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RELATED DRUGS

Introduction

(Greek hormaein—to stir up) is a
f intense biological activity that is
fic cells in the body and is
h circulation to act on its

Hormone

substance O .
produced by speci

rransported throug

rarget cells.
Hormones regulate body functions to bring

about a programmed pattern of life events
evelopment, metabolism, reproduction,
) and maintain homeostasis in the
y variable external and internal

(growth, d
ageing, €tC.
face of marked]
environment.

Insulin, Glucagon,
Growth hormone

. Triiodothyronine,
Thyroxine
Growth hormone,
Insulin-like growth
factors

- Gonadotropins,
Androgens, Estrogens,
Progestins
Aldosterone,
Antidiuretic hormone
Glucocorticoids,
Adrenaline

Parathormone,
Calcitonin, Vitamin D

1. Availability of fuel

2. Metabolic rate

3. Somatic growth

4. Sex and
reproduction

5. Circulating volume

6. Adaptation to stress

7. Calcium balance

Sormones_ are secreted by the endocrine or
uctless glands. These are:

1. Pituitary

(@) Anterior Growth
Prolactin (Prl),
Adrcfnocorticotropic hormone (ACTH) or
Corticotropin.

hormone  (GH),

Thyroid stimulating hormone (TSH) or Thyro-
tropin.
Gonadotropins—Follicle stimulating hormone

(FSH) and Luteinizing hormone (LH).

(b) Posterior—Oxytocin,
Antidiuretic hormone (ADH) or Vasopressin.

2. Thyroid Thyroxine (T, Triiodothyronine
(T,), Calcitonin.

3. Parathyroid Parathyroid hormone (PTH)
or Parathormone.

4. Pancreas (slets of Langerhans) Insulin,
Glucagon.

5. Adrenals
(a) Cortex Glucocorticoids (hydrocortisone)

Mineralocorticoids (aldosterone)
Sex steroids (dehydroepiandro-

sterone)
(b) Medufla Adrenaline, Noradrenaline
6. Gonads Androgens (testosterone)

Estrogens (estradiol)
Progestins (progesterone)

In addition, hypothalamus, which is a part
of the CNS and not a gland, produces many
releasing and release inhibitory hormones
which control the secretion of anterior pituitary
hormones. Some important ones of these are

given in the box.
Placenta also secretes many hormones:

Chorionic gonadotropin Prolactin
Estrogens Progesterone
Placental lactogen Chorionic
thyrotropin
s e
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o ical natut
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1. Thyrotropin releasing
hormone (TRH)

2. Conioolropin releasing
hormone (CRH)

Gonado’tropin releasing

hormone (GNRH, LH-RH/

FSH-RH) or Gonadorelin

- Prolactin release inhj

hormone (PRIH)

S. Growth hormone rel

hormone (GHRH)

Somatostatin (Growth

hormone release inhibitory
hormone)

Tripeptide

Peptide (41 AAs)

3 Decapeptide

bitory Dopamine

easing  Peptide (40, 44

AAs)
Peptide (14 AA)

Mbrane receptors
a. Through alteratiop Adrenalme, Glucagon,
of intrace]ly],, TSH, » LH,
CAMP concentry- TH, Calcitonip,
tion — alteratiop of CTH, SOme
Protein kingge A hypolhalamic
Tegulation of cel]

releasing hormones,

function: (Cg2r acting ason \
as third messen e, TPregge \
in some situations, . QQD&»)

b. Through IP/DAG BS0pre...
generation: release réce&xm
of intracellylar Ca2t 'ytocmbr)
and protein kinase ¢ n

activation,

. Direct transmembygp,, Insyli,
activation of tyrosj

protein kinage -
phosphorylation
Cascade — fegulation
of varioyg €nzymes.

2.At Cytoplasmic receptorg
Penetrating cell

Steroidg hormgpe,
A
Membrane, hormone

ucocorticoids |
combines with 5 ineralocorticoid
Cytoplasmic Ieceptor ndrogeng
> €Xposes itg DNA Strogeng
binding domain Progestins;
Migrates t, nucleys Calcitrig]

and  bindg ¢, Specific
genes — pPNA media-
ted mRNA synthesig
—> Synthesis of

Nctiong] Proteins,

Thyroid hormornes:
Thyroxine,

combines ity jq Triiodothyronine

feceptor —y alters
DNA«RNA mediated
protein Synthesig.
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Anterior pituitary (adenohypophysis), the
master endocrine gland, eclaborates a number
of important regulatory hormones. All of these
are peptide in nature and act at extracellular
receptors located on their target cells. Secretion
of pituitary hormones is controlled by the
hypothalamus through releasing and release-
inhibitory hormones that are transported via

Anterior Pituitary
Hormones

hypothalamohypophyseal portal system, and
is subjected to feedback inhibition by the
hormones of their target glands. Each anterior
pituitary hormone is produced by a separate
group of cells, which according to their
staining characteristic are either acidophilic or
basophilic. The pituitary cells and the hormone
they secrete are:

Anterior pituitary hormones

Acidophil cells

-

Basophil cells 1

‘Somatotropes — Growth
hormone (GH)j
Lactotropes — Prolactin

Corticotropes- — Adrenocorticotropic hormone
lipotropes®

Gonadotropes <I

Thyrotropes— Thyroid stimulating hormone (TSH) \

|
|

(ACTH)
Follicle stimulating hormone (FSH) l
Luteinizing hormone (LH)

