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ABSTRACT

Ozone is wellrecognized as a bactericidal agent and its beneficial effect on wound
healing could be a consequence of this property. Because ozone itself does not
penetrate the cells but immediately reacts with polyunsaturated fatty acids, its
effects should be the results of oxidative reaction. For this reason, ozonated oils
could be a way to deliver ozone messengers to the skin. This paper evaluated the
therapeutic effects of three different grades of ozonated sesame oil in acute cuta-
neous wounds made in the skin of SKH1 mice. Specifically, wound closure rate,
histological parameters, and the level of key proteins such as vascular endothelial
growth factors and cyclin D1 have been analyzed in relation to the peroxide level
present in the ozonated oil. Treatment with moderately ozonated sesame oil—
expressed as peroxide value about 1,500)—has a faster wound closure rate in the
first 7 days than treatment with oil containing either lower or higher peroxide
value, and even with controls. Moreover, under the same treatment, an earlier
and higher response of cells involved in wound repair, a higher angiogenesis, as
well as an enhanced vascular endothelial growth factors and cyclin D1 expression
were observed. The present study shows the validity of ozonated sesame oil in
cutaneous wound healing and emphasizes the importance of the ozonation grade.
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Cutaneous and mucosal infections at any time are very
distressing for about a half billion people because of the
progressive aging world population and the lack of appro-
priate health-care programs. Skin lesions due to trauma or
burns may easily degenerate into chronic wounds that may
be ascribed to successive bacterial infections. Additionally,
a number of mucosal infections such as aphthous ulcers in
the mouth, the formation of ragadis and fistulae in the rec-
tal mucosa as well as the typical fungal infections such as
the tinea pedis or athlete’s foot have to be mentioned.

These afflictions, although not often deadly, are very fre-
quent and represent a considerable distress for the patients
and a serious economical burden for Health Authorities.

The process of reepithelialization that leads to healing
of skin wounds results from a carefully orchestrdted pro-
liferation and migration of epithelial cells." Cellular prolif-
eration resumes in the wounded area upon restoration of
epithelial continuity and it is a fundamental biological
process that requires a precise temporal and spatial coor-
dination with other processes during development, tissue
homeostasis, and repair.?

Previous studies have demonstrated that endogenous
growth factors and vascular endothelial growth factors
(VEGF) are important regulatory molecules for coordi-
nating the healing process together with the molecular ma-
chinery that drives the progression of the cell cycle where
cyclin D1 is a key regulator. These regulatory molecules
are released from macrophages, fibroblasts, and keratin-
ocytes at the site of the wound and they participate in the
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regulation of reepithelialization, granulation tissue forma-
tion, collagen synthesis, and neovascularization.”

Ozone (0O5) is widely recognized as one of the best bac-
tericidal, antiviral, and antifungal agents*® and it is em-
plrlcally used as a clinical therapeutic agent for chronic
wounds.®® The beneficial effects of O5 on wound healing
might be assumed to be due to decreased bacterial infec-
tion, ameliorated impaired dermal wound healing, or in-
creased oxygen tension by Os exposure in the wound
area.”!? It is now accepted that O; does not penetrate the
cells but reacts instantaneously with polyunsaturated fatty
acids (PUFA) to form reactive oxygen species (ROS), such
as hydrogen peroxide, which via the activation of redox
transcription factors such as NFkB can induce the synthe-
sis of growth factors and accelerate cell cycle. Recently, it
has been suggested that ozonated oil could be a way to
slowly deliver O3 messengers to the target tissue, namely
skin. Such an effect is due to the oil’s ability to stabilize O3
as ozonides between the double bonds of unsaturated fatty
acids. This could be very useful for the topical use of O; to
treat chronlcally infected cutaneous and mucosal areas of
the body.*!! The ozonide compositions have the capacity
to deliver nascent oxygen deep within the lesion. Ozonated
oil has been used toplcally for the treatment of different
types of wounds,'> ' but only a few studles reported the
peroxide evaluation of the ozonated oil."> The present
study was designed to evaluate the therapeutic effect of
topical ozonated sesame oil (OSO) on acute cutaneous
wound healing based on the level of peroxide species in a
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Ozonated sesame oil enhances wound healing

murine model. For this reason, we have analyzed the wound
closure rate, skin structure, and the expression of key pro-
teins involved in the wound healing process such as VEGF
and cyclin D1 using oils at different degrees of ozonation.

