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Lactation starts with active contraction of the myoepithelial cells surrounding the alveoli,
this process is termed milk ejection, or milk let down. These myoepithelial cells contract
when stimulated by oxytocin, a hormone released from the neurohypophysis of the
pituitary as a result of a neuro-endocrine reflex. The afferent side of the reflex consists of
sensory nerves from the mammary glands, particularly the nipples or teats. Afferent
information reaches the hypothalamus, which regulates the release of oxytocin from the
neurohypophysis. The milk ejection reflex can be stimulated by suckling, concentrate
feeding, barn noises, and the sight of the calf. It can also be inhibited by emotionally
disturbing stimuli, such as dog barking, outer loud and unusual noises, excess muscular
activity, and pain. Stressful stimuli increase the activity of the sympathetic nervous system
(epinephrine and norepinephrin) which can inhibit the milk ejection reflex.

Introduction
Lactogenesis is the process of differentiation
where by the mammary alveolar cell acquires
ability to secrete the milk. Once initiated,
secretion of milk by alveolar epithelial cells is
a continuous process but secretion does not
occur at a constant rate over time.
Maintenance of secretion throughout an
individual lactation cycle requires regular
removal of milk from the gland (Alexandrova
et al., 1980). Rate of milk secretion depends
on available storage capacity within the gland.
Rate of milk secretion is fastest immediately

after milk removal via suckling or milking and
slows dramatically by 10–12 hours.
Implementing a shorter interval between
subsequent bouts of milk removal can increase
milk production capacity. Approximately 35
hours after the most recent milk removal, milk
secretion essentially stops. Control of milk
secretion is achieved through both physical
and chemical interactions (Bisset et al., 1970).
Physical interactions
Physical limitations are achieved through the
build‐ up of pressure within the alveoli,
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resulting in an inverse relationship between
intramammary (IMM) pressure and milk
secretion rate (Lincoln et al., 1981). As milk
pressure builds up, supporting structures, such
as blood vessels, will be displaced, which in
turn will limit the delivery of nutrients to
alveolar cells. Pressure within the gland is
highest at milking or suckling time, when teat
stimulation causes oxytocin release (Lincoln
et al., 1974) and contraction of myoepithelial
cells, resulting in milk letdown. During this
time, IMM pressure is approximately 35–55
mmHg.
As the milk removal process continues,
pressure will drop to near zero independently
of the amount of milk removed. Within 1 hour
of milking, pressure will increase to a level of
approximately 8 mmHg and continues to
increase steadily until the next milking. In
dairy cattle, high‐ and low‐ yielding cows
experience the same change in absolute
pressure but the pressure per unit of newly
secreted milk is lower in high yielding cows.
Chemical interactions
Chemical control of milk secretion appears to
occur at the local level through a protein
fraction called feedback inhibitor of lactation
(FIL), which is secreted by mammary
epithelial cells. Milk secretion rate is inversely
proportional to FIL concentration in the
alveoli.
FIL’s mode of action is not fully understood,
but it apparently works to slow milk secretion
rate by suppressing key enzymes in epithelial
cells, thus slowing secretion of key milk
components.
Over
time,
increasing
concentrations of FIL stimulate intracellular
breakdown of casein, reduces the number of
prolactin receptors on mammary epithelial
cells, and inhibits differentiation of mammary
epithelial cells.

