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Summary 
 
This chapter describes the main physiological mechanisms involved in the control of 
reproductive function in seasonal and non-seasonal breeder farm animals. Emphasis has 
been placed on the interrelationships between internal and external factors that are 
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integrated at the central level for the development of puberty, maintenance of adequate 
reproductive function in the adult, and the regulation of seasonal reproductive activity. 
An important part of this chapter has been devoted to the description of reproductive 
physiology in sheep, goats, cattle, pigs and horses, intending to highlight the most 
important reproductive features of each species. 
 
1. Introduction 
 
Reproduction in farm animals is highly affected by environmental factors and when 
environmental conditions are favorable, reproductive activity expresses its full potential. 
Favorable conditions must include adequate photoperiod, thermoneutral conditions, 
food availability in quantity and quality, and a low stress environment. Inadequate 
conditions may lead to a decrease in reproductive capacity, varying from sub-fertility to 
infertility. Therefore, the expression of the reproductive potential is only possible when 
animals develop and establish a homeostatic equilibrium with their external 
environment.  
External and internal conditions are perceived by way of specialized neural functions 
which influence reproduction through the hypothalamic-pituitary-gonadal (HPG) axis. 
In mammals, the reproductive function is finely tuned by the HPG axis through several 
feedback loops using different chemical messengers such as neurotransmitters, 
hormones and growth factors. In this chapter we will discuss the relationship between 
the neuroendocrine system and reproductive function in farm animals.  
 
2. Central control of Reproductive physiology: The Hypothalamus-Pituitary–
Gonadal axis 
 
The reproductive function in these animals is governed by the HPG axis, a complex 
neuroendocrine system. This axis is composed of three anatomically and functionally 
distinct structures that, in proper coordination, regulate animal reproduction.  
 
2.1. The Hypothalamic Level 
 
The hypothalamic area that controls reproduction is represented by scattered neurons 
producing gonadotropin releasing hormone (GnRH) located in the forebrain, mainly in 
the preoptic, anterior hypothalamic and ventromedial hypothalamic areas as well as in 
the supraoptic nucleus, arcuate nucleus, medial basal hypothalamus and medial 
eminence. The dispersed GnRH neurons, collectively called “GnRH pulse generator”, 
receive and integrate endogenous cues, neurotransmitters, hormones, growth factors, 
which originate in different types of cells sensitive to internal (e.g. growth, nutritional 
status) or external stimuli (e.g. photoperiod, temperature, social, stress). The action of 
these stimuli translates into changes in the synthesis and secretion patterns of GnRH, a 
decapeptide hormone considered as the master molecule for the reproductive control in 
mammals. GnRH controls gonadal activity by regulating the production and release of 
pituitary gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone 
(FSH). It is well known that pulsatile GnRH secretion induces an identical pattern of 
LH secretion and increases the FSH synthesis at the pituitary level. Thus, the pattern of 
pulsatile GnRH secretion present in the pituitary portal blood can be studied through the 
characterization of pulsatile LH concentrations found in peripheral blood. These 
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gonadotropins then stimulate gametogenesis, steroidogenesis and secondary sexual 
characteristics. In turn, gonadal steroid or peptide hormones regulate the 
hypothalamic/pituitary function by feedback mechanisms, completing the loop of 
endogenous control of reproductive activity.  
 
2.1.1. Hypothalamic Control of Puberty and Seasonal Reproduction 
 
Hypothalamic GnRH production begins during fetal life and its regulation depends on 
the physiological status of the individual animal. Although, GnRH secretion is already 
present during early postnatal development, it seems that GnRH is inhibited until the 
beginning of the pubertal process. Maturation of GnRH neurons and resumption of 
GnRH release and production are key factors related to puberty in domestic animals. 
Reproductive cyclicity in females depends on the release of GnRH into the 
hypothalamic–pituitary portal vessels to induce production and release of FSH and LH 
from the gonadotropes cells in the pituitary gland. In mammals, the pattern of GnRH 
secretion includes both pulse and surge phases which are regulated independently. 
Pulsatile GnRH secretion controls gonadal development and function, including 
steroidogenesis in both females and males, while surge GnRH secretion drives ovulation 
in the females. The surge center in the male is eliminated during the fetal stage. The 
GnRH pulse generator drives endocrine signals that allow the onset of reproductive 
activity, either by the transition from a pre-pubertal state to puberty, or the transition 
from seasonal anestrous to a full reproductive activity, as well as the maintenance of 
proper reproductive activity during adulthood.  
 