MATERIALS AND METHODS

Animals

Hairless female SKH-1 mice (6 weeks old) were processed
from Orient Bio Inc. (Gyeonggi-do, Korea) and lodged in
individual plastic cages at temperature- and humidity-con-
trolled conditions (22 £ 1 °C, RH 50-60%, 12 hours light/
dark cycle) with allowed access to distilled water and food.
Mice were acclimated for 10 days before initiation of the
treatment. All mice (=36, nine for each time-point re-
ported in “Histological and immunohistochemical analy-
sis” section) were randomly selected at the start of the
experiment and they were used in accordance with animal
protocols approved by the Kyung Hee University Institu-
tional Animal Care and Use Committee.

Ozonated oil

0SO samples were the same as reported in Sega et al.'® In
Table 1, the physico-chemical characterization of the var-
ious samples are reported. Briefly, O;/oxygen mixture was
bubbled for different times in Drechsel bottles containing
40 mL of sesame oil, leading to different O3 amounts. The
05 flow-rate was kept constant at 1.5 L/minutes in all the
experiments, and O3 concentration was 45 mg/L. Chemical
characterizations (namely, AV, acidity value; IV, iodine
value; and PV, peroxide value) of OSO samples have been
also performed. As for PV evaluation, it was determined
by means of both iodometric titration according with offi-
cial monograph of the European Pharmacopoeia as well as
placing the sample at reflux for 60 minutes.'” Physical
characterization has been performed by viscosity measure-
ments (Viscomate VM-10AL, CBC Europe) at both the
temperatures of 22 and 35+0.2 °C.

Wound biopsy

Wound biopsy was performed as described previously by
Lim et al.'® Briefly, after 10 days of acclimation, mice were
anesthetized with isoflurane and the skin was pinched
three times so as to perform six sterile biopsy punches
(3.5mm diameter, Miltex Instrument Company, York,

Valacchi et al.

PA). This yielded six circular wounds, identical in size, on
the dorsum, below the shoulder blades, of each animal.
This area was selected for wounding as it cannot be
reached by the mice, thereby preventing self-licking and
wound irritation.

Topical applications

Eight microlitres of either untreated sesame oil or OSO
were applied twice a day (every 12 hours) on the wounds.
The six wounds (named A, B, C, D, and E as schematized
in Figure 1) in each mouse were treated as follows: A,
sesame oil as a pure base; B, OSO at “low” PV; C, OSO at
“medium” PV; D, OSO at “high” PV; and E, control
groups in the absence of any treatment. The selection of
the PV range has been obtained by preliminary studies.

Measurement of wound closure rate

Wounds in individual mouse were photographed digitally
every day, beginning on the day of wounding (d0) with a
standard dot equivalent to the initial wound area placed
beside the wound. The quantification of wound closure
used in this experiment was described previously.
Wound closure was quantified by Canvas 11SE software
(Deneba, Miami, FL). The rate of wound closure was ex-
pressed as the ratio of wound area (each day after wound-
ing) compared with the initial wound area. A smaller
wound ratio indicated faster wound closure.

