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ABSTRACT

The nature and uses of some steroidal hormones and anti-hormones
are reviewed, with an emphasis on the anti-progestins which have
anti-implantation activity. A new type of steroid structure has been
designed which combines two types of structural elements, namely
an A-nor skeleton and an 11-aryl substituent, which are separately

known to display anti-implantation properties.

It is demonstrated that a thallium-media:ted ring contraction of
steroidal 4-en-3-ones carrying an 11-keto group provides entry to a
functionalised A-nor steroid skeleton which can then be arylated
using organolithium reagents. Manipulation of the functionalities led
to the successful synthesis of 11-phenyl-A-nor-5RK-androst-2,17-
dione, which should be a valuable intermediate for the generation of
a set of 11-arylated A-nor steroids for biological evaluation.
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CHAPTER 1
Introduction - Hormones and Anti-hormones

1.1 The Endoci'ine Hormones

The endocrine system consists of a number of ductless glands that
produce highly active chemical regulators called hormones. These
chemical messengers are secreted in the bloodstream and carried to

certain target organs where they act upon specific receptor cellsl-

Hormones regulate metabolism and assist in the perpetuation of the
species by influencing a wide variety of biological systems to perform

several functions;

a) To maintain a constant internal environment in the body fluids

i.e. homeostasis ,

b) To regulate the general growth and deveiopment of the body

) To aid sexual maturation, to maintain sexual rhythms, and to
facilitate the reproductive process.

d) To regulate energy production and to stabilize the metabolic

rate,

e) To help the body adjust to stressful or emergency situations.

There are three main functional types of hormones. The first of these
are the releasing factors from the hypothalamus, which stimulate the
secretion of some anterior pituitary hormones. Releasing factors act
only upon the anterior pituitary. The second functional type of
hormone is known as a tropic hormone. These are produced by the

pituitary gland and stimulate the growth and activity of specific



endocrine glandsz. They include thyrotropin TSH, a hormone that
causes the thyroid gland to produce thyroxine, adrencorticotropin
ACTH, which stimulates the adrenal cortex to produce cortisol, and
the gonadotropins, FSH and LH, which stimulate the ovaries to
produce estrogen and the testes to produce testosterone, respectively.
The other main functional type are the effector or nontropic
hormones which are mainly produced by the endocrine glands and
exert their metabolic effects upon nonendocrine tissues. Gonadal
hormones affect a wide variety of tissues during puberty to produce
the typical secondary sex characteristics for each sex; thyroid
hormones affect the metabolic rates of all tissues, growth hormone

stimulates skeletal growth and affects many metabolic processes.

1.2 Chemical Types

There are five general chemical types of hormones; glycoproteins,
proteins or long-chain polypeptides, short-chain polypeptidés, amino
acid derivatives and steroids. The anterior pitutary hormones TSH,
FSH and LH are either glycoproteins or long-chain polypeptides, and
the posterior pituitary hormones ADH and all of the hypothalamus
releasing factors are short-chain peptides. Hormones from the
adrenal cortex and the gonads are steroids, whilst epinephrine and
norepinephrine from the adrenal medulla are amines derived from

the amino acid tyrosine3.

The production and secretion of hormones by an endocrine gland may
be initiated by one or more of several different types of signals: for
example, by the stimulation of the cerebral cortex by thoughts,

emotions, stress and by chemical transmitters active at nerve



junctions. It may also be caused by a variation in blood osmolality or
volume e.g. secretion of antidiuretic hormone, ADH, by the posterior
pituitary when the plasma osmolality increases and secretion of renin
by the kidney in response to low blood volume. It can also be
initiated by the release of hormones in the gastrointestinal tract in

the presence of various foods.

1.3 Hypothalamic Regulation

The control and regulation of the hormones that exert such profound
effects on so many tissue cells are very complicated. Figure (1.1) isa
schematic representation of reproducive hormonal control, where the
primary control is believed to rest in the hypothalamus, which is a
small gland and nerve centre situated above the pituitary.

The isolation, characterisation and synthesis of hormone-releasing
factors have firmly established their role in the physiology of
endocrine secretion. Some of these peptides (TRH, thyroid-releasing
hormone and GnRH, gonadotropin releasing hormone) release more
than one hormone and others inhibit release (PIF, peptide inhibit
factor, somatostatin). In additiqn, these peptide hormones influence

behaviour and affect neuronal excitability within the hypothalamus4.
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Thyroid-stimulating hormone (TSH) is the primary regulator of the
thyroid gland, and it is secreted in response to TRH. TRH stimulates
thyrotrophs and lactotrophs to release TSH and prolactin respectively,
through an adenylate cyclase-dependent mechanism. Thyroid
hormone inhibits this effect at the thyrotropin-producing cell, but
only partially decreases the effect on prolactin secretion.
Somatostatin also blocks TRH-induced secretion of TSH. In some types
of pituitary abnormalities, such as in acromegaly or in certain

tumours, TRH also stimulates release of growth hormone.

Corticotropin releasing factor (CRF) is a potent hypothalamic regulator
of ACTH formation and release. CRF has been identified in multiple
sites in the central nervous system and also in peripheral tissues and
some tumours. It is used clinically to test for abnormalities of the
hypothalamic-pituitary-adrenal axis. Patients with Cushings disease
exhibit a normal or exaggerated release of ACTH in response to
exogenous CREF, in contrast to those with ectopic ACTH secretion who
fail to respond. CRF is also used to evaluate ACTH release in

depressed people and in patients with anorexia nervosa>.

GnRH is the gonadotropin releasing hormone, also known as
luteinising hormone-releasing hormone LHRH. It is a decapeptide that
is responsible for regulating the secretion of the pituitary
gonadotropins FSH and LH. -

GnRH is used to treat hypothalamic amenorrhea, isolated

gonadotropin deficiency and carcinoma of the prostate. Intermittent



administration of the hormone causes sustained secretion of both FSH
and LH and administration of GnRH to men with primary GnRH
deficiency has been proved to result in growth of the testes and a

gradual increase in sperm count.

GnRH antagonists act as competitive inhibitors at GnRH receptors.
Through blockade of the actions of endogenous GnRH, they also
suppress secretion of gonadal steroids. In contrast to the effect of
GnRH agonists, the hypogonadal state is produced Without initial
pituitary stimulation.

The growth hormone-releasing hormone (GHRH) along with
somatostatin, directly controls the synthesis and release of growth
hormone from pituitary somatotrophs. Although it has only fairly
recently been recognised, GHRH is a very useful agent in the diagnosis
and treatment of growth hormone deficiency.

Because hypothalamic lesions decrease GH production and retard
growth, research on control of GH secretion by GRF has led to isolation
and purification of somatostatin, a tetradecapeptide that inhibits GH
release. This peptide has an extensive distribution within the
nervous system and in many peripheral tissues, including the
gastrointestinal tract and endocrine and exocrine glands. Like many
other regulatory factors, somatostatin is synthesised in a longer form
that is also active. |

Somatostatin is a potent suppresser of GH release and it blocks the GH

response to exercise, insulin-induced hypoglycohémia and levodopa



injection. Neurotransmitters and neuropeptides that modify

somatostatin release also affect GH concentration.

Somatostatin is also found in many cells that have nothing to do with
GH, and it inhibits secretion of several other pituitary and peripheral
hormones, such as TSH, prolactin, ACTH, glucagon, insulin, and gastrin.
Inhibition of hormone secretion and also secretion of peptides from
cancer cells may depend on a common mechanism such as interaction
with a guanine nucleotide regulatory protein that inhibits adenylate
cyclase. Also somatostatin is believed to be involved in virtually all

sensory systems.

Growth hormone (GH), is the most abundant hormone of the anterior
pituitary, and it has important effects on the metabolism. By
decreasing glucose utilisation, antagonising insulin, increasing amino
acid transport and protein synthesis, GH promotes protein synthesis
at the expense of carbohydrate and fat.

A deficiency of GH in children causes dwarfism and an excess causes
giantism. A hypersecretion of GH occurring in adulthood after closure
of the long bones results in large, gross-featured persons, a condition

known as acromegaly.

1.4 Female sex hormones

The reproductive system in females is more complex than that in
males. This is due to the cyclical events that take place during the
menstrual cycle and the even greater changes that occur during a

pregnancy. Two different chemical types of steroid hormones are



produced and secreted by the ovary in non-pregnant females. During
pregnancy, the same hormones are produced by the ovary, but in
different proportions.

The placenta also makes the hormones that are necessary for the

maintenance of pregnancy6.

One group of female sex hormones are the estrogens which originate
in the ovarian follicles. The estrogens participate in the menstrual
cycle and are essential for the development and maintenance of the
reproductive organs and secondary sex characteristics. The second
group consists of progesterone and its metabolites, which are formed
in the corpus luteum, the body that develops from the ruptured

ovarian follicle.



%

%
G 0%4 D%

PREEE &&EEEEEEEEEEE

© % 0%4



: G0%2D%

$+ +

+ ! %% ?%

© % 0%2



In the female, estrogens such as estradiol stimulate the thickening
and vascularization of the lining of the uterus (endometrium),
preparing it for implantation. After ovulation at the mid-point of the
monthly cycle, the ovum released from its burst follicle on the
ovarian surface travels down the fallopian tube towards the uterus.

In the course of its fallopian transport, the ovum may meet
spermatozoa and fuse with one of them in the process of fertilization.
Following this, a fertilized ovum will begin to grow and the resulting
group of cells (blastocyst) may then become attached to the uterine
wall and develop into an embryo and later into a foetus. This is
interfaced with the maternal blood system through the placenta that
develops during the early stages of pregnancy7.

After the release of the ripened ovum at the mid-point in the
monthly cycle, the burst follicular sack is transformed into a solid
secretory body known as the corpus luteum.  Under the coritrolling
influence of pituitary LH, the corpus luteum secretes progesterone,
which maintains the receptivity of the uterine endometrium to
implantation and also is essential to maintain the implantation as
pregnancy develops. During pregnancy, progesterone also performs
several other vital hormonal functions, including stimulation of the
development of mammary tissue for later lactation and inhibition of
the release of any further ova. The high level of progesterone is so
important during pregnancy that, in addition to its continued
secretion by the corpus luteum, it also begins to be made in large
quantities by the placenta as the pregnancy progresses.

As the blastocyst implants and begins its development, it emits a

signalling substance known as human chorionic gonadotropin (HCG).

11



This is a glycoprotein hormone that resembles pituitary LH in that
they have identicalXchains but different R chains; they have similar
hormonal action in stimulating the corpus luteum to produce
progesterone, which helps to maintain the pregnancy.

The formation of HCG by the chorion of the developing placenta
begins shortly after implantation of the fertilized egg in the uterine
wall. Its concentration in plasma and urine rises steadily from the
first week after conception for the next 10 to 12 weeks. It was the
recognition of the early presence of HCG in urine that became the

basis for some pregnancy testing Kkits.
1.5 Estrogens

The principal and most potent estrogen is estradiol-178 (4),which is
partially converted in the body to estrone (3), a much weaker
hormone. Estriol, a metabolite of estrone, also has some estrogenic
activity. All three of these estrogens are excreted in}»urine as

glucuronides and sulphatess.

Biosynthetically, estrogens are formed from the androgenic
precursors androstenedione (1) and testosterone (2).
Androstenedione is converted by the ovary to testostérone, which is
then aromatised and demethylated to estrogens. Aromatisation of the |
A ring of the steroid is required for estrogenic activity. If this

reaction is defective, circulating androgenic precursors can cause
virilization Fig (1.4).

12
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Estrogens are the female sex hormones and are basically responsible
for the development and maintenance of accessory sex organs and
secondary sexual characteristics in the female. They induce
proliferation in the epithelium of the fallopian tubes, endometrium,
cervix and vagina. Especially in the preovulatory phase, estrogens

produce changes in the tubular mucosa and stimulate the contraction |
and motility of the fallopian tubes, which promote the transport of
the ovum. The growth of the endometrial mucosa is accompanied by
an increased blood supply to this tissue produced by increased coiling

of the spiral arterioles.
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