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Introduction
The mare is a “seasonally polyestrus” female, meaning that she 

undergoes regular estrus cycles during a portion of the year and none 
at others. This is nature’s way of preventing the arrival of a foal during 
bad weather. These cycles are controlled by the mare’s hormones, 
which in turn respond to an increase or decrease in daylight duration 
with the onset of spring or fall, which affects the pineal gland. The 
normal estrous cycle in the mare is 21 to 22 days long as defined by 
the intervals between ovulation. Estrus is the time the mare is “hot”, or 
it is the “follicular phase”, as the overt signs of estrus are attributable 
to the estrogen production by the follicle on the ovary. The duration 
essentially varies with time of year and is inversely proportional to 
day length, which means it becomes shorter at the peak of the cycling 
season. The duration of estrus, however can vary (3 to 9 days), so 
the most regular period in the estrous cycle is the length of diestrus. 
Diestrus or the luteal phase is dominated by progesterone produced 
by the corpus luteum has a duration of 14 day (hormonal) or 15 day 
(behavioral). It is important to understand that there is a closely linked 
feedback system between many of the reproductive hormones present 
in the mare which will alter the level or presence of some hormones 
as levels of other different hormones increase or decrease. This means 
that many hormonal changes do occur naturally, but when something 
becomes unbalanced either naturally or artificially, we can see estrous 
cycle problems develop in the mare. For this reason the mare is unique 
compared to the other livestock species because the estrous cycle 
differs between individuals and between cycles in the same individual. 
Consequently, to be successful in the breeding of horses is essential that 
owners of mares and technicians understand the reproductive cycle of 
the mare.

Reproductive Seasonality in the Mare
From the viewpoint of breeding, the mare is defined as a seasonally 

polyestrous of long days, or positive phototropic in which breeding 
activity is regulated directly by the photoperiod. The photoreceptors 
of the retina capture light stimulus information and transform it 
into nerve impulses. The nerve impulse is transported through the 
optic nerve to the suprachiasmatic nucleus and then to the superior 
cervical ganglion. This last ganglion has adrenergic neuronal endings 
reaching the pineal gland where the neurotransmitter serotonin is 
released. Through N-acetyl serotonin, serotonin is transformed into 
N-acetilserotonina, also called normelatonina. Normelatonina together 
with the N-acetilserotonina o-methyltransferase (ASMT) involved in
the synthesis of melatonin [1].

Melatonin is released during the hours of darkness, following a 
pattern of secretion inversely proportional to the amount of daylight 
hours. As a result of increased exposure to photoperiod in the spring 
and summer, the secretion of melatonin decreases, which in turn 
stimulates the release of gonadotropin-releasing factor (GnRH) in 
the hypothalamus. The GnRH enters the hypothalamic-pituitary 
portal vascular system, and then transported to the adenohypophysis 
[2], place were follicle stimulating hormones (FSH) and luteinizing 
hormone (LH) are synthesized. Both gonadotropins are transported 
through the blood to the ovary place where specifically exert their 
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Abstract
With an understanding of basic reproductive science, veterinarians and breeders can be better positioned to achieve 

