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EDITORIAL

This is the first editorial to be included in this series. It is planned that ail
future volumes will contain a brief comtment on an area of current research in
steroid biochemistry or pharmacology. This comment will not be a compre-
hensive review, but will draw attention to recent significant findings, or to
promising areas of research.

STEROID HORMONES AND PROLACTIN IN
HUMAN CANCER

It has been known for many years that the anterior pituitary gland of most
mammals secretes a lactogenic hormone, which is responsible, primarily, for the
initiation and maintenance of lactation. These “‘prolactins’ are secreted by
specific acidophilic cells and are distinct from gonadotrophins and growth
hormones. The prolactins of certain species also possess gonadotrophic (‘luteo-
trophic’) activity, e.g. rodent prolactin, while many prolactins also have some
anabolic properties similar to growth hormones. The existence- of a human
prolactin was uncertain up until about 1972. The status of human pituitary
hormones was complicated by the fact that human growth hormone (HGH) has
potent lactogenic properties. A further difficulty is the unusual acidity of HGH,
whiich migrates on electrophoresis ahead of humian grolactin (HPL). In almost all
other species, prolactin is more acidic than growth hormone, so that electro-
phoretic migration is the opposite of the human hormionés.

Once the existence of HPL was firmly established, the quemon of its
significancs, if any, in human breast cancer was immediately raised. Pituitary
ablation is known to induce objective responses in recurrent breast cancer in
some ' patients. Cases of response to this procedure have been recorded in
occasional patients in whom the ovaries had been removed previously. Could
these responses be due to removal of prolactin which was stimulating growth of
the carcinoma?

An alternative approach provided suppom ive evidence. With the recognition
of HPL as an independent hormone, specific ragioimmunoasays were developed
to measure the concentration of HPL in blood. The first interesting result from
such studies. was the discovery that men and’ women had similar plasma
concentrations and that women showed no significant fluctuation in plasma HPL
during a normal menstrual cycle. Very high values were found during late
pregnancy and in nursing mothers. The effect of drugs was then investigated.
Compounds which deplete hypothalamic catecholamines, e.g. chlorpromazine,
reserpine, etc., were found to stimulate prolactin release. A large intravenous
infusion of tryptophan has a similar action. In contrast, L-dopa (L-dihydroxy-
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xii EDITORIAL

phenylalanine) inhibits prolactin release, presumably by supplementing hypo-
thalamic catecholamines.

Unlike gonadotrophins and corticotrophin, which are secreted in response to
hypothalamic releasing factors, HPL is regulated by an inhibiting factor:
prolactin inhibiting factor (PIF). Presumably the pituitary cells which make HPL
do so with little or no stimulus, but are blocked by PIF. Combining this
information with the effects reported above of various drugs on prolactin
release, the control of prolactin can be understood if hypothalamic dopamine
stimulates formation and release of PIF (so that HPL is blocked), while
hypothalamic serotonin inhibits formation and release of PIF (so that HPL is
secreted). It is possible that PIF-producing cells respond to the balance between
dopamine and serotonin concentrations in their immediate environment.

If HPL is involved in human breast cancer, it follows that inhibition of HPL
secretion by L-dops should be helpful. A few objective responses to .this
preparation have beea reported, but its widespread trial in carcinoma of the
breast has not yet been reported.

The major paradox in HPL regulation must now be discussed. Thxsuthn
relationship to steroid hogmanes, especially estrogens.

It is well known that estrogens inhibit or prevent lactation, and oral or depot
synthetic estrogens are widely used for this purpose. An obvious explanation
would be that estrogens inhibit prolactin secretion, but there is clear .experi-
mental evidence that the reverse is true. The plasma concentration of prolactin
in an estrogen-treated patient is usually very significantly raised. The effect
appears to be dose-related and there is no inhibition of prolactin release even at
very high estrogen doses. It has been shown that estrogen implants into the
hypothalamus of experimental animals causes a stimulation of lactation and
release of prolactin. This strongly suggests that systemically administered
estrogens have a double action related to lactation. The first is stimulation of
prolactin release: the second is inhibition of prolactin action on the breasts. .