Control of lactogenesis
Lactogenesis is two stage mechanisms:
1) The first stage of lactogenesis consists of
partial
enzymatic
and
cytological
differentiation of the alveolar cells and
coincides with limited milk secretion before
parturition
2) The second stage begins with the copious
secretion of the milk component shortly before
parturition and extends throughout postpartum
in most species.
The development of the rough endoplasmic
reticulum, smooth endoplasmic reticulum and
the Golgi apparatus results in mammary
synthesis of protein fat and lactose
respectively. Following exposure to lactogenic
hormones, differentiation of the mammary
secretory cell will occur. The presence of
blood progesterone through late pregnancy
significantly blocks lactogenesis. In late
pregnancy, the corpus luteum regresses, and
the mammary gland is then free to respond to
the hormones of the lactogenic complex
(insulin, glucocorticoides and prolactin). At
mid pregnancy, mammary cells have little
rough
endoplasmic
reticulum,
Golgi
apparatus, and casein protein. Stimulation of
the mammary gland by multiple hormones is
required for lactogenesis. Decreasing the
degradation rate of mRNA from the milk
protein. Prolactin act by increasing the
transcription rate of mRNA from milk protein
gene directly stimulates the transcription of
casein genes and other protein genes. Prolactin
which is the site of synthesis of casein proteins
and some of the whey proteins that will be
exported from the secretory wall (Tyson et al.,
1972) induces the differentiation of the rough
endoplasmic
reticulum.
Glucocorticoide
hormones (cortisol)
presence of insulin
induces the sensitivity to other hormones. The
presence of insulin is requires for protein
production. Insulin up regulate several genes
in the mammary gland.
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Progesterone roles on lactogenic hormones
The progesterone block on lactogenesis is not
however absolute. If it were absolute, the
simultaneous pregnancy and lactation would
be impossible. Progesterone significantly
reduces the synergism between estrogen and
prolactin. Progesterone decreases the ability
of prolactin to induce secretion of αlactalbumin, an enzyme moiety of lactose
synthase. Progesterone inhibits prolactin
induced stimulation of its own receptor and
also inhibits many other action of prolactin,
including transcription, stabilization and
translation of mRNA for milk proteins.
Withdrawal
of
progesterone
triggers
lactogenesis in the presence of Prolactin and
glucocorticoides. Concurrent lactation and
gestation have little effect on milk production
and mammary cell numbers, but milk yield
and mammary cell number decrease after the
fifth month of concurrent gestation compared
with non pregnant cows. In some species such
as cattle and horse, consumption may occur
during lactation. This loss of secretory cell
lowers milk yield as lactation advances, the
rate of decline of mammary cell loss exceeds
the rate of cell division. After parturition,
there is marked increase in milk yield in cows,
which reaches a maximum in 2 to 8 weeks and
the gradually decline.
Galactopoiesis
Thyroid hormone influences the Growth
hormone, ACTH, Thyroid stimulating
hormone, Insulin and Parathyroid hormone are
required for the maintenance of lactation.
Pituitary gland and its hormones are important
integrators of the endocrine control of milk
secretion (Lincoln et al., 1974). Hormonal
control of galactopoiesis exogenous prolactin
has a very little galactopoietics effect in
lactating cows, but it causes a slight increase
in milk yield of goats in late lactation (Bruhn
et al., 1981). ACTH plays a direct role in

lactation by exerting its effect on mammary
cell numbers, their metabolic activity and milk
synthesis as well as the intensity and duration
of milk secretion. Administration of the
parathyroid hormone stimulate milk yield and
increases the concentration of plasma calcium
level (Douglas et al., 1964). The increased
milk yield may be maintained by the
continuous use of exogenous somatotropin in
lactating cows. Commercial exploitation of
such an effect was not practical until the
advent of the recombinant DNA technology
that allowed the bovine growth hormone
(bovine somatotropin) economically in
laboratory. Its effects by effective partitioning
of the available nutrients away from the body
tissues and towards the milk synthesis.
Growth hormone does not produce its effect
by direct stimulation of mammary gland in
ruminants. Growth hormone administration
has a dose dependent effect on the stimulation
of milk yield in dairy cows.
Feed intake and water consumption markedly
affect the rate of milk secretion and both of
these
processes
are
regulated
by
hypothalamus. Stimulation of the mammary
afferent nerve via the hypothalamus causes a
variety of hormonal responses (Cross et al.,
1974). There is no evidence that nerve supply
directly affect the maintenance of secretory
activity of the mammary alveolar epithelium.
Conversely intense suckling of milk to
adequate milk removal will not sustain
lactation indefinitely. A hormonal complex
control lactation, but unless milk is removed
frequently from the mammary gland, synthesis
of milk will not persist despite as adequate
hormonal status.
Role of suckling in milk secretion
Milk ejection can be stimulated by suckling
and milking, washing the udder, presence of
the young. The mammary glands of mammals
from the platypus (Renfree, 1979) to man are
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identical in fine structure, and consist of
alveolar tissue within which milk is
continuously secreted during lactation (Morris
et al., 1978). An alveolar structure increases
enormously (perhaps by 10000-folds) the
surface area for secretion relative to the
external size of the gland, but at the same time
complicates the problem of milk removal.
Small ducts generate substantial surface
tension forces that oppose the movement of
fluids; suction is therefore a relatively
ineffective method for removal of alveolar
milk (Berde, 1968). The problem has been
overcome by investing the alveoli in a basketlike reticulum of myoepithelium which
contracts in response to oxytocin released
from the posterior pituitary. When stimulated
by oxytocin the alveoli are compressed and
milk is expelled into the larger collecting
ducts for removal by the sucking of the young
(Tindal, 1978). Further, the establishment of a
nervous link between the nipple and the
oxytocinergic neurons of the hypothalamus
allows milk ejection from the alveolar tissue
to be co-ordinate with the sucking of the
young (Tribollet et al., 1978). Thus is formed
the most classical of neuroendocrine reflexes.