Histological and immunohistochemical analysis

Surgical excision of the wounded area was performed at
days 0, 3, 7, and 14 (d0, d3, d7, and d14, respectively) in
each group. Skin tissue was immersion fixed in 10% NBF
(neutral-buffered formalin) for 24 hours at RT. Sections
(4 um) were deparaffinized in xylene and rehydrated in
alcohol gradients. Hematoxylin & eosin (H&E), and
toluidine blue staining were performed for histology.
For immunohistochemistry, after dewaxing, sections were
incubated overnight at 4 °C with the following antibodies:
VEGF (monoclonal antibody; Chemicon, Millipore, Mi-
lan, Italy; dilution factor 1:40; 0.1% trypsin pretreatment
in phosphate-buffered saline [PBS] for 10 minutes at RT
and at 37°C, for antigen retrieval); mouse Cyclin Dl
(monoclonal antibody; Cell Signaling, Milan, Italy; dilu-
tion factor 1:100); and CD34 (monoclonal mouse anti-
body; Clone QBEnd10; dil. 1:100; Dako, Milan, Italy).

Table 1. Physico-chemical characterization of the various samples (see text for further details)

Viscosity (mPa's)

Sample Treatment PV (mEg/1,000 g) AV (mg KOH/g) IV (g/100g) 22°C 35°C
Sesame oil A 35417 0.70+0.01 113.65+1.50 59.94+1.1 34.2+0.3
0SO “low" B 949 4+ 33 1.67+0.08 96.05 + 3.53 84.94+0.7 48.1+0.4
0OSO "“middle”” C 1,631 +64 2.454+0.05 81.32+2.98 116+ 1 64.5+0.2
0OSO “high” D 3,170+ 101 7.324+0.20 57.214+2.34 24842 12942

9PV as evaluated by adopting European Pharmacopoeia official monograph.

PV, peroxide value; AV, acidity value; IV, iodine value.
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Slides then were washed three times with PBS and endog-
enous peroxidase was blocked with 3% hydrogen peroxide
in absolute methyl alcohol for 30 minutes at RT. Finally,
they were incubated with the EnVision+ System-HRP
(DAKO, Glostrup, Denmark) for 45 minutes at RT. The
reaction products were stained with diaminobenzidine
(DAB), counterstained with Mayer’s Hematoxylin and
after drying were mounted with Eukitt mounting medium.

Histological evaluation of wound healing

Histological qualitative assessment of wound healing on
skin biopsies was performed using 4 um thick H&E-stained
sections. They were examined for the presence of the follow-
ing features: ulceration, necrosis, reepithelialization, inflam-
matory cells, myofibroblasts, vascularization, mastocytes,
and collagen fiber bundle organization.

For epidermal thickness, cyclin D1 expression, mast-
ocytes, microvessel density, and myofibroblasts, a quanti-
tative evaluation was made. The thickness of the epidermis
was measured in H&E-stained, from a minimum of five to
a maximum of 10 randomly chosen, high-power fields
(HPF, x400; 1 HPF=0.16mm?), by using a 10 mm eye-
piece micrometer with 0.1 mm increments. Results were
expressed in millimeters. Cyclin D1-positive nuclei were
counted in cyclin D1-immunostained sections in five to
10 HPFs. Mast cells were counted in five to 10 HPFs, in

Wound Rep Reg (2010) m 1-9 © 2010 by the Wound Healing Society
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Figure 1. Representative photographs
showing the wounds and the different
treatments in SKH1 mice.

toluidine-blue-stained sections. For microvessel density, a
minimum of four to a maximum of six randomly chosen
fields, at a lower magnification (x200) were evaluated in
both H&E- and CD34-stained sections.

Statistical analysis

The results of quantitative parameters were statistically
analyzed. The Kolmogorov—Smirnov test was applied to
verify the normal distribution of sample data. In each
group, the mean value per field was considered for epider-
mal thickness and microvessel density, and the median
value per field for all the other parameters, for which a
normal distribution was not observed. Because there were
no significant differences in microvessel density between
H&E- and CD34-stained sections, counts were made on
the former sections, which allowed for a better evaluation
of the other parameters in the same fields. The Kruskal-
Wallis and the paired Student’s z-test were applied. A
significance level of p < 0.05 was chosen.

