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Reproductive cyclicity

JEstrous Cycle
JMenstrual Cycle



Estrous Cycle

1 After puberty, the female enters a period of
reproductive cyclicity that continues throughout
most of her life.

 Estrous cycles consist of a series of predictable
and reproductive events beginning at estrus
(heat) and ending at the subsequent estrus.



ESTRUS is a noun.
“The cow is displaying estrus.”

ESTROUS is an adjective.
“The length of the estrous cycle in
the pig is 21 days.”




The three types of cyclicity are:
* polyestrus
* seasonally polyestrus

® monoestrus

Figure 7-1. Types of Estrous Cycles as Reflected by Annual
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The Estrous Cycle Consists of
Two Major Phase:
 Follicular Phase:

from the regression of corpora lutea to ovulation(%20 of the estrous cycle)

L Luteal Phase:

from ovulation until corpora lutea regression (%80 of the estrous cycle)
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During the follicular phase:

e follicles = the dominant
ovarian structure

e ¢strogen (produced by
follicles) = the dominant

hormone

During the luteal phase:

e corpora lutea = the domi-
nant ovarian structures

® progesterone (produced by
corpora lutea) = the domi-

nant hormone

Follicular phase = Proestrus + Estrus
Luteal phase = Metestrus + Diestrus




Proestrus = Formation of ovulatory follicles + E, secretion

Estrus = Sexual receptivity + peak E , secretion
Metestrus = CL formation + beginning of P, secretion

Diestrus = Sustained luteal secretion of P,

Figure 7-3. Stages of the Estrous Cycle
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Table 7-1.

Characteristics of Estrous Cycles in Domestic Animals

Length of Estrous Cycle Duration of Estrus

Classification Mean Range

Time From

Mean

Onset of Estrus
Range

Time From
LH Surge
to Ovulation

Polyestrus 15d (11-18d)
Monoestrus 6 mo
Polyestrus 21d
Seasonally 17d
polyestrus

(Short Day)

Polyestrus

(3-9 mo)
(17 - 24d)
(13 - 19d)

(8-12d)

Seasonally
polyestrus

(Long Day)
Polyestrus

(15 - 26d)

(4-30d)

Polyestrus (17 - 25d)

5d

9d
15h
30h

(4-5d) Induced
Ovulator
4-24d
24 - 32h

24 - 30h

(4-21d)
(6 - 24h)
(18 - 48h)

Induced
Ovulator
(2 - 12d) 5d

(4-5d)

Induced
Ovulator
36 - 44h

(2-19d)

(12 - 96h)

26-36h
2-3d
28h
26h

24-36h

2d

30-40h

40h




Figure 7-4. The Annual Reproductive Cycle of the Bitch

(Modified from Johnston, Root Kustritz and Olson. 2001. Canine and Feline Theriogenology)
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4 Anestrus )

A period of reproduc-
tive quiescence. This
long anestrus period is
responsible for a cyclic
profile of three cycles in

_two years. Y

( Proestrus A
Proestrus begins with the ap-
pearance of a blood-tinged
vaginal discharge and by vagi-
nal swelling. Itends whenthe
bitch accepts the male for
mating. The ovaries contain
large follicles at the onset of
proestrus. Estradiol gradually
increases and peaks slightly

before the onset of estrus. )

é Estrus h
Shortly after peak estradiol,
behavioral estrus begins.
Both LH and FSH peak in
early estrus. Ovulation is
completed at about the third
day of estrus and fertilization
is completed at about the
sixth day. Progesterone in-
creases dunng the latter part
of estrus signifying luteiniza-

\tlon y

é Diestrus h
Both pregnant and open
bitches are considered to
be in diestrus. Pregnancy
status does not alter the
length of diestrus. Proges-
terone peaks at about 15
days then decreases
gradually. Bitches that do
not become pregnant are
often considered to be
\psau(h)pmgrmm. J




Figure 7-5. Reproductive Cyclicity Profile of Queens With and Without Copulation
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A queen enters estrus (about 9 days) every 17 days. If copulation does not occur, the queen enters a
postestrus phase and comes into estrus a few days later. Since the queen is an induced ovulator, when
mating does not occur, ovulation does not occur and a CL is not formed.




Anestrus

Anestrus 1s a condition when the female does
not exhibit regular estrous cycles. During anestrus
the ovaries are relatively inactive and neither ovula-
tory follicles nor functional corpora lutea are present.
Anestrus 1s the result of insufficient GnRH release

from the hypothalamus to stimulate and maintain go-
nadotropin secretion,

[t 1s important to distinguish between true
anestrus caused by insutficient hormonal stimuli and
apparent anestrus caused by failure to detect estrus




Anestrus can be caused by:

1 Pregnancy

 Lactation (mare & alpaca are exception)

1 Presence of offspring

1 Environmental Conditions (Stress, Nutrition)

1 Pathological Condition (Uterine infection, Persistent cl....)
] Season (in some species)




Figure 7-6.

