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Figure 3, Mechanism of lactose synethesis
in The mammary gland (Ref. I)
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F gure 4. Schematic representation of alveolar cells in the mammary gland, Fat
droplets (black) in the ergastoplasm and partly in close association with mito-
chondria. Right: a milk fat globule is being pinched off. Protein granules,
(“micelles”) in the Golgi cisterns and in the alveolar lumen. B 1 = Basement
membrane of the epithelium. Notice the cytoplasmic “feet” and coated vesicles.
B 2 = Basement membrane of the adjacent capillary. E = capillary endothe-

lium.

Ref. 9
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Figure 6.

Schematic representation of the ultrastructural changes within

alveolor cells of explants of mouse mammary gland cultured in vitro with

added hormones (I,

Insulin; F, hydrocortisone; P prolactin) (Ref. 3)



Figure 7. The amino acid sequence of ovine prolactin (Ref. 21)
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with various drugs. (Ref. 67)
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Figure 12.

(Ref. 47)

Figure 13.

Levels of serum

HPL in normally pregnant al
women and |3 twin pregnancies.
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As is true for MSH but not for other pituitary hormones, the
predominant regulation of prolactin secretion by the pituitary in
negative, e.g. under ordinary basal conditions, the hypothalamus
secretes a peptide .-hormone, Prolactin Inhibitory Factor (PIF), which
is delivered to the pituitary via the portal system and which inhibits
the release of prolactin into the blood. Many, if not most,
physiological factors that influence prolactin release are fthought to
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portal system of PIF., Thus, when pituitary gland explants are
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medium whereas other pituitary hormones such as growth hormone tend
to be retained within the cells.

36, Turkington, R. W. Phenothiazine Stimulation Test for Prolactin
Reserve: The Syndrome of Isolated Prolactin Deficiency. J. Clin.

Endocrinol. 34:247, 1972,

For example, phenothiazines are thought to enhance prolactin
secretion by inhibiting at a hypothalamic level the synthesis and/or
release of PIF. In contrast to several of the releasing hormones,
however, PIF has apparently neither been characterized in detail
(it is a peptide) nor synthesized.

37. Ameromani, Y., C. L. Chen, and J. Meites. Serum Prolactin Levels in
Rats During Different Reproductive States. Endocrinol. 86:506,
1970.



38.

39.

40,

4'.

42,

- 16 =

Bryant, G. D., J. I. Linzell, and F. C. Greenwood. Plasma
Prolactin in Goats Measured by Radioimmunoassay: The Effects

of Test Stimulation, Mating Behavior, Stress, Fasting, and of
Oxytoxin, Insulin, and Glucose Injections. Hormones |:26, 1970.

Chen, C. L. and J. Meites. Effects of Estrogen and Progesterone
on Serum and Pituitary Prolactin Levels in Ovariectomized Rats.
Endocrinol. 86:503, 1970,

Voogt, J. L., C. L. Chen, and J. Meites. Serum and Pituitary
Prolactin Levels Before, During, and After Puberty in Female
Rats. Am. J. Physiol. 218:396, 1970,

McAtee, J. W. and A. Trenkle, Effects of Feeding, Fasting, Glucose,
or Arginine on Plasma Prolactin Levels in the Bovine., Endocrinol.
89:730, 1971,

However, it is likely that a specific prolactin releasing
hormone is also of physiological importance, and it has not been
established that all the physiologic stimulae that influence
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results both in enhanced oxytoxin release and in the enhanced
synthesis and release of prolactin in the steady state. While the
effect of sucking may in part be mediated by oxytoxin (The evidence
for this is still controversial) the precise mechanism of the sucking
effect is unsettled. Estrogen clearly enhances proliactin release,
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Vi, LACTATION IN MAN
A. PHYSIOLOGICAL LACTATION DURING THE PUERPERIUM
47. Spellacy, W. N. Immunoassay of Human Placental Lactogen: Physiological

Studies in Normal and Abnormal Pregnancy. Ch. in Lactogenic Hormones.
Ed. by G. E. W. Wolstenholme and J. Knight., London: C, Livingstone,
1972, p. 223,
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Hwang, P., H. Guyda, and H. Friesen. A Radioimmunoassay for Human
Prolactin, PNAS 68:1902, 1971,

Also Ref. 3 and 5.

