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Abstract

Introduction: Foot rot in small ruminants is highly contagious, causes severe lameness, and impairs fertility and wool and
meat production. It is usually treated with parenteral antibiotics, with attendant antibiotic resistance risk, and with bactericidal
footbaths, potentially harmful to humans and the environment. An alternative treatment in sheep is proposed based on repeated
topical ozonated ointment application. Its effectiveness and safety were evaluated by estimation of acute-phase response,
biochemical indicators of organic damage, and antioxidant/oxidant balance (AOB). Material and Methods: The study was
conducted on ten sheep with Egerton scale 2—3 lesions. Ozone application was repeated every day for seven days. Blood was drawn
first (TO) after foot cleaning and before ozonation, then (T1) seven days after the first ozone application, and finally (T2) four days
after the last application. Results: High clinical effectiveness was observed, with total recovery by 28 days from the start of
treatment. A significant increase in antiradical activity was noted on the basis of a 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) assay from 1.16 + 0.04 pmolTe/mL at TO to 1.23 + 0.03 pmolTe/mL at T1, with a slight decrease in oxidative
stress. Calculated on the basis of antiradical capacity, AOB was higher at T1 (130 + 19%) and decreased to 110 £ 16% at T2.
Calculated on the basis of reducing power, it was 169 =22% at T1 and 131 + 17% at T2. Conclusion: These results indicated that
the AOB is efficient enough to prevent oxidative organ injury and the applied doses of ozone are safe for animals.
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Introduction

Virulent foot rot is a highly contagious, widely
distributed disease that affects productivity and impairs
small ruminants’ welfare worldwide. This condition
involves the interaction between the obligate anaerobic
bacteria Dichelobacter nodosus and Fusobacterium
necrophorum causing severe lameness combined with
reduced wool and meat production and decreased
fertility (1, 3). Treatment programs usually include the
parenteral administration of antibiotics such as
oxytetracycline and enrofloxacin in combination with
footbaths in bactericidal solutions and antibiotic aerosol
spray (12). However, this treatment has some

disadvantages. Overuse and misuse of antibiotics leads
to the development of drug resistance (23), and chemical
solutions used for bathing feet are toxic to both the
human personnel and the environment. Additionally,
the stringent limitation on the use of antibiotics in
agri-environment schemes and on organic farms forces
the introduction of alternative treatment schemes for
foot rot (14).

The concept of using ozone to improve the healing
of infected wounds, and necrotic or poorly oxygenated
tissue has been widely explored in orthopaedics, dental
medicine and with skin wounds (6, 18). Ozone (O3) is
the trivalent form of oxygen with high reactivity and
solubility in water and plasma; moreover, some authors
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indicated its antioxidant potency (5). Ozone appeared to
be a highly reactive molecule which exhibited strong
bactericidal, fungicidal, antivirus, anti-yeast and anti-
protozoa activities (8). To date, ozone therapy has been
successfully used in infected wounds, chronic skin
ulcers, early-stage gangrene and advanced ischaemic
diseases (11). There are some products which are used
in veterinary medicine, such as ozonated vegetable oil
with lenitive, emollient, cicatrising, antibacterial and
hygiene-maintaining action in the form of creams, gases,
syringes, foams, and boluses (8). Previous successful
applications of ozone in veterinary medicine were
described in sheep in treatment of foot rot (25) and in
other animal species in many disorders, such as mastitis,
metritis, endometritis, foetal membrane retention,
vaginitis, urovagina, enteritis and laminitis (8). In our
previous work, ozonated saline was applied for local
treatment of ovine foot rot and this proved to be safe and
highly effective (25). However, the preparation of the
solution ex tempore was time-consuming; therefore, to
eliminate this disadvantage an ozonated olive oil
ointment (Ozonsept) was introduced to the treatment
regime. To our knowledge, to date there are no published
works about the use of this preparation in the treatment
of foot rot in sheep.