their goals. It is important to understand the heat or estrus cycle in order to maximize the chances of success when 
breeding the mare. Reproductive activity in horses is seasonally dependent, as it is primarily affected by the length 
of daylight. Therefore the mare has a seasonally polyestrous type of estrous cycle. This means they have breeding 
season in which they have multiple heat cycles, is receptive to the stallion and ovulates; and a period where they will 
not go into heat or anestrus. During the anestrus period, most mares show no behavioral signs of sexual receptivity 
and fail to develop follicles that ovulate. There are exceptions in that a small percentage of mares that do not express 
a seasonal pattern in that they stay both behaviorally and physiologically receptive to stallions throughout the year. 
During the ovulatory season, the mare is cycling, thereby exhibiting sexual receptivity to the stallion on a regular basis 
and is producing follicles that ovulate. The equine estrous cycle is commonly described as a combination of a follicular 
phase, or estrus, and a luteal phase, or diestrus. The endocrinology of the estrous cycle involves a balance between 
hormones produced by the pineal gland, hypothalamus, pituitary gland, ovaries, and endometrium. Growth of antral 
follicles in the ovary occurs in wave-like patterns, and is influenced by several factors such as stage of the estrous cycle, 
season, pregnancy, age, breed and the individual. In this article will describe the neuroendocrine mechanisms related to 
breeding seasonality, the hormonal changes that occur during the estrus cycle as well as the variations among mares in 
regards to the understanding the physiological mechanisms related with the estrous cycle in the mare. 
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functions [3,4]. FSH acts on the granulosa cells of the preovulatory 
follicle stimulating the growth, follicular maturation and estrogen 
biosynthesis. On the theca cells, LH is involved in oocyte maturation, 
ovulation, establishment and maintenance of corpus luteum (CL) as 
well as development and in the synthesis of P4. Both ovarian steroids 
control the Hypothalamus-Hypophysis axis (HHA) by feedback 
mechanisms that determine the estrous cycle in the mare [5-7].

Changes in the length of photoperiod determine reproductive 
seasonality in the mare, establishing a character circannual reproductive 
cycle integrated in turn by four periods differing endocrine and 
physiologically: spring transition period, ovulatory season or breeding 
season, autumn transition and winter anestrus [8,9].

The spring transition period is occurs after winter anestrus in early 
spring due to the increased number of hours of daylight or photoperiod, 
and ends after a period of two months, with the onset of reproductive 
activity fertile regular feature ovulatory station. Although this period is 
of great variability both in features and duration, mares show a pattern 
of erratic sexual activity, characterized by the presence of irregular and 
long estrous [9].

The increase of FSH at the beginning of this period causes smaller 
follicular waves, characterized by the development of multiple follicles 
from 6 to 21 mm of diameter, that regress simultaneously in absence 
of a dominant follicle [10,11]. Low levels of estradiol-17β (E2) and 
inhibin, due to the absence of preovulatory follicles, simultaneously 
inhibit the negative feedback on FSH so that gonadotropin levels 
remain high. However, the seasonal LH deficiency results in low 
concentrations of E2, inhibin and other factors present in the follicular 
fluid as the insulin-like growth factor 1 (IGF-I), causing ovulatory 
failure. Therefore, when performing rectal palpation or ultrasound 
examination is often the occurrence of various small antral follicles 
of similar size (20-30 mm) in the ovary [5]. Due to the influence of 
photoperiod, the end of spring transition period is represented by 
larger follicular waves which develop a set of follicles. Most of these 
follicles undergo atresia but one reaches a larger size than the others. 
Increasing concentrations of E2 by the preovulatory follicle induced 
LH surge, leading to first ovulation, indicating the onset of ovulatory 
season at which fertile cyclical activitybegins [9].

The ovulatory season or breeding season runs from April to 
September in the northern hemisphere and from October to March 
in the southern hemisphere. The beginning of the reproductive period 
occurs when the number of hours of light is adequate to suppress 
the inhibitory reflex of melatonin on GnRH. GnRH secretion is 
continuous, pulsed every hour during estrus and every two hours in 
diestrus. On each estrous cycle may have one or two major follicular 
waves under uni-or bimodal pattern of FSH secretion. The bimodal 
pattern occurs specifically at the beginning of the ovulatory season, 
while the middle or end of this period showed a unimodal pattern 
[12,13]. In contrast to the transition period, characterized by lower 
follicular waves, in the breeding season follicular waves develop larger, 
leading to the formation of a dominant follicle. The influence of these 
hormonal patterns, determines some variability on the duration of the 
cycles. In North Hemisphere, estrual cycles become more durable at 
the beginning (April or May), that the end of the breeding season (June 
or July). It has been hypothesized that the purpose of reproductive 
seasonality is to ensure the births in the most favorable time of the 
year, with better environmental conditions and food availability, for 
the proper development of the foal [8,9].

