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Summary
Endometritis is one of the major causes of infertility in mares. The present study was conducted to evaluate intrauterine infusion
of Eucalyptus globulus oil as treatment for mares with experimentally induced endometritis. Mares (n=8) were synchronized using
two injections of PGF2α (10 mg) 14 days apart. All mares were inoculated with a live culture of 5 × 106 CFU S. zooepidemicus in the
dioestrus phase after the termination of oestrus. The day of inoculation was considered as day 0 of the experiment. On days 3, 6 and
9, cytological and bacteriological specimens were collected to determine endometritis. Mares were randomly assigned to two groups
on day 10. Mares in treatment (n=4) and control (n=4) groups received intrauterine 6% Eucalyptus oil solution (100 ml) and
intrauterine saline solution (100 ml) for 5 consecutive days. Cytological, bacteriological, and ultrasonographic evaluations were
implemented at days 15, 17 and 19 (1, 3 and 5 days after termination of intrauterine treatment, respectively). The number of mares
diagnosed with endometritis, the depth of their intraluminal uterine fluid and the number of infected mares did not change by the
treatment (P>0.05). In conclusion, the 5-day intrauterine infusion of 6% E. globulus oil solution failed to treat experimental
endometritis in mares.
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Introduction
Endometritis is one of the major causes of infertility
in mares, resulting in significant economic problems for
the equine industry (Watson, 2000; Hurtgen, 2006; Liu
and Troedsson, 2008). Different organisms have been
isolated from mares with uterine infection including S.
zooepidemicus, E. coli, K. pneumoniae and P.
aeruginosa (Causey, 2006). Among these, S.
zooepidemicus is considered to be the major cause of
endometritis (Casagrande et al., 2011). Uterine lavage,
the use of ecbolic agents and antibiotic therapy have
been suggested as main treatments for endometritis (Liu
and Troedsson, 2008). Other therapies including
intrauterine chelators (LeBlanc and Causey, 2009),
mucolytics (LeBlanc and Causey, 2009; Witte et al.,
2012), corticosteroids (Bucca et al., 2008; Wolf et al.,
2012) and immunomodulatory agents (Rohrbach et al.,
2006; Rogan et al., 2007; Christoffersen et al., 2012)
have also been reported to be effective in the treatment
of equine endometritis.
Eucalyptus oil components, particularly 1,8-cineole,
have antibacterial, antiviral, antifungal and antiparasitic
effects (Sadlon and Lamson, 2010). Moreover,
Eucalyptus oil has been reported to act as an
immunomodulatory (Serafino et al., 2008) and antiinflammatory agent (Juergens et al., 2004). Accordingly,
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the present study was conducted to investigate the
therapeutic effects of the intrauterine treatment of E.
globulus oil on mares experimentally infected with
Streptococcus zooepidemicus.

Materials and Methods
Experimental design
Mares (n=8) confirmed to be healthy based on
cytological, bacteriological and ultrasonographic
evaluations were selected for the present study. To
synchronize oestrous cycles, mares received two
injections of PGF2α (10 mg, Vetalyze, Aburaihan, Iran)
14 days apart. Expression of behavioral oestrus
commenced approximately 3 days after the last PGF2α
administration. Upon termination of behavioral oestrus,
mares were subjected to ultrasonography to confirm the
presence of Corpus luteum as the indicator of the
dioestrus phase. All mares were inoculated with a live
culture of 5 × 106 CFU S. zooepidemicus in the dioestrus
phase. The day of inoculation was considered as day 0 of
the experiment. On days 3, 6 and 9, cytological and
bacteriological specimens were collected and evaluated
to determine endometritis. Mares were randomly
assigned to two groups on day 10. Treatment (n=4) and
control (n=4) groups received intrauterine 6%
Eucalyptus
oil
solution
(100
ml,
Barij
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Fig. 1: Experimental design. Mares in treatment (n=4) and control (n=4) groups received intrauterine 6% Eucalyptus oil solution
(100 ml, Barij Essence, Iran) and intrauterine saline solution (100 ml), respectively, on days 10, 11, 12, 13, 14

Cytology
Specimens collected from the uterine body using
guarded protective swabs on days 15, 17 and 19 (1, 3 and
5 days after the termination of intrauterine treatment)
were rolled on glass slides, dried at room temperature,
and stained with giemsa stain. Samples were viewed
under ×40, and polymorphonuclear cells were counted
and averaged in 10 fields of view (Fig. 1). Mares with an
average of >4 polymorphonuclear cells per field were
classified as positive for endometritis (Rogan et al.,
2007).

Bacteriology
Endometrial specimens were collected using guarded
swabs on days 15, 17 and 19 (1, 3 and 5 days after the
termination of intrauterine treatment) and cultured on 5%
sheep blood agar at 37°C for 48 h to determine the
presence (positive) or absence (negative) of S.
zooepidemicus (Fig. 1). Mares with positive
bacteriological results were considered as infected and
those with negative bacteriological results were
considered as non-infected.

Results
Based on cytological results, the treatment did not
influence the proportion of mares diagnosed with
endometritis 1, 3 and 5 days after treatment (P>0.05, Fig.
2). The treatment had, therefore, no effect on the
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Control

100

Proportion of mares diagnosed with
endometritis (%)

Essence, Iran) and intrauterine saline solution (100 ml),
respectively. Treatment with either Eucalyptus oil or
saline solution started on day 10 and continued for 5
consecutive days (Fig. 1).
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Fig. 2: Proportion of mares (%) diagnosed with endometritis,
based on cytological results, 1, 3 and 5 days following
treatment (days 15, 17 and 19 of experiment) in treatment and
control groups
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Ultrasonography
Intraluminal uterine fluids were visualized using
transrectal ultrasonography on days 15, 17 and 19 (1, 3
and 5 days after the termination of intrauterine
treatment), and the depth of the widest part was recorded
for each mare (Fig. 1).

Statistical analysis
Changes in the depth of intrauterine fluids over time
were analyzed using the GLM procedure including
repeated measures in the model. The proportion of mares
diagnosed with endometritis and the proportion
determined as infected 1, 3 and 5 days after the treatment
(days 15, 17 and 19 of experiment) were analyzed using
Genmod procedure including logit in the model. All
analyses were conducted in SAS (2001).
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Fig. 3: Proportion of mares (%) infected with Streptococcus
zooepidemicus, based on bacteriological results, 1, 3 and 5 days
following treatment (days 15, 17 and 19 of experiment) in
treatment and control groups
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Fig. 4: Mean (±SEM) depth of intraluminal uterine fluid 1, 3
and 5 days following treatment (days 15, 17 and 19 of
experiment) in treatment and control groups

proportion of mares determined as infected based on
bacteriological results 1, 3 and 5 days after treatment
(P>0.05, Fig. 3). Treatment and treatment × time did not
affect the depth of intraluminal uterine fluid (P>0.05);
however, time tended to influence the depth of
intraluminal uterine fluid (P=0.098, Fig. 4).

Discussion
Although Eucalyptus oil has been effectively adopted
for treatment of asthma, rhinosinusitis, and chronic
obstructive pulmonary disease in humans (Sadlon and
Lamson, 2010), and has been shown to significantly
reduce the severity of bronchitis symptoms in rats
(Sadlon and Lamson, 2010), in the present study, the 5day intrauterine infusion of 6% E. globulus oil solution
failed to eliminate equine endometritis.
In the present study, treatment with Eucalyptus oil
failed to reduce S. zooepidemicus infections in the mares.
Testing the antimicrobial activity of essential oils of
Eucalyptus sideroxylon and Eucalyptus torquata on nine
bacterial species, Ashour (2008) found that all four
assessed Gram-positive species (Staphylococcus aureus,
Staphylococcus epidermis, Enterococcus faecalis, and
Bacillus subtilis) were highly sensitive, but only two
(Klebsiella pneumoniae and Proteus mirabilis) out of
five Gram-negative bacteria were sensitive. On the other
hand, evaluation of the sensitivity of bacterial specimens
isolated from humans to Eucalyptus globulus oil in the
study conducted by Prabuseenivasan et al. (2006)
revealed that some Gram-positive species such as
Streptococcus pneumoniae and Streptococcus agalactiae
were sensitive, while others such as Streptococcus
pyogenes and Staphylococcus aureus were slightly
sensitive. Furthermore, E. globulus oil had no
effectiveness
against
Klebsiella
pneumoniae
(Prabuseenivasan et al., 2006). Therefore, it seems that
sensitivity to Eucalyptus oil could be dependent on either
bacteria species and isolates or the Eucalyptus species
itself. Accordingly, in the present study, the failure of the
intrauterine treatment with Eucalyptus oil could have
been partly originated from the insensitivity of the S.
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zooepidemicus used to induce endometritis to E. globulus
oil. In this context, the effects of other Eucalyptus
species need to be evaluated as treatment for equine
endometritis.
Regardless of the effect of bacteria and Eucalyptus
species, it could also be speculated that the dose and/or
duration of treatment might have affected the therapeutic
effects of Eucalyptus essential oils. In this context, doses
>6% of E. globulus oil and/or a treatment of more than 5
days might serve as an effective therapy for equine
endometritis. Therefore, further studies on dose and
duration of intrauterine treatment with Eucalyptus
essential oil seem necessary.
Regardless of the treatment, the depth of the
intrauterine fluid decreased over time in all mares,
implying the spontaneous elimination of uterine fluids.
Uterine contractility is a defense mechanism, contributing to the clearance of fluids from the uterus
(Nikolakopoulos and Watson, 1999). Mares with
contractile defects of the myometrium are susceptible to
endometritis (Rigby et al., 2001). Moreover, the
reduction of uterine contractility using clenbuterol in
mares with endometritis has been demonstrated to lead to
the accumulation of intrauterine fluid (Nikolakopoulos
and Watson, 1999).
In conclusion, the 5-day intrauterine treatment with
6% E. globulus oil solution failed to treat mares which
were experimentally induced with endometritis by S.
zooepidemicus.
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