Our analysis of this reflex would, if we
adopted a traditional approach, commence
with the sensory input to the hypothalamus
(afferent limb) and conclude with a study of
the motor response, i.e. the release of oxytocin
and milk ejection (efferent limb).
There is however sound reasons for reversing
this procedure. The process of milk ejection is
remarkably uniform in all mammals, but the
same cannot be said of the afferent limb of the
reflex arc. Alveoli contain >80% of stored
milk.
In the long term, the suckling process, elicits
the release into the maternal blood of factors
on which the maintenance of milk secretion
(galactpoiesis) depends. Medium term (over a
period of hours): In the medium term, removal
of milk from the alveolar lumina prevents the
local accumulation of chemical factors, which
inhibit further secretion. Short term (over a
period of hours): In the short term, sucklinginduced ejection allows the young to obtain
almost all the milk present in the gland,
although a small proportion (the residual milk)
remains in the glands

Figure.1 Neurohormonal control of milk secretion (Senger, 2003)
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myoepithelial cell. This results in contraction
of the myoepithelial cells and expulsion of
milk from the mammary gland (Lincoln, Hill
and Wakerley, 1973). An essential component
of the milk ejection reflex is the binding of
oxytocin, specifically and with high affinity,
to protein receptor sites on the myoepithelial
cells. Concentration then rapidly declines
reaching a basal level within 10 minutes.
Thus it is important to attach the milking
machine to teat within 30-60 seconds of
stimulating the teat. In cattle, the
concentration of oxytocin in blood peaks
within two minutes following the stimulation
of teats. The timing of oxytocin release
relative to milk removal is an important factor
affecting milk ejection (Jessell et al., 1977).

Neurohormonal control of milk secretion
This causes release of oxytocin and
neurophysin into the blood (Dreifuss et al.,
1971). The efferent pathway starts at this
point. When the cell bodies of the oxytocincontaining neurons are stimulated by these
impulses originating in the teat, an action
potential moves down the oxytocincontaining neurons from the cell body in the
hypothalamus down the axon to the neuron
ending in the posterior pituitary. The nerve
impulses travel to the brain through the
spinothalamic nerve tract (Findlay, 1966).
Mechanical stimulation of the teat activates
pressure-sensitive nerve receptors in the skin
of the teat.
The greatest amount of innervation in the
mammary gland of the dairy cow is in the
teats. Neural (afferent) component milk
ejection reflex has a neural (afferent) and a
hormonal (efferent) component. Epithelial
secretory cells respond to very low levels of
oxytocin. Injection of about 10 IU
(international units) causes milk let down.
However, as little as 0.02 IU can result in
milk ejection. The number of oxytocin
receptors increases to maximal during the first
lactation, and persists for the lifetime of the
secretory cell (Iversen et al., 1980). This
results in contraction of the secretory cells
and expulsion of milk from the mammary
gland. It then travels to the mammary gland
and binds to protein receptor sites on the
epithelial secretory cells. Oxytocin is released
into the blood in response to action potential
of nerve impulses originated in the teat. The
efferent pathway begins with the release of
oxytocin into the blood.