Like most protein hormones, HPL appears to act via activation of adonylr
cyclase in outer membranes of its target cells, 30 that. cytoplasmic 3',5'cyclic
adenosine monophosphate (CAMP) is formed as a ‘second messenger’. The
hormone is presumably bound to specific membrane receptors, so that the
HPL-teceptor complex can interact with a nearby imactive adenyl cyclase
molecule to induce 2 conformational change and release an enzymically active
site. Presumably estrogens in a dose sufficient to inhibit lactation, also disrupt
some aspect of HPL action on breast cells. A likely site of action would be
inhibition of prolactin-receptor formation, so that HPL was unable to.bind its
target colls.

This finding of stinsulation of prolactin release by estrogens, yet simultaneous
inhibition of breast stimulation, ocould also be relevant to breast cancer.
Estrogens are widely used in post-menopausal women with advanced or- recur-
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rent carcinoma of the breast, yet are without value in younger women, where
they are more likely to stimulate breast tumour growth. This observation is
soundly based on clinical reports from many centres. It suggests that, if the
clinical response to estrogen administration is mediated via HPL, then HPL is of
importance only in post-menopausal patients. This could make biological sense if
estrogens are able to block the formation of HPL receptors, for post-menopausal
women have an estrogen-deprived internal milieu and could, therefore, have
maximum HPL-receptors in their breast cells.

Further evidence has accumulated to reinforce the picture outlined above
of molecular antagonism between astrogens and prolactin on the breast. It has

- been shown in mice that cortisol is able to counteract the inhibitory effect of
estrogens on lactation. Apparently this action occurs within the breast and is not
due to suppression of prolactin secretion by cortisol. Interestingly, it has been
known for some time that lactation inhibited in rodents cannot be restored by
administration of prolactin alone, but a combination of prolactin and cortico-
trophin is very effective.

In terms of hormone receptors, this could be interpreted as promotion of
prolactin receptors by corticosteroids, but inhibition of their formation by
estrogens. :

Aside from L-dopa, other fairly specific drugs for the inhibition of HPL

. secretion have been developed. One of these is 2-bromo-a-ergocryptine (Sandoz
CB 154), which suppresses plasma HPL concentrations of lactating women to
less than the basal level seen in non-lactating subjects. This drug may prove to-be
of use in post-menopausal women with recurrent breast cancer and trials are
awaited.

So far in this discussion control of HPL secretion has been assumed to be
primarily under the control of hypothalamic PIF. It is, in fact, uncertain that
this is true under even normal physiological conditions, for thyrotrophin
releasing hormone (TRH) of the hypothalamus has been shown unequivocally to
stimulate secretion of both HPL and -thyrotrophin. It is possible, therefore, that
the amount of HPL secreted by the pituitary is controlled by a balance between
PIF and TRH. An attempt to represent these influences is shown in Fig. 1.

It seems likely that thyroid status could be of considerable importance in
determining the rate of prolactin secretion. Plasma HPL concentration rises
markedly following the administration of TRH (200 ug i.v.). The HPL response
is poor in patients with Graves disease, but is exaggerated in hypothyroidism.
This suggests that thyroid hormones modify the action of TRH on prolactin
releasing cells of the pituitary.

‘To add a further complication, thyroxine administration has been shown to
lead to very high plasma concentrations of prolactin. As thyroxine appears to
suppress the action of TRH on the pituitary, the increase in prolactin secretion
must be mediated other than by an action via THR. Suppression of PIH action
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Fig. 1. : .
on the pituitary, or a direct stimulation of prolactin secretion, are two
possibilities.

Interestingly, the rise in plasma thyroid hormones that follows administration
of TRH is modified by estrogens and corticosteroids in a2 manner analogous to
their modifying actions on lactation.

Several studies have now been undertaken to measure plasma HPL in women
with breast cancer. There seems general agreement that plasma concentrations
are similar to those seen in normal women. If HPL is involved in breast
carcinoma, the latter observation implies that normal plasma HPL s sufficient to
induce abnormal growth of the tumour cells, and that hypersecretjon of the
hormone does not occur. No study appears to have been reported of HPL
receptors in human breast cancer.