Brain and Subseqguent Behavioral Estrus in the Cow and Ewe
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Figure 7-7. The Effect of Photoperiod on Short-Day Breeders
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Figure 7-8. Influence of Suckling Frequency Upon Blood LH (a Direct

Indication of GnRH Release) in Postpartum Beef Cows
(Derived from the data of Dr. G.L. Williams, Texas A&M University, Beeville)

When the number of suckling sessions is between When the number of suckling sessions is limited
3 and 20 per day, amplitude and pulse frequency to two or less per day, the amplitude and pulse
of blood LH are quite low and the cow remains in frequency of LH increases dramatically and the
anesltrus. cow will begin to cycle.
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Figure 7-9. Ad Libitum Suckling Results in Suppression of LH Amplitude
and Pulse Frequency

Intact cow | Mammary denervated cow

weaned suddenly from cows with ) In cows with the afierent neural pathway
intact mammary nerves, the LH pulse frequency acute weaning cau the same effectas
and amphtude increases dramahcally with intact afferent pathy s. Conclusion--suck-
= iNng cannot be totally resg

Ssndullod the postpartum cow
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Mammary stimulation is not totally
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The Menstrual Cycle

The menstrual cycle differs from the
estrous cycle in the following ways:
® there is no defined period of
sexual receptivity

® there is a period of
endometrial sloughing called
menses (menstruation)

e the timeline for description of
the cycle begins and ends with
menses, not ovulation or
estrus




Menstrual Cycle

1. Menses Phase (4-6 Days)
2. Proliferative Phase (9 Days)
3. Secretory Phase (14 Days)
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Table 7-2. Cycle Event Comparison Between the Estrous Cycle and Menstrual Cycle

EVENT

ESTROUS CYCLE

MENSTRUAL CYCLE

Follicular Phase

Short (20% or less of cycle

duration)

Long (50% of the cycle duration)

Ovulation

Al the beginning and

end of the cycle

Middle of cycle (day 14)

Luteal Phase

80% of the cycle

50% of the cycle

Fertile Period

24 hrs or less (3% of cycle)

Up to 6 days before ovulation (18% of cycle)

Endometrial Sloughing

None

After luteolysis

Luteolysis

Uterine PGl

Y
{

Ovarnan PGF

Sexual Receptivity

Well defined

Relatively uniform throughout cycle

Progesterone function
and sexual receptivity

[nhibits GnRH release
[nhibits sexual receptivity

Inhibits GnRH release
Does not influence sexual receptivity

Menopause

None described

Well characterized (follicular depletion)




Reproductive Cyclicity -

The Follicular Phase




Follicular Phase

Overview:

Follicular phase Is Initiated after luteolysis that
results in a marked reduction In progesterone.
Therefore, the negative feedback by progesterone
on the hypothalamus is removed and GnRH is
realsed at higher amplitudes and frequencies than
during the preceding luteal phase. Then LH &
FSH...



Significant events during follicular phase

1) Gonadotropin release from the anterior lobe of the
pituitary

2) Follicular preparation for ovulation

3) Sexual receptivity

4) ovulation



The tonic and surge centers in the

hypothalamus control GnRH release.

Tonic center:
1- Ventromedial Nucleus
2- Arcuate Nucleus

Surge Center:
1- Preoptic Nucleus

2- Suprachiasmatic Nucleus
3- Anterior hypothalamic area



v" Tonic center releases basal levels of GnRH until it receives the
appropriate positive stimulus. This stimulus is known to be a
threshold levels of E2 In the absence of P4.

nl)

GnRH (pg/ml)

GnRH (pg/m




Note!

GnRH episodes occur every 1.5 to 2 hours
during the follicular phase. During the luteal
phase episodes of GnRH occur every 4 to 8
hours.



Follicular dynamics

= Follicular dynamics (Growth, Degeneration)
occurs continuously throughout the entire
estrous cycle.

= Antral follicles of various sizes develop In
response to tonic levels of FSH and LH and
these antral follicles are always present.



Dynamics of antral follicles consist of:

® recruitment
e selection

® dominance
® atresia




In Monotocous species (Cow, Mare, Women): single follicle is selected.

In polytocous species (Pig, Dog, Cat): there are multiple dominant follicles.

Atresia

T

Ovarian follicular pool Small
follicles

1 E,

Atresia

Medium

follicles

‘ E,

Recruitment

Selection

Ovulatory
follicle

Large

follicles

. 3

Dominance




Recruitment Selection Dominance

writry Into sonadotrooin . _ (final erowth of ovuls v § le(s)
(entry into gonadotropir (ovulatory follicles emerge) (final growth of ovulatory follicle(s)

sensitive pool) and Iinhibition of others)

Tonk
Canter

Small follicles Medium follicles




Figure 8-7. Several Follicular Waves Occur During One Cycle
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Recruitment = high FSH +low LH + no inhibin + no estradiol

Selection = low FSH + moderate LH + low inhibin

Dominance = low FSH + high LH + high inhibin

e—

Atresia = degeneration of follicles




Notel

Follicular waves of antral follicles are not unique
to the estrous or menstrual cycle.

hey occur during before puberty, pregnancy,

during anestrus and puerperium (however during these
times do not yield dominant follicles that produce threshold levels
of estradiol).




Figure 8-2. The Relationship Between the Hypothalamus,
the Pituitary and the Ovary During the Follicular Phase
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“The 2-Cell, 2-Gonadotropin Model”
Describe Estrogen Synthesis

Figure 8-9. The "2-Cell, 2-Gonadotropin Model”
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Figure 8-4. Hormonal Changes During the Follicular Phase
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The major effects of estrogen on the
reproductive tract are:

¢ increased blood flow
e oenital swelling

® change in tissue electrical
conductivity

® leukocytosis

® increased mucosal secretion
® initiation of uterine gland growth

e ¢elevated myometrial tone




Figure 8-13. Ovarian Events Caused by the Preovulatory LH Surge
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Ovulation is brought about by:
* ¢levated blood flow
® breakdown of connective

fissue
® ovarian contractions




Some species require copulation before ovulation can occur

Figure 8-14. The Pathway for Induced Ovulation
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e vagina and cervix.
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T'he four phases of oocyte maturation
are:

* mitotic division of primor-
dial germ cells (prenatal)

* nuclear arrest (dictyotene)

* cytoplasmic growth

® resumption of meiosis




Figure 8-16. The Major Steps of OQogenesis
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Thanks for your attention
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