ozone
group and the zinc oxide group in terms of these parameters.
This shows that topical application of ozone having antioxi-
dant properties provides improvement in oxidative damage
and is more effective in wound healing compared to zinc oxide.
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Figure 3. (A) Normal histopathological skin view of control group (HE x100). (B) Histopathological examination view of a rat with
severe dermatitis in Group 2 (HE x100). Significant epidermal atrophy, hair-follicle atrophy, collagen loss, and edema are
observed. (C, D) View of decreased dermatitis after ozone and zinc oxide therapy, similar to normal skin tissue (HE x100).

VEGF provides arteriogenesis, lumen expansion, and collater-
al vessel formation [33]. Angiogenesis and functional vessels
play a critical role in wound healing and granulation forma-
tion. VEGF is essential for early vessel formation and angio-
genesis [34]. VEGF level, which is a marker of angiogenesis,
is significantly higher and its involvement in tissue increas-
es [35-38]. VEGF expression has been observed to increase
in healing of diabetic ulcers and acute cutaneus wound heal-
ing from topical ozone therapy [15,39]. In the immunohisto-
chemical examination conducted after 7-day treatment in our
study, VEGF immunostaining in the skin of the dermatitis re-
gion was more significant in the ozone therapy group com-
pared to the zinc oxide group. This suggests that ozone therapy
increases angiogenesis and thus presents more effectiveness
in wound healing. VEGF expression has been reported to de-
crease in wounds that were almost closed (40). In our study,
the increased VEGF immunostaining after ozone therapy can
be explained by irritant intestinal content due to ileostomy.

In addition to the biochemical parameters, wound healing can
be evaluated by monitoring cell proliferation immunohisto-
chemically with PCNA staining [41-43]. PCNA density has been
shown to increase at the 1t day, reached the peak value at the
5t day, and then decreased gradually in a study conducted in
a burn model [44]. PCNA-positive cells can be identified until
21 days after injury [45]. In this study, animals were sacrificed
at the 14" day after ileostomy and then skin samples were
collected for analysis. Peristomal skin tissue was stained with
anti-PCNA immunohistochemically and examined using a light
microscope to show proliferative cells. The wound healing pro-
cess still continued even at the 14™ day, due to the continua-
tion of the irritant effect of ileostomy. Therefore, we observed
a more intensive immunohistochemical cellular staining. When
the wound healing accelerated, cellular proliferation increased
as well. These proliferative cells are stained more intensively by
anti-PCNA than are other cells [46-49]. PCNA immunostaining
was much lower in the untreated ileostomy group than in the
treatment groups. The reason for this might be the deteriora-
tion of skin integrity caused by continuous intestinal irritant
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Figure 4. Immunohistochemical view of groups. (A) Group 3; Increased VEGF immunostaining with ozone therapy. (B) Group
4; Moderately increased VEGF immunostaining with zinc oxide treatment. (C) Group 2; Minimally increased VEGF
immunostaining. (D) Group 3; Strong PCNA immunostaining presenting cellular proliferation increased with ozone therapy.
(E) Group 4; Moderately increased PCNA immunostaining after zinc oxide treatment. (F) Group 2; Mild PCNA immunostaining
presenting a small amount of cell proliferation in an untreated rat after ileostomy.

Table 2. Statistical analysis of dermatitis development and immunohistochemical staining.

| Mean Std. deviation p

Group 1° 7 00 000
Group 224 7 1.00 000
Dermatitis Group 3204 7 .29 488 0.02*
Group 42> 7 57 535
Total 28 46 508
Group 1P 29 488
Group 234 7 1.43 535
VEGF Group 32bd 7 2.71 488 0.00*
Group 420 7 2.00 577
Total 28 1.61 1.031
Group 1° 7 29 488
Group 234 7 1.43 535
PCNA Group 32b 7 2.71 488 0.00*
Group 430 7 2.43 535
Total 28 1.71 1.084

* p<0.05. @ Different from Group 1; ® different from Group 2;  different from Group 3; ¢ Different from Group 4.

material and the insufficiency of the wound healing process. zinc oxide group. This suggests that ozone therapy increases
PCNA immunostaining in the ozone therapy group was observed cell proliferation more than zinc treatment, and ozone ther-
to be the highest, and was significantly higher compared to the apy would be more effective in the wound healing process.
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Conclusions

In conclusion, topical ozone application in the treatment of
ileostomy dermatitis improves the effects of oxidative dam-
age in tissues, increasing angiogenesis and cell proliferation,
and provides more effective wound healing than zinc oxide.
Clinical use of ozone would be useful as an alternative treat-
ment option in severe dermatitis associated with ileostomy.
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