In the initiation and maintenance of physiological lactation, two
additional hormones play a significant role = humen placental lactogen
(HPL) and oxytoxin. Starting at the 10th week HPL rises from non-
detectable levels in the serum to exceedingly high values (between 6
and 10 pug/ml) during the last 4 weeks of pregnancy, falling slightly
prior to delivery. The magnitude of this rise is correlated roughly
with The health of the mother and of the placenta. The exact role of
this hormone, as compared with the other hormones of pregnancy, in
determining the changes of the breast during pregnancy are not entirely
setftled. While it is not required absolutely for lactation or its
initiation (e.g. the castrated, adrenalectomized, hypophysectomized
goat) it is present in all placental mammals studied to date. From
studies done in experimental animals, it is likely that high circulating
levels of progesterone may be the critical factor that retards milk
secretion in the primed gland during pregnancy. The role of estfrogen
in this regard is likely although unsettied.

Following delivery HPL disappears rapidly from the maternal
circulation, and progesterone and estrogen levels also fall, at a Time
when hydrocortisone secretion is usually enhanced. These factors,
combined with the sucking reflex which promotes the release of oxytocin
and of prolactin are thought to be the primary factors that result in
the initiation and maintenance of milk flow. Two reservations about
this model are appropriate: |.) Most of The work has been done in
experimental animals, and fthe results may not be entirely applicable
to man, and 2.) Present explanations for the sucking reflex do not
seem entirely adequate, and it seems |likely that some unrecognized
smooth muscle hormone such as prostaglandin may well be involved in
the ejection process which is so critical for the maintenance of milk
secretion.,

Hwang, P., H. Guyda, H. Friesen, and J. Tyson. Studies of Human
Prolactin by Radioimmunoassay. Abstracts of the Endocrine Soc, June
1971, p. A=43,

It is exceedingly interesting that the first nursing of the day
appears to be more effective in releasing prolactin than does the
third.

El-Minawi, M. F. and M, S. Foda. Postpartum Lactation Amenorrhea.
Am, J, Obstet, Gynecol. II1:17, 1971,

Among the unexplained features of normal lactation is the postpartum
amenorrhea that according to these authors is more common in breast
feeding mothers. Although this phenomenon may well be nutritional, it
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is clear that careful studies of LH-FSH and gonadal physiology during
the puerperium are needed and could possibly shed light on the
amenorrhea that so often accompanies galactorrhea.

GALACTORRHEA

Argonz, J. and E. B. del Castillo. A Syndrome Characterized by
Estrogenic Insufficiency, Galactorrhea, and Decreased Urinary
Gonadotropin. J. Clin. Endocrinol. 13:79, 1953,

Forbes, A. P., P. H. Henneman, G. C. Griswald, and F. Albright.
Syndrome Characterized by Galactorrhea, Amenorrhea and Low Urinary FSH:
Comparison with Acromegaly and Normal Lactation. J. Clin., Endocrinol.
14:265, 1954,

Chiari, J., C. Braun, and J. Spaeth. Johann Chiari, Richard Frommel
and the Chiari-Frommel Syndrome. Ch. 46 in Obstetrics and Gynecological
Milestones. H. Speert, ed. New York: MacMillan, 1958.

Rankin, J. S., A. F. Goldfarb, and A, E. Rakoff. Galactorrhea-
Amenorrhea Syndromes: Postpartum Galactorrhea-Amenorrhea in the Absence
of Intracranial Neoplasm. Obstetrics and Gynecoloay 33:l, 1969,

Young, R. L., E. M. Bradley, J. W, Goldzieher, P. M. Myers, and F. R.
Lecoq. Spectrum of Nonpuerperal Galactorrhea. J. Clin. Endocrinol. 27:
461, 1967,

Thompson, J. P. and R. D. Kempers. Amenorrhea and Galactorrhea., Am,
J. Ob. Gyn. 93:65, 1965,

On clinical grounds it has been apparent for many years that the
attempts to categorize idiopathic galactorrhea into nosologic entities
(as to whether occurring after pregnancy, with or without a pituitary
tumor, and whether accompanied by amenorrhea) make no sense. Not only
is The overlap enormous but over the years many patients shift from one
category to another. What will be attempted here is a classification
of the clinical syndromes based on the recent studies of prolactin
physiology in various disease states.

Canfield, C. J. and R. W. Bates. Nonpuerperal Galactorrhea. New
England J., Med. 273:897, 1965.

Kleinberg, D. L. and A. G. Frantz. Human Prolactin: Measurement in
Plasma by an In Vitro Bioassay. J. Clin, lnvest. 50:1557, 1971,
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Forsyth, I. A., G. M, Besser, C. R. W, Edwards, L. Francis, and
R. P. Mynes. Plasma Prolactin Activity. Brit. Medical J. 3:225,
1971.