The high temperatures and decreased influence of photoperiod 

in late summer, promote the onset of autumn transition period, 
which in the northern hemisphere covers the months from October 
to December. Both environmental factors involve a series of gradual 
changes intended to temporarily end with the activation of antral 
follicles and the ovulatory process. FSH returns to present a bimodal 
pattern, as the onset of the breeding season, with a discharge rate of 
one pulse every two days, so that the diameter of the largest follicle 
decreases gradually as the period progresses and with it the E2 synthesis 
[14]. This decrease in estrogens inhibits the preovulatory surge of LH 
culminating in the absence of follicular growth and ovulation arrest in 
early winter [8,15].

The loss of ability to cycle in mares in anestrus is given by the 
limited influence of photoperiod on gonadotropin levels and covers 
the months of December, January and mid-February in the northern 
hemisphere. The increasing number of hours of darkness during the 
winter promotes the release of high concentrations of melatonin, 
while blocking the Hypothalamus-Hypophysis-Gonadal axis (HHGA). 
Thus, GnRH secretion becomes pulsatile with very low amplitude and 
frequency, being not enough to stimulate the secretion of gonadotropins 
FSH and LH [3]. Performing rectal palpation ovaries showed small and 
hard due to the absence of follicles larger than 15 mm. The uterus loses 
muscle tone and becomes flaccid. Sometimes, we prefer to call this 
stage as anovulatory and not as anoestrus, because some mares show 
signs of heat due the release of estrogen by the adrenal glands [9]. 

Additionally, these seasonal patterns may change under a wide 
variety of factors such as, temperature, latitude, geographic region, 
race, age, physiological status, presence of stress and disease, body 
condition, feeding, among others [16,17].

Estrous Cycle in the Mare
The estrous cycle is defined as the interval of time between two 

consecutive ovulations. The approximate length varies between 18 and 
22 days, considering on average a period of 21 days [18,19]. The current 
nomenclature stipulates that the estrous cycle consists of two clearly 
differentiated stages: estrus or follicular phase and diestrus or luteal 
phase. These phases are characterized by internal modifications of the 
sexual organs and glandular system as well as behavioral alterations 
based on the dominant levels of E2 and P4 in each of them, respectively 
[8,9]. 

Follicular phase
Estrus, heat or follicular phase is characterized by the presence 

of follicles at different stages of development, and the simultaneous 
increase in the secretion of E2. It has duration about 5-7 days, with 
a variability of 3-9 days related to the season. Thus, estrus is extended 
in autumn (7-10 days) and is shortened considerably, in late spring 
and early summer (4-5 days). During this period the mare is sexually 
receptive to the stallion genital tract and is ready to receive and 
transport of sperm and finally culminates with ovulation [8,19,20].

Follicular dynamics: Follicular growth pattern and ovulation: 
Ovarian follicular development is a complex dynamic process, 
characterized by marked proliferation and differentiation of follicular 
cells, providing an optimal environment for oocyte maturation and 
preparation for fertilization after ovulation [21]. Among the recruited 
follicles in each follicular wave, dominance take place and one follicle 
of the cohort acquires the ability to continue growing while others 
undergo atresia. The regulation of each wave and follicular selection 
involves interactions between specific circulating gonadotropins and 
intrafollicular factors, ensuring that each follicle is properly stimulated 
to grow or regress at any stage of development [22]. 
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From an experimental point of view, the occurrence of a wave is 
defined as follicular growth or simultaneous emergence of a variable 
number of follicles below 6 to 13 mm in diameter [23,24]. In the 
mare, these follicular waves are classified depending on their ability to 
develop the dominant follicle (primary waves) or, in contrast, generate 
only small follicles (smaller waves). Thus, the main waves or greater 
originate several follicles subordinate and a dominant follicle, while 
smaller waves, the follicles are not larger than 30 mm in diameter and 
then regress [10,11,25,26].

