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LEARNING OUTCOMES: e

After completing studying this chapter, the student should be able
to:

* Classify the studied drugs according to their pharmacological
effects.

* |llustrate the mechanism of action of these drugs and hence
deduce the possible indications and side effects related to them.

* List drugs used as contraceptives.

* Justifications of the clinical uses of some of these drugs in
certain diseases, and explaining the contraindications or/and
aspects of inappropriateness of certain clinical cases treatment.

* Specify the various pharmacokinetic and pharmacodynamic
remarkable parameters of the studied drugs.
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Estrogens and androgens are sex hormones produced by ™

the gonads.

These hormones are necessary for conception, embryonic
maturation, and development of primary and secondary sexual
characteristics at puberty.

The sex hormones are used therapeutically for || .contraception,
~management of menopausal symptoms, and /", replacement
therapy in hormone deficiency.

Several are effective in the treatment or prevention
of hormone responsive cancers.

Sex hormones are synthesized from the precursor, cholesterol,

in a series of steps that includes shortening of the hydrocarbon
side chain and hydroxylation of the steroid nucleus.

Aromatization is the last step in synthesis.

4
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GnRH stimulates the release of follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) from the pituitary gland.

At the beginning of each cycle, a variable number of follicles
each containing an ovum, begin to enlarge in response to

After 5 or 6 days, one follicle, called the dominant follicle, begins
to develop more rapidly.

Under the influence of LH, the dominant follicle synthesizes and
release estrogens at an increasing rate.

The appear to release and may lead to
regression of the smaller, less mature follicles.

Just before midcycle, reaches a peak, and
Is secreted. These changes result in a brief
release of . H and which stimulate ovulation.

5
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IS the most potent estrogen produced and secreted by
the ovary.

It is the principal estrogen in premenopausal women.

IS a metabolite of estradiol that has approximately one-
third the estrogenic potency of estradiol.

Estrone is the primary circulating estrogen

estrogens, such as undergo less first-
pass metabolism than do naturally occurring hormones and,
thus, are effective when administered orally at lower doses.

7
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Estrogens are most frequently used for contraception and
postmenopausal hormone therapy (HT).

In the past, estrogens were widely used for prevention of
osteoporosis; however, due to risks associated with estrogen

therapy, current guidelines recommend use of other therapies,
such as [e.g. ].

The primary indication for estrogen therapy in postmenopausal
women is menopausal symptoms, such as {

b

and : and
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A common oral preparation used for the treatment of o L
menopausal symptoms is conjugated equine estrogens
(obtained from ) ).

preparations of estradiol are also effective in
treating menopausal symptoms.

For women with an uterus, a Is always
iIncluded with the estrogen therapy, because the combination
reduces the risk of endometrial carcinoma associated with
estrogen alone.

Women who have undergone a may use estrogen
alone.

The potency of estrogen used in HT is substantially less than
that of estrogens used in contraception, which means less
pronounced side effects in the former case.

Pharmacology-2/ Dr. Y. Abusamra



Gonadal hormones & inhibitors @

Use of HT has been associated with an increased risk of
events and

Many changes in coagulation factors have been reported.

Increased {
} levels and decreased have also
been found

HT should be prescribed at the lowest effective dose for the
shortest possible time to relieve menopausal symptoms.

Women who / have urogenital symptoms, such as vaginal
atrophy, should be treated with rather than

to minimize the risks of use.

Estrogens
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The combination of an estrogen and progestogen provides

effective contraception via the oral, transdermal, or vaginal
route.

In combination with progesterone:

To stimulate development of secondary sex characteristics in
young women with primary

For women who have hormonal deficiencies due to surgical
menopause { }or
premature ovarian failure.
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They are readily absorbed through the GIT, skin, and mucous
membranes.

Oral estradiol is rapidly metabolized (and partially inactivated)
by the microsomal enzymes of the liver.

Micronized estradiol has

Although estradiol is subject to first-pass metabolism, it is still
effective when taken orally.

These compounds, such as ethinyl estradiol and estradiol
valerate are well absorbed after oral administration.

Is a prodrug of estradiol which is rapidly
cleaved to estradiol and valeric acid. oharmacoloms-2/ e Abusamra
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The synthetic estrogens are , Stored In adipose . <
tissue, and slowly released.

These compounds have a prolonged action and a higher
potency {longer half-life} compared to the natural estrogens
because they are than the natural
hormones, with

Bioavailability of estradiol after administration is due
to first-pass metabolism.