RESULTS
Effect of 0SO on wound closure rate

Wound area was calculated from d0 until complete closure
of wound at d14, as summarized in Table 2. In Figure 1,

3
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Table 2. Quantification of wound closure

Q3]

Treat-

d13 d14

d12

d1

d10

d9

dg

d7

dé

ds

d4

d3

d2

di

ment

0.19+0.04 0.16+0.02 0.15+0.02 0.13+0.02 0.13+0.01 0.11+£0.01  0.09+0.01
0.19+0.04

0.26+0.04

0.31+0.08

0.58+0.12
0.67+0.07

0.71+0.08
0.82+0.06

0.76 £0.09
0.84+0.07

0.86£0.05
0.93+0.05

0.92+0.06
0.97+0.06

0.99+0.08

1.05+0.05

A

0.15+0.02* 0.13+0.03** 0.12+0.03* 0.10+0.02* 0.08+0.01**

0.38+0.02*

0.83 +0.05% 0.72 +0.02% *#* 0,68+ 0.02 ** 0,651 0.06* ** 0.57 +0.07* *** 0.46 +0.06 "** 0.32+0.02""* 0.16 +0.02""" 0.14+0.02""* 0.13 +0.02"** 0.12+0.02"** 0.11+0.02"** 0.11+0.02

B
C
D
E

0.08 -+ 0.02%##

0.10+0.01*
0.12+0.02

0.16 £ 0.03** 0.14+0.02** 0.13+0.01"* 0.12+0.01** 0.11+0.01

0.20 +0.03*
0.22+0.03

0.39+0.05
0.45+0.05

0.58 +0.08"
0.68+0.06

0.65 + 0.05**
0.79+0.04

0.76 + 0.05* *# 0,69 + 0.04*##

0.85+0.03

0.89+0.06
0.89+£0.03

1.04+0.10
0.89+0.03

0.16+0.02 0.15+0.02 0.13+0.02

0.19+0.03

0.25+0.04

0.81+£0.04

Wound areas were measured on days 1-14 after wounding and expressed as ratio of the initial wound size (d0). Statistical analysis: one symbol, p < 0.05; two symbols,

p < 0.01, three symbols, p < 0.001; star symbol: vs. treatment A; sharp symbol: vs. E (untreated).

Valacchi et al.

treatment C showed a significant increased closure rate
during the first 7 days as compared with the controls (A:
sesame oil; E: untreated). Interestingly, B and D had
different and opposite trends, whereas B did not show
any differences, D had a significant delay for the first
7 days. Starting from day 8, the wound closure rate was
similar in all groups.

Effect of OSO on skin structure

Histological findings paralleled macroscopical observation
of Figure 1. Wound healing process was accompanied by
the reduction of necrosis, ulcer size, inflammatory cells,
and also by an increase of myofibroblasts, vessels, and
reepithelialization. Among inflammatory cells, there were
few neutrophils, surrounding the ulcer, and few mono-
nucleated cells (Figure 2).

Epidermal thickness did not significantly differed
among groups; it significantly increased in all groups at
d3; there were no differences in each treatment from d3 to
d14.

Moreover, compared with controls there was an
increase of mast cells by d3, which was maintained until
d14. In particular, mastocyte number did not significantly
differ among treatments at d0 and d14, and compared with
do, significantly increased at d3, and d7 in B, C, and D; at
d3, it was significantly higher in C and D than in the other
groups, and in A and B when compared with E (control).
Always about E, mastocyte number was significantly high-
er at d14, with respect to d0, d3, and d7.

As shown in Table 3, vessel number did not signifi-
cantly differ among groups at d0 and d14; at d3, it sig-
nificantly increased in treatments C and D, with the
significantly highest number of vessels in group C; at d7,
it was significantly higher in C than in the other groups.

Myofibroblasts, furthermore, started to appear earlier,
by d3, in treatment C, which showed their significantly
highest number; they picked by d7, and decreased by d14,
without significant differences among groups (Table 3).
Treatment C showed, within the first week, a more accel-
erated wound closure and a more well-structured tissue as
compared with the other treatments. These differences
were even more evident at d7, where the wound in treat-
ment C was significantly reduced, with a reepithelialization
characterized by well-vascularized areas, few inflamma-
tory cells, and new re-constitution of the dermis (Figure 2;
upper panel asterisk). The other treatments (A, B, D) as
well as control E did not show this pattern.