During each cycle produces 1 or 2 major follicular waves, 
differentiated according to time of onset at primary and secondary. 
The primary major wave occurs near the middle of diestrus, in which 
the dominant follicle ovulates at the end or near the end of estrus. The 
largest wave precedes the previous secondary and emerges during late 
estrus or early diestrus. Basically, there are two anovulatory follicular 
waves followed by an ovulatory surge during the estrous cycle [14,27]. 
In horses, there are profound differences in the pattern of follicular 
waves related to breed. Thus while Quarter Horse mares and ponies 
usually develops at late diestrus main wave, which culminates with 
ovulation during estrus in thorough bred mares secondary wave occurs 
at early diestrus in which the dominant follicle may ovulate, become 
hemorrhagic or undergo atresia [25,28]. 

Pierson [13] described the importance of the participation of 
the gonadotropins FSH and LH in follicular development. Antral 
follicles acquire receptors for LH and FSH at the level of membranes 
of granulosa cells and theca, respectively. Theca cells under the 
prevalence of androgen synthesize LH, which will then be aromatized 
to estrogen by granulosa cells, previously stimulated by FSH. Increased 
concentrations of estrogen stimulate the secretion of LH, which in 
turn induces greater estrogen synthesis. This progressive increase in 
estrogen also promotes the onset of LH receptors in granulosa cells, 
which facilitates the transition from the antral stage to preovulatory 
stage, when the oocyte reaches the final stage of maturation. At 6 
days after the emergence of major follicular wave deviation occurs. 
This event relates to the growth rate difference of the preovulatory 
follicle size (22.5 mm) compared to the subordinate follicles (19 mm) 
[11,29,30]. Deviation is related to inhibin secretion [26] and IGF-1 
[10,31]. Specifically, inhibin reduces FSH secretion to baseline levels, 
making it impossible to continue the development of the subordinate 
follicles [23,25]. However, the dominant follicle continues to grow at 
a constant rate of 2.3 mm per day until reaching a size of 40 mm in 
response to the increased sensitivity to FSH. As has been mentioned, 
at this stage of development, granulosa cells also develop receptors for 
LH required for final oocyte maturation and ovulation after the LH 
surge [32,33]. 

The maximum diameter of the ovulatory follicle usually varies 
between 40-45 mm in different horse breeds such as Quarter Horse, 
Arabian, Thoroughbred and Spanish Purebred [34-37], although the 
range may be higher (30 a 70 mm) [9,37]. However, in breeds with a 
weight below 350 kg or low height at withers, usually the size of the 
follicles has a smaller diameter (35-40 mm) [16,38]. Moreover, size 
differences were established in relation to the breeding season or the 
presence of multiple ovulations. Therefore, follicles reach a size of 8.5 
mm larger in the spring than in summer or autumn and are 4.9 mm 
smaller in multiple ovulations compared to single [16,37].

The highest concentrations of estrogen secreted by the granulosa 
cells of the preovulatory follicle also induce the appearance of typical 
behavioral manifestations of estrus. Estrogens are also responsible for 
reproductive changes that ensure the reception, transport of sperm and 

oocyte fertilization [8,18]. After the preovulatory LH surge, ovulation 
occurs spontaneously 24-48 hours before the end of the follicular 
phase. The ovulatory process brings rapid evacuation of the oocyte 
and follicular fluid after follicular rupture at ovulation fossa. Once 
completed, E2 concentrations return to basal levels and at the same 
time completing the oestrus behavior in mares [24,28,33,38-40].