The relevance of thyroid status may be important, for the clinical association
between various hypothyroid conditions and breast carcinoma is well known.
Patients with breast cancer could have an exaggerated prolactin response to
TRH, though this does not appear to have been investigated.

Breast cancer patients treated with estrogen show an increased plasma
prolactin, even when an objective response occurs during this treatment. In
contrast, patients receiving nafoxidine (a non-steroidal antiestrogen) show no
increase in plasma HPL, though occasional remissions associated with a decrease
in plasma HPL following hypophysectomy have also been reported.
~ The present situation is tantalizing. It may indeed prove to be the long-sought
for key to the successful treatment of advanced or recurrent breast cancer.
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Mention must also be made of prostate gland carcinoma. Plasma HPL
concentration is the same in men and women. Men with gynaecomastia, other
than in association with drugs known to stimulate prolactin release (e.g.
chlorpromazine) have normal plasma HPL. There has been considerable specu-
lation as to whether males possess target cells for HPL and attention has centred
on the prostate gland. '

BREAST
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It is now well known that plasma testosterone is taken into prostatic cells,
converted to Sa-dihydrotestosterone, which then binds to a specific receptor and
effects biological changes by interaction with nuclear chromatin. Some evidence
has now been published which suggests that androgen binding activity of the
prostate is increased by prolactin. If this is true, a situation analogous to breast
carcinoma may exist. Men with prostate carcinoma are often treated with
estrogens. It is pow clear that such men show high plasma HPL during this
treatment. It would be tempting to suggest that estrogens inhibit the formation
of prostate cell HPL receptors, so that no biological effect occurs, despite the
high HPL concentration. Figure 2 suggests a simplified view of the process.

It has become clear in recent years that breast cancers differ significantly in
the presence or absence of steroid hormone receptors. Some possess receptors
for estradiol, others possess receptors for Sa-dihydrotestosterone, others possess
both while others possess neither. Clinical response to endocrine therapy can be
predicted relatively accurately in the advanced or recurrent disease from a
knowledge of which receptors are present and which are absent. It is possible
that a similar situation may exist for prostate carcinoma, and investigations of
response to particular therapy in terms of receptors present in primary and
secondary tumours are urgently needed. An assay for HPL receptors might
greatly aid such studies.

Finally, clinical trials of various drug combinations in patients with carcinoma
of the breast or prostate gland seem worth undertaking. Inhibitors of prolactin
secretion (L-dopa or 2-bromo-a-ergocryptine) could be used in combination with
estrogens to determine whether synergistic therapeutic effects can be developed.
A study of estrogenic compounds for effects on prolactin secretion and
inhibition of lactation could yield interesting new compounds with potential
clinical usefulness. A substance which inhibited lactation without releasing
prolactin, yet which yielded responses similar to estrogen in post-menopausal
breast cancer, or metastatic prostate carcinoma, would be a major advance.

Michael Briggs

REFERENCES

Boyns, A. R., Cole, E. N, Griffiths, K., Roberts, M. M., Buchan, R., Wilson, R.
G. and Forrest, A. P. M. (1973). Plasma prolactin in breast cancer. Europ. J.
Cancer 9, 99.

Dao, T. L. (1972). Ablation therapy for hormone-dependent tumours. Ann. Rey.
Med. 23,1,

Dao, T. L. (ed.) (1974). ‘Estrogen Target Tissues and Neopiasia’ University of
Chicago Press, Chicago.

Friesen, H. G. (1973). Human prolactin in clinical endocrinology. Metabolism
22,1039.



EDITORIAL Xvii

Griffiths, K. and Boyns, A. R. (ed.) (1972). ‘Prolactin and Carcinogenesis’
Tenovus Press, Cardiff.

Horrobin, D. E. (1973). ‘Prolactin Physiology and Clinical Significance’
Lancaster.

Mizuno, H. and Sensui, N. (1973). Counteraction of cortisol on lactation
depressing effect of estradiol in the mouse. Endocrinol. Japon. 20, 167.

del Re, R. B., del Pozo, E., de Grandi, P., Friesen, H., Hinselmann, M. and Wyss,
H. (1973). Prolactin inhibition and suppression of puerperal lactation by a
Br-ergocryptine (CB 154): a comparison with estrogen. Obstet. Gynecol. 41,
884, .

Section of Endocrinology (1973). Prolactin. Proc. Roy. Soc. Med. 66, 861.

Stoll, B. A. (ed) (1972). ‘Endocrine Therapy in Malignant Disease’ W. B.
Saunders, London.

Vander Laan, W. P. (1973). Changing concepts of prolactin in man. Calif. Med.
118, 28.



€0 ..

CONTENTS

Contributors
Editorial

Long-acting Injectable Contraceptives
T. J. VECCHIO

I. General Considerations
II. Medroxyprogesterone Acetate (MPA)
Absorption, Fate and Distribution
Use as a Contraceptive .
Other Laboratory and Metabolic Bffects
Return of Ovarian Function and Fertility Followmg

Cow»>

e Discontinuance

Effect on Mammary Gland
Other Regimens
Current Status
II1. Algestone Acetophenide— Estradnol Enanthate Combmatxon
A. Clinical Use as a Contraceptive
B. Biochemical and Metaboli¢ Effects
C. Return of Ovulatory Function Following Dlscontmuance
D. Current Status
IV. Norethisterone Enanthate .
A. Clinical Use as a Contraceptive
*B. Biochemical and Metabolic Effects
C. One-month Injection
D. Current Status
References

o mm

Biochemical Effects of Oral Comtraceptives
MAXINE BRIGGS

I. Introduction

I1. Mineral Elements
A. Previous Conclusions
B. Calcium and Phosphorus

E&E &



viii

1.

Iv.

Vil

OmmUowP SmmUO

Magnesium
Iron

Copper
Zinc

itamins

Previous Concluslons
Carotenoids
Ascorbic Acid

Folic Acid

Vitamin B¢

Vitamin B, ,
Vitamin E

Hormones

ZFFHrFPFFPOW?

Previous Concluslons
Gonadotrophins
Progesterone
Estrogens
Androgens
Corticosteroids
Aldosterone
Renin-angiotensin .
Insulin .
Growth Hormone
Thyroid Hormones

Catecholamines
Prolactin

Ammo Acids and Protems

A.

OmmUow>

Previous Conclusions
Free Amino Acids .
Tryptophan
Metalloproteins

CONTENTS

Hormone-binding Protems

"Miscellaneous Serum Proteins

Blood Coagulation’ Factors
Carbohydrates

Previous Conclusions

B. Glucose-tolerance Tests

C.

D.

Glucose Metabolism
Other Carbohydrates

Lipids

A.

B.
C.

Previous Conclusnons
Total Serum Lipids
Triglycerides

69
69
7C
7C
74
74
75
75
76
77
77
78
82
82
83
85
86
86
87
88
88
90
90

90

91
100
100
101
101
103
104
105
106
119

119

120
121
122
126
126
126
126



CONTENTS

D. Phospholipids
E. Fatty Acids .
F. Cholesterol
G. Miscellaneous

VIII. Enzymes
A. PI‘CVIOU'COBCIUSIORS
B. Aminotransferases .
C. Alkaline Phosphatase
D. Glutamyltransferase
E. Miscellaneous

IX. Conclusions .

Acknowledgements .
References
Mineralocorticoid Hormones
J. R. STOCKIGT
Introduction

L Regulation of Aldosterone Secretion

A. The Renin-angiotensin System .
B. Effect of Potassium

C. Adrenocorticotrophic Hormonc

D. Effect of Sodium .

E.. Summary of Interaction of Stunuh
F. Prostaglandins

G.

Other Factors

IIl. Metabolism of Aldosterone

IV. ACTH-dependent Mmeralocomoolds
A. Deoxycorticosterone (DOC) .
B. Other Possible Mineralocorticoids

V. Cellular Action of Mineralocorticoids
A. Receptor Binding

B. Action of Aldosterone-Receptor Complex .

C. Action on lon Transport
VI. Tissue Effects of Mmeralooofticotds
A. Renal Effects .
B. - Extrarenal Effects .
VII. Mineralocorticoid Antagonists
VIII. Aldosterone Excess
A. Primary Aldosteronism
B. Secondary Aldosteronism
IX. Aldosterone Deficiency
A. Biosynthetic Defects
B. Defective Stimulation

127
128
128
129
142
142
142
143
143
144
150
154

155

161
164
166
170
173
176
178
184
184
185
186
186
188
190
190
191
192
193
193
197
199
201

201

207

214

215

216



X CONTENTS

X. Mineralocorticoids in Essential Hypertension
* A. Aldosterone .
B. Evidence for other Mmeralocomconds
Re‘ferences

Some Factors in the Bilnr;' Excretion
of Estrogens~

HISAKO WATANABE

I. . Introduction :
II. Transfer from Blood to Hepatocyte
A. Plasmg¥Hotein Binding
B. Intracefiwar Factors
III. ~ Urinary Vesls Biliary Excretion
A. Metabofie Disposition of Aglycones

i Pisposition of Conjugates .
V. @8 Hepatocyte to Bile
V. KA : : 5
References i
St*‘d Hormones and Spematoma Metabolism
JUAN-JOSE HICKS and ADOLFO ROSADO
L. Introductnon )
II. Content of Steroxds in the Secretlons of the Gemtal Tract
A. IntheM : y i - ; . p
B. In the e .
III.- Sex Steroid ing by Spermatozoa
IV. Steroid Tr ation by Spermatozoa
V. Spermatozoa Metabolism by Stermd Hormones
V1. Role of St ormones in Sperm Maturation in the Male .

VII. Effect of F

See(etlons on Spermatozoa Metabolism
References . : . : ?

Note Added in Proof
Author Index

Subject Index

ineralocorticoid Hormones)

o 23T

217
220

. 222

. 239
. 240
. 240
. 242
. 243
. 243
.. 250
. 256
. 257
. 259

263

264

264

68

271

299
. 286

300
316
326

. 334

337
365



LONG-ACTING INJECTABLE CONTRACEPTIVES
T.J. VECCHIO

Medical Research,
Upjohn International Inc.
Kalamazoo, Michigan, USA

= 1. Genersl Considerations .
ll Medroxyprogesterone Acetate (MPA) .
. Absorption, Fate and Distribution .
. Use as a Contraceptive . . .
Other Laboratory and Metabohc Effects . .

. Retum ‘of Ovuﬁun Function and Fcrtihty Followin; Discontinu-

ance i v .

. Effect on Mammary Gland

Other Regimens . .

. Current Status .

1118 Alptone Acetopiemdc—-E:tradnol Ennnthxte Combmatnon
A. Clinical Use as a-Contraceptive .
B. Biochemical and Metabolic Effects .
C. Return of Ovulatory Function Followmg Dnscontmuance
D. Current Status .. .

-IN. Norethisterone Enanthate . .

- A, Clinical Use as a Contraceptive .
B. Biochemical and Metabolic Effects .
« C. 'One-month Injection
© Dy, "Cutrent Status
‘References S

omm va>

I. GENERAL CONSIDERATIONS

AW -

17

25
28

33
34
3s
45
49
51
51
51
54
57
57
57

The use of slowselease injectable preparations of progestogens for female
contraception was first reported by Siegel (1963), who “used hydroxypro-
gesterone caproate alone or in combination with estradiol valerate. Injectable
contraception at. present conltinues to be confined to the use of steroid
hormones, either progestogens alone or progestogens and estrogens in combi-
nation. As such it is sipilar in effect to the oral contraceptives, with clinical
"differences dependent on differences in pharmacodynamics resulting from the
parenteral route of administration, and the characteristic curve of release from
an.injection depot. The curve of activity of oral contraceptives, given for:21 days

1



2 T. J. VECCHIO

and omitted for seven may be presented in schematic form as in Fig. 1, in
comparison with that of three-monthly depot injections.

The oral contraceptives provide a relatively steady hormonal suppost to the
endometrium, with a daily fluctuation in level from peak values a few hours
after administration to a nadir just before the administration of the following
daily dose (Cornette et al., 1971). At the end of the 20- or 21-day adminis-
tration period there is a clear-cut drop in hormonal levels resulting in relatively
predictable withdrawal bleeding and prompt return of fertility. The one-month
depot injectables, combining progestin and estrogen, also produce regular cyclic
withdrawal bleeding, but with less precision than the oral contraceptives—due to
the gradual decline in hormonal levels. Return of fertility is slow after one to
two years of treatment. The three-month depot injections, containing progestin

Orals 3-month injectable : ‘
e/ .
i L
‘7’§ — -
1 i 1 1 J 1
0 § 2 3 4 5 [ 7 8 9 0. 0. R
Weeks -

Fig. 1. Schematic. representation of the progestogén blood levels achieved(with combi-
nation oral contraceptives and three-month injectable contraceptives.

alone, do not produce a regular cycle at all, so that bleeding is irregular and
usually sparse, and return of fertility is slow. The progestogen-only injectables
also differ from the orals in not having an estrogen component, which produces
certain differences in their metabolic effects. These distinct characteristics will be
discussed in detail in the sections on the various injectable contraceptives. Much
of this chapter will deal with medroxyprogesterone acetate, since it is the
injectable in most widespread use, with by far the greatest amount of literature
available.

_ 1l. MEDROXYPROGESTERONE ACETATE ﬁMPA)

Chemically, MPA is 17a-hydroxy-6a-methylprogesterone, whose structure is
shown in Fig. 2 along with that of natural progesterone, revedling the close
structural similarity between them. Its molecular weight is 386.5, its melting
point 205-209°C, and its solubility in water is less than 1 mg/ml. It is an active
progestogen, with a subcutaneous potency in rabbits 20 times that of pro-
gesterone, both in preventing ovulation (Barnes et al., 1959), and by the McPhail

index (Jones et al., 1966). Like progesterone it has a thermogenic- effect, a single
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injection of SO-100 mg resulting in a sharp rise in basat body temperature within
43 h, prolonged for as long as 50 days in some patients (Barfield and Greenblatt,
1961). It has been employed in oral contraceptives, which have contained S or
10 mg of MPA in combination with an estrogen.

* MPA fis ‘available as a sterile aqueous suspension of the micronized steroid
(Depo-Provera, Depo-Clinovir, Provera, Depo-Prodasone, Depo-Progevera)* in
concentrations of SO, 100, 150 and 400 mg/mi. All concentrations have been
employed for contraception, but most work has been done with 50 mg/mi
preparation, given in a dose of 150 mg (3 mil). Subsequently, the 150 mg/ml

(a) fH) (b) CHy
(
C=0 o] ' Cs0

oodeh,

CHj

1
CHy

Fig. 2, The struetural formulas for (a) medroxyprogesterone acetate and (b) natural
progasterone. .

N

preparation was developed so that the entire dose could be given in 1 ml. The
100 mg/ml concentration has been used expérimentally in a dose of 3 mi (300
mg) every 6 months, and the 150 mg/ml has been employed in doses of 2 ml
(300 mg) and 3 ml (450 mg) every 6 months. The 400 ‘mg/ml preparation,
currently in use in the USA in the palliative treatment of endometrial carcinoma
where high doses (400-1,000 mg/week) are required, was dropped from study as
a contraceptive in a dose of 1 ml (400 mg) every 6 months because of a high
failure rate.” This is perhaps due to a delayéd absorption from the site of
injection and is currently under study. '

A. ABSORPTION, FATE AND DISTRIBUTION

Within 24 h after injection of a sterile aqueous suspension of MPA in the dog
the suspending fluid digappears from the site, leaving the steroid in tlie form of a
whitish- amorphous pe;.1. Residual drug was found in two dogs 127 and 78 days
after the int;amuscular injection of 100 mg, 409 mg and 5.3 mg, respectively,

* Trademarks of the Upjohn Company. Also referred to in some publications as depot,

or incorrectly, as ‘depo-‘medroxyprogesterone acetate or DMPA. In some European
publications the designation MAP is used.