Farm animals are mostly seasonal breeders, their breeding period is influenced by either 
long or short days. This strategy is associated with length of gestation and allows 
deliveries to occur when environmental conditions are optimal, in order that enough 
food is available for the mother to achieve an adequate lactation. Thus, animals with 
long gestations (e.g. mare, 11 months) display reproductive activity during long days, 
and short gestation animals (e.g. sheep, 5 months) during short days. Some species that 
have been subjected to intensive selection and management (e.g. cows, pigs) have lost 
their reproductive seasonality, and their endocrine system responds minimally to 
photoperiod. Reproductive activity in non-seasonal species begins when, under a proper 
nutritional regimen, they achieve a body development of approximately 60% of adult 
weight. In addition, the change of the GnRH secretion pattern, from low to high 
frequency pulses, is regulated by metabolic cues indicating physical maturation and 
nutritional status. 
  
It is well accepted that changes in GnRH pulse frequency, which occur from pre-
pubertal period to puberty or during the transition from non breeding to breeding 
season, depend ultimately on gonadal steroid feedback on GnRH secretion. In the pre-
pubertal state or during non-breeding season in adults, low frequency GnRH pulses are 
observed, resulting from enhanced sensitivity to the negative feedback effect of 
estrogens on the pulse generator centre. At the onset of puberty or breeding season, the 
negative feed-back to the estrogens disappears, resulting in an increase of GnRH 
concentration and pulse frequency that induces reproductive activity. However, this 
phenomenon is not mediated by a direct response of GnRH neurons, because these cells 
do not express the estrogen receptor Erα, the subtype receptor that mediates the 
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feedback effect of estradiol. GnRH secretion must therefore respond to sex steroid by 
means of interneuron and its neurotransmitters. Several neurotransmitter systems are 
involved in the modulation of amplitude and frequency of GnRH pattern. In this regard, 
it has been described excitatory and inhibitory neurotransmitters on the synthesis and 
secretion of GnRH. For instance, the amino acids glutamate and aspartate increase 
GnRH/LH secretion pulsatility while GnRH/LH pulsatility can be decreased by gamma 
aminobutyric acid (GABA) and neuropeptide “Y” (NPY). It has been reported that 
endogenous opioid peptides also have an inhibitory effect on the secretion of GnRH 
during sexual development until the time of puberty. In addition, catecholamines 
(dopamine and noradrenalin) and serotonin may modulate GnRH response to ovarian 
steroids through mechanisms where opioids and GABA play important regulatory roles. 
 
During the last 10 years, there have been significant advances in the understanding of 
the mechanisms responsible for the neurohormonal regulation of GnRH secretion 
related to puberty or seasonal reproduction. One important milestone in this respect was 
the discovery of kisspeptin, a family of neuropeptides encoded by the Kiss1 gene. It is 
expressed in discrete areas of the hypothalamus, along with its G protein-coupled 
receptor GPR54, also called Kiss1R. Hypothalamic expression of kisspeptin has been 
described in ruminant and monogastric farm animals, and it has been related to the 
regulation of GnRH secretion. Kisspeptin is mainly expressed in the arcuate (ARC) and 
periventricular nuclei (PVN), and in the preoptic area (POA) of the hypothalamus, but 
the population of kisspeptin cells in the ARC nucleus appears to be responsible for the 
translation of both internal and external stimuli, leading to puberty or seasonal 
reproduction. However, kisspeptin cells localized in the ARC do not project directly to 
GnRH cells, therefore the PVN kisspeptin cells may act as an interface between the 
ARC and GnRH pulse generator. Evidence found in several different animal species 
support the role of kisspeptin/Kiss1R during course of puberty or seasonal reproduction. 
In general, an increase in the amount of cells expressing Kiss1, as well as, in the number 
of their close appositions with GnRH neurons, has been observed. Therefore, the 
pubertal development is associated with increased tone of kisspeptin and enhanced 
kisspeptin signaling efficiency on GnRH cells. 
 
Different compounds that may provide feedback information of metabolic status have 
been studied and identified as potential endogenous mediators between body growth 
and/or nutritional status and the GnRH cell activity that triggers puberty or resumption 
of seasonal reproductive activity. These include glucose, insulin, leptin, ghrelin and 
some fatty acids, all of which have been shown to be involved in this process.  
 