Modifications of behavior and reproductive tract during 
estrus in mares: The predominance of estrogens during the follicular 
(proliferative phase) is responsible for behavioral changes and 
reproductive tract during estrus in the mare. Among the external signs 
of estrus are described, restlessness and irritability, stallion search, 
lateral tail lift, frequent urination, mucus secretion, vulvar flicker and 
clitoral eversion. Also they emphasize relaxation of the head and facial 
muscles, descent of the pelvis and hind limbs separation to address and 
accommodate the penis at the time of copulation [8,18]. 

The colposcopic examination can detect longitudinal diameter 
increase of the vulva, congestion and edema of vulvar and vaginal 
mucosa [8,18,41]. The cervix is open, relaxed, limp and edematous 
observing the output of mucus with fluid consistency [8,18]. Increased 
vascularization under the dominance of estrogen causes absence of 
tone at cervix, body and uterine horns, detectable by rectal palpation. 
Follicular growth becomes appreciable by increased ovarian size and 
tone [41], which during the week prior to ovulation increases linearly 
at a rate of 2.7 mm per day [12]. However, 24-48 h before ovulation the 
follicle can lose tone and stop its growth, a fact that occurs in a high 
percentage of mares (40%) day [12,42]. Uterine tone does not have 
specific modifications until the time of ovulation [8,18], although the 
follicular wall collapse after breaking can be identified as a depression 
in the ovarian surface [43].

Ultrasound examination of the body and uterine horns exhibits a 
characteristic heterogeneous pattern comprising alternating echogenic 
and hypoechoic areas, closely related to the increase of estrogen [44]. 
Echogenic areas correspond to the inner portions of the endometrial 
folds while echogenic portions are indicative of the presence of edema 
at the submucosa. From time to time may appear small amount of 
free fluid intrauterine physiological character. In ponies and mares of 
various breeds like Appaloosa, Quarter Horse, Thoroughbred, Dutch 
Warmblood, Standard bred, endometrial folds become visible 7-8 
days prior, progressively increasing the day of ovulation. At the level 
of the uterine horns are characteristic ultrasound images in a “cart 
wheel “pattern related to the presence of edema and hypertrophy of 
the endometrial folds [45]. Using ultrasound monitoring can also be 
detected muscle contraction in cervix, body and uterine horns and 
fallopian tubes during the estrous [8,18]. After ovulation, endometrial 
edema disappears and folds are undetectable [12,44-47].

Ovarian ultrasound shows a variable number of follicles from 
anechogenic consistency that can vary in size according to the time of 
development [8,18,19,41,48]. Preovulatory follicle exhibits pronounced 
morphological changes, varying spherical or pear-shaped to conical 
in 84% of the pre-ovulatory period while the remaining follicles 
maintained the spherical shape [12]. The follicular wall collapse after 
the break can also be detected by ultrasound as a hyperechoic irregular 
area at the cortical region of the ovary [43].

Diestrus or luteal phase

The diestrus or luteal phase begins at the time of ovulation with the 
formation of CL, which is responsible for the synthesis of progesterone 
(P4). Unlike the follicular phase the insensitivity of the CL photoperiod 
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makes the length of this period more constant. In fact, most research 
estimates an average duration of 14-15 days, but can be more durable 
in mid-summer (16 days) than in spring or autumn (13 days) [8,19]. 

Formation of CL: The disorganization of the follicular wall after 
ovulation allows blood vessels and fibroblasts invade the follicular 
cavity. Luteinization involves structural and functional changes of 
granulosa cells. These are the same cells that initially produced E2 and 
become into luteal cells that produce P4. The P4 remains high from 
day 5 post ovulation until the end of the diestrus and exerts specific 
functions related to the preparation of the endometrium to accept and 
maintain pregnancy, endometrial gland development and inhibition of 
myometrial contractility [38]. 