*These cells also produce two lipotropins and two melanocyte stimulating hormones (MSHs)

Out of the above hormones only GH and
gonadotropins (Gns) are used 1herapeutically,
while TSH and ACTH have only diagnostic
application in rare instances. Of greater clinical

interest are the drugs which either inhibit or
stimulate the secretion of a specific anterior
pituitary hormone. These are presented in the

chart below.

g
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GROWTH HORMONE (GH)

It is a 191 amino acid, single chain peptide

of MW 22000.
Physiological functions During childhood
and adolescence GH is required for normal
orowth and attainment of adult stature. It
;romotes growth of bones and all other organs
by inducing hyperplasia. In general, there 1s a
proportionate Increase in the size and mass of
all parts, but in the absence of gonadotropins,
sexual maturation does not take place. The
growth of brain and eye is independent of
GH. It promotes retention of nitrogen, calcium
and other tissue constituents: more proto-
plasm is formed. The positive nitrogen balance
results from increased uptake of amino acids
by tissues and their synthesis into proteins.
In addition to protein metabolism, GH affects
c'arbohydrate and fat metabolism throughout
life. 1t promotes utilization of fat and spares
carbohydrates. Uptake of glucose by muscles is
reduced while its output from liver is enhanced:
blood glucose level tends to rise. ’
GH acts on cell surface JAK-STAT binding protein kinase
{eccplors (see p. 59) \yhlch are present on practicall
al} types of cel]s.'limdmg of one GH molecule to 1h1
f;(lzrafcclh.f)gr don?am of a GH-receptor diamer results in

.ormaluon of a ternary complex w
conformational change and activates the j
lo associate with cytoplasmic JAK-S

klpase resulling in metabolic effecty
of gene expression,

hich undergoes a
ntracellular domain
TAT tyrosine-protein
as well as regulation
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arowth promotil?g nitrogen retaining
,«r(;;in metabolic actions of GH are exerted
:1!1«1"‘-‘“"” (hrough the elaboration of peptides
jdiree Sauid/(?”"’dms or Insulin-like growh
ors (mainly IGF-1, also IGF-2) which are
'm.(.-qcellula" mediators of GH response (Fig.
C;“l‘) Liver is the major source of circulating
:Gi:-i~ while 1GF.—1 produceq by other target
cells acts locally in a paracrine manner. Like
insulin. |GF-1 promotes lipogenesis and glucose
uptake by muscles. Moreov'm', the IGF-1 recep-
o 3 structurally and functionally analogous to
e insulin receptor (see p. 284).

GH acts directly as well, but induces
lipolysis in adipqse Fissge, gluconeogenesis
and glycogenolysis 1n liver and decreased
olucose utilization by muscles. These effects are
Spp05ite to those of IGF-1 and insulin. As
such, GH accentuates the metabolic derange-
ment in diabetes.

cﬂ”e

Regulation of secretion The hypothalamus pro-
duces GH releasing (GHRH) as well as release inhibitory
(somafostatin) hormones. Both are peptides. Receptors for
GHRH and somatostatin are G protein coupled recep-
tors (GPCRs) which enhance or inhibit GH secretion by
increasing or decreasing cAMP formation respectively in
pituitary somatotropes. IGF-1 causes feedback inhibition of
GH secretion. Short-loop feedback inhibition of secretion
by GH itself has also been described.

Pathological involvements Excess production of GH
is responsible for gigantism in childhood and acromegaly in
adults. Hyposecretion of GH in children results in pituitary
ffwalﬁsm. Normal adult height is not attained, muscle mass
is low and body fat is increased. Adult GH deficiency is
rare, but when it occurs, it results in low muscle and bone
Mass, lethargy, decreased work capacity, hyperlipidaemia and
Increased cardiovascular risk.,

Uses

Avaﬂab“ity of Somatropin, the recombinant
uman G (thGH) has considerably widened
Fhe clinical application of GH. However, it
?hwd be used only by specialists.
-P./luilary dwarfism: 1t is due to GH defi-
“ency which is noticed in early childhood
| ESO “ubnormal height gain. Daily s.c. injec-
. nthof soma.tropin (30-60 pg/kg), prefs:raply
reSule evening, produces highly gratifying
ts. Growth is accelerated and near

N

normal adult stature may be attained if
therapy is instituted early and continued till
the age of 20,

2. Turner syndrome: The short stature of girls
can be largely corrected by rhGH treatment
combined with properly timed androgen and
estrogen therapy.

3. Chronic renal insufficiency in children caus-
ing suboptimal growth: rhGH is approved
for restoring growth.

. Constitutional (idiopathic) short stature
children: Somatropin treatment has yielded
encouraging results, but entails longterm
costly medication. Ethical, social and medical
objections have been raised.

5. GH deficiency in adults: thGH treatment
increases lean body mass, decreases body
fat, improves energy and metabolism.

6. AIDS related wasting: Somatropin improves
physical and mental health of affected patients.
It has also been used in other catabolic
states like severe bums, bedridden patients,
chronic renal failure, etc.®

Somatropin is also being promoted for ageing, but benefits

are uncertain. Its use by athletes is banned, and it is one

of the drugs included in “dope testing’.