Effect of OSO on skin vascularization

The highest level of angiogenesis was appreciable in treat-
ment C starting at d3, and it was even more evident at d7.
When vessels were counted without specific staining but
only by H&E, the data seemed to match what the Figure 3
showed. In treatment C, there was a significant twofold
increase in the number of vessels with respect to the con-
trols E starting at d3 and reaching a threefold increase at
d7. These effects were not observed in the other treat-
ments, although B showed an increased number of vessels
at d3 but not at d7 (Table 3).

The formation of new vessels was also confirmed by
VEGF and CD34 staining. Figure 3 (left panel) shows the

Wound Rep Reg (2010) m 1-9 © 2010 by the Wound Healing Society
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VEGF reactivity at d7 in C and in the controls E. Right
panel shows the staining for the endothelial cells markers
CD34 that confirms the VEGF data. CD34 was mainly
present in the stroma, in endothelial vessels (arrows in Fig-
ure 3), and in myofibroblasts. Treatment C has a higher
VEGTF levels, as also confirmed by H&E staining.

Cyclin D1 expression

Reepithelialization was accompanied by an increase of
cyclin D1-positive, proliferating basal/suprabasal keratin-
ocytes, resulting in a significant increase of epidermal
thickness by d3, compared with d0. Epidermal thickness,
however, did not significantly differ among treated ani-
mals; it started coming back to normal values (below
1 mm) by d7. Treatment C showed a higher level of cyclin
D1 in the epidermis at d3 with respect to the controls (A
and E), with a peak at d7 and back to steady state at d14.
These results confirmed the fastest reepithelialization, as

58 % :reported in Table 4 (Figure 4).
=

DISCUSSION
In general, the sequence of wound healing has been sche-
matically represented to occur in three successive stages's:

Wound Rep Reg (2010) i 1-9 © 2010 by the Wound Healing Society
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Figure2. Cutaneous tissue struc-
ture in mice from treatment C and
control mice (E) at d7. Hematoxylin &
eosin (H&E) staining x 100 (top) and
%200 (bottom). Wound healing at d7,
in treatment C (on the left), and treat-
ment E, control mice (right part). At
scanning power, in C, mature colla-
gen (%) is substituting the more
immature, central area, rich in vessels,
and myofibroblasts. At the same
day, dermal repair is delayed in E:
there is mature collagen yet; further-
more, myofibroblasts and vessels
are admixed disorderly. At the bot-
tom, details of the central dermal
area, showing in C numerous ves-
sels, which are oriented perpen-
dicular to both skin surface and my-
ofibroblasts. There is no orientation
for both myofibroblasts and vessels,
the latter are fewer than in C; fur-
thermore, their wall is not always
well formed. Scale bars: 100um
(top); 50 um (bottom).

Phase I indicates the inflammation stage (2-3 days). Phase
II corresponds to the intermediate stage and normally lasts
about 2 weeks represented by the synthesis of extracellular
matrix (fibronectin, collagen III/I, hyaluronic acid, and
chondroitin sulfate) and an active proliferation of fibro-
blasts and keratinocytes. Phase 111, also called remodeling
phase, needs month or years to occur and in which the scar
is transformed to the final mature healed wound.