To reduce first-pass metabolism, estradiol may be administered
via a _ ;) 110) (gel or spray),
(tablet, cream, or ring), or

Following oral administration, estradiol is metabolized to estrone
and estriol [a weak and a minor estrogen]. -
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Adverse effects: Some adverse effects associated with estrogen therapy.

A4 \my

<L A
Breast cancer  Thromboembolism Myocardial

infarction

\4 A4

Headache  Peripheral edema  Hypertension  Nausea

(according to Lippincott's
Pharmacology, 4th ed., 2009)
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Selective Estrogen Receptor Modulators: m

Are a class of estrogen-related compounds that display
selective agonism or antagonism for estrogen receptors
depending on the tissue type.

This category includes tamo , ralo , bazedo
clo , and ospe

Mechanism of action:

and compete with estrogen for binding to
the estrogen receptor in breast tissue.

Normal breast growth is stimulated by estrogens. Therefore,
some regress following
treatment with these agents.

In addition, acts as an estrogen agonist in bone,
leading to decreased bone resorption, increased bone density,
and decreased vertebral fractures. Pharmacology-2/ Dr. Y. Abusama
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Unlike estrogen and tamoxifen, does nof stimulate
growth of the endometrium and, therefore,
lead

Like raloxifene, antagonizes the action of
estrogen on the uterus. The drug the risk of
endometrial hyperplasia with estrogen use.

acts as a , , and

This effect increases the secretion of gonadotropin-releasing
hormone and gonadotropins {FSH and LH}, thereby leading to

Pharmacology-2/ Dr. Y. Abusamra
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Therapeutic uses: m

~

IS currently used in the treatment of metastatic
breast cancer, or as adjuvant therapy following mastectomy or
radiation for breast cancer.

Both and can be used as prophylactic
therapy to reduce the risk of In high-risk patients.

Is also approved for the prevention and treatment of
In postmenopausal women.

IS used in the treatment of

IS indicated for the treatment of

(painful sexual intercourse) related to menopausé (dryness).

In combination with conjugated
(mixtures) is indicated for the treatment of menopausal
symptoms in women with an intact uterus {

Pharmacology-2/ Dr. Y.
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Pharmacokinetics:

Selective estrogen receptor modulators are rapidly absorbed
after oral administration.

IS metabolized by cytochrome
system, including the formation of metabolites.

Patients with a genetic polymorphism in may produce
less active metabolite, resulting in diminished activity of
tamoxifen ( ).

Is rapidly converted to glucuronide conjugates
through first-pass metabolism.

These agents undergo enterohepatic cycling, and the primary
route of excretion is through the into feces.
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Tamoxiten:

actively export drugs out of the cell. The effects of P-gp on the
distribution, metabolism and excretion of drugs. P-gp activity, for
example, decreases the intracellular concentration of cancer drugs,
enabling resistance to develop to them. The same may be true for
protease inhibitots.

active

Pharmacology-2/ Dr. Y. Abusamra
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Raloxiftene:
HERES leg cramps

thrombosis embolism women with throm-
boembolic events should take the drug

Clomiphene:

Headache nausea flushes visual
disturbances ovarian enlargement

twins

Ospemitene:

Pharmacology-2/ Dr. Y. Abusamra
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Progesterone, the natural progestogen, is produced in response
to luteinizing hormone by both (secreted by the
corpus luteum, during the second half of the menstrual cycle,
and by the placenta) and by (secreted by the testes).

It is also synthesized by the In both sexes.

In females, progesterone promotes the development of a
secretory endometrium that can accommodate implantation of a
newly forming embryo.

The high levels of progesterone that are released during the
second half of the menstrual cycle (the luteal phase) inhibit the
production of gonadotropin

Maintaining the endometrium during conception.

Pharmacology-2/ Dr. Y. Abusamra
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Contraception.

Often combined with estrogen

Hormonal therapy.

Dysfunctional uterine bleeding, Medroxyproges-
Treatment of dysmenorrhea, terone

Management of endometriosis and infertility.

desogestrel drospirenone
levonorgestrel norethindrone norethindrone acetate

norgestrel
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A preparation of progesterone is rapidly absorbed
after oral administration.

It has a short half-life in the plasma.
It is metabolized by the liver and excreted primarily in the urine.

progestins are less rapidly metabolized.

Oral medroxyprogesterone acetate has a of

When injected intramuscularly or subcutaneously, the drug has
a of about /= and provides contraception for

approximately
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Progestins that are derived from 19-nortestosterone (e.g.

) pOSsess some activity because of
their structural similarity to testosterone and can cause
and

NOTE:

Thus, progestins, such as and
, may be preferred in women with

may cause /0= kalemia (due to
mineralocorticoid effect) whose incidence increases with
concurrent administration of drugs that increase serum K+ such
as {capto '/ ,enal ',
lisino ', fisino '/, quina; ', etc.}.
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It is a progesterone antagonist.

Administration of this drug results in (|
due to interference with the progesterone needed to

maintain pregnancy {
}.
Mifepristone is often combined with the prostaglandin analog
to (V.

A single dose of 600 mg is an effective |
, though it may result in delayed ovulation in the

following cycle.
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May be useful in the treatment of | :

, , and possibly other such
as that contain glucocorticoid or progesterone
receptors { }.

The major are:
Abdominal and pelvic
Uterine and vaginal (5%, needs intervention).

Incomplete

IS a potent progesterone inhibitor and
abortifacient in doses of 25 mg twice daily.

Like mifepristone, it also appears to have
activity.

Pharmacology-2/ Dr. Y. Abusamra
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Pill (combined estrogen and progestin)
Tubal (female) sterilization

Male condom

Intrauterine device (IUD)

Vasectomy (male sterilization)
Vasectomy: the male vas

Withdrawal deferens are cut and tied
Injectable or sealed so as to
Other* prevent sperm from
entering into the urethra
Vaginal ring -
| | I
0 5 10 15 20

Percentage of All Women 15-44
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Types of hormonal contraceptives:

1. Combination otal contraceptives:

ethinyl
estradiol
norethindrone norethindrone

acetate levonorgestrel desogestrel norgestimate
drospirenone

Monophasic

Pharmacology-2/ Dr. Y. Abusamra
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oral contraceptive products attempt to mimic the
natural female cycle and usually contain a constant dose of
estrogen with doses of given over 21 days.

With most oral contraceptives, active pills are taken for 21 to 24
days, followed by days of , for a total regimen of
28 days.

occurs during the hormone-free (placebo)
interval.

Use of -cycle contraception (84 active pills followed by
[/ days of placebo) results in frequent withdrawal bleeding.

A oral contraceptive product (active pills taken every
day) is also available.

Pharmacology-2/ Dr. Y. Abusamra
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2. Transdermal patch:

Upper forso

Upper
om A (excluding breasts)|

one
patch is applied each week | Upper torso:
above the waist
abdomen upper and below the

torso  buttock neck, including
the shoulders
Bk L22ERACK:
| Abdomen
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Total estrogen exposure with the transdermal patch may be
significantly greater than that seen with oral contraceptives.

The contraceptive vaginal ring contains ethinyl estradiol and
etonogestrel.

Effective (90-99%).

il

The ring is inserted into the vagina and left in place for 3 weeks.
After 3 weeks, the ring is removed, and withdrawal bleeding
occurs during the 4th week.

If the ring falls out and stays out for more than 3 hours,
it but , like a , until
the ring has been in place for 7 days in a row.

Pharmacology-2/ Dr. Y. Abusamra
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Progestin-only pills (the * ") contain a progestin,
usually , and are administered daily to deliver

a low, continuous dosage of drug.

These preparations are less effective than combination oral
contraceptives, and may be more
frequent.

Progestin-only pills may be used in patients who:

Are breastfeeding (unlike estrogen, progestins do not have
an effect on milk production).

Have intolerance or contraindications to estrogen-containing
products.

Pharmacology-2/ Dr. Y. Abusamra
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IS a contraceptive that is
administered via intramuscular or subcutaneous injection
every 3 months.

This product provides high sustained levels of progestin, and
many women experience { }
with medroxyprogesterone acetate. In addition,

IS a common adverse effect.

Medroxyprogesterone acetate may contribute to and
predispose patients to and/or . Therefore,
the drug should not be continued for more than 2 years unless
the patient is unable to tolerate other contraceptive options.

Pharmacology-2/ Dr. Y. Abusamra
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After placement in the , the
implant offers contraception for up to & years.

The implant is as , and the contraceptive
effect is reversible when removed.

and are known as long-
acting reversible contraceptives (LARC).

iInclude and

The etonogestrel implant has not been studied in women who
weigh more than 130% of ideal body weight and may be less
effective in this population

Pharmacology-2/ Dr. Y. Abusamra



Gonadal hormones & inhibitors

7. Progestin intrauterine device:

intrauterine a highly:
effective
3to5

{1} an

infection of the upper part of the
female reproductive system, namely
the uterus, fallopian tubes, and
ovaries, and inside of the pelvis.

Often, there may be no symptoms 35
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Postcoital or emergency contraception reduces the probability
of pregnancy after intercourse without effective contraception to

between

The most common method of emergency contraception uses a
high dose of

For maximum effectiveness, emergency contraception should
be taken as soon as possible after unprotected intercourse and
preferably within 7~ hours.

The levonorgestrel emergency contraceptive regimens are
generally better tolerated than the estrogen—progestin
combination regimens.

Pharmacology-2/ Dr. Y. Abusamra
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An alternative emergency contraceptive is the progesterone
agonist/antagonist {modulator}.

It is indicated (as ) for emergency contraception

/= of unprotected intercourse due to improved
efficacy and similar side effect profile as compared to the
traditional use of

The exact for ulipristal is still currently
debated, though there is evidence that it functions by:

It may, in fact,

Pharmacology-2/ Dr. Y. Abusamra
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Exogenously administered In contraceptives provides
which blunts release of by the
pituitary gland and Inhibits secretion, thus

preventing ovulation.

also thickens the cervical mucus, thus hampering
(impeding) the

Withdrawal of the progestin stimulates menstrual bleeding
during the placebo week.

: breast fullness, fluid retention, headache, and
nausea.

Pharmacology-2/ Dr. Y. Abusamra
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Increased blood pressure may occur. oS

: thromboembolism, thrombophlebitis, myocardial
infarction, and stroke (CV complications).

incidence of , because women are
less likely to use barrier methods of contraception that reduce
exposure to human papillomavirus, the primary risk factor for
cervical cancer, | ].

presence of cerebrovascular and
thromboembolic disease, estrogen-dependent neoplasms, liver
disease, and pregnhancy.

Pharmacology-2/ Dr. Y. Abusamra
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These severe adverse effects are most common among women
who are and , and -containing
contraceptives should be avoided in this population.

products are preferred in women who are
. due to a lower risk of severe adverse effects.

Drugs that induce the CYP3A4 isoenzyme (for example,
and { (

)
J ' v hyi }) significantly the efficacy
of oral contraceptives (patient warning}.

Antibiotics that interrupt normal gastrointestinal flora
enterohepatic recycling of estrogen (necessary for
estrogen hydrolysis, thus increased loss in feces, thereby
| effectiveness of oral contraceptives {

.L Pharmacology-2/ Dr. Y. Abusamra
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Entertohepatic recycling:
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The androgens are a group of steroids that have anabolic
and/or masculinizing effects in both males and females.

the most important androgen in humans, is
synthesized by Leydig cells in the and, in smaller
amounts, by thecal cells in the and by the
In both sexes.

Other androgens secreted by the testes are
(DHT), , and
{ } in small amounts.

In adult males, testosterone secretion by Leydig cells is
controlled by gonadotropin-releasing hormone from the

hypothalamus, which stimulates the anterior pituitary gland to
secrete FSH and LH.
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Hypothalamus

Gonadotropin-
releasing
hormone

Anterior
pituitary

They are required for:

Testis

l

Testosterone
or DHT 43
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Synthetic modifications of the androgen structure: el

Modify and to metabolism (thus
the half-life of the hormone) —

anabolic and androgenic effects -

Like the estrogens and progestins, androgens bind to a specific
nuclear receptor in a target cell.

Testosterone is the active ligand in and

In other tissues, it must be metabolized to derivatives, such as

For example, after diffusing into the cells of the :
, , and ,
, Which binds to the receptor.
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V.’

Ampulla
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Vos,éeferens

Penis

Male reproductive

system

Rete testis

Seminiferous tubules
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Androgenic steroids are used for males with primary
hypogonadism (caused by testicular dysfunction) or secondary
hypogonadism (due to failure of the hypothalamus or pituitary).

Testosterone replacement should only be used for males with
hypogonadism related to medical conditions and

Anabolic steroids can be used to treat wasting
associated with human immunodeficiency virus or cancer.

An use of anabolic steroids is to increase lean body
mass, muscle strength, and endurance in athletes and body
builders.

Because of the potential misuse of testosterone and its
derivatives, these agents are classified as controlled
substances.

Pharmacology-2/ Dr. Y. Abusamra
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(a precursor of testosterone and estrogen) has been =
touted as an ing as well as a “performance
enhancer.”

There is no definitive evidence that it slows aging.

Formulations of testosterone or its derivatives (for example,
methyltestosterone) may be used in

for women with menopausal symptoms unresponsive to
estrogen alone.

Danazol, a weak androgen, is used in the treatment of
and {

Danazol also possesses antiestrogenic activity.

weight gain, acne, decreased breast size,
deepening voice, increased libido, and increased hair growth.

Pharmacology-2/ Dr. Y. Abusamra



1. Testosterone:

a transdermal
patch  topical gel ¢/ solution buccal tablet - implantable pellet
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2. Testosterone derivatives:

less hepatic metabolism

orally

Oxandrolone oxymetholone
DHT

Oxandrolone anabolic



TESTOSTERONE AND ATESTOSTERONE ESTER

OH =
CHa c H30 COCH,CH3

O O

Testosterone Testosterone Propionate

17-ALPHA-ALKYLATED ANDROGENS

alkyl group
in a position O
on carbon 17

Methyltestosterone Fluoxymesterone

“ 50
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Adverse effects: m
1. In temales:

masculinization. acne growth of facial
hair deepening of the voice male pattern baldness
excessive muscle development

Menstrual irregularities
virilization

2. In males:

priapism Impotence decreased
spermatogenesis, gynecomastia

growth of the prostate

Pharmacology-2/ Dr. Y. Abusamra
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Androgens can cause abnormal sexual maturation and growth
disturbances resulting from premature closing of the epiphyseal

plates (leading to - stature as growth does not occur after
the premature closure).

Androgens can and
They may also cause and |

Testosterone replacement therapy has been associated with a
possible | , and

( have been associated with the 17a-
alkylated androgens.

IS a common adverse effect with topical
formulations.

Pharmacology-2/ Dr. Y. Abusamra
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In athletes:

roid
premature closing of the epiphysis

reduction
of testicular size hepatic abnormalities increased aggression
roid major mood disorders

THE EPIPHYSIS

epiphysis |

epiphysis
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Used primarily in the treatment of fungal disease, is an inhibitor
of adrenal and gonadal steroid synthesis.

It is cytochrome p-450 inhibitor enzyme.

blocks
cholesterol conversion to pregnenolone by inhibiting the side-
chain cleavage enzyme.{ ).

It does not appear to be clinically useful in women with
increased androgen levels because of the toxicity {he; }
associated with prolonged use of the 400-800 mg/d-dose
required.
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It displaces estradiol and dihydrotestosterone from sex
hormone-binding protein in vitro.

It increases the In plasma in vivo by
a different mechanism, thus,

Men treated with ketoconazole often develops reversible
gynecomastia during therapy {

}.

Steroids like progesterone or pregnenolone conversion to active
androgen can be attained by inhibition of 17-hydroxylation

( )-

So many tested drugs acting via this mechanism were tested
clinically and were found too toxic. Pharmacology-2/ D. Y. Abusama
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Pregnenoclone (1) Progesterone (2)
Cytochrome P450,,, 21-hydroxylase
(17a-hydroxylase) 11p-hydroxylase
S “t'

pes S

17a-Hydroxypregnenolone (4) 17u-Hydroxyprogesterone (5)

Cytochrome P450,,,
(C17,204yase)

Dehydroepiandrosterone (DHEA) (7) Androstenedione (AD) (8) Testosterone (T) (9)

Corticosterone (3)

The side
chain has
to be split,
and
hydroxyla-
tion of C-
17 for
producing
androgens

|

Sa-Dihydrotestosterone (DHT)

56
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, @ hewer , ' , has been
approved for use in

Since , ot testosterone, appears to be

the essential androgen in the . , androgen effects in this
and similar dihydrotestosterone-dependent tissues can be
reduced by an

an inhibitor of this enzyme, is orally active and
causes a reduction in dihydrotestosterone levels that begins
within 8 hours after administration and lasts for about 24 hours.

Finasteride is approved in USA for
{moderately reduces prostate size}.

Dutasteride is also prescribed for but with slow onset of
action and a much longer half-life than finasteride.
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BPH
hirsutism in women

baldness in
men
lutamide
prostatic
carcinoma.
lutamide @ lutamide lutamide
hirsutism in women to decrease

sexual drive in men.
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