The purpose of this study was to evaluate the
ozonated olive oil ointment as an easily applied
therapeutic with a stable ozone concentration. The
effectiveness of this therapeutic option in treatment of
sheep was assessed on the clinical outcome, whereas the
safety was investigated on the basis of oxidative stress
response, antioxidant defence, markers of potential
organic damage and systemic inflammatory reaction.

Material and Methods

The study was conducted on ten adult female Polish
lowland sheep of the Uhruska variety weighing
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approximately 40-50 kg, aged between 1 and 2 years
and maintained on the Bezek experimental farm of the
University of Life Sciences in Lublin. The control group
consisted of five healthy female sheep of the same breed
and similar age and weight. All the animals were fed,
housed and cared for in accordance with Directive
2010/63/EU on animal care.

The clinical parameters of rectal temperature, pulse
and respiratory rate were recorded at the times of blood
sampling. Acute foot rot diagnosis was based on the
typical clinical signs such as lameness, lesions with
interdigital inflammation, hoof horn separation,
a characteristic foul smell, and absence of hyperplasia of
the sole, according to Raadsma and Egerton (20).

After assignation to the experimental group
(n=10), each sheep was treated and underwent cleaning
and gentle removal of the necrotic tissue as the first step.
As further treatment, an ozonated olive oil ointment
(Ozonosept, Metrum Cryoflex, Lomianki, Poland)
containing ozone at 100 mg/g was used. The ointment
was applied using a small brush. Then, each sheep was
left on a clean solid surface for 30 min for the
preparation to be absorbed. The procedure of ozone
application was repeated once a day every day for seven
consecutive days. Careful clinical examination was
performed before each ozone administration, at the T2
time point (day 11), on the 14th day after beginning
therapy, and when it was finished (Fig. 1).

Material was taken from each animal as lesion
swabs and collected in Amies transport medium
(Argenta, Poznan, Poland). Samples were delivered to
the laboratory of the Sub-Department of Veterinary
Microbiology in the Faculty of Veterinary Medicine of
the University of Life Sciences on ice and DNA was
immediately extracted. DNA was isolated with a Tissue
& Bacterial DNA Purification Kit (EURx, Gdansk,
Poland) according to the manufacturer’s instructions,
and direct PCR testing was conducted according to
conditions described by McPherson et al. (16).
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TO — first blood sampling; T1 — second blood sampling; T2 — third blood sampling

Fig. 1. Timeline for clinical evaluation and blood sampling
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The PCR reaction was carried out using 2 uL. of
extracted material, 5 pL of Gold Taq Mix (Syngen
Biotech, Wroctaw, Poland), and 50 pmol of each primer,
which was designed by Genomed (Warsaw, Poland), in
a T100 thermal cycler (Bio-Rad, Hercules, CA, USA).
Bacterial DNA isolated from D. nodosus ATCC25549
was used as the positive control.

Blood was drawn at the following time points: first
at TO, immediately after foot cleaning and before ozone
treatment, then at T1, seven days after the first ozone
application, and finally at T2, four days after the last
application of ozone (day 11). Complete blood cell
counts were performed using the Abacus Junior Vet
analyser (Diatron, Budapest, Hungary) at the same time
points (TO, T1 and T2) at which blood samples were
obtained for other analyses.

The plasma concentration of fibrinogen (in g/L)
was assessed with the heat precipitation method, and the
haptoglobin plasma concentration was estimated on the
basis of methaemoglobin reduction (25). As biochemical
indicators of organic damage, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin
(BIL T) urea and creatinine (CREA) were analysed
using an automatic apparatus as described by Guanche
et al. (10) at the TO and T2 time points and compared to
those of healthy sheep.

The free radical scavenging ability was measured
using the improved 2,2'-azino-bis(3-ethylbenzo-
thiazoline-6-sulphonic acid) (ABTS) decolourisation
assay and expressed as Trolox equivalents (Te) in mg
per mL using the protocol of Re et al. (21). The reducing
power (RP) was determined following Oyaizu’s method
(17) and expressed as Trolox equivalents (Te) in mg per
mL. The plasma concentration of malondialdehyde
(MDA) was measured using the spectrophotometric
method on the basis of the reaction between MDA and
thiobarbituric acid. Concentrations of MDA were
estimated on the basis of the standard curve obtained
using malondialdehyde bis (dimethyl acetal) and
expressed as nmol/mL  (25). To  compare
antioxidant/oxidant balance (AOB) values of plasma

before and after ozone treatment, the antioxidant
capacity (AC)/peroxide level ratio was calculated as the
ABTS/MDA and RP/MDA ratios. Data were expressed
as (%) of the TO value. The calculation was carried out
individually for each sheep enrolled in the study at both
time points (13).

Statistical analysis. Data were presented as mean
+ standard deviation for continuous variables.
Significance was identified by one-way ANOVA using
Statistica software version 13.1 (Dell Technologies,
Round Rock, TX, USA). Differences were considered
statistically significant at P < 0.05.

Results

Ovine foot rot was confirmed on the basis of
clinical evaluation and the molecular test. The measured
haematological and clinical parameters, i.e. rectal
temperature, pulse and respiratory rate were within the
physiological ranges (data not shown). Dichelobacter
nodosus was confirmed in all samples tested by the
presence of an amplification product of the variable
region of 16s rRNA gene with appropriate molecular
weight (783bp) visualised under UV light after staining
with SimplySafe (EURx, Gdansk, Poland) in a 2%
agarose gel (Fig. 2).

Fig 2. Amplification product of the variable region of 16s rRNA
(783pz) of Dichelobacter nodosus from samples tested

*K+ Dichelobacter nodosus ATCC25549

Table 1. Changes in plasma concentration of selected acute-phase proteins in the course of local ozone treatment in sheep (n = 10)

Protein Control Day 0 Day 7 Day 11
Fibrinogen (g/L) 4.10£1.00 4.97+0.51 4.67+0.61* 5.06+£0.61%*
Haptoglobin (g/L) 0.22+£0.20 0.61+0.13 035+0.11* 0.67 +£0.16*

* P <0.05 in comparison with value on day 0

Table 2. Antioxidant capacity, antioxidant/ oxidant balance, oxidative status

Measurement ABTS (umolTe/mL) RP (umolTe/mL) MDA (nmol/mL) AOB by ABTS (% of T0) AOB by RP (% of T0)
Control 1.22+0.01 0.14+0.02 6.2+0.18 - -

TO 1.16 £ 0.04 0.1 £0.02 7.84+0.18 - -

Tl 1.23 +£0.03* 0.14+£0.01* 6.45+0.39 129.93 £19.1 169.2 +£22.0

T2 1.2+0.07 0.13+0.01* 74+0.2 110.00 £ 16.2 130.77 £17.0

ABTS - 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid); RP — reducing power; MDA — malondialdehyde; AOB — antioxidant/oxidant

balance; * P < 0.05 in comparison with TO
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All lesions healed completely within 28 days and
all sheep recovered fully from lameness and the without
suffering any adverse effects of the ointment during
treatment. Immediately after ozone treatment, at the T1
measurement, plasma concentrations of fibrinogen and
haptoglobin significantly decreased, but subsequently
at the T2 measurement they increased; however, all
values were within the normal range (Table 1), as
biochemical assays revealed. The differences between
concentrations at successive time points were
insignificant (data not shown).

On the basis of the ABTS assay, we estimated
a significant (P < 0.01) increase in antiradical activity
seven days after the start of ozone treatment. The
obtained values elevated from 1.16 + 0.04 umolTe/mL
at the first measurement (T0) to 1.23 £ 0.03 umolTe/mL
at the second (T'1). The changes at the third measurement
(T2) were insignificant in comparison with those at TO
and T1. The reducing power was significantly higher at
the second (T1) and third (T2) measurements (P < 0.05)
than it was at the initial one (T0). The plasma
concentration of MDA slightly decreased at the T1 and
T2 measurements in comparison with T0, but without
statistical significance. When calculated on the basis
of antiradical capacity (AC), AOB was higher at T1
(130 + 19%) and decreased to 110 £ 16% at T2. When
calculated on the basis of RP, it was 169 + 22% at T1
and 131 £ 17% at T2 (Table 2).

Discussion

In the present study, confirmation of infection of
sheep with Dichelobacter nodosus was obtained using
a PCR test because of the reliability of this method’s
results. Foot rot results from the invasion of the
epidermal tissue of the hooves by a complex mixture of
bacteria, in which D. nodosus is considered a determining
component. Some authors recommended PCR-based
methods because confirmation via microbiological
culture of D. nodosus is time-consuming and the
culturing process requires practical qualifications and
experience, which may extend the time needed to make
a diagnosis and decision about the appropriate treatment;
culturing can be particularly difficult when the sample
site is contaminated with other pathogens. For these
reasons, PCR seems to be the better option. Moreover,
the method used allows both detection of genetic
material in samples taken directly and confirmation of
species affiliation in in vitro culture (16).

Previous appraisal of treatment with ozone found it
to be a versatile bio-oxidative therapy in which ozone is
possible to administer in different ways. The therapeutic
activity of ozonated oil was mostly derived from its
antibacterial, antihypoxic, analgaesic and immunomodulatory
effects (6). The ozonated oil ointment used in our study
proved to be an effective and convenient means for
topical treatment of foot rot in sheep enabling precise
administration and causing no undesirable effects.

Application of ozonated oil ointment in the present study
brought about total recovery within 28 days without use
of antibiotics in all eight sheep, all with an initial score
between 2 and 3 on the Egerton scale (20). Moreover,
the time of recovery was similar to those described by
Ansari et al. (1) after usage of different antimicrobial
therapies.

In our previous study, we introduced an alternative
treatment scheme consisting of ozone therapy and the
application of autologous platelet-rich plasma (PRP) as
a source of high concentrations of growth factors and
other bioactive molecules to enhance healing (25).
However, that scheme is more complicated and needs
preparation of autologous PRP, which is expensive and
time-consuming and limits its large-scale use.

Ozonated saline concentrated to 70 mg/mL was
applied in the authors’ previous experiment (25),
whereas in the current study oil ointment with ozone
concentration of 100 mg/mL was used. Some other
authors stressed that because repeated high concentration
ozone applications may cause excessive oxidative stress,
leading to changes in membrane permeability, enzyme
inactivation and potential organ injury, they should be
carefully evaluated before being introduced into clinical
use (10). The blood toxicity indices ALT, AST, BIL and
UREA can be recognised as markers of organic damage.
According to Guanche et al. (10) in their study on rabbits
treated with an ozone/oxygen mixture, these indices did
not rise significantly. Similarly, in our experiment on
sheep these biomarkers were likewise not significantly
changed during treatment. These results provide
evidence that ozonated ointment did not damage organs
or alter the metabolism of the organism at the dose used.

In our experiment, we did not observe any side
effects or significant changes in haematological parameters
after treatment. These parameters after ozone application
were previously evaluated by Bocci (2), who reported no
modification of the erythrocytic volume due to osmotic
swelling or haemolysis, and by Carvalho et al. (4), who
noted only a mild response in WBC in the course of foot
rot in crossbred Santa Inés sheep.

In the course of the experiment we also assessed the
concentrations in plasma of two acute-phase proteins
(APP), namely fibrinogen and haptoglobin, as indicative
APPs in sheep (19), and we observed a significant decrease
in both these markers after ozone treatment. A similar
effect was noted by Fernandez-Cuadros et al. (9) after
ozone treatment of osteoarthritis in humans. According
to Carvalho et al. (4), the fibrinogen, haptoglobin and
alacid glycoprotein APP concentrations did not increase
in the course of foot rot in sheep. Another author stated
that 24, 48 and 96 hours after therapy with ozone, the
serum APP level remained constant (2). Additionally,
according to Curro et al. (6), ozonated olive oil is
non-toxic, accelerates wound healing and exerts
anti-inflammatory effects.

We found a significant (P < 0.01) increase in
plasma antioxidant activity seven days after the start of
ozone treatment on the basis of the ABTS assay and
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reducing power. The obtained values rose from
1.16 + 0.04 pmolTe/mL at the first measurement (T0) to
1.23 £+ 0.03 umolTe/mL at the second measurement
(T1). It was stated previously that in environments
characterised by a protonic increase, such as ischaemic,
hypoxic, or damaged tissues, ozonated olive oil releases
molecular oxygen, driving the production of reactive
oxygen species and generation of moderate oxidative
stress (6). This oxidative stress activates antioxidant
defence systems to eliminate these toxic compounds
(11), and this activated condition promotes release of
growth factors, triggers local antioxidant mechanisms,
and repairs tissue (6). The potent antioxidant capacity of
blood exposed to a small and precisely calculated dose
of ozone can modulate the endogenous antioxidant
system and aid in the control of different pathological
conditions (5).

In our experiment, plasma concentration of MDA
slightly and insignificantly decreased at the T1 and T2
measurements in comparison with the TO concentration.
Ozone generally generates the formation of radicals and
promotes lipid peroxidation, but when administered in
a controlled way in minor doses its promotion of
peroxidation can be limited in order that it only activates
certain routes to modify the immunological response
(10). Thus, according to Martinez-Sanchez et al. (15),
the paradoxical antioxidant effect of ozone therapy
decreases the generation of MDA, the marker of lipid
peroxidation. For more accurate evaluation of the
balance between oxidant and antioxidant activity, the
AOB was calculated. Consideration of this balance is
a novel approach described by Laus et al. (13) for precise
evaluation of serum antioxidant status, and this method
demonstrated high versatility and applicability both in
human and animal studies (24). In our experiment, AOB
calculated on the basis of AC indicated a higher
antioxidant value at T1 (129.93 + 19.10%), which
decreased to 110 £ 16.20% at T2. Similar increases of
AOB calculated on the basis of RP were observed at T'1
(169.2 + 22.0%) in comparison with TO (100%) and to
a lesser degree at T2 (130.77 £ 17.0%). The simultaneous
evaluation of AC (on the basis of ABTS or RP) and
MDA concentration (as “peroxide level”) allows the
estimation of oxidative balance in a manner impossible
when considering AC alone. In a study by Reddy et al. (22)
in haemodialysis patients, both plasma MDA level and
RP decreased during the oxidative stress generated by
the treatment. In our previous experiment (25), after the
ozone therapy, AOB determined on the basis of the
ABTS increased at the second measurement, whereas
AOB determined on the basis of RP decreased. In the
current experiment, due to the use of a different method
of ozone application, generation of oxidative stress was
lower and the obtained results indicated higher
antioxidant capacity.

This research is a continuation and extension of our
previous study and concerns the application of ozonated
olive oil in the treatment of ovine foot rot. Our research
confirmed the high effectiveness of the preparation.

Moreover, we did not observe any adverse effects,
excessive oxidative stress or organ damage. In the
course of treatment, the antioxidant system established
was productive of a sufficient post—ozone therapy
antioxidant/oxidant balance to prevent systemic
inflammatory response and excessive oxidative stress
that might have caused organ injury. Thus, the applied
formulation and doses of ozone in oil ointment appear to
be safe for animals. This approach seems to be
a promising option for the treatment of foot rot in sheep,
since the ointment is characterised by good therapeutic
results, simple application and low cost.
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