In the present study, we have shown that only a specific
level of OSO is able to significantly accelerate the first phase
of wound healing in SKH1 mice. In general, our data agreed
with previous reports where the use of ozonated olive oil
showed an increased wound closure rate'*'” although in
these studies the level of oil peroxidation was not reported.
The effect of ozonated oils on wound closure rate is depen-
dent on the peroxidation level of the oil. The accelerated
wound closure rate was noted only with medium level of
peroxidation (C), whereas no effects were detected with
either lower (B) or higher (D) level of peroxidation. This
can be due to the well-accepted idea that oxidants can either
mediate a variety of critical biology processes but when in-
appropriately present can cause damage. These effects can
lead to either damage or normal physiological function-
tissue repair or like in our case can even ameliorate the phys-
iological process of wound healing.
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Ozonated sesame oil enhances wound healing Valacchi et al.
Table 3. Descriptive data of quantitatively evaluated parameters

Day Treatment ET (um) VN Ma My
0 A 0.254+0.05 1042 10 (10-14) 0 (0-0)
0 B 0.26+0.07 9+2 9(9-15) 0(0-0)
0 C 0.29+4+0.01 842 9(9- 12) 0(0-0)
0 D 0.25+0.04 941 10 (9-15) 0(0-0)
0 E 0.284+0.05 8+2 9( 15) 0 (0-0)
3 A 0.8+0.1 6+2 8 (18-20) 0 (0-0)
3 B 1401 11 2 # 8 (16-22) 0(0-1)
3 c 1401 20 e HH 0 (25-36) 2 (1-5)
3 D 0.8£0.1% 16 -+ 4w 30 (20-33) 0 (0-1)
3 E 1.1+0.3 7+2 5 (4-8) 0 (0-0)
7 A 1+0.3 9+2 14 (9-20) 3(1-6)
7 B 0.6 + 0.7+ ## 12+4 4 (20-30) 3(1-7)
7 c 0.6 + 0.7+ ## 28 + g HHE 6 (5-25) 3(2-7)
7 D 1.2 +0.1% 9+2 (22 23) 2 (1-7)
7 E 0.9+0.1 10+5 7 (4-13) 3(1-6)
14 A 0.8+0.1 6+3 0 (12-30) 3(2-7)
14 B 0.7+0.2% 10+5 8 (10-30) 2 (1-8)
14 c 0.840.2 1345+ * 1(10-35) 2(2-8)
14 D 0.8+£0.2 12 4 2% 9 (16-30) 2 (2-7)
14 E 0.9+0.1 8+4 4 (6-29) 2 (2-7)

Mean values & SD are shown for epidermal thickness (ET) and vessel number (VN). Median values, with range in brackets, are given
for mastocyte (Ma) and myofibroblast (My) number. Statistical analysis: one symbol, p < 0.05; two symbols, p < 0.01, three
symbols, p < 0.001; star symbol: vs. treatment A (untreated sesame oil); sharp symbol: vs. E (air).

O3 as well as its derivatives is well recognized as a bac-
tericidal agent and this could explain the increased wound
healing rate observed in the first phase of the process. It is
possible that the effect of the ozonide reduces the presence
of phagocytic cells and therefore reduces the oxidative
burst, and therefore increases the oxygen tension and ame-
liorates the dermal wound healing (see Figure 5). The use
of ozonated oil not only prevents a superinfection but also
stimulates the initial tissue reconstruction by increasing
cell proliferation and new vascularization. In fact, in treat-
ment C there was a higher expression of cyclin D1, which is

a known regulator of cell proliferation,® as well as a
higher endothelial and stromal cell expression of VEGF
which is known to trigger the angiogenetic process.2f
Histological findings paralleled the macroscopic evidence
of a more advanced process of wound healing in treatment
C. Moreover, a higher epidermal cell proliferation, a high-
er number of myofibroblasts, and mast cells, as well as a
more relevant degree of neovascularization denoted treat-
ment C with respect to controls.

Myofibroblasts are thought to partly direct an or-
ganized wound healing,*> as well as neoangiogenesis;>

Figure 3. Vascular endothelial growth
factors (VEGF) staining (A) and CD34
staining (B) in skin from mice of treat-
ments C and E at d7 (x400), better
evidence of the differences in neo-
vascularization (arrows); furthermore,
a higher number of myofibroblasts is
stained by both antibodies in C. Scale
bars: 60 um (A); 50 um (B).