Sherwood, L. M, Human Prolactin, New England J. Med. 284:774, 197I.

Lead Article. Human Prolactin., Brit. Med. J. 3:201, 1971.

Loewenstein, J. E., |. K. Moriz, G. T. Peake, and W. H. Daughaday.
Prolactin Bioassay by Induction of N-Acetyllactosamine Synthetase
in Mouse Mammary Gland Explants. J. Clin, Endocrinol. 33:217, 1971,

Turkington, R, W. Measurement of Prolactin Activity in Human Serum
by the Induction of Specific Milk Proteins in Mammary Gland In Vitro.
J. Clin, Endocrinol. 33:210, 1971.

Turkington, R. W. Human Prolactin. Amer, J. Med. 53:389, |972.

Frantz, A. G., D. L. Kleinberg, and G. L. Noel. Physiological and
Pathological Secretion of Human Prolactin Studied by In_Vitro
Bioassay. Ch. in Lactogenic Hormones., Ed. by G. E. W. Wolsterholme
and J. Knight. London: C. Livingston, 1972, p. 137,

Bryant, G. D. and F. C. Greenwood. The Concentrations of Human
Prolactin in Plasma Measured by Radioimmunoassay: Experimental and
Physiological Modifications. Ch. in Lactogenic Hormones. Ed. by
G. E. W. Wolsterholme and J. Knight. London: C. Livingston, 1972,
p. 197,

Turkington, R. W. Measurement of Prolactin Activity in Human Serum
by the Induction of Specific Milk Proteins In Vitro: Results in
Various Clinical Disorders. Ch. in Lactogenic Hormones. Ed. by

G. F. W. Wolsterholme and J. Knight. London: C. Livingston, 1972,
p. 169,

Besser, C. M, and C. R. W. Edwards. Galactorrhea. Brit, Med, J.
2:280, 1972,

The thesis that underlies all these papers (stated most
explicitly in Ref. 68) is that all galactorrhea is due fo enhanced
prolactin secretion but that galactorrhea is less common than is
elevated blood prolactin. The latter is hardly surprising since
milk production requires a complex developmental gestalt and other
hormones as well, but the central thesis is as yet unproved. Although
most patients with galactorrhea do in fact have elevated serum
prolactin, some have levels that are in the normal- range even upon
repeated testing. The proponents argue that with present methodology
blood prolactin levels even in puerperal lactation are occasionally
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normal and that if the assays were sensitive enough, abnormal
prolactin secretion could probably be documented in all cases.

l. EAILURE OF NORMAL HYPOTHALAMIC INHIBITION OF PROLACTIN RELEASE
BY THE PITUITARY

a. Pituitary Stalk Section

Turkington, R. W., L. E. Underwood, and J. J. VanWyk. Elevated
Serum Prolactin Levels After Pituitary-Stalk Section in Man.
New England J. Med. 285:707, 1971,

Perhaps the strongest evidence that the normal CNS control
mechanism is inhibitory in character is that stalk section in man
results in a striking increase in prolactin release by the pituitary
(in Il of 15 patients in this particular study). |If pituitary
infarction that sometimes results is extensive enough, however,
blood prolactin falls, as do the other pituitary trophic hormones.

b. Drugs

Relkin, R, Galactorrheas A Review. New York State J, Med. 65:2800,
1965,

(Also Ref., 36 and Ref. 60-68)

For all practical purposes virtually all drugs that influence the
CNS result in enhanced prolactin release, presumably due to the
inhibition of PIF synthesis or release. This includes serpasil,
chlorpromazine, aldomet, stelazine, compazine, equanil, mellaril,
prolixin, and ftofranil. The response to chlorpromazine is so
predictable that Turkington (36) has proposed using the prolactin
response as a test of normal hypothalamic reserve capacity.

c. Central Nervous System Disease

Turkington, R. W. Secretion of Prolactin by Patients with Pituitary
and Hypothalamic Tumors. J, Clin, Endocrinol. 34:159, 1972,

Turkington, R. W. Hyperprolactinemia in Sarcoidosis. Ann, Int, Med.
76:545, 1972,

Although galactorrhea is known to be a frequent sequela of a
multitude of extrapituitary CNS diseases, including craniopharyngioma,
pinealoma, encephalitis, meningitis, hydrocephalus, following
pneumoencephalogram, etc., documentation of enhanced prolactin
secretion is clear-cut only in hypothalamic tumors and in sarcoidosis
of the CNS. Other CNS diseases are presumed to act in the same fashion.
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2. ENHANCED RELEASE OF PROLACTIN INDEPENDENT OF THE NORMAL
INHIBITION MECHANISM

a. Anterior Chest Wall Stimulation
See Ref, 60-66.