Have been described two types of CL regarding the presence or 
absence of central blood clot. In a high percentage of cases (50-70%) in 
place of ovulation a core clot develops surrounded by luteal tissue. This 
type of condition is defined as corpus hemorrhagic. The cavity begins to 
fill with blood, fibrin and transudate for the first 24 hours, reaching the 
maximum size at 3 days.  Around day 5 post-ovulation CLs that develop 
central cavity, usually have a significantly higher size (32.8 mm) to those 
without it (26.0 mm). The ratio of the maximum diameter of the CL is 
65 to 80% compared to pre-ovulatory follicle size and has an outer wall 
thickness of 4-7 mm corresponding to the portion of luteinized tissue. 
As happens with the size, texture also changes depending on the type 
of CL. While the corpusluteum that develop central cavity are denser, 
those who do not have tend to be spongier [49]. Generally, the ratio of 
non-luteal luteal tissue of the corpus hemorrhagic is minimal during 
early diestrus and maximum in halfway of diestrus. These events are 
associated with the gradual decrease of fluid as a result of production 
and organization of connective tissue associated with the clotting 
mechanism [50,51]. Notably, the formation of one type or another of 
CL is a random event. In fact, the morphology luteal repeatability is not 
always observed in subsequent ovulations [12,50,51]. 

Additionally, continuous P4 levels during diestrus reduce the 
frequency and intensity of GnRH pulses by feedback mechanism. 
However, because the pulses of FSH are higher than those of LH, a new 
follicular wave is developed during this period. At the experimental 
level, cross sections have been made in the ovary in the middle of 
diestrus, showing alternation of CL and follicles at various stages of 
development that can reach a variable size (2-30 mm) or return. 
In the absence of pregnancy the end luteal phase culminates with 
the lysis of CL induced by the PGF2α of endometrial origin and 
decreased concentrations of P4 [8,19]. Luteal regression involves a 
number of structural and functional events characterized by decreased 
vascularization, increase of connective tissue, hyalinization, atrophy 
and fibrosis [43]. 

Modifications of behavior pattern and reproductive tract during 
diestrus in mares: During diestrus (secretory phase) the domain of 
P4 induces behavioral changes and tubular genitalia, characterized by 
loss of edema and estrus behavior, characteristic of the follicular phase. 
During this period there are frequent vocalization reflexes of the mare 
or I kick attacks to prevent the approach of the stallion [8].

By colposcopic examination, the mucosa of the vulva, vagina 
and cervix appear pale, dry, with small amount of viscous mucus 
appearance. The longitudinal diameter of the vulva is shortened and 
the cervix appears closed, pale and centrally [8,19]. 

On rectal palpation the cervix, body and uterine horns are firm, 
narrow and tubular although uterine tone is lower than during 
gestation. Although it is difficult to explore, the CL could be identified 

during the first few days post-ovulation, although developing follicles 
(diameter less than 25 mm) would not be identifiable [43]. 

The ultrasound of the uterus shows a homogeneous pattern marked 
by the lack of endometrial folds and the presence of a small amount 
of intrauterine fluid [46,52,53]. While the luteal tissue is observed 
hypoechoic, the echogenicity increases in the connective tissue of the 
ovarian stromal. Although the diameter of the body is higher than 
hemorrhagic CL without central cavity, the ratio of luteal tissue is similar 
in both types [46,50-53]. Echogenicity pattern varies according to the 
period of development and growth or regression of the CLsince it is 
inversely related to the degree of vascularization [37,51]. Furthermore, 
these changes in the pattern of endometrial and luteal echotexture are 
closely related to P4 levels [54]. Thus, the gradual increase in P4 that 
characterized the early diestrus is associated with increased diameter 
and luteal vascularization and decreased echogenicity. The highest 
concentrations of P4that define the half of diestrus are related to the 
diameter and maximum vascularization and minimum echogenicity. 
The regression of the CL and P4 decrease structurally correspond with 
decreased luteal area and vascularization and increased echogenicity. 
The corpus luteal is visible by ultrasound until day 17 of the cycle [55]. 
These structural changes precede functional variations during the 
maturing period and luteal regression [37,56-58].

Endocrinological Aspects Related with the Estrous 
Cycle in the Mare

Physiological events that occur during the estrous cycle are 
regulated by the coordinated interaction of various hormones and 
releasing factors like GnRH, FSH, LH, E2, P4 and prostaglandin F-2α 
(PGF2α), among others [2] (Figure 1). Here are described the most 
notable changes that everyone has and the physiological involvement 
during the estrous cycle in the mare.

Gonadotrophin releasing factor

As has been discussed previously, increased photoperiod during 
spring and summer causes decreased secretion of melatonin. This signal 
has a positive effect on the pulses of hypothalamic GnRH, which in 
turn controls the release of gonadotropins [12]. GnRH pulses produced 
every 45 min originate predominantly LH secretion whereas those 
occur every 6 h. stimulate the secretion of FSH. The high frequency 
pulses of GnRH (2 pulses per hour) during estrus favors an increase in 
LH and FSH decline, while reducing the frequency to 2 pulses per day, 
leads an increase of FSH and LH inhibition [3]. These endocrine events, 
allowing the emergence of follicular waves, E2 synthesis and ovulation 
during estrus and appearance of the CL with P4 release during diestrus 
[38]. 

Follicle stimulating hormone

As has been discussed, FSH describes two types of secretion 
patterns during the estrous cycle in the mare: uni or bimodal. The 
bimodal pattern occurs frequently during the spring transition period 
and ovulatory season. The first peak of FHS appears between the 8th 
and 14th day of the cycle, moment in which the largest follicle reached 
a diameter of 13 mm [59]. This initial increase precedes the beginning 
of the deviation and is associated with increased synthesis of inhibin 
by the largest follicle [10,11,59-62] and persists until the preovulatory 
follicle reaches a diameter of 22 mm. The second peak of FSH begins 
on day 15 of the cycle and it is necessary to complete the development 
of the preovulatory follicle [23,59,61]. Unlike the bimodal pattern, the 
first peak of FSH would be absent in the unimodal pattern [63]. In the 
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latter pattern FSH levels remain low during estrus, rise in times around 
ovulation, maintaining increased during diestrus [61].

FSH is also involved in the development of the LH receptors in 
the preovulatory follicle [4,64]. At the start of follicular growth, low 
levels of estradiol exert a negative feedback on HHA controlling the 
tonic or basal release of gonadotropin. This mechanism controls the 
follicular growth and E2 synthesis continuously preventing ovarian 
overstimulation. After the period of follicular growth, once the 
dominant follicle has been selected, the E2 and inhibin levels are 
significantly increased. This elevation of E2 is responsible for the 
characteristic changes of the genital tract and signs of heat during 
estrus. Furthermore, this response exerts a positive feedback on the 
HHA, favoring the emergence of preovulatory LH surge, necessary to 

produce the ovulation. Additionally, the stimulatory effects of E2 on 
LH combined to the inhibitory action of inhibin on FSH create the ideal 
microenvironment for the final maturation of the oocyte, inhibiting the 
development of immature follicles [18].

Luteinizing hormone

LH levels gradually increases from day -5 to day of ovulation, when 
it reaches the maximum concentration [9,65]. As already mentioned, 
the pre-ovulatory LH surge occurs as a result of the positive feedback 
mechanism exerted by E2 concentrations secreted by the granulosa 
cells of the preovulatory follicle in the adenohypophysis. However, 
the peak of E2 is reached 2 days before the LH. During diestrus LH 
is released in a pulsatile manner, with a frequency of 1.4 pulses per 24 
hours and for a period of 20-40 minutes at the central level, or 2-4 h per 
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Figure 1: Hormone profiles and temporal relationships with follicular and luteal development during the oestrous cycle in the mare (Adapted from Ginther OJ (1992) 
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pulse at the peripheral level [66], therefore P4 secretion is maintained 
by basal levels of LH. The decline of LH at the end of diestrus is a result 
of the combined effect of decreased estrogen positive feedback, and 
the resurgence of negative feedback induced by P4 on the HHA. This 
gonadotropin not only participates in the development and maturation 
of the primary follicles but also in the development and maintenance of 
CL during the luteal phase [10,11,19,33,60]. 

