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Summary: Ovulation inducers are routinely used in domestic horses, especially when assisted reproduction technologies are applied, with the 
purpose of modulating hormonal activity. The objective of this study was to evaluate the variation of the sex hormones and the lipid profile of 
empty and single mares, subjected to the use of medicine regulators of the estrous cycle. We used 30 Mangalarga Marchador mares, aged 
between three and twelve years which were kept in the municipality of Limoeiro, Pernambuco, Brazil. In the presence of a follicle of ≥ 35 mm 
in diameter and endometrial oedema grade ≥ 2, the mares were randomly separated into three experimental groups of ten animals each, 
which were treated with different ovulation inducers: i) G-HCG, 1,000 IU of human chorionic gonadotropin, intravenously; ii) G-Deslo, 1.0 mg 
deslorelin acetate, intramuscularly; iii) G-Combo, 1.0 mg COMBO®, intramuscularly. All mares were artificially inseminated with chilled se-
men from one stallion. Blood samples were collected before the experiment and 2, 3, 9, and 15 days after ovulation by jugular venopuncture 
using vacuum system tubes without an anticoagulant. After centrifugation, serum was separated to measure the concentrations of luteinizing 
hormone (LH) and progesterone (P4) using an ELISA, and concentrations of triglycerides (TRIG), total cholesterol (COLE), high-density lipopro-
teins (HDL), and low-density lipoproteins (LDL) were measured using semi-automated equipment. The use of oestrus cycle regulators produced 
significant variations in P4 and COLE whereas no significant effect was observed on LH, HDL, LDL, TRIG, and total plasma proteins (TPP). This 
likely resulted from endogenous mobilization required for metabolic adaptations at the onset of gestation, as the reproductive success rate of 
the three groups indicated that the treatments effectively induced and synchronized ovulation.
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Introduction 

Ovulation frequency in mares may vary throughout the year, 
which limits their reproductive efficiency in intensive breeding 
programs (Sousa et al. 2007, Kino et al. 2014). Therefore, 
the use of ovulation-inducing drugs has been encouraged to 
optimize breeding programs and thereby increase the repro-
ductive efficiency of mares. Ovulation-inducing drugs that 
shorten the oestrous cycle and/or the inter-ovulatory interval 
can strongly affect the production of luteal progesterone (Per-
kins and Grimmet 2001, Nagao et al. 2012). 

Human Chorionic Gonadotropin (hCG) has been used as 
an ovulation inducer in mares since the 1930s, with ovula-
tions typically occurring between 36–42 h after treatment with 
1,500 IU hCG (Ginther 1992). However, in the past decade, 
gonadotropin-releasing hormone (GnRH) agonists, such as 
deslorelin acetate and buserelin, have been used as ovula-
tion inducers. Deslorelin acetate induces ovulation in follicles 
of ≥ 35 mm in 79.3 % of the mares between 24–48 h after ad-

ministration (Melo et al. 2012), whereas buserelin requires 
three or four treatments every 6–12 h (Barrier-Batut et al. 
2001).

In addition to drug treatments to manipulate the oestrous cy-
cle through endocrine modulation, it is known that nutritional 
management is important for reproducing mares as the diet 
provides nutrients for the formation of hormones (Losinno and 
Alvarenga 2006). Dietary adjustments can facilitate higher 
availability of lipids for hormone production and as a source 
of energy for the different reproductive phases. It is known 
that higher concentrations of lipids favour the production of 
cholesterol and therefore the mobilization of this metabolite 
for the steroid pathway, which in turn facilitates the production 
of steroid hormones by ovaries and placenta (Beato and Klug 
2000).

We hypothesized that the production of sex hormones should 
be affected by both the concentration of lipids in the blood 
and by the use of drugs that regulate the oestrous cycle in 
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mares. An experiment was conducted to assess the effect of 
different ovulation induction schemes on the variation of sex 
hormones and on the lipid profiles of empty and single mares. 
The identification of an efficient ovulation induction program 
which does not compromise the concentrations of lipid me-
tabolism biomarkers may contribute to greater reproductive 
efficiency in horses in terms of increasing the number of pro-
duced foals.