Chest wall stimulation of a variety of types - nipple
stimulation, chest surgery, unilateral masteciomy, breast
abscess, herpes zoster, dermaTtitis, and burns of The chest
wall - is associated wiTh a significant incidence of
galactorrhea. It is possible that the increased prolactin
release following nipple stimulation might be due to
inhibition of PIF, but the remarkable rapidity of the
phenomenon suggesTs the possibility of enhanced release
mechanism. (lT is thoughi That enhanced prolactin release
cannot be mediated by oxytocin alone.) That this mechanism
for inducing milk secretion can be a very powerful one is
attested to by ine factv rthat several authors staTte that a
nursing baby can induce milk secretion in women not in the
puerperium (even occasionally in posT mencpausal women) for
example when a mother dies and the baby is given to another
womar, in the family for nursing. |t is a common ciinical
impression that manipulation of the breast is a common cause of
galactorrhea.

b. Pituitary Tumors

Racadoi, J., E. Vila-Porcile, F. Peillon, and L. Olivier. Adenoma
Hypophysaines a Cellules a Prolactine: Etude Structurale
Correlative Anatomo-Cliniques. Annales_d'endocrinolocie 32:298,
1971,

Fundamental ly three types of pituitary Tumor may be associated
wiTh galactorrhea; pure prolactin secreting tumors and chromophobe
adenomas that contain prolactin celis in small quantities have been
studied most carefully. The question that is unresolved is that of
acromegaly; some acromegalies have both elevated GH levels and
prolactin levels whercas others have only elevated GH. |1 is not
clear at present whether cxcessive GH in the absence of prolactin
can support lactation, but most workers in the field seem to
belicve That growth normone in man is probably not a lactogenic
hormone. In retrospect, i1 seems likely that Forbes and Albright

actuclly described the syndrome that results from prolactin secreting

piftuitary tumors and that the amenorrhea may well be The result of
secondary effects of the ftumor. It is interesting that in their
oriaginal paper, The suggestion was advanced that the disorder is in
fact duz to enhanced prolactin secretion,
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Mahesh, V. B., S. D. Pria, and R. B. Greenblat. Abnormal Lactation
wiTth Cushing's Syndrome - a Case Report. J. Clin, Endocrinol. 29:
978, 1969.

IT is not clear whether the galactorrhea of Cushing's disease
is duc to enhanced glucocorticoid secretion or to the presence of
some prolactin secreting cells in the pituitary tumors.

c. Ectopic Secretion of Prolactin by Other Tumors

Turkington, R. W. Ectopic Production of Prolactin., New England
J. Med. 285:1455, 1971.

As is true with other hormones, prolactin can be secreted on
occasion by other malignancies; in this report bronchogenic carcinoma
and hypernephroma were both associated with elevated prolactin
secretion and gynecomastia.

d. Human Placental Lactogen Secretion

Although elevated placental lactogen secretion and galactorrhea
can occur in hydatidiform moles and in chorionepitheliomas it is
interesting that this phenomenon is not too common. This is said to
be because HPL secretion per unit mass of tumor is low in contrast to
the phenomenally high rates of chorionic gonadotropin secretion, e.g.
the tumor tends to mimic the placenta of early rather than late
pregnancy.

e. Hypothyroidism

Ross, F, and M. L. Nusynowitz. A Syndrome of Primary Hypothyroidism,
Amenorrhea and Galactorrhea. J. Clin, Endocrinol. 28:591, 1968.

Bayliss, P. F. C. and W. VantHoff. Amenorrhea and Galactorrhoea
Associated with Hypothyroidism. Lancet 2:399, 1969,

Edwards, C. R. W., . A. Forsyth, and G. M. Besser. Amenorrhea,
Galactorrhea and Primary Hypothyroidism with High Circulating Levels
of Prolactin. Brit, Med, J. 3:441, 1971,

The galactorrhea of hypothyroidism is important for two reasons:
l.) 1T is cured by thyroid replacement, and 2.) It is almost certainly
due to TRH mediated release of prolactin - the only clear-cut evidence
for physiologically important prolactin releasing activity in man.

3. IDIOPATHIC

When all the known causes are excluded, there are still a
large number of patients with galactorrhea of unknown etiology.
It is strongly suspected by many students of the problem that a
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significant fraction of these patients will prove to have subtle
disorders of the hypothalamus that will have to be elucidated

by careful dissection of the regulation of prolactin release in
such patients. What is clear is that early ovarian failure is

a frequent accompaniment of the disorder, and it is conceivable
that such failure might be primary rather than secondary in the
disorders. What does seem clear is that several syndromes are
almost certainly lumped together into this category at present.