It has been hypothesized that the persistence of high levels of LH 
after ovulation could induce ovulation in diestrus, which may occur 
3-5 days after the first ovulation. However, these ovulations are not 
accompanied by signs of heat, an event related to the suppressive effects 
of P4 on estrous behavior [38,67]. 

Estradiol-17β

The ability of estrogen synthesis is dependent on the effect of 
FSH on granulosa cells. In the absence of P4, estrogens begin to be 
actively secreted by the preovulatory follicle 5-7 days before ovulation. 
This event coincides with the time of departure and reaches the peak 
two days before ovulation [19,33,68], and will be responsible for the 
preovulatory release of LH. After ovulation, E2 levels begin to decrease 
gradually after 48 h, reaching basal levels at day 5 post-ovulation 
[10,11,36,69-71]. 

Although estrogen levels are directly related to the degree of ovarian 
activity, sexual receptivity and reproductive tract changes during estrus 
[8,10,18,44,48,57,61,68,72], there is no evidence of a direct relationship 
between the intensity of endometrial edema and steroid levels. This 
situation is much clearer on P4. In fact, swelling occurs when P4 levels 
are less than 1 ng/ml, so this hormone could be responsible in principle 
on the intensity of edema, among other behavioral and morphological 
changes of the cervix and uterus [68,72,73]. However, at the time 
of ovulation inverse correlations are established between E2 and 
FSH levels associated with the negative feedback effect of inhibin, as 
previously referred [61]. 

Progesterone

Steroidogenic activity of P4 depends on the action of LH on theca 
cells. As noted above, levels of P4 are lower than 1 ng/ml during 
estrus [12,20,36,68,70]. After ovulation, increases progressively and 
significantly to the 5th or 6th day, with values   similar to those of pregnant 
mares during the first 14 days of gestation [74]. At this time the CL 
is fully functional and P4levels remain high until day 9 [70,72,75], 
consistent with the maximum diameter reached by the CL [9,37,75]. 

However, peripheral concentrations of P4 are highly variable 
between mares. This variability is associated with secretory capacity 
CL and hormonal catabolic rate. Perhaps this fact may explain the 
differences in P4 levels between ponies and mares during the first 5 
days of the luteal period or between Arabian and Spanish Pure bred 
mares [34], despite the similarity in length of estrous cycles. Among 
other factors related to variations in levels of P4 highlights the number 
of ovulations. In fact, double ovulations induce higher concentrations 
of P4 compared to simple ones [75].

P4 inhibits the secretion and pulsatile release of GnRH and LH, 
but does not modify the pattern of FSH [8,10,57,73]. This event, unlike 
what happens in other species, enabling a new wave of follicular growth 
and in some cases the presence of ovulations during diestrus related to 
high levels of this hormone [18,33,39,58,76]. After lysis of the CL at the 
end of diestrus, P4 is drastically reduced to levels below 1 ng/ml, a fact 
which promotes the mare returns to estrus [36,70,73,77]. 

Prostaglandin F2α

In the absence of pregnancy the average life span of the CL is 
controlled by the release of endometrial PGF2α source, establishing 
a bimodal pattern of discharge around day 13-16 of diestrus. While 
the first 4-hour peak precedes the decline of P4, the second occurs 
during and after luteolysis. Luteolysis involves decreased blood supply, 
leukocyte infiltration, cell disruption and loss of lutein steroidogenic 
capacity by apoptotic or non-apoptotic mechanisms intended to 
disintegrate the CL and therefore secretion P4 [58,73,78,79].
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