Since the discovery of leptin in the mid 1990’s, this peptide hormone synthesized by 
adipose tissue has contributed greatly in deciphering the mechanisms and signals 
responsible for the endocrine control of energy balance and reproduction. Despite the 
different behavior of leptin in response to acute or chronic changes in nutritional status 
between ruminant and monogastric species, it has been shown to serve as primary 
metabolic signal to regulate the secretory activity of GnRH pulse generator. Moreover, 
leptin supports the hypothesis that animal reproduction is possible when energy 
demands for body growth and maintenance are met, and should have an energy surplus 
able to be stored as body fat. Consistent with this, there is a positive correlation between 
energy balance and plasma leptin concentrations. There is also a positive correlation 
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between leptin levels and concentrations and pulsatility of GnRH/LH in blood plasma. 
In addition, it is well established that in pre-pubertal malnourished animals or fasted 
adult animals, administration of exogenous leptin restores a pattern of GnRH/LH 
compatible with puberty or reproductive activity, respectively. The action of leptin on 
GnRH secretion must therefore be regulated through interneuronal signaling 
mechanisms, since no leptin receptors on GnRH cells have been described. In farm 
animals, leptin signal could act on GnRH cells by means kisspeptin cells. Due to the 
presence of functional receptors for leptin on kisspeptin cells found in the mouse, in 
addition to the fact that low concentrations of leptin in sheep is associated with low 
expression of kisspeptin, it may be suspected that, in farm species, leptin could act 
through kisspeptin cells to modulate GnRH secretion. However, information coming 
from experiments in lean animals shows that leptin treatment restores only partially the 
expression of Kiss1 and gonadotropin secretion, suggesting additional interneuronal 
pathways in GnRH regulation. Consistent with the aforementioned, it is known that the 
effects of leptin, as a hormone regulating energy balance, are mediated by at least one 
orexigenic (appetite-increaser) peptide (neuropeptide Y, NPY) and another anorectic 
(appetite-reducer; proopiomelanocortin, POMC), which also can modulate the secretion 
of GnRH. In turn, kisspeptin can stimulate the expression of NPY and inhibit those of 
the POMC in vitro hypothalamic cells, indicating complex hypothalamic connections 
for the simultaneous control of leptin-mediated metabolism and reproduction.  
 
Ghrelin, another peptide involved in the physiologic coupling of energetic metabolism 
and reproduction, has emerged as important endocrine signal acting on the 
hypothalamus for regulation of reproduction and puberty. Ghrelin, as well as leptin, is 
highly conserved across several species and, although it is mainly secreted by 
gastric/abomasum mucosa cells, it is widely expressed in different tissues. From the 
functional point of view, ghrelin antagonizes the effects of leptin on energetic 
metabolism. In rats, ghrelin and its receptors GSHR-1a are expressed in the ARC, 
particularly in cells expressing orexigenic peptides like NPY, which favor feed intake 
and weight gain. Recent experiments in sheep show that high levels of amino acids in 
plasma can stimulate ghrelin secretion, but no effects of plasma glucose or insulin on 
ghrelin were observed. Regarding the effects of ghrelin on reproduction, it has been 
demonstrated that intracerebroventricular administration of ghrelin inhibits LH secretion 
in cyclic and ovariectomized rats. It has also been demonstrated that ghrelin decreases 
GnRH release by hypothalamic explants (technique used for the isolation of cells from a 
tissue in order to harvest these cells in culture dishes), favoring conceptually the 
proposition that the primary site of action for the inhibitory effect on HPG axis is the 
hypothalamus. Although ghrelin’s effects on hypothalamus have not been clarified in 
farm animals, previous observations suggest that ghrelin might mediate at least, in part, 
the well-known suppressive effect of energy deficit at the onset of puberty and the 
conservation of normal gonadal function and fertility. 
 
Other compounds, which, for a long time have been considered as mediators between 
body growth, energy metabolism signals and the onset of reproductive activity are: 
plasma concentrations of glucose, amino acids, fatty acids, insulin, insulin-like growth 
factor 1 (IGF-1), growth hormone (GH) and thyroid hormones (T3/T4). Thus, while a 
large amount of experimental evidence has established the effects of these compounds 
on the secretion and pulsatility of GnRH/LH during pubertal development, the most 
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recent information has established that these compounds actually play rather a 
permissive role by acting at the hypothalamic level mainly through leptin and ghrelin. 
 
In seasonal breeders, on the other hand, the pubertal process begins in presence not only 
of adequate endogenous body growth/nutritional status signals, as described above, but 
also in presence of endogenous cues that inform the hypothalamus of a permissive 
environmental photoperiod, all of them leading to the decreased estrogen’s negative 
feedback on GnRH/LH pulse frequency and amplitude. This critical event occurs only 
when internal and external cues indicate that both size/nutrition and season are 
favorable for a pregnancy. Thus, both puberty and adult reproductive activity occurs in 
the same season. It is also considered that in adults the reactivation of the reproductive 
axis when the breeding season begins after seasonal anoestrus is a physiological 
phenomenon that essentially responds to the same cues involved in the onset of puberty. 
Thus, seasonal breeding animals may virtually experience successive puberties 
throughout their reproductive life. 
 
It is widely accepted that environmental photoperiod cues are translated into 
endogenous signals, where the hormone melatonin plays a central role. Melatonin is 
synthesized and secreted mainly by the pineal gland, under a neuronal control system in 
which the perception of light in the retina blocks the synthesis and secretion of pineal 
melatonin. Thus, the concentration of melatonin during daylight hours is very low, 
increasing dramatically during the night-time darkness. Because the almost perfect 
correlation between the hours of darkness and the presence of high concentrations of 
melatonin in the blood, the daily pattern of the hormone becomes an annual pattern, in 
which short photoperiod seasons are consistent with a higher proportion of hours a day 
with high concentrations of melatonin, in comparison with that observed in long 
photoperiod seasons. Thus, animals in which puberty onset or reproductive activity 
occurs under short photoperiod should experience a rise in the number of hours a day 
with high concentrations of circulating melatonin. The opposite should happen in 
species with presentation of puberty and reproductive activity under long photoperiod. 

At present, the information about the site at which melatonin acts to regulate GnRH 
secretion is largely incomplete. Experiments in sheep suggest that melatonin may act 
within the premammillary nucleus of the basal hypothalamus to control seasonal 
changes in reproduction. However, it is not known how this endocrine signal is 
translated into a change in GnRH secretion. Some evidence has been documented 
showing a narrow association between photoperiod, melatonin and Kiss1 system. For 
instance, ewes exposed to short photoperiods show higher Kiss1expression in the ARC 
than those exposed to long photoperiods. In addition, during breeding season the 
number of kiss1 neurons contacting GnRH cells is increased. The premammillary area, 
where melatonin may exert its action, overlaps the caudal region of the ARC, where 
most Kiss1 cells are localized suggesting that kisspeptin neurons in the ARC could be 
candidate targets for melatonin. Nonetheless, whether or not these cells are direct targets 
for melatonin has not been clearly established. A very recent study in sheep 
hypothalamus has shown evidence for the expression of prolactin receptors but not for 
melatonin receptors in Kiss1 cells, suggesting an indirect effect of melatonin on kiss1 
neurons. Consistent with the above, it has been proposed that melatonin may act by 
means several neural pathway including catecholaminergic, serotoninergic, opioidergic 
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and GABA-ergic systems. It is noteworthy, that melatonin is predominantly considered 
only as an endogenous mediator of photoperiod. However, recent data show that 
orexigenic peptides like orexin B and ghrelin, as well as anorectic (leptin), have a 
seasonal influence on the secretion of melatonin in the pineal gland. This evidence may 
suggest a role of melatonin on both photoperiod and the metabolic status/body growth 
effects upon the reproductive axis. 

Other components involved in the seasonal control of GnRH have emerged. One of 
them corresponds to the hypothalamic dopaminergic system, which is considered as 
mediator of the seasonal estrogen negative feedback. Dopaminergic cells are activated 
by estradiol during seasonal anestrous, an effect presumably mediated by glutaminergic 
cells of the POA, because no ERα in dopaminergic cells has been described. Even 
though dopaminergic cells do not appear to project directly to GnRH cells, they are 
projected predominantly to the caudal region of ARC and median eminence, where they 
probably connect with kisspeptin cells. Furthermore, an important proportion of 
kisspeptin cells co-express dynorphin or neurokinin B neuropeptides, thought to be 
involved in seasonal regulation of reproduction. There is also a small population of 
Kiss1 neurons which co-express both peptides. Dynorphin have an inhibitory effect on 
the reproductive axis, while neurokinin B has shown dual stimulatory and inhibitory 
effects. It is now apparent that both dynorphin and neurokinin B cells can express Erα 
and progesterone receptors, suggesting that these cells are involved in the seasonal sex 
steroid control of GnRH secretion. It may also be supported because their density may 
vary according to reproductive seasonality and they receive inputs from a variety of 
neural systems involved in controlling puberty and seasonal reproduction.  
 
A gonadotropin-inhibitory hormone (GnIH), described about ten years ago in birds, 
whose presence has been demonstrated in mammals, has emerged as a new regulatory 
element of reproductive seasonality in farm animals. Neurons expressing GnIH have 
been located in hypothalamic regions, surrounding the PVN and dorsomedial 
hypothalamus (DMH), and project to GnRH cells. GnIH receptors have been found 
distributed in different regions of the hypothalamus (suprachiasmatic, PVN and 
supraoptic) and in the pituitary pars tuberalis. In ruminants, GnIH expression is 
decreased during short days breeding season. Also, GnIH administration diminishes LH 
pulse amplitude in vivo and LH secretion from cultured pituitary cells. However, 
considering mammals in general, GnIH appears to be increased under long days 
regardless whether the species is a long or short breeder. Information on how GnIH can 
act in the regulation of reproductive seasonality is still scarce, but available data suggest 
that it should be considered as an important factor in controlling reproduction in farm 
animals. 
 
As noted above, both the pubertal process and the resumption of seasonal reproductive 
activity in adult animals requires the decrease of estradiol negative feedback on GnRH 
secretion and pulsatility. Accordingly, in pigs, it has been reported that estrogen induces 
a decreased expression of Kiss1 in a small group of cells in the most caudal ARC. This 
fact may lend support to diminished secretory GnRH activity observed in pre-pubertal 
animals. The decline in estradiol negative feedback on the secretory activity of GnRH at 
the time of puberty, may depend on the increase in the population of cells expressing 
Kiss1 having a positive feedback to estradiol. Studies in rodents show the presence of 
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PVN cell groups up-regulating expression of Kiss1 by estradiol effect. Despite the 
above, the mechanisms that explain this change in sensitivity to estradiol are still largely 
unknown. One possibility that emerges from the current information is that both 
metabolic/body growth and photoperiod signals may act through the maturation and 
plasticity of neuron populations modulating GnRH cells. The most suitable candidates 
for this, in sheep at least, are dopaminergic neurons from the A 15 region of the 
hypothalamus. During non-breeding season these cells, activated by estrogens, decrease 
GnRH secretion. Interestingly, these cells do not respond to estrogen in the breeding 
seasons.  
 
Most of the information about neuroendocrine mechanisms controlling puberty or 
seasonal reproduction has been obtained from females. However, collected evidences 
from studies in male animals indicate that, in general, the model described for females 
could be satisfactorily applied to males. The internal and external cues modulating the 
male reproductive activity are qualitatively the same as in the female, but each sex may 
have different quantitative requirements to start the physiological changes leading to 
puberty or seasonal reproduction. There are, however, remarkable differences between 
males and females. The onset of puberty in males is an earlier phenomenon, and the 
reproductive seasonality is noticeably less marked than in females. These differences 
may be explained by a reduced hypothalamic sensitivity to estradiol negative feedback 
in males, which is present earlier during postnatal development. Experiments in sheep 
demonstrate that this partial hypothalamic desensitization to estrogens is a part of the 
testosterone-dependant fetal programming. In fact, when female fetuses are exposed to 
testosterone between 30 and 90 days of intrauterine life, postnatal sensitivity to estrogen 
negative feedback is reduced, while there is an advance in the pubertal rise of GnRH. 
Although no information is available on farm animals, data from experiments in rats 
indicate that in utero androgenization is associated with plastic changes in the Kiss1 
system during the transition to puberty. These differences would explain why male 
reproductive activity is a more stable phenomenon, less cyclical and less sensitive to 
environmental variations. 
 
- 
- 
- 
 

 
TO ACCESS ALL THE 32 PAGES OF THIS CHAPTER,  
Visit: http://www.eolss.net/Eolss-sampleAllChapter.aspx 

 
 
Bibliography  
 
Aurich C. 2011. Reproductive cycles of horses. Animal Reproduction Science 124; 220–228. [Excellent 
current review of the reproductive physiology of the mare] 

Backholer K., Smith J.T., Rao A., Pereira A., Iqbal J., Ogawa S., Li Q., Clarke I.J. 2010. Kisspeptin cells 
in the ewe brain respond to leptin and communicate with neuropeptide Y and proopiomelanocortin cells. 
Neuroendocrinology 151; 2233-2243. [This paper clarifies several aspects of the morphofunctional role of 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=E5-15-20-02


UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

ANIMAL REPRODUCTION IN LIVESTOCK -  Reproductive Physiology- Endocrinology - Víctor H. Parraguez, Marcelo 
Ratto,Oscar Peralta 

©Encyclopedia of Life Support Systems (EOLSS) 
 

hypothalamic kisspeptin cells and some interneurons that coordinate reproductive function in a farm 
species] 
 
Barb C.R., Hausman G.J., Lents C.A. 2008. Energy metabolism and leptin: effects on neuroendocrine 
regulation of reproduction in the gilt and sow. Reproduction in Domestic Animals 43 (Suppl. 2); 324-330. 
[Article reviewing the endocrine function of adipose tissue in pigs, clarifying its role in the regulation of 
GnRH/LH] 
 
Bartlewski P.M., Tanya E.B., Giffin J.L. 2011. Reproductive cycles in sheep. Animal Reproduction 
Science 124; 259-268. [Complete update on sheep reproductive endocrinology and folliculogenesis] 
 
Bentley G.E., Tsutsui K., Kriegfeld L.J. 2010. Recent studies of gonadotropin-inhibitory hormone (GnIH) 
in the mammalian hypothalamus, pituitary and gonads. Brain Research 1364; 62-71. [An interesting 
review of the GnIH in different animal species] 
 
Bilezikjian L.M., Blount A.L., Donaldson C.J., Vale W.W. 2006. Focus on TGF-β signaling. Pituitary 
actions of ligands of the TGF-β family: activins and inhibins. Reproduction 132; 207-215. [Review 
revising the complex effects of inhibin-activin-follistatin system as modulator for the synthesis of 
pituitary FSH] 
 
Brisco S.P., Blanchard T.L., Varner D.D., Shumacher J., Love C. C., Hinrichs K. Hartman D. 2011. 
Reproductive physiology of the nonpregnant mare. In: Manual of Equine Reproduction, Third edition. 
Chapter 2. Mosby Elsevier (Ed). Pp 10-18. [The chapter of this book describes detailed information 
regarding biology and reproductive physiology in the nonpregnant mare] 

Chenier T. 2007. Physiology and endocrinology of stallions. In: Current Therapy in Large Animal 
Theriogenology 2. Chapter 1. Youngquist R.S. and Threlfall W.R. (Eds). Saunders Elsevier. Pp 3-9. [This 
chapter made emphasis in reproductive physiology and endocrinology in the stallion] 

Ciechanowska M., Lapot M., Mateusiak K., Przekop F. 2010. Neuroendocrine regulation of GnRH and 
GnRH receptor genes in the hypothalamus-pituitary unit in different physiological states. Reproductive 
Biology 10; 85- 124. [Complete review focusing the regulation of GnRH/GnRHR during different 
physiological states, using the ewe as a main model] 
 
Clarke IJ and Smith JT. 2010. The role of kisspeptin and gonadotropin inhibitory hormone (GnIH) in the 
seasonality of reproduction in sheep. In: Reproduction in domestic ruminants VII. M.C. Lucy, J.L. Pate, 
M.F. Smith, T.E. Spencer (Eds.). Nottingham University Press. Pp 159-169. [Proceedings of the Eighth 
International Symposium on Reproduction in Domestic Ruminants. Anchorage, Alaska] 
 
Crowe M.A. 2008. Resumption of ovarian cyclicity in post-partum beef and dairy cows. Reproduction in 
Domestic Animal 43; 20-28. [Short but complete review on factors regulating ovarian cyclicity in post-
partum cows] 
 
De Rensis F., Saleri R., Tummaruk P., Techakumphu M., Kirkwood R.N. 2011. Prostaglandin F2α and 
control of reproduction in female swine: a review. Theriogenology, in press. 
doi:10.1016/j.theriogenology.2011.07.035. [This review describes in detail the role of prostaglandin on 
reproduction function in the sow and maternal recognition of pregnancy] 
 
Evans T.J., Constantinescu G.M., Ganjam V.K. 2007. Clinical reproductive anatomy and physiology of 
the mare. In: Current Therapy in Large Animal Theriogenology 2. Chapter 7. Youngquist R.S. and 
Threlfall W.R. (Eds). Saunders Elsevier. Pp 47-67. [Chapter selected for this review because it describes 
important applied aspects of equine reproduction that can be used for students and practitioners] 

Fatet, A., Pellicer-Rubio M.T., Leboeuf, B. 2011. Reproductive cycle of goats. Animal Reproduction 
Science 124; 211-219. [General overview on goat reproductive physiology and management] 
  



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

ANIMAL REPRODUCTION IN LIVESTOCK -  Reproductive Physiology- Endocrinology - Víctor H. Parraguez, Marcelo 
Ratto,Oscar Peralta 

©Encyclopedia of Life Support Systems (EOLSS) 
 

Forde N., Beltman M.E., Lonergan P., Diskin M., Roche J.F., Crowe M.A. 2011. Oestrus cycles in Bos 
taurus cattle. Animal Reproduction Sciences 124; 163-169. [Interesting general update emphasizing the 
control of ovarian dynamics] 
 
Foster D.L., Jackson L.M., Padmanabhan V. 2006. Programming of GnRH feedback controls timing 
puberty and adult reproductive activity. Molecular and Cellular Endocrinilogy 254-255; 109-119. [This 
article focuses sex differences in programming HPG axis for timing of puberty, using the sheep as a 
model] 
 
García-Galiano D., Pinilla L., Tena-Sempere M. 2011. Sex steroids and the control of the Kiss 1 system: 
developmental roles and major regulatory actions. Journal of Neuroendocrinology. Accepted article; doi: 
10.1111/j.1365-2826.2011.02230.x 
 
Gerlach, T., Aurich, J.E. 2000. Regulation of seasonal reproductive activity in the stallion, ram and 
hamster. Animal Reproduction Science 58; 197-213. [This review is an interesting comparative overview 
on ram reproduction] 
 
Ginther O.J., Beg M.A, Gastal M.O., Gastal E.L. 2004. Follicle dynamics and selection in mares. Animal 
Reproduction, 1, 2004, Pp 45-63. [Excellent review that describes the types of follicular wave pattern 
present in the mare and explains some concepts as follicular deviation and selection] 

Goodman R.L., Jansen H.T., Billings H.J., Coolen L.M., Lehman M.N. 2010. Neural systems mediating 
seasonal breeding in the ewe. Journal of Neuroendocrinology 22; 674-681. [Mini-review describing the 
most important neuronal circuits involved in regulation of seasonal reproduction in sheep] 
 
Goodman, R. L., Inskeep, E. K. 2006. Neuroendocrine control of the ovarian cycle of the sheep. In: 
Physiology of Reproduction, 3rd ed. Knobil, E., Neill, J.D. (Eds). Raven Press, New York, Pp 2389-2447. 
[One of the most important references in the physiology of reproduction] 
 
Kuster C. and Althouse G. 2007. Reproductive Physiology and Endocrinology of Boar. In: Current 
Therapy in Large Animal Theriogenology, V2. Chapter 94. Sauders Elsevier (Ed). Pp 717. [This book 
chapter describes detailed information regarding biology and reproductive physiology in the boar] 
 
Magee C., Foradori C.D., Bruemmer J.E., Arreguin-Arevalo J.A., McCue P.M., Handa R.J., Squires E.L., 
Clay C.M. 2009. Biological and anatomical evidence for Kisspeptin regulation of the hypothalamic-
pituitary-gonadal axis of estrous horse mares. Neuroendocrinology 150; 2813-2821. [Interesting article 
showing evidences of kiss-1 involvement in seasonal mare reproduction] 
 
Meza-Herrera C.A., González-Bulnes A., Kridli R.T., Mellado M., Arechiga-Flores C.F., Salinas H., 
Luginbuhl J.M. 2009. Neuroendocrine, metabolic and genomic cues signalling the onset of puberty in 
females. Reproduction in Domestic Animals doi: 10.1111/j.1439-0531.2009.01355.x [Review on the 
relationship of physiological, environmental, metabolic and genetic cues involved in pubertal process, 
emphasizing it effects on hypothalamus] 
 
Nogueira G.P. 2004. Puberty in South American Bos indicus (Zebu) cattle. Animal Reproduction Science 
82; 361-372. [Review analyzing the main reproductive traits of Zebu cattle and differences with Bos 
taurus] 
 
Rawlings N., Evans A.C.O., Chandolia R.K., Bagu E.T. 2008. Sexual maturation in the bull. 
Reproduction in Domestic Animals 43; 295-301. [Mini review describing the main landmarks of sexual 
maturation in bulls and its control] 
 
Roa J., Navarro V.M., Tena-Sempere M. 2011. Kisspeptins in reproductive biology: consensus 
knowledge and recent developments. Biology of Reproduction 85; 650-660. [Mini-review describing brief 
but completely the current knowledge on kisspeptins on hypothalamic control of reproduction] 
 
Roser J.F. 2008. Regulation of testicular function in the stallion: An intricate network of endocrine, 
paracrine and autocrine systems. Animal Reproduction Science 107; 179-196. [Review describing in 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

ANIMAL REPRODUCTION IN LIVESTOCK -  Reproductive Physiology- Endocrinology - Víctor H. Parraguez, Marcelo 
Ratto,Oscar Peralta 

©Encyclopedia of Life Support Systems (EOLSS) 
 

detail the relationships between hormones and growth factors and their interaction with testicular 
function] 

Safranski T.J. and Cox. N.M. 2007. Clinical Reproductive Physiology and Endocrinology of Sow: Mating 
Management. . In: Current Therapy in Large Animal Theriogenology, V2. Chapter 98. Sauders Elsevier 
(Ed). Pp 738. [This book chapter made emphasis in reproductive physiology and endocrinology in the 
sow] 
 
Sartori R. and Barros C.M. 2011. Reproductive cycles in Bos indicus cattle. Animal Reproduction Science 
124; 244–250. [interesting and updated review on the main factors involved in regulation of reproduction 
in cows] 
 
Scaramuzzi R.J., Baird D. T., Campbell B.K., Driancourt M.-A., DupontA J., Fortune J.E., Gilchrist R.B., 
Martin G. B., McNatty K.P., McNeilly A.S., Monget P., Monniaux D., Viñoles C., and Webb R. 2011. 
Regulation of folliculogenesis and the determination of ovulation rate in ruminants. Reproduction, 
Fertility and Development 23; 444–467. [Complete review updating the physiological control of 
folliculogenesis and ovulation rate with emphasis in sheep and cow as animal models] 
 
Senger P.L. 2005. Pathways to pregnancy and parturition. Second edition. Current conception, Inc. 
publisher. 373p. [This is an important book for students and practitioner to refresh reproductive 
physiology and endocrinology, especially topics regarding hypothalamus-pituitary-gonadal axis] 

Soede N.M., Langendijk P. Kemp B. 2011. Reproductive cycles in pigs. Animal Reproduction Science 
124; 251-258. [This paper describes in detail the relationships between hormones and follicular 
development in the sow] 
 
Winters S.J. and Moore J.P. 2007. Paracrine control of gonadotrohs. Seminars in Reproductive Medicine 
25; 379-387. [Mini-review on the main pituitary local factors modulating gonadotropins production] 
 
Bibliographical Sketches 
 
Víctor H. Parraguez is full professor of Animal Physiology and Reproduction at the Faculties of 
Veterinary Sciences and Agricultural Sciences, University of Chile in Santiago, Chile. He is also Sub-
Director of the International Center for Andean Studies from the same University. His line of research is 
Reproductive Physiology, especially in extreme environments like Andean high altitudes. He has a large 
experience in this scientific field and has worked especially with sheep, domestic and wild camelids, and 
horses. He has conducted several important research projects with national and international founding. He 
has more than 50 scientific articles published in specialized journals and has been invited as speaker in 
several national and international conferences. He also works as referee for several journals and 
government research agencies. 
 
Marcelo H. Ratto received his Veterinary degree from the Universidad de La Plata, Argentina and his 
Master’s degree at the Universidad Austral de Chile. Later on he was moved to the University of 
Saskatchewan where he received a PhD in Reproductive Physiology/Endocrinology and a postdoctoral 
training in Reproductive Biology. Dr. Ratto teaches Reproductive Physiology and Biotechnology at the 
Faculty of Veterinary Medicine, Universidad Austral de Chile. He has broad interests in basic and applied 
aspects of reproductive science and medicine and his current research focuses on ovulation-inducing 
factors in seminal plasma, factors influencing oocyte competence in cattle and South American Camelids.  
 
Oscar Peralta is an Assistant Professor in the Department of Animal Production at the Faculty of 
Veterinary Sciences in the University of Chile. He studied Veterinary Medicine in Chile and obtained a 
Master in Dairy Sciences and a PhD in Biomedical and Veterinary Sciences from Virginia Tech, USA. 
His main area of research is the Physiology and Biotechnology of Reproduction in production animals. 
Currently he is leading a research grant focused on the biology and the potential application of bovine 
mesenchymal stem cells in regenerative medicine and cloning. He is member of the Society for the Study 
of Reproduction (SSR) and the International Society for Stem Cell Research (ISSCR).  
 
 