Somatropin: NORDITROPIN, NORDILET 5, 10, 15 mg

prefilled pen injector, HUMATROPE 6 mg, 12 mg car-

tridges, 1.33 and 5.33 mg vials.

N~

Adverse effects Somatropin has low immunogenic-
ity; allergic reactions or resistance to treatment are not
a problem. Pain at injection site, lipodystrophy, glucose
intolerance, hypothyroidism (due to unmasking of TSH
deficiency), salt and water retention, hand stiffness,
myalgia, headache are the possible adverse effects. Rise
in intracranial tension occurs in few cases.

Mecasermin This is recently produced recombinant
human 1GF-1 (thIGF-1), which is useful in children with
retardation unresponsive to thGH and is due to GH recep-
tor/GH signaling pathway abnormality.

GH Inhibitors

Somatostatin

This 14 amino acid peptide inhibits the secretion of GH,
prolactin, and TSH by pituitary; insulin and glucagon
by pancreas, and of almost all gastrointestinal secretions
including that of gastrin and HCL The g.i. action produces
steatorrhoea, diarrhoea, hypochlorhydria, dyspepsia and
nausea as side effect. Somatostatin constricts splanchnic,
hepatic and renal blood vessels. The decreased g.i. mucosal
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Mood flow can be utitized for controtling hlcchng cmphd-‘
peal varices and bleeding peptic uleer, but its nm.\loguv}
:wclrcohdc is preferred now duce to lnngc.r (-11]“&“‘0‘?\-(,)|
action. The antisecrctory action of somatostatin is bcnchua\
in pancreatic, biliary or intestinal l‘islulnc:.cnn alsT) blu
used Lo reduee complications alter pancreatic sgrgg‘ly. t
has adjuvant value in dhabetic ketoacidosis (by inhibiting
elucagon and GH secretion). .

\ Use of somatostatin in acromegaly is limited byl \IlS
short duration of action (12 2-3 min), lack of specific-
ity for inhibiting only GH scerction and GH rebound o'n
discontinuation. Surgical removal of pituitary adenomas is

the preferred treatment modality, but somatostatin analogues
are being increasingly used.

Dose: (for upper g.i.bleeding) 250 pg slow i.v. injection over
3 mn followed by 3 mg i.v. infusion over 12 hours.

STILMEN. SOMATOSAN, SOMASTAT 250 pg and 3 mg
amps.

Octreotide This synthetic octapeptide surrogate
of somatostatin is 40 times more potent in sup-
pressing GH secretion and longer acting (t%
~90 min), but only a weak inhibitor of insulin
secretion. It is preferred over somatostatin for
acromegaly and secretory diarrhoeas associated
with carcinoid, AIDS, cancer chemotherapy or
diabetes. Control of diarthoea is due to sup-

pression of hormones which enhance intestinal
mucosal secretion.

Dose: Intially 50-100 ug s.c. twice daily, increased upto
200 ug TDS; for acromegaly maintain with 10~

mucrosphere formulation every 4 weeks.
Adverse effects are abdominal pain, nausea,
steatorrhoea, diarrhoea, and gall stones (due to
biliary stasis). Hyperglycaemia is infrequent,
Octreotide injected i.v. (100 kg followed by
25-50 pg/hr) reduces hepatic blood flow and

helps stop esophageal variceal bleeding,
SANDOSTATIN, OCTRIDE 50 ug, 100 pgin 1 m] amps,
SANDOSTATIN LAR (microsphere formulation) 20 mg/S ml
nj.

30 mg i.m. of

Lanreotide Another long-acting analo
very similar in actions and specificity to
1.m. injection acts for 10-15 days.
cotherapy of acromegaly.

Pegvisomant

gue of somatostatin,
octreotide, which on
ftis indicated for pharma-

This polyethylene glycol complexed
mutant GH binds 10 the GH receptor but does not
trigger signal transduction: acts ag

is approved for treatment of acro
pituitary adenomas.

a GH antagonis;. It
megaly due 1o sma))

PROLACTIN

It is a 199 amino acid, single Chaj

. . n &) .
of MW 23000; quite similar Chcmicmmm“
a

SCcribeg o0 1

: Of mify ;M
crop glands of pigeon and later

r()m

. . ; Oung to b

of considerable importance in hu ¢
as well.

Man beingg
Physiological function pg,,
primary stimulus which in conjunctjop, Wie
estrogens, progesterone and severa] other hoth
mones, causes growth and development of brea;
during pregnancy. It promotes prOliferatign of
ductal as well as acinar cells in the breast ang
induces synthesis of milk proteins and lacgoge
After parturition, prolactin induces milk SeCretion,
since the inhibitory influence of high EStfogeI;
and progesterone levels is withdrawy

Prolactin suppresses hypothalamo-pituita 2
gonadal axis by inhibiting GnRH release.
Continuous high level of prolactin during
breastfeeding is responsible for lactational amep-
orrhoea, inhibition of ovulation and infertility
for several months postpartum. Prolactin may
affect immune response through action on T-
lymphocytes.

A specific prolactin receptor is expressed on the surface
of target cells, which is structurally and functionally ana-
logous to GH receptor: action is exerted by transmembrane

activation of JAK—cytoplasmic tyrosine protein kinases
and STAT.

GH. Prolactin was originally (e
hormone which causes secretjop,

Regulation of secretion Prolactin is under predominant
inhibitory contro] of hypothalamus through PRIH which
is dopamine that acts on pituitary lactotrope D2 receptor
Dopaminergic agonists (DA, bromocriptine, cabergOIi“?‘)
decrease plasma prolactin levels, while dopaminersi¢
antagonists (chlorpromazine, haloperidol, metocloprapnde)
and DA depleter (reserpine) cause hyperprolactinemia.
Prolactin levels in blood are low in childhood, increase
in girls at puberty and are higher in adult females [ha[j
in males. A progressive increase occurs during pregnn@%
peaking at term, Subsequently, high pl‘OlaCt"“‘SeC}.e“O;
is maintained by suckling: it falls if breast feeding

discontinued,

) ro-
Physw-pathological involvement Hypzfea’
lactinaemia is responsible for the g;alactorren ;
amenorrhoea—infertility syndrome in WOm es'se
males it causes loss of libido and depr

fertility.
prolactir
(micro-
hypotha
ContI‘O]
or higl
which
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The most important cause of hyper-

ity . BRI ;
"]’ » a is prolactin seereting (umours
sroldt ‘

icro-

jnaent ;
or macroprolactinomas). Others are

nothalamic disorders \\«'CLﬂx’Cﬂiﬂg its inhibitory
I,.\nl‘l‘o[ over pituitary, antidopaminergic drugs
‘(.] nigh TRH levels (dlfC to hypothyroidism)
:vlhicl; stimulates prolactin secretion.

yse There
prolactin

are no clinical indications for

Prolactin inhibitors

Bromocripﬁne

This synthetic ergot derivative 2-bromo-a.-

ergoa}’pti“e is a potent dopamine agonist. It

lla; greater action on D2 receptors, while at
certain dopamine sites in the brain it acts as

a partial agonist or antagonist of D1 receptor.
It is also a weak a adrenergic blocker but
qot an oxytocic. Actions of bromocriptine are:
| Decreases prolactin release from pituitary
and is a strong antigalactopoietic.

7. Increases GH release in normal individu-
als, but decreases the same from pituitary
tumours that cause acromegaly.

3. Has levodopa like actions in CNS—anti-
parkinsonian and behavioural effects.

4. Produces nausea and vomiting by stimulating
dopaminergic receptors in the CTZ.

5. Hypotension—due to central suppression
of postural reflexes and weak peripheral a
adrenergic blockade.

0. Decreases gastrointestinal motility.

Only 1/3 of an oral dose of bromocriptine is
absorbed; bioavailability is further lowered by
high first pass metabolism in liver. Metabolites
are excreted mainly in bile. Its plasma thh is
3-6 hours,

ROCTINAL, PARLODEL, SICRIPTIN, 1.25 mg, 2.5 mg tabs.
}(]ﬁe; Bromocriptine is infrequently used now;
nigf eén la'rg'e]y superseded by newer D2 ago-
- Conditions in which it can be used are:

I]T;af)g;erp," olactinemia due to microprolactino-

infem“tusl_“g galactorrhoea, ameporr'hoea and

and stery]-m YVOmen; gynaecomastla, impotence

abey Mty in men but has been replaced by
goline,

261

2. Acromegaly Bromoeriptine is indicated when
acromegaly is due to small pituitary tumours
and for inoperable cases; but cabergoline is
preferred now.

3. Parkinsonism Relatively higher doses are
required, which are poorly tolerated. Newer D2
receptor agonists, ropinirole and pramipexole
are used now.

4. Diabetes mellitus (DM) A new use of bromocriptine
based on its dopamine D2 agonistic action in the hypo-

thalamus has been found in type 2 DM, and it has been
approved by US-FDA as an adjunctive drug.

Side effects: Side effects are frequent and
dose related.

Early: Nausea, vomiting, constipation, nasal
blockage. Postural hypotension may be marked
at initiation of therapy—syncope may occur if
starting dose is high. Hypotension is more likely
in patients taking antihypertensives.

Late: Behavioural alterations, mental confusion,
hallucinations, psychosis. These side effects are
more prominent than with levodopa.
Abnormal movements, livedo reticularts.

Cabergoline

It is a newer D2 agonist; more potent; more
selective for pituitary lactotrope D2 receptors, and
longer acting (t% > 60 hours) than bromocriptine.
It needs to be given only twice weekly. Incidence
of nausea and vomiting is also lower; some
patients not tolerating or not responding to
bromocriptine have been successtully treated
with cabergoline. It is the first choice drug
for treatment of hyper-prolactinaemia; serum
prolactin levels fall to the normal range in
2-4 weeks, and many women conceive within
one year. Cabergoline should be stopped when
pregnancy occurs, though no teratogenic effect
has been observed. Most micro- and some macro-
prolactinomas show regression during therapy, and
neurological symptoms (visual field defects, etc.)
due to pressure on optic chiasma are relieved.
Response is generally maintained only till the
drug is given, with recurrence on stoppage.
Some patients who achieve total regression of
prolactinoma and normalization of prolactin levels

can stop cabergoline without recurrence.
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GONADOTROPINS (Gns)

The anteriof pituitary sceretes ¥
FSH and LH. Both are glycoprotems ‘contam.mg
53.28% sugar and consist of two peptide chains.
%1@ a—chai;] (92AA) 1 common between FSH
and LH. but their p-chains are different: FSH

(111 AA) LH (121 AA). paradoxically the

MW of FSH (~33KD) is greater than that of

LH (=30 KD), because of the sugar moieties.
Physiological functions FSH and LH act
in concert to promote gametogenesis and secre-
tion of gonadal hormones.

ESH In the female it induces follicular growth,
development of ovum and secretion of estro-
gens. In the male it supports spermatogenesis
and has a trophic influence on seminiferous
tubules. Ovarian and testicular atrophy occurs
in the absence of FSH.

LH It induces preovulatory swelling of the ripe
graafian follicle and triggers ovulation followed
by luteinization of the ruptured follicle and sus-
tains the corpus luteum till the next menstrual
cycle. It is also probably responsible for atresia
of the remaining follicles. Progesterone secretion
occurs only under the influence of LH. In the
mal<? LH stimulates testosterone secretion by
the interstitial cells and is designated interstitial

cell stimulating hormone (ICSH)
N [l)lsl!ncl JI_IH z;}nd FSH receptors are expressed on

e target cells. Both are G protei
| ells. Be in coupled re ;
whmh on activation increase CAMP produclicl)n ThiscienptOIS
sl?mulates gamcloge{]csis and conversion of cho]esterolmtn
?Jegncnolonc~1he first step In progesterone, test " 0
and estrogen synthesis. ’ osterone

Regulati i i
(decga ¢ Ldondm Secretl‘on 2 Eifigly releasing factor
e pephde | esignated GnRH) is produced by t} o
‘_);\dan'nus Whl(:l-) stimulates synthesis and rcchs " })ypo-
SH and LH from pitvitary. It is, therefore, al o
, also re

es two Gns Viz.

ferred

RH of simply LIRIT or Lonadoyer;
1 difticult 10 cxplain how hypothalamus aec’/,,,
4 divergent pattern ol IA‘SI'; and LI SCCrelion in mepe
ating women through 2 single releasing hormone r%“"u.
GuRIT 8 secreted In pulscs'z.lpd the frequency ag'l
as mnpliludc of the pulses differs during follicyjar
(requencys le) and luteal (lower f;

higher am p

o as ysH/LH-

as becl h,
ha hl%‘

WQ“
' ar (k.
[ow amplituc Cqu(h,gh
litude) phases, it is considered that fTCq:nC‘
Cne

and amplitude of GnRH pulses determines whether g
or LH or poth will be secreted, as well as the amOSH
of each. Further, the feedback regulation of FSH apq Em
may be different. In general, fecdbackvinhibltion of Ly H
more marked than that of FSH. In addition there are Othls
regulatory substances, €.& [nﬁibin——a peptide from Ova”:r
and testes, selectively inhibits FSH release, but not L}S{
release. Dopamine inhibits only LH release. Testostergy,
is weaker than estrogens In inhibiting Gn secretion, buet
has effect on both FSH and LH. GnRH acts on gonado.
tropes through 2 G-protein coupled receptor which ai
by increasing intracellular Ca?* through PIP, hydrolysis,
The Gn secretion increases at puberty and is higher in
women than in men. In men, the levels of FSH and LH
remain practically constant (LH > FSH) while in menstrua.
ting women they fluctuate cyclically. During the follicular
phase, moderate levels of FSH and low levels of LH prevail.
There 15 a midcycle surge of both, but more of LH, just
before ovulation, followed by progressive fall during the
luteal phase. Gn levels are high in menopausal women due
to loss of feedback inhibition by sex steroids and inhibin.

pathological involvement Disturbances of Gn secretion
from pituitary may be responsible for delayed puberty or
precocious puberty in girls as well as in boys.

Inadequate Gn secretion results in amenorrhoea and
sterility in women; oligozoospermia, impotence and infertility
in men. Excess production of Gn in adult women causes
polycystic ovaries. :

Preparations

All earlier gonadotropin preparations were administered by
im. route. The newer more purified preparations can be
given s.c. They are partly metabolized, but mainly excreted
unchanged in urine: t% 2-6 hours.

l‘. Menotropins (FSH + LH): is a preparation obrained
from urine of menopausal women:

P]}EGN()RM, PERGONAL, GYNOGEN 75/150: 75 U
FSH + 75 1U LH activity per amp, also 150 U FSH™
(S0 WU LH per amp.

%. Urofollitropin or Menotropin (pure FSH): METRODIY
F(\)LGEST, FOLICULIN, PUREGON 75 1U and 150 "
pet amp. This preparation has been preferred over the
fioolzb‘lned FSH + LH preparation for induction of ovula-

1 in women with polycystic ovarian disease- These
patients have elevated LH/FSH ratio; use of FSH alore &
§011.51del'ed advantageous. This preparation s also clae
0 improve chances of obtaining good quality 0¥ for ®
vitro fertilization. o
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! //——_——‘“ -
' onic gonadotropin (hCG): s derived from

short
o
ine o PR OFASL, PUBERGEN 1000 1U, 2000 10,
mRIU]‘ 10,000 U, all as dry powder with separate
50(10| i."ol' in_it“‘"‘“"‘
colvent petal placenta seerctes hCG which is absorbed
1ht"‘q, circulation and maintains corpus luteum of
in mnlL‘I'}‘ I is 4 glycoprotein with 33% sugar and 237
onane pwo chains, MW 38000. Tt is excreted in

. the mother from which it is commercially obtained.
" pinds 10 LH receptor with equal avidity; action of
e é' o indistinguishable from that of LH.

11 S e

h(! abinant human FSH (thFSH or Follitropin o and
RCL.O.I in p) and recombinant human LH (rhLH or Lutropirn)
./0//1(7(17]!’ a5 recombinant hCG (thCG or Choriogonadotropin
as }‘:\_e been pmduccd. These are more purified and have
o) ha”\, replaced the urine derived preparations in the
wlEe tries. They are more expensive. Lutropin

geveloped countris
(thH) has been withdrawn.

l]['il]C h.\

Uses
| Amenorrhoea and infertility  Exogenous
Gos may help when amenorrhoea/infertility
is due to deficient production of Gns by
pituitary. Gns are generally tried when at-
tempts t0 induce ovulation with clomiphene
have failed or when nonovulation is due to
polycystic ovaries. Several protocols for use
of Gns have been employed, one of which
is to give 1 injection of menotropins (75
IUFSH + 75 IU LH or 75 IU pure FSH))
im. daily for 10 days followed the next day
by 10,000 JU of hCG. Ovulation occurs within
the next 24-48 hours in upto 75% cases
and the woman may conceive if inseminated
at this time. However, rates of abortion and
multiple pregnancy are high, but not of
leratogenesis.

To improve the predictability of time of
,ovl//””b” (controlled ovarian stimulation), it
S the standard practice now to concurrently
WPpress endogenous FSH/LH secretion either
G{] RCOHUDUOUS pretreatment with a superactive
) H agonist or by a GnRH antagonist.
(F'.SJT{Of/g in vitro fertilization Menotropins
IRiy a:H or pure FSH) is used along 'the
endogenoéonlst/anlagom'st (for guppressmg
mafurationus FSH/LH) to induce smwltanegus

of several ova and to precisely time

e,

ovulation so as (o facilitate their harvesting for
assisted reproductive techniques.

3. Male hypogonadotropic hypogonadism
It manifests as delayed puberty or defective
spermatogenesis producing oligozoospermia and
male sterility, Generally, sexual maturation is
induced by androgens and therapy with hCG 1s
started when fertility is desired. Start with hCG
i.m. 2-3 times a week (to stimulate testosterone
secretion), add FSH 75 IU + LH 75 IU after
3-4 months (to stimulate spermatogenesis) and
reduce dose of hCG. Treatment is continued
for 6-12 months for optimum results, which
nevertheless are not always impressive.

4. Cryptorchidism' A 2-6 wecks course of hCG was used
to treat undescended testes in early childhood. However,
this is not practiced now due to poor efficacy, risk of
precocious puberty and other concerns. Surgical correction

is the preferred modality.

Adverse effects and precautions

Ovarian hyperstimulation syndrome is the most
serious complication. Polycystic ovary, pain in
lower abdomen and even ovarian bleeding and
shock can occur in females during ovulation

induction.
Multiple pregnancy is another complication.

Precocious puberty is a risk when given to

children.
Allergic reactions have occurred and skin tests
are advised. Hormone dependent malignancies

(prostate, breast) must be excluded.
Other side effects are edema, headache,

mood changes.

GONADOTROPIN RELEASING HORMONE (GnRH})
(GONADORELIN)

Synthetic human GnRH (gonadorelin) injected 1i.v.
(100 pg) induces prompt release of LH and FSH followed
by elevation of gonadal sterotd levels. It has a short plasma
% (4-8 min) due to rapid enzymatic degradation. It has
been used for testing pituitary-gonadal axis in male as

well as female hypogonadism.
Only pulsatile exposure (o GnRH induces FSH/LH

secretion, while sustained exposure desensitizes the pituitary
gonadotropes resulting in loss of Gn release. Therapy with
GoRH is not useful in the treatment of hypogonadism.
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Superactive/long-aciing GnRH agonists

Many analogues of GnRH, ¢.g. Goserelin,
Leuprolide, Nafarelin, Triptorelin, have been
dcrclopcd which are 15-150 times more
Potent than natyral GnRH and longer acting
(2 26 hours) because of high affinity for
GnRH receptor and resistance o enzymatic
hvdrolysis. Because physiological release of
GnRH is n pulses, whereas these agonists
act continuously; they only initially trigger
Gn secretion. After 1-2 weeks they cause
| desensitization and down regulation of GnRH
[ receptors causing inhibition of FSH and LH
secretion followed by suppression of gonadal

1 matogenesis or ovulation cease and

Or estradiol levels fal] to castration

levels. Recovery occurs within 2 months of
Stopping treatment.

The superactive GnRH agonists are used
as nasal spray or in

jected s.c/i.m, Long-acting
Preparations for once 5 month s.c. injection
have been produced (triptorelin, goserelin
depot). The resulting reversible pharmacolog;-
cal oophorectomy/orchidectomy is being used
In precocioys Duberty, pbrostatic carcinoma,

end0117etriosis, premenopausal bregst cancer,
uterine leiomyoma, polycystic ovarian disease
and to assist indyced ovulation. They also have

potential to be used ag contraceptive for both
males and females.

Menopausal s
ing, hot flashes,
amenorrhoea an

ymptoms, viz, headache, sweat-
mood changes, vaginal dryness
d loss of libido can occur due to
suppression of ovarian function. Use of GnRH
agonists for more than 6 months carries rigk
of developing osteoporosis,

Nafarelin This long-acting GnRH agonist is
150 times more potent than native GnRH. [t is
used as intranasal spray from which bioavajl-
ability is only 4-5%,
NASAREL 2 mg/m! soln for nasal spray; 200 ug per actuation.
Down regulation of pituitary GnRH receptors
occurs inl10 days but peak inhibition of Gn release
: occurs at one month. It is broken down in the

‘ body to shorter peptide segments; plasma th2 is
| 2-3 hours. Uses are:

Assisted reproduction Endogcnoux \
needs o be suppresseq when Conirg U Sty
stimulation is attempted by exogenguk,d

LH injection, so that Precisely nS Fs
oocytes can be harvesteq This ;
400 pg BD intranasa] nafare[jy,

» e y
200 ug BD when menstryg| blecdiy duced i

Uterine fibroids: Nafarelin 200 I BDOC'CUFS.
nasal for 3-6 months cap reduce {p, Silntra.
leiomyoma and afforq Symptomatjc relieie of
Endometriosis: 200 ug in aj A
for upto 6 months. 1t is as
but second course cannot
of osteoporosis.

ternate NOstrj| BD
effectiye as danazol
be given due ¢, risl;

Central precocioys puber
nasal spray; breast and genital deye

is arrested in girls and boys. Treat
generally carried out tj]] the age of

in girls or 12 years in boys, The
reversible; pubertal changes regy
therapy is discontinued.

Adverse effects: Hot flashes, loss of
vaginal dryness, 0steoporosis, €motiona] |

ty: 800 ug

Opmep;
ment is
11 year
effect 18
me whey

libido,
ability,
Goserelin Another long-acting Gnryg
available as g depot s.c./i.m,
used both for endogenous Gn sy
ovulation induction, as we]

carcinoma prostate, etc. To achieve pituitary
desensitization before ovulation induction with
¢Xogenous Gns; 3.6 mg of depot goserelin

injection is given once in the anterior abdominal
wall 1-3 weeks earlier

agonist
injection to be
ppression before
Las for endometriosis,

For endometriosis and carcinoma prostate
3.6 mg is injected in the same way every 4
weeks or 10.8 mg is mjected every 3 momh&
An androgen antagonist (bicalutamide) is given
concurrently for 3-4 weeks when goserelin l;
used for carcinoma prostate. This is neede
to block the effect of androgen secreted_ undbef
the influence of enhanced Gn production is);
initial agonistic action of the GnRH ago?
on gonadotropes.

: DEX-LA
ZOLADEX 3.6 mg prefilled syringe, ZOLA
10.8 mg vial depot injection.
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rge ri‘t.or“med as a regular release daily .
fan is w]:n for short term indications, such as'
ing I-n_,'ccl:mt,ﬂ.ﬂ'nt)g and as a depot i.m, monthly
ire ,-C?n:‘l 'Loﬂ jor long-term Gn suppression n the
by ”]"C[:::enf of carcinoma prostate, endometriosis,
Sto :::cocious puberty~ a.le‘ uterine_ leiomyoma.
| " orostate cancer, it 1is .combme.d with an
s rogen antagom_st flutamide or bicalutamide
of an ,évellt the initial flare up of the tumoy;
at 0cCUTS due to increase in Gn secretion for
0 e first 12 weeks.
1. Firoids, endometriosis, carcinoma prostate: 3.75-7.5 mg
k . every 4 weeks.
cocions puberty: 50 ug/kg im. of depot inj. every
. 4\\'eek5~ ) .
t yssisted reproduction: 0.1 mg s.c. daily for 10 days from

nd day of cyele.
DECAPEPTYL DAILY 0.1 mg inj., DECAPEPTYL

DEPOT 3.75 mg inj.

Leuprolide This long acting GnRH agonist
is injected s.c./i.m. daily or as a depot injection
once a month for palliation of carcinoma prostate
alongwith an androgen antagonist, as well as for
other conditions needing long term Gn suppres-
sion. Daily s.c. injections are also used for assisted

reproduction.
LUPRIDE 1 mg inj., 3.75 mg depot inj., PROGTASE 1 mg/
ml inj,
GnRH antagonists Four analogues of GnRH,
Ganirelix, Cetrorelix, Degarelix and Abarelix
which are more extensively substituted act as
GnRH receptor antagonists. They inhibit Gn
Secretion without causing initial stimulation.
G”.”l"'e[l'x and Cerrorelix are relatively short
“lng. Administered daily by s.c. injection,
the,y are approved for inhibiting LH surges
u;‘;‘“g Controlled ovarian stimulation ip women
tagezfgomg in vitro fertilization. Thelr. advan-
o OVer long-acting GnRH agonists include:
hey Produce quick Gn suppression by com-
]; itlltl‘/e antagonism, and need to be star'ted
Sﬁy fr9m 6th day of attempting ovarian
) Tmulatlon with Gns.
S.ey “arry a lower risk of ovarian hyper-

i i
Mulatjon syndrome.

g'ij,),l_ﬂ” IARY II()I{I\/I()NI;'S

'/"_—\
\ elin: This long acting GnRH agonist
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¢y achieve more complete suppression of
| cndogenous Gn secretion,

lowever mra imi

oOwever, pregnancy rates are similar or may even
be lower,
Degarelix ang Abareliv are long acting GnRH antagonists,
approved for androgen withdrawal therapy of advanced
carcimoma prosale,

THYROID STIMULATING HORMONE
(TSH, THYROTROPIN)

It is a 210 amino acid, two chain glycoprotein
(22% sugar), MW 30000.

Physiological function TSH stimulates

thyroid to synthesize and secrete thyroxine

(T,) and triiodothyronine (T,) (see Fig. 18.1).

Its actions are:

* Induces hyperplasia and hypertrophy of
thyroid follicles and increases blood supply
to the gland.

* Promotes trapping of iodide into thyroid
by increasing Na*: Iodide symporter (NIS).

* Promotes organification of trapped iodine
and its incorporation into T, and T, by
increasing peroxidase activity.

* Enhances endocytotic uptake of thyroid col-
loid by the follicular cells and proteolysis
of thyroglobulin to release more of T, and
T,. This action starts within minutes of TSH
administration.

The TSH receptor present on thyroid cells is a GPCR
which utilizes the adenylyl cyclase-cAMP transducer mecha-
nism (by coupling to Gs protein) to produce its effects.
In human thyroid cells high concentration of TSH also
induces PIP, hydrolysis by the linking of TSH receptor
to Gq protein. The resulting increase in cytosolic Ca* and
protein kinaseC activation may also mediate TSH action,
particularly generation of H,0, needed for oxidation of
iodide and iodination of tyrosil residues.

Regulation of secretion Synthesis and release of TSH
by pituitary is controlled by hypothalamus primarily through
TRH (see Fig. 18.3), while somatostatin inhibits TSH
secretion. The TRH receptor on pituitary thyrotrope cells
is a GPCR which is linked to Gq protein and activates
PLC—IPB/DAG—cytosolic Ca* pathway to enhanc§ T‘S_H
synthesis and release. The negative feedback. for inhibit-
ing TSH secretion is provided by‘ the tl}yrpnd hormones
which act primarily at the level of the pituitary, but also

in the hypothalamus.
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/ few cases of hypo-

ological involvement Only 1§?\"t11§°* :\Cluim
:’alt\'\"pcriﬁ_\‘roid|sm are due © ump!ﬂ_r?lpll ll‘llL;ESlt‘( :;m-kc(lly
In nﬁioriﬂ' of cases of myxocdc‘mu TS ‘L\lghi;ion e
clovated beeause of deficient tccdhz\ck n 1‘1 " I.YG e
discase is duc to an immunoglobulin o.{ hlg ‘glhem .
which attaches to the thyroid cells and s;umu at:s e
the same way as TSH. Consequently, TSH levels m‘ ..
Use Thyrotropin has no therapeutic lIS?..Tlly.l‘OXllle 18
the drug of choice even when h)’polhy.rmdllsm is due to
TSH dc]iciency. The diagnostic application 1s to differen-

tiate myxoedema due to pituitary dysfunction from primary
thyroid disease.

ADRENOCORTICOTROPIC HORMONE
(ACTH, CORTICOTROPIN)

It is a 39 amino acid single chain peptide, MW
4500, derived from a larger peptide pro-opio
melanocortin (MW 30,000) which also gives rise
to endorphins, two lipotropins and two MSH:s.

Physiological function ACTH promotes
steroidogenesis in adrenal cortex by stimulat-
ing ¢cAMP formation in cortical cells (through
specific cell surface GPCRSs). This inturn
rapidly increases the availability of cholestero]
for conversion to pregnenolone which is the
rate limiting step in the production of gluco,
mineralo and weakly androgenic steroids (see
Fig. 20.1). Induction of steroidogenic enzymes
occurs after a delay resulting in 2nd phase

stores of adrenal steroids
rate of synthesis pr;

——

through cAMP): high doses cayge hy\

pe
and hyperplasia. Lack of ACTy rlesr&;&ph_y
adrenal atrophy. However, zong Clomey,
is little affected because angiotensin I a“xa
exerts trophic influence on this Ly, %
sustains aldosterone secretion,

Requlation of secretion Hypothalamy,
ACTH release from pituitary through corticotrg
hormone (CRH). The CRH receptor op co
also a GPCR which increases ACTH synthe o
release by raising cytosolic cAMP. Secretion of ACTY haas
a circadian rhythm. Peak plasma levels OCCUr in fhe ear\s
morning, decrease during day and are lowest at midniuhz
Corticosteroids exert inhibitory feedback influence oy, ACQTH
production by acting directly on the S Well 4
indirectly through hypothalamus.

A variety of stressful stimuli, e.g rauma, surgery, Severe
pain, anxiety, fear, blood loss, €xposure to cold, et generge
neural impulses which converge on median eminence to cayge
elaboration of CRH. The feedback inhibitign appears tq pe
overpowered during stress—rise in ACTH secret

ion Continygeg
despite high plasma leve] of cortisol induced by

1t.
Pathological involvement E
from basophil pituitary tumour
cases of Cushing’s syndrome.
pituitary insufficiency due to
latrogenic suppression of ACT and pituitary
adrenal axis is the most common form of abnormality

ehcountered currently due to the use of pharmacological
doses of glucocorticoids in nonendocrine diