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Highlights:

Ozone foam therapy caused a transient endometrial inflammation

Ozone foam therapy is not harmful for endometrial environment and fertility
Riger Spray ® is a practical ozone preparation for field use

Abstract:

Mares’ subfertility represents a complex diagnostic and therapeutic challenge and both clinical and
subclinical endometritis are considered major causes of impaired fertility. Thanks to its properties,
ozone has a big potential as a treatment for equine endometritis. Therefore, the aim of this study is to
describe the safety and the effects on endometrium and reproductive parameters of subfertile mares
of a commercial ozone foam preparation (Riger Spray®). Twenty-four mares were treated during
estrus: ozone group with an intrauterine instillation of ozone foam preparation (OG, n=16) and control
group with 20 ml of lactated Ringer’s solution (CG, n=8). Samples for endometrial cytology were
collected before the ozone treatment (T0), after 24 h (T1), after one week (T2), two weeks (T3), and
when the subsequent estrous phase was detected (T4). Furthermore, samples for histological
examination and uterine swab for bacteriological examination were collected at TO and T4. At T1, a
statistically significant increase of endometrial inflammation in the OG mares compared to TO
(P<0.05) and to CG at same time point (P<0.05) was observed, but it was already resolved at T2. No
differences in endometrial inflammation in CG, biopsy grade before and after the treatment in the two
groups, number of mares pregnant at the end of the season and number of mares pregnant at the first
cycle were observed. However, the number of inseminations required for pregnancy tended to be
lower (P=0.0711) in the OG (1.69+0.06) than in CG mares (2.60+0.89).
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1 Introduction:

Mares’ subfertility, although extensively studied and discussed, still represents a complex diagnostic
and therapeutic challenge for the practitioners and researchers working in equine breeding industries
and leads to a substantial economic loss [1]. Even if fertile semen is used and multiple inseminations
are performed according to good veterinary practices, unfortunately, many mares fail to become
pregnant every year (the so called “barren mares”) [2]. It is often difficult to pinpoint a single cause
for the impaired fertility of these mares, but certainly the status of the endometrium is one of the main
factors involved [3]. In addition, clinical, but also subclinical endometritis, are both major causes of
infertility in the mare [4].

Many treatments for the improvement of the uterine environment have been used over the years.
Nevertheless, considering the worldwide rise of antibiotic resistance, non-traditional therapies, like
ozone, are representing an important field of research in the treatment of mare’s subfertility.

Ozone was discovered in 1839 by Schonbein [5] and medical ozone applications date back to the end
of the nineteenth century: in 1881, in a book on diphtheria, it was already mentioned as a disinfectant
[6] and in 1892 an article was published describing the administration of ozone for treatment of
tuberculosis [7]. Furthermore, during World War I ozone was used for treating German soldiers
affected by gaseous gangrene and to prevent and suppress wound infections [8].

Ozone is a highly unstable gaseous molecule made of three atoms of oxygen with a cyclic structure
that naturally forms from oxygen (O2) by the action of ultraviolet light and electrical discharges in
the atmosphere [9,10]. It is 1.6-fold denser and 10-fold more soluble in water than oxygen. It is the
third most potent oxidant after fluorine and persulfate. Ozone is an unstable gas that cannot be stored
and should be used at once because it has a half-life of 40 min at 20°C and 140 min at 0°C [11]. It is
produced by ozone generators through a high-voltage gradient, starting from pure oxygen up to obtain
a gaseous mixture containing a minimum of 95% oxygen and up to 5% ozone and usually, for clinical
purposes, ozone concentrations range is 10—45 ug/ml [6,12]

Ozone has a wide antimicrobial, antiviral and antifungal activity [ 13—20]. The mechanisms are based
on its great oxidizing properties, which induce the destruction of bacterial cell walls, cytoplasmic
membrane and of lipid molecules in capsids. This causes an increase in permeability and the entry of
ozone into the cells [21]. Moreover, ozone therapy is also able to damage bacterial and viral nucleic
acid and stimulates the innate immune system to contrast the microorganisms [22,23].

The function of O3 shares similarities with that of a prodrug, as it is modified upon reacting with
molecules to develop more active substrates, thus prompting an endogenous cascade of reactions [24].
In fact, O3 therapy induces moderate oxidative stress when interacting with lipids and this interaction
increases endogenous production of antioxidants, local perfusion, and oxygen delivery, as well as
enhances immune responses [24,25]. Thus, due to its multiple properties, ozone therapy is also shown



to boost immune system [22], optimize tissue regeneration mechanisms, stimulate granulation and
epithelialization processes, and reduce inflammation in several pathological conditions [26-29].

In the last years, ozone is gaining more and more popularity in veterinary and human medicine,
because of its efficacy in the treatment of reproductive pathologies that could affect female fertility
[30]. Furthermore, ozone therapy is used to treat also mastitis, osteoarthritis, laminitis, lumbar pain,
wounds, disc herniations and ocular pathologies [23]

Riger Spray® (Novagen, Podenzano, PC, Italy) is a product composed of ozonated sunflower oil. Its
efficacy in improving reproductive performances and treating common reproductive pathologies in
cows, goats and ewes had been widely described.

Zobel et al. [31] showed that in case of urovagina in the cow, the ozone treatment was more effective
than streptomycin, resulting in a shorter period of days open and a lower number of inseminations
until pregnancy.

Cows treated preventively after calving with Riger spray® became pregnant earlier, had a better
conception rate and showed a significantly lower incidence of endometritis [32-34]. Furthermore,
when used on cows with metritis and endometritis, ozone acted beneficially on overall fertility by
shortening the days open until first service and the days open until pregnancy [33,35].

Intrauterine ozone treatment in cows, sheep and goats with retained placenta attained similar or better
results compared to antibiotic therapy and the healthy control group, showing a physiological
involution of the uterus and an optimal recovery of fertility [36-39].

Thanks to its proved antimicrobial, anti-inflammatory, immunostimulant, and angiogenetic
properties, associated with the fact that it’s a non-antibiotic therapy, ozone has a big potential as a
treatment for endometritis and subfertility in the mare [40,41].

Currently, to the best of our knowledge no articles have been published about the effects of a treatment
with commercial ozone foam spray in mares, therefore, the aim of the present study was to describe
the safety and the effects of the use of an ozone foam spray treatment (Riger Spray®, Novagen,
Podenzano, PC, Italy) on the endometrium of subfertile mares.

2 Materials and Methods

The experiment was approved by the Ethics and Animal Welfare Committee of the Department of
Veterinary Sciences of the University of Turin (Italy) (0002180, 2021). Written informed consent of
the horse owners was obtained. All procedures were performed in compliance with the guidelines of
the Italian Ministry of Health for the care and use of animals (D.L. 4 March 2014 n. 26 and D.L. 27
January 1992 n. 116) and with EU Directive 86/609/CEE.

2.1 Animals and Clinical Records

Thirty-three Standardbred mares with an history of subfertility were referred to the Veterinary
Teaching Hospital (OVU) of the University of Turin (Italy) and were submitted to a complete
examination of the reproductive tract, including transrectal palpation, ultrasound examination
(MyLabOne, Esaote, Italy), vaginal speculum examination, bacteriological, cytological and
histological evaluation. Only subfertile mares negative to bacterial culture were included in this study
because they were privately owned and therefore, due to the will of the owners, positive mares with



a diagnosis of infectious endometritis were treated with gold standard therapy, the antibiotic therapy,
according to the results of antimicrobial sensitivity tests.

These mares had an average age of 14.08 + 3.80 years (median: 14 years; range: 8-19 years), an
average weight of 478.12 + 41.32 kg (median: 479 kg, range: 410-548 kg) and a body condition score
between 2.5 and 4 [42].

The mares were pluriparous and were determined to be subfertile because failed to get pregnant
during the previous reproductive season after three or more inseminations performed according to
good veterinary practices with semen from fertile stallions or underwent early embryonic loss [43].
The mares were housed in two different racehorse farms near Turin (Italy) under the management of
the same veterinary team. They were kept in outdoor paddock and were fed with hay and pellet feed,
and water was supplied ad libitum.

2.2 Treatment

The treatments were performed between February and April 2022 during the follicular phase.

An ultrasound examination was performed every two days to detect the presence of estrous,
established through the detection of a dilated cervix, a >35 mm follicle, the absence of a corpus
luteum, endometrial oedema, and a relatively flaccid uterus on palpation [44].

Mares were randomly divided into two groups:

Control group (CG): 8 mares were treated with an intra-uterine infusion of lactated Ringer’s solution.
Ozone group (OG): 16 mares were treated with an intra-uterine infusion of an ozone-based foam
spray product (Riger Spray®, Novagen, Italy).

Before all the treatments, the rectal ampoule was gently emptied, the tail was wrapped and the
perineum washed with water and povidone iodine (Betadine; MEDA PHARMA SpA, Milan, Italy)
for three times, then dried with paper towel.

Subsequently, for the mares in CG, 20 ml of lactated Ringer’s solution were instilled in the uterus
through a syringe and an insemination catheter.

For the mares in OG, Riger Spray®, was instilled transcervically in the uterus with a sterile
insemination catheter and a special 10-cm long fitting, keeping the applicator of the can pressed for
five seconds, as described for the treatment of bovine endometritis [32,35].

The mares in the two groups were homogeneous for age (CG: 13.25 + 4.40 years; OG: 14.50 + 3.60
years), parity, and body condition score.

2.3 Experimental design

In order to assess the safety of ozone foam spray treatment on uterine environment, uterine swabs for
bacteriological examination were collected before the ozone treatment (T0), and after a period of 18
to 27 days (T4), when the subsequent estrous phase was detected. Subsequently, samples for
endometrial cytology were collected at TO, 24 h after the treatment (T1), after one week (T2), after
two weeks (T3) and at T4. Finally, endometrial samples for histological examination were collected
at TO and T4. Ultrasound examination was performed at TO, T1, T2, T3 and T4.

To determine the effect of ozone treatment on reproductive parameters of subfertile mares, the mares
were inseminated at the cycle after the treatment. After the detection of a follicle bigger than 35 mm
and the presence of endometrial oedema, 1500 IU of Human Chorionic Gonadotropin (Corulon®,
MSD Animal Health S.r.1., Segrate Milan, Italy) were administered intravenously to induce ovulation.



Artificial insemination with chilled semen of stallion of known fertility was performed 24 h after
ovulation induction. The number of mares that successfully became pregnant after the first
insemination, at the end of the 2022 reproductive season, the number of inseminations required for
pregnancy and the episodes of early embryonic loss were recorded.

2.4 Sample collection and laboratory analysis

2.4.1 Cultural examination. The samples for cultural examination were collected with a double
guarded uterine swab (Minitube, GmbH, Germany). Briefly, the instrument was introduced into the
vagina and through the cervix. Once the tip reached the uterine body, the outer tube was retracted
enough to expose the swab, that was gently rotated against the uterine wall. Finally, the swab was
retracted into the outer tube prior to removal from the uterus. Subsequently, the swab was inserted in
AMIES transport medium (Minitube, GmbH, Germany) and transported, within 2-8 hours at
refrigeration temperature, to the Microbiology Laboratory of OVU for the examination. Each uterine
swab was resuspended in 3 ml of a non-selective enrichment medium (Brain Hearth Infusion Broth
Oxoid) and incubated overnight at 37°C. Then, each cultural sample was streaked on agar with 5%
sheep blood plates for a further 24 hours at 37°C. The isolates were identified by matrix assisted laser
desorption ionization-time of flight/ mass spectrometry (MALDI-TOF/MS) (Bruker, Germany).

2.4.2 Cytological examination. The samples for cytological examination were collected with a double
guarded uterine cytobrush (Minitube, GmbH, Germany) as previously described [45]. Briefly, the
instrument was introduced into the vagina and through the cervix. Once the tip reached the uterine
body, the outer tube was retracted enough to expose the cytobrush, that was gently rotated against the
uterine wall. Finally, the cytobrush was retracted into the outer tube prior to removal from the uterus.
The cytobrush was gently unrolled on a glass slide and dried at air. The slides were brought to the
Animal Reproduction Laboratory of the Veterinary Teaching Hospital (OVU) of the University of
Turin (Italy).

The cell smears were fixed and stained using Diff-Quick stain (Medion Diagnostics AG, Diidingen,
Switzerland), and evaluated, blindly, by a pathologist at 400X magnification (referred to as “high
power field”, or “hpf’) over multiple fields. Ten microscopic fields were randomly selected in
multiple areas of the slide and the average number of PMN/hpf was determined [46].

2.4.3 Histological examination. The samples for histological examination were collected
transcervically from the utero-cornual junction, using a sterilized forceps for uterine biopsy (Equivet,
Kruuse, Marselv, Denmark), as previously described [47]. Uterine biopsy samples were immediately
placed in 10% buffered formalin. Formalin fixed biopsies were paraffin embedded; Sum sections
were then stained with Haematoxylin and Eosin, according to the standard procedure. Histological
observation was performed, blindly, by a pathologist, and biopsy samples were graded according to
Kenney and Doig classification [47].

2.5 Statistical Analysis

For statistical evaluation the data were analyzed with the software GraphPad Prism for Mac, ver.9.4.1.
The analysis was considered significant with a P value <0.05.

Data were tested for normality using Kolmogorov and Smirnov test.



Differences in number of PMN/hpf and inseminations required for pregnancy within and between
groups were compared by means of Friedman and Mann-Whitney tests, respectively.

Differences between the two groups in the number of mares pregnant at the first insemination and at
the end of the season were tested by means of Chi-squared test.

Regarding the histological classification, differences within the two groups were tested by means of
McNemar’s Chi-squared test.

3 Results

3.1 Uterine culture

Out of 33 mares sampled, 9 (27.30%) were positive to bacterial culture. Therefore, they were
excluded from the study. In the remaining 24 mares, the uterine culture was negative at TO and the
animals were enrolled in this study. All 24 mares resulted also in culture negative at time T4.

3.2 Cytology
The number of PMN/hpf at the different time points is shown in Figure 1.

At TO, 14 mares (OG n=9; CG n= 5) showed a mild grade of inflammation (PMN/hpf between 1 and
2) and 10 mares (OG n= 7; CG n= 3) showed a moderate grade of inflammation (PMN/hpf between
3 and 5) [48]. No differences were observed between the two groups at TO (P>0.1).

At T1, 24 hours after treatment, there was a statistically significant increase of endometrial
inflammation in the OG mares compared to T0O (P<0.05) and compared to CG at the same time point
(P<0.05).

Also in the CG mares, the number of PMN/hpf slightly increased, but the difference between T0 and
T1 was not statistically significant (P>0.1).

Already at T2, at oneweek after treatment, the resolution of inflammation was noted in
OG compared to T1 (P<0.05) and at T2, T3 and T4 the number of PMNs was not different from TO
in both OG and CG (OG: P>0.1; CG: P>0.1).
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Figure 1: Number of PMN/hpf observed with uterine cytology in mares treated with ozone (OG) and in the control group (CG) at
different time points. a, b Different letters indicate a statistical difference in the same group (P<0.05). 1, 2 Different numbers indicate
a statistical difference between the two groups (P<0.05).

3.3 Histology
All the mares’ endometria were graded as Kenney-Doig score IIA (OG n=9; CG n=4) or IIB (OG

n=7; CG n=4). No mare demonstrated an increase in the severity in the endometrial Kenney-Doig
score at the estrus successive to the treatment (P>0.1).

In addition, no differences were observed in the endometrial histological classification between the
two groups (P>0.1) neither before nor after treatment (P>0.1). Besides, no signs of fibrosis, necrosis
or endometrial degeneration were observed after the treatment.

3.4 Effect of ozone therapy on clinical and reproductive parameters

After the treatment with ozone or with Lactated Ringer solution, no mare showed signs of discomfort
or pain. In 6/16 mares (37.50%) of the OG in the day after treatment the presence of 1-2.5 cm of
grade II (semi-echogenic) or III (hypoechoic) [49] fluid in the lumen of the uterus was observed, but
it was not noticeable at the second examination, after one week (T1).

At the end of the season, 13/16 mares (81.30%) in the OG and 5/8 mares (62.50%) in the CG
successfully became pregnant, but no statistically significant difference has been observed (P>0.1).
At the first insemination after treatment, 6 mares in the OG (33.30%) and 1 in the CG became
pregnant (12.50%) (P>0.1). Regarding the number of inseminations required for pregnancy, it tended
to be lower in the OG mares (1.69+£0.06) than in CG mares (2.60+0.89) (P=0.0711). No early
embryonic losses were observed.

4 Discussion

To the best of the authors’ knowledge, the safety and the effects on equine endometrium of Riger
Spray®™ have never been described, although in cows, ewes and goats this ozone formulation has been
shown to improve fertility rate, due to a healthier endometrial environment [33].

One of the major causes of fertility reduction in the mare is generally identified in endometritis, the
local inflammation of the lumen of the uterus [4], that generally develops because of the establishment
of microbial contamination of the organ, but also because of the inability of the mare to clear the



physiological inflammatory response after breeding [50]. Furthermore, chronic inflammation or
infection of the endometrium could also lead to the development of other endometrial diseases, such
as endometrosis (fibrosis of endometrial glands) [51] and angiosis (degenerative diseases of vessels),
that are important causes of subfertility as well [52].

In our study, to assess the effects of ozone on the uterine environment, endometrial culture, cytology
and histological examination were performed, all procedures that are routinely used for the diagnosis
of uterine illnesses in mares [53-55]. Positive bacterial cultures have been reported in 12-60% of
barren mares [46,54,56,57,] and the results of our study are in accordance with these authors, since
27.30 % of the mares presented a bacterial endometritis.

However, the failure to isolate bacteria does not eliminate the presence of endometritis, since this
disease may be difficult to diagnose as not all the mares show positive bacteriological and/or
cytological examination and evident clinical signs. According to De Amorim et al. [58], cytology is
twice as sensitive than culture in the diagnosis of endometritis, and endometritis has to be suspected
in mares with a history of subfertility. The mares in the present study, although negative to bacterial
culture, had a previous history of subfertility and showed a mild to moderate grade of endometrial
inflammation.

The aim of Riger Spray® and other products composed of ozonated oil is to obtain formulations
containing ozone that are practical and easy to store and use in field conditions, since ozonated oil
improves the short half-life of ozonated water or saline and O»-O3 gas mixture [59,60], avoiding the
need of an ozone generator equipment. In the present study we decided to use ozonated oil in a single
treatment, as previously described for bovine endometritis and recommended from the producer [32-
35]. However, this decision is supported by the findings of Camargo Ferreira et al. [61] that observed
the in vitro germicidal action of a single treatment with ozonated oil against Pythium insidiosum
isolated from horse. Interestingly, to obtain the same effect with O»-O3 gas mixture, it was necessary
to perform the treatment for three consecutive days, since a single exposure to gas was ineffective.
Furthermore, since the amount of peroxide in the oil after the ozonation process is generally
considered to be correlated with the antimicrobial action, it was observed that only ozonated oil with
a peroxide index higher than 500 mEq kg™ was able to inactivate P. insidiosum [61]. Also Avila et
al. [62] recently proved the in vivo antimicrobial effect of a single intrauterine treatment with
ozonated oil with peroxide index of 600 mEq kg™!. Riger Spray® has a peroxide index higher than
1000 mEq kg!, therefore, it has the potential to exert an in vivo antimicrobial effect in the uterine
environment. Thanks to its antimicrobial effect, ozone could play an important role in the prevention
of antimicrobial resistance, a growing global issue [63] and it could be useful in equine reproduction,
since antibiotics are routinely used in the majority of broodmares, even in the absence of intrauterine
fluid, bacterial culture and antimicrobial sensitivity test [64]

Only a few studies have been performed about the use of ozone in the mare in the previous years, but
recently, due to the ever-increasing attention that this molecule is eliciting in the equine reproduction
field, different studies have been published: Camargo Ferreira et al. [40] proved the ability of uterine
insufflation with an oxygen—ozone gas mixture to induce endometrial angiogenesis and the same
effect has been observed in healthy women treated with ozonated saline flushing [65]. Therefore, it
can be useful in cases of subfertility since blood supply is necessary for hormonal signaling, uterine
contractility, placentation and feto-endometrial interactions [4] and blood flow is diminished in mares
with endometrial degeneration [66].

Almeida et al. [67] observed that intrauterine ozone therapy can cause controlled and transient
systemic oxidative stress in healthy mares. This result is promising since ozone therapy is described



to act inducing a controlled oxidative stress that stimulates an adaptive antioxidant response [8,68]
and oxidative stress has been shown to be associated with endometritis in the mare [69].
Furthermore, Avila et al. [62] have shown the effectiveness of ozone therapy in the treatment of
endometritis. In particular, although the ozonated sunflower oil was not as effective as the O2-O3 gas
mixture in the reduction of inflammation (the number of PMN did not change in the cycle after
treatment), its antimicrobial property against the bacteria present in the equine uterus has been proved.
Mazzuchini et al. [70] observed that the number of PMN tended to be higher 24 hours after the
treatment with ozonated saline solution compared to control group.

The results of our study are in accordance with Mazzuchini et al. [70] and Avila et al. [62], since in
the mares treated with ozone an increase in the endometrial inflammation has been observed the day
after treatment, but it completely resolved after one week, and the number of PMN was not different
in the cycle after the treatment compared to the previous one. This inflammation, that is a natural
response of the equine uterus to the introduction of exogenous materials such as semen, extender,
bacteria, debris and also air [71,72], is probably due to the fact that Riger Spray® is an oil-based
product, that is more aggressive on endometrium [73]. Therefore, this was not able to reduce the
number of PMN, as described for the gaseous form [62] and the ozonated distilled sterile solution
[41].

However, Riger Spray®, despite its foam nature, is well tolerated by the equine uterus and no adverse
reactions had been observed in the mare, such as a persistent exaggerated inflammatory response or
abdominal discomfort. Furthermore, it did not predispose to a uterine unhealthy environment since
no bacterial infections were detected after treatment.

The safety of Riger spray® was also investigated from the histological point of view and we assessed
that this ozone presentation is not dangerous and detrimental for intrauterine use in the mare and do
not cause chronic inflammatory changes in the endometrium, as previously described for other
treatments like povidone-iodine [74] or enrofloxacin [75].

Riger Spray® has proved to be safe also according to clinical and reproductive parameters, since after
treatment 81% of the mares successfully got pregnant, without any episode of early embryonic loss.
No statistically significant differences between the two groups in the number of mares pregnant at
the first cycle and at the end of the season were noticed, but the number of inseminations required to
obtain the pregnancy tended to be lower in OG mares. Therefore, further investigations are needed
increasing the sample size to observe if Riger spray® is not only safe but also effective in enhancing
reproductive parameters, since many variables are involved in mare’s infertility.

Furthermore, due to the many proven beneficial properties of ozone and the practicality of this ozone
preparation, it’s worth to perform additional investigations to establish the best protocol for ozone
therapy and to demonstrate the efficacy of this product in mares with clinical endometritis and
positive to bacterial culture, given the wide use of intrauterine antibiotics in the equine industry [76],
the increase of antimicrobial resistance [77] and the worldwide effort to develop effective alternative
antibiotic-free therapies to treat endometritis.

5 Conclusion
Intrauterine ozone therapy with Riger spray® is a safe treatment in the mare since no adverse effects
were noted in terms of bacterial culture, endometrial cytology, histology and pregnancy outcomes.
Furthermore, this ozone formulation is practical to use under field condition, although future studies
are needed to assess antimicrobial activity and positive effects on fertility in mares with bacterial
endometritis.
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Figure captions

Figure 2: Number of PMN/hpf observed with uterine cytology in mares treated with ozone (OG) and
in the control group (CG) at different time points. a, b Different letters indicate a statistical difference
in the same group (P<0.05). 1, 2 Different numbers indicate a statistical difference between the two
groups (P<0.05).
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