Material and Methods

Selection of animals, assessments, and sonographic parameters 

The experiment was carried out in the municipality Limoe-
iro-PE (07°52’’ S, 35°27’’ W), Brazil. Thirty healthy Manga-
larga Marchador mares between three and twelve years of 
age were used, with an average weight of 450 kg and with 
a body score between 4 and 6 (Henneke et al. 1983). The 
mares were kept in a semi-managed breeding regime on sev-
eral hectares of pangola grass (Digitaria decumbens) pasture. 
Mineral salt (CoEqui Plus®, Tortuga, Brazil) and water were 
available ad libitum, and no concentrate feed was provided. 
All mares were used regularly in breeding programs, and 
absence of uterine and ovarine alterations was confirmed 
through clinical and gynaecological examinations. Regular-
ity of oestrus cycles was determined by rectal palpation and 
ultrasonography (A5V, SonoScape®, China) by observing a 
complete oestrous cycle. The mares were monitored until ten 
days after giving birth in order to record the number of live 
foals at this point as an index of the stud’s reproductive effi-
ciency. 

Experimental groups and phases

The experimental groups comprised 30 randomly chosen 
Mangalarga Marchador mares that had been monitored until 
the occurrence of natural ovulation. Seven days after this, the 
mares were injected intramuscularly with 5 mg/mL dinoprost 
tromethamine (Lutalyse®, Zoetis, Brazil). 

From twelve days after ovulation, the mares were examined 
by transrectal palpation and ultrasonography until a follicle 
of ≥ 35 mm was observed, as determined by the mean of the 
transverse measures of height and width, and occurrence of 
endometrial edema of degree ≥ 2 (Samper 1997). 

After this, ten mares were assigned to each one of the three 
experimental groups which received different ovulation inducers: 
G-hCG (1,000 IU of human Chorionic Gonadotropin, intrave-
nously), G-Deslo (1.0 mg deslorelin acetate, intramuscularly), 
and G-Combo (1.0 mg COMBO®, intramuscularly); the treat-
ments were followed by artificial insemination with chilled se-
men of the same stallion, 6 h after semen collection. The drug 
COMBO® is an association of deslorelin acetate (synthetic an-
alog of GnRH) with hCG, produced by Rancho das Américas, 
Brazil. Each mare was inseminated with a dose of 800 million 
viable spermatozoa. In each experimental phase, blood samples 
were collected via jugular venopuncture using a vacuum sys-
tem and tubes without an anticoagulant. Serum was separated 
after centrifugation and was stored at –18 °C until processing. 

Blood samples were collected 2, 3, 9, and 15 days after ovu-
lation. Pre-experimental sampling was performed immediately 
before ovulation induction and before assignment to the respec-
tive treatment group. These samples were used to measure the 
concentrations of luteinizing hormone (LH) and progesterone 
(P4) which were analysed using an ELISA and a semi-auto-
matic reader (Bioclin Mindray MR-96A, Minas Gerais, Brazil), 
and the concentrations of triglycerides (TRIG), total cholesterol 
(COLE), HDL, and LDL were measured using commercial kits 
and semi-automatic equipment (Doles D-250, Goiás, Brazil). 
Statistical analyses

Differences between treatment groups and experimental 
phases were tested using a two-factor ANOVA and a Stu-
dent-Newman-Keuls test. Correlations of hormones and lipid 
markers were tested using Pearson‘s correlation analysis. Sta-
tistical significance level of 5 % was considered for all statistical 
assessments, and results have been shown as means ± aver-
age standard error. SigmaPlot 13.0 software (Systat Software 
Ins., San Jose-CA, USA) was used for all analyses.

Results

The results showed that medical ovulation induction produced 
significant variations in P4 and COLE (Tables 1 and 2). No 
significant changes were observed in LH, LDL, HDL, TRIG, 
and TPP concentrations (p > 0.05; Tables 1 and 2). The P4 
concentration increased earlier in the G-Combo treatment 
group, which was observed within the first 48 h and peaked 
after 72 h. In the G-hCG and G-Deslo treatment groups the 
respective elevation was observed at 72 h and peaked on day 
9 (Table 1). Regarding the lipid biomarkers, it was observed 
that the concentration of COLE initially changed significant-
ly in the G-Deslo and G-Combo treatment groups, already 
at 48 h, and in the G-hCG treatment group at 72 h, and 
the G-Deslo treatment produced the highest concentration 
(~ 157 mg/dL) at this stage (Table 2). The lowest COLE con-
centration was found in the G-Combo treatment on day 15.

The results of Pearson’s correlation analyses of each treatment 
showed a non-significant correlation trend of P4 and LH in the 
G-hCG treatment (R = 0.39; p = 0.07). In the G-Deslo treat-
ment, correlations of P4 and HDL (R = 0.36; p = 0.03) and of 
P4 and LDL (R = –0.34; p = 0.05) were observed, whereas 
in the G-Combo treatment, correlations of P4 and TRIG (R = 
–0.624; p < 0.001) and of P4 and LDL (R = –0.424; p = 0.02) 
were found; furthermore, and a non-significant correlation 
trend of P4 and HDL was observed (R = 0.33; p = 0.07). A 
correlation between COLE and LDL (R = 0.32; p = 0.03) was 
also observed in the G-Combo treatment (Table 3). 

Analysing the inseminated mares, it was observed that all 
ovulated independently of the protocol used and pregnancy 
was confirmed by ultrasonography on day 15 post-ovulation. 
In the G-hCG and G-Combo treatment, only six of the re-
spective inseminated mares were pregnant (60 %), whereas 
seven mares of the G-Deslo treatment group were pregnant 
(70 %; Table 4). The proportion of pregnant mares remained 
stable and corresponded to the number of live foals ten days 
after birth. None of the treatments produced any adverse re-
actions. 
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Table 1	 Concentrations of luteinizing hormone (LH) and progesterone (P4) in the plasma of Mangalarga Marchador mares subjected to three 
distinct medication programs for ovulation induction.    |    Konzentrationen von luteinisierendem Hormon (LH) und Progesteron (P4) im Plasma von 
Mangalarga Marchador Stuten, die drei verschiedenen Medikamentenprogrammen zur Ovulationsinduktion unterzogen wurden.

Group Experimental phase

Pretest 2nd day 3rd day 9th day 15th day

LH, ng/dL

    Control (n = 30) 3.28 ± 1.38 – – – –

    G–hCG (n = 10) – 4.66 ± 3.19 1.41 ± 0.50 9.12 ± 5.11 10.99 ± 6.79

    G–Deslo (n = 10) – 4.14 ± 2.78 4.75 ± 3.06 4.21 ± 2.27 4.41 ± 2.68

    G–Combo (n = 10) – 0.73 ± 0.20 0.74 ± 0.36 2.05 ± 0.14 0.31 ± 0.01

Progesterone

    Control (n = 30) 8.68 ± 2.57B – – – –

    G–hCG (n = 10) – 4.19 ± 1.62B 18.01 ± 6.29AB 32.65 ± 5.39A 22.29 ± 7.24AB

    G–Deslo (n = 10) – 3.31 ± 1.29B 27.90 ± 9.11AB 32.42 ± 7.07A 9.37 ± 1.30AB

    G–Combo (n = 10) – 11.49 ± 5.65AB 35.29 ± 6.65A 19.88 ± 2.75AB 30.55 ± 10.76AB

Note: Different letters, independent of the row or column, indicate that p < 0.05 by Student-Newman-keuls test for the same biomarker.

Table 2	 Concentrations of COLE, HDL, LDL, TRIG and TPP of Mangalarga Marchador mares submitted to three distinct ovulation induction drug 
programs.    |    Konzentrationen von COLE, HDL, LDL, TRIG und TPP von Mangalarga Marchador Stuten, die bei drei verschiedenen Ovulationsin-
duktionsprogrammen eingereicht wurden.

Group Experimental phase

Pretest 2nd day 3rd day 9th day 15th day

Total Cholesterol, mg/dL

    Control (n = 30) 118.53 ± 5.67AB – – – –

    G-hCG (n = 10) – 125.82 ± 7.45AB 141.17 ± 12.5AB 124.19 ± 7.88AB 133.57 ± 6.4AB

    G-Deslo (n = 10) – 156.92 ± 26.33A 126.35 ± 14.9AB 137.06 ± 10.7AB 141.31 ± 8.9AB

    G-Combo (n = 10) – 113.02 ± 5.50AB 106.47 ± 5.03AB 106.84 ± 4.40AB 100.97 ± 4.3B

LDL, mg/dL

    Control (n = 30) 88.23 ± 6.93 – – – –

    G-hCG (n = 10) – 93.16 ± 8.19 112.74 ± 10.32 84.12 ± 9.41 93.25 ± 6.82

    G-Deslo (n = 10) – 88.96 ± 19.73 81.13 ± 19.24 86.72 ± 17.97 110.66 ± 13.78

    G-Combo (n = 10) – 71.13 ± 11.91 63.52 ± 10.14 79.27 ± 8.32 70.70 ± 9.88

HDL, mg/dL

    Controle (n = 30) 64.02 ± 31.56 – – – –

    G-hCG (n = 10) – 32.66 ± 6.24 28.43 ± 4.32 40.07 ± 8.66 40.32 ± 8.02

    G-Deslo (n = 10) – 57.57 ± 20.16 65.52 ± 16.91 50.34 ± 11.56 43.69 ± 12.37

    G-Combo (n = 10) – 41.89 ± 11.25 42.95 ± 10.16 49.81 ± 12.87 53.77 ± 13.85

Triglycerides, mg/dL

    Control (n = 30) 37.84 ± 3.26 – – – –

    G-hCG (n = 10) – 42.86 ± 4.11 27.31 ± 6.91 42.99 ± 3.92 44.13 ± 5.43

    G-Deslo (n = 10) – 37.04 ± 4.69 37.37 ± 5.71 46.99 ± 9.19 47.90 ± 8.72

    G-Combo (n = 10) – 35.33 ± 2.41 34.14 ± 4.78 34.23 ± 3.04 33.96 ± 3.78

TPP, mg/dL

    Control (n = 30) 7.10 ± 0.09 – – – –

    G-hCG (n = 10) – 7.22 ± 0.15 7.38 ± 0.34 6.94 ± 0.17 7.50 ± 0.38

    G-Deslo (n = 10) – 7.20 ± 0.08 7.34 ± 0.21 7.58 ± 0.18 7.16 ± 0.21

    G-Combo (n = 10) – 6.68 ± 0.16 7.00 ± 0.10 7.56 ± 0.42 7.20 ± 0.18

Note: Different letters, independent of the row or column, indicate that p < 0.05 by Student-Newman-keuls test for the same biomarker.
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Discussion

The three tested protocols of ovulation induction produced 
similar results and showed some degree of variation in the 
concentrations of hormonal and lipid biomarkers (Davies-Mo-
rel and Newcombe 2008, Greco 2016), indicating the met-
abolic relationship among these factors in animals in intense 
breeding programs, even without noticeable changes in body 
scores. As expected, no variations in LH were observed af-
ter ovulation induction, in contrast to the observed pattern of 
P4. In the G-Combo group, P4 increased already on day 3, 
whereas in G-hCG and G-Deslo this elevation was observed 
on day 15, indicating that this treatment may stimulate great-
er usage of compounds needed for hormone production in 
different periods. The statistical analysis was done to compare 
both the drugs and the experimental phase to allow under-
standing of the action of drugs in the studied periods, and in 
this way, define the practical applicability of the drugs.

The highest availability of COLE occurred on day 2 in the 
G-Deslo treatment and was significantly reduced in the 
G-Combo treatment on day 15. Interestingly, COLE concen-
trations were not affected by the treatments, whereas LDL and 
HDL were affected by the G-Deslo and G-Combo treatments. 
In the G-Combo treatment, we found a strong negative cor-
relation with triglycerides, which after degradation produce 
glycerol and free fatty acids. These compounds are important 
molecules for energy production for different metabolic pro-
cesses such as the production of hormones including P4 for 
maintaining gestation.

LH is important for normal development and luteal function, 
and it is responsible for stimulating luteal cells to secrete pro-

gesterone (Niswender et al. 2003). In mares, an LH peak oc-
curs approximately two days after ovulation, and circulating 
LH remains elevated for about a week or more after ovulation 
(Miller et al. 1981). Ginther (1992) and Greco (2016) ob-
served lower LH levels five days after ovulation due to a nega-
tive feedback of luteal P4; a different pattern was observed in 
the present study, although not statistically significant (Table 1).

P4 is a hormone secreted by lutein cells in the form of granules 
and also by the placenta and adrenals. Plasma progesterone 
concentration is closely linked with alterations in the corpus 
luteum (van Niekerk et al. 1975), and progesterone secretion 
is essential for establishment of gestation and maintenance of 
pregnancy (Holtan et al. 1979). P4 increases in the majority 
of mares between 10–12 h post-ovulation; however, because 
of considerable inter-individual variation, this increase may 
occur between 6–60 h post-ovulation (Townson et al. 1989), 
as observed in the G-Combo treatment group (Table 1). Gin-
ther (2006) found an increase in the level of serum P4 shortly 
after ovulation, reaching a maximum of about 10 ng/mL on 
day 6, which is then maintained until day 13–14 post-ovula-
tion if luteolysis does not occur.

In a study conducted by Kanitz et al. (2007), mares treat-
ed with GnRH showed a continuous increase in the mean 
of P4 from day 0 to day 8 day post-ovulation, both in treat-
ed individuals and controls, and between day 9 and day 11 
which was not statistically significant. These findings corrobo-
rate the results of the current study, where in the G-hCG and 
G-Deslo treatments, a continuous increase in P4 occurred 
after 72 h, which peaked on day 9 (Table 1). This was in line 
with the results of Ginther et al. (2007a), where P4 increased 
significantly in the luteal phase of 20 cyclical mares on day 

Table 4	 Uterine and ovulatory characteristics in the pre-test and parameters of reproductive efficiency of Mangalarga Marchador mares subjected 
to three distinct medication programs for ovulation induction.    |    Harnröhren- und Ovulationsmerkmale im Vorversuch und Parameter der Fortpflan-
zungsleistung von Mangalarga Marchador Stuten, die drei verschiedenen Medikamentenprogrammen zur Ovulationsinduktion unterzogen wurden. 

Treatment Uterine and ovulatory characteristics in 
the pre-test Evaluation of reproductive efficiency

Uterine Edema Follicular diameter 
(mm)

Number of  
inseminated 

Mares

Number of  
mares pregnant  

at 15 days
Number of mares Live foals 

after 10 days

G-hCG 3 38.3 10 6 6 6

G-Deslo 3 38.6 10 7 7 7

G-Combo 3 38 10 6 6 6

Notes: Endometrial edema according to the scale cited by Samper (1997); Follicular diameter obtained by the transverse mean of height and width in mm.   

Table 3	 Correlation between post-ovulation progesterone concentration and different hormonal and biochemical biomarkers in inseminated 
mares after ovulation induction according to treatment.    |    Zusammenhang zwischen der Progesteronkonzentration nach dem Eisprung und verschie-
denen hormonellen und biochemischen Biomarkern bei besamten Stuten nach der Ovulationsinduktion gemäß der Behandlung.

Progesterone Biomarker

      LH Triglycerides Cholesterol Total HDL LDL TPP

G-hCG 0.39; p=0.07 NS NS NS NS NS

G-Deslo NS NS NS 0.36; p=0.03 – 0.34; p=0.05 NS

G-Combo NS – 0.62; P<0.001 NS 0.33; p=0.07 – 0.42; p=0.02 NS
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8 post-ovulation, and decreased between days 15 and 17 
post-ovulation, which corresponded to the luteolytic period.

 According to Ginther (1992), an early increase in P4 con-
centrations as observed in the G-Combo treatment (Table 
1) leads to the increased uterine secretion of substances 
which are essential for nutrient supply during the early 
stage of embryonic development. Moreover, there is a re-
lationship between the onset of gestation and the endome-
trial secretion of several proteins associated with hormonal 
changes during the oestrous cycle (Brück et al. 1993). A 
limiting step in the biosynthesis of P4 is the transport of 
cholesterol to the internal mitochondrial membrane (Criv-
ello and Jefcoate 1980, Jefcoate et al. 1987), which also 
seems to be the primary pathway of acute hormonal regu-
lation (Grusenmeyer and Pate 1992, Wiltbank et al. 1993, 
Belfiore et al. 1994). Cholesterol is thus transported to 
the external and to the internal mitochondrial membrane, 
where it is cleaved to produce pregnenolone (Niswender 
2002, Papadopoulus et al. 1997), a precursor of P4.

It was done a comparison since drug induction until preg-
nancy diagnosis, at 15 days after Artificial Insemination, 
for understanding the complex relationship between re-
production and essential fatty acids that occurs through 
mechanisms that involve the synthesis of prostaglandin F2α 
(PGF2α) (Petit et al. 2002), and the increase of this factor 
is correlated with elevations in cholesterol concentrations. 
It can reach the luteal cell in the three distinct forms of 
LDL, HDL, and cholesterol ester. Under normal conditions, 
the vast majority of cholesterol used for steroid synthesis is 
derived from the circulatory system in the form of LDL and 
HDL (Niswender 2002).

In the present study, the onset of the G-hCG P4 increase and 
the highest COLE concentration occurred after 72 h. The 
G-Deslo treatment produced the highest COLE concentration 
and the lowest P4 level after 48 h. In the G-Combo treatment, 
higher COLE concentrations and a P4 peak were observed 
within the first 48 h, which is in line with the fact that high-
er cholesterol concentrations lead to higher bioavailability of 
progesterone due to its participation in the formation of preg-
nenolone (Table 1 and 2). 

The reproductive efficiency of the three treatment groups in-
dicated that the tested treatments effectively induced and syn-
chronized ovulation, as reported in previous studies (Squires 
et al. 2007, Ferris et al. 2011). Follicles were ≥ 35 mm in di-
ameter, as determined by transrectal ultrasonography, which 
is generally considered the size of dominant follicles and is 
one of the main criteria to determine the proximity of ovula-
tion in mares (Cuervo-Arango and Newcombe 2008). The 
classification of endometrial oedema in the pre-ovulatory 
stage was in line with the scoring system proposed by Samper 
(1997); the evaluation of endometrial oedema is an auxiliary 
tool to determine the optimal moment for insemination of a 
mare (Cuervo-Arango and Newcombe 2008).

The body score of the mares did not change in the initial 
period of 15 days, and subsequent observed alterations were 
due to endogenous mobilization as the dietary scheme was 
not modified. 

Conclusion	

The post-ovulation phase and early pregnancy are character-
ized by intense metabolic adaptations, with increased secre-
tion of P4 and increased use of blood lipids. Therefore, mares 
used in breeding programs should have sufficient body fat 
reserves to facilitate hormone production for the maintenance 
of pregnancy until the formation of the placenta. 
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