Wound Rep Reg (2010) i 1-9 © 2010 by the Wound Healing Society
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Table 4. Cyclin D1-positive keratinocytes expressed as percent-
age (median values, with range in brackets)

Treatment do d3 d7 d14
A 9(4-10) 11 (5-13) 14 (11-16) 6 (6-8)
B 5(4-10) 12 (6-13) 14 (10-16) 6 (5-8)
C 7 (4-9) 19 (16-22) 21(20-25) 7 (5-10)
D 7 (5-9) 11 (7-13) 14 (10-15) 7 (5-10)
E 4 (4-9) 7 (4-10) 4 (4-8) 5 (4-9)

therefore, it is not surprising that, in our experience, they
appeared in high number with treatment C at an earlier
time-point compared with other treatments (namely, d3).

In addition, it is well documented that fibroblasts play a
key role in reepithelialization via the induction of collagen
synthesis, matrix regeneration, and release of growth fac-
tors such as VEGF and pro-proliferative mediators such
as cyclin D1. Both VEGF and cyclin D1 are genes under
the control of the transcription factor NFkB, which has
been shown to be activated in cutaneous tissue by O3 ex-
posure.”* Therefore, it is possible that the topical release of
either O3 or its mediators in the wound activates both
NFkB, allowing its translocation to the nucleus, and the
transcription of genes that play a key role in wound heal-
ing, such as cyclin D1 and VEGF.

In previous work, the activation of NFkB by O3 in a
wound healing experiment had a dose—effect relationship
between levels of oxidative stress and NFkB, with a bipha-
sic profile: whereas moderate level of oxidative stress acti-
vates the transcription factor through an IkB kinase-
independent mechanism, high levels of oxidative stress
have shown to inhibit NFkB activation by blocking the
phosphorylation of IkBo.'%%3 This could explain why the

Wound Rep Reg (2010) i 1-9 © 2010 by the Wound Healing Society
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high peroxide level of treatment D did not show any effect
on the wound closure rate.

In treatments C and D, a higher number of mast cells
than seen in the control groups at d3 were also registered.
Overall, there was an increase of mastocytes in treated
animals, when compared with d0 and controls; the
increase of mastocytes was delayed to d14 in wounded,
untreated controls.

The exact role of mastocytes in wound healing is largely
unknown. However, in mast cell-deficient mice a low
degree of fibrous proliferation at the wound edge, as well
as of neovascularization and vascular regression in the
remodeling phase was demonstrated, resulting in an im-
pairment of wound healing.*

Remodeling of wounds was also quickened in C than in
controls, as evidenced by the appearance of mature colla-
gen, which started to substitute the central area rich in ves-
sels and myofibroblasts by d3. This was accompanied by a
decrease of vessel number, as it happens in a normal re-
modeling process of skin scar. By d6, epidermal thickness
was decreased in all lesions, slowly coming back to normal
values. The possible mechanism of ozonated oil can be
summarized as follows: (i) oxidation of the infective germs
by the slowly release of O5 from trioxolane; (ii) cytotoxic-
ity effect of the bioactive products derived from the per-
oxidation of the lipids (aldehydes); and (iii) release of
growth factor as a consequence of NFkB activation by in-
creased oxidative stress (Figure 5).

In conclusion, it appears that repeated application of
OSO characterized by a medium degree of peroxidation
(PV=1,631+64) in an experimental, well-characterized
skin lesion in mice is able to significantly accelerate the
first phase of the wound closure which is more susceptible
to infections. Such a result emphasizes that the peroxida-
tion grade is the driving force and is an essential parameter
to keep under consideration. Moreover, it confirms the

L T
i i <
T 7N

Figure 4. Cutaneous tissues show-
ing cyclin D1 expression in control
(E), sesame oil (A), and ozonated
sesame oil (C) treatments at differ-
ent time points (d0, d3, d7, and d14)
(x200). Scale bar: 50 um.
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15 Figure5. Possible mechanism of ozonated oil.
16
17
18 validity of OSO as a healing enhancer and thus compels to
19 evaluate its activity in human wounds by a well-designed
20 clinical trial.
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