Milk ejection from the mammary gland
Milk ejection is a neurohormonal reflex
associated with the release of oxytocin. In
some occasions, the intramammary pressure
is sufficiently great to overcome the
resistance of the teat sphincter so that the milk
may leak from the teat. The flow of milk due
to passive withdrawal, which is greatly
increased following ejection, is commonly
known as letdown. The ejection process
results in a rapid transfer of milk from the
lobulo-alveolar spaces into larger ducts.
Ejection of milk is accomplished by
contraction of the myoepithelial cells
surrounding each alveolus. The contraction of
the myoepithelial cell probably involves an
oxytocin receptor-mediated depolarization of
the cell membrane. During pregnancy the
number of receptors in the mammary tissue of
the rat increases progressively and remains
relatively constant throughout lactation
(Soloff et al., 1979). This contrasts markedly
with the uterus where oxytocin receptors in
the myometrium increase about 40-fold in the
hours immediately before parturition and
rapidly disappear thereafter. These changes in
receptor concentration in the uterus are

Hormonal (efferent) component
The number of oxytocin receptors increases to
maximal amount during the first lactation,
then probably persists for the lifetime of the
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related to dramatic changes in oestrogen,
progesterone and prostaglandin production at
the time of parturition (Alexandrova and
Soloff, 1980; McCracken, 1980), though
clearly the interaction is largely tissue specific
and does not involve the mammary gland to
any significant degree. One important
consequence of these changes in receptor
availability, when combined with the fact that
copious milk production does not occur until
shortly after parturition, is that oxytocin may
be used sequentially, first to facilitate the
delivery of the young and then later to
promote milk ejection. The oxytocin receptors
of the mammary gland are not notably
specific. Vasopressin, the other major
hormone of the posterior pituitary, has 25% of
the milk-ejecting activity of oxytocin in the
rat (Berde and Boissonnas, 1968).

are usually released in response to stressful
situations and increase the tone of the smooth
muscles of the mammary ducts and blood
vessels. Oxytocin action can be blocked by
catecholamines
(epinephrine
and
norepinephrine). Various stressful stimuli that
inhibit milk ejection are associated with
increased activity of the sympathetic nervous
system. Based on the above discussion about
peripheral and central inhibition of milk
ejection, it can be stated that milk ejection
occurs as a result of oxytocin release, which is
normally couples with inhibition of the
central and peripheral inhibitory controls.
Exogenous oxytocin is usually administered
in these cases causing milk ejection. The
stress inhibits the release of oxytocin from the
posterior pituitary gland (central inhibition of
milk ejection). A common cause of failure to
milk ejection is associated with stress of
milking in the early postpartum period
especially for primiparous cows.

Inhibition of milk ejection
Stressful stimuli will inhibit milk ejection

Norepinephrine reduces oxytocin release from
the pituitary; this is an indirect effect
mediated by inhibition of oxytocin release at
the hypothalamic level (Lincoln et al., 1974).
Norepinephrine decreases mammary blood
flow (amount of oxytocin to the gland); this is
an inhibition at the mammary tissue level
(Jones and Pickering, 1972). Norepinephrine
reduces myoepithelial cell contractile
response to oxytocin; this is a direct inhibition
at the myoepithelial cell level (Clarke et al.,
1978).

Sympathetic nerves
The
neuro-endocrine
components
of
sympathetic nerves are epinephrine and
norepinephrine. Epinephrine (adrenaline) is
primarily from adrenal medulla.
Parasympathetic nerves
There is no parasympathetic innervation in
the mammary gland. The neurotransmitter of
parasympathetic nerves is acetylcholine.

In conclusion, lactation (milk removal) is
essential for survival of new born. Lactation
process is under the influence of
neuroendocrine reflex. milk ejection induced
by the release of oxytocin in response to
suckling reflex, barn feeding, noise of milking
matchine and mechanical stimulation to teat,
these are the essential factors for the milk
ejection in dairy cows. Milk removal can be
disturbed at central or peripheral level under

Epinephrine directly blocks oxytocin from
binding to myoepithelial cells. This is termed
peripheral inhibition of milk ejection. Thus,
exogenous oxytocin will not cause milk
ejection in animals exhibiting peripheral
inhibition. This results in the reduction of
oxytocin reaching the myoepithelial cells and
partial occlusion of the mammary ducts
(Lincoln and Renfree, 1981). The hormones
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different conditions. The central disturbance
represents a failure of ejection or insufficient
ejection of the alveolar milk in to the cistern
due to the inhibited oxytocin release from
pituitary in to the blood circulation. For
maintenance of dairy farm economic value
high yielding dairy cows maintain in stress
free environment.
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