THE_CONTRACEPTIVE PROBLEM

Gregg, W. |, Galactorrhea After Contraceptive Hormones. New England
J. Med. 274:1432, 1966,

Friedman, S. and A. Goldfien. Breast Secretions in Normal Women,
Am, J. Obstet. Gynecol. 104:846, 1969,

Friedman, S. and A. Goldfien. Amenorrhea and Galactorrhea Following
Oral Contraceptive Therapy. J. A, M, A. 210:1888, 1969,

Gambrell, R, Doy, Jr., R. B, Greenblatt, and V. B. Mahesh, Post-Pill
and Pill Related Amenorrhea-Galactorrhea. Am, J, Ob, Gyn. 110:838,
1971 .

Shevach, A. B. and W. N, Spellacy. Galactorrhea and Contraceptive
Practices. Obstetrics and Gynecology 38:287, 1971,

Although contraceptive steroids (with and without estrogens) have
been reported to cause galactorrhea, it is clear from these studies
‘+hat the incidence is the same in women on mechanical as on oral
contraceptives, that the galactorrhea can begin either while the
patient is on the pill or on cessation of therapy, and that the
natural history and course is amazingly similar to that of the
idiopathic disorder (Chiari-Frommel syndrome). Indeed, Friedman and
Goldfien concluded that the incidence of galactorrhea may actually be
decreased in women on the pill (80). It seems fairly safe to conclude
that, despite occasional striking association, contraceptive steroids
do not play a major role in causative agents for galactorrhea. (They
are also generally ineffective agents in the treatment of galactorrhea
in galactorrhea-amenorrhea syndromes.)

TREATMENT OF GALACTORRHEA

Management of galactorrhea is frequently frustrating, and it is not

uncommon after a negative diagnostic work-up to be left with no form of
therapy fo offer the patient other +han avoidance of chest wall stimulation.
It is clear that the main therapeutic hope is for a PIF hormone that would
be therapeutically useful. In the interim, two other forms of therapy offer
some promise.,
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Kamberi, |. A., R. S. Mical, and J. C. Porter. Effect of Anterior
Pituitary Perfusion and Intravenitricular Injection of Catecholamines
on Prolactin Release. Endocrinol. 88:1012, 1971,

Kleinberg, D. L., G. L. Noel, and A. G. Frantz. Chlorpromazine
Stimulation and L-DOPA Suppression of Plasma Prolactin in Man,
J. Clin, Endocrinol. 33:873, 1971,

Turkington, R. W. Inhibition of Prolactin Secretion and Successful
Therapy of the Forbes-Albright Syndrome with L-DOPA. J. Lab, Clin.
Med. 78:824, 1971.

Turkington, R. W. Inhibition of Prolactin Secretion and Successful
Therapy of the Forbes-Albright Syndrome with L-DOPA. J. Clin.
Endocrinol. 34:306, 1972,

Following up on the report from Porter's laboratory that dopamine
caused accelerated PIF release, two groups of investigators have
treated patients with L-DOPA (0.5 g g6h). Of |4 patients treated by
Turkington (86) 1l had dramatic decrease in blood prolactin to normal
or near normal levels within 48 hours. Several patients had complete
cessation of galactorrhea for as long as they took the medicine (up
to 6 mos.), and the improvement was associated with increased
gonadotropin secretion. Two of the 3 patients who did not respond
proved ultimately to have chromophobe adenomas.

Luttinbeck, P, M., J. S. Pryor, L. Varga, and R. Wenner. Treatment
of Non-Puerperal Galactorrhea with an Ergot Alkaloid. Brit. Med, J.
3:228, 1971,

Ergot alkaloids, which are also potent inhibitors of prolactin
release resulted in dramatic relief of galactorrhea in 3 patients,
but unfortunately unpleasant side effects caused discontinuation of
the druge.

POSSIBLE ROLE OF PROLACTIN IN CARCINOMA_ OF THE BREAST

89.

90.

Salih, He, W. Branden, H. Flax, and J., R, Hobbs. Prolactin Dependence
in Human Breast Cancers. Lancet 2:1103, 1972,

Lead Article. Prolactin and Breast Cancer. Lancet 2:1129, 1972,

it is of interest that as many as a third of all breast carcinoma
may be prolactin dependent, and it is possible that the same effect as
following hypophysectomy would be obtained if an effective means of
inhibiting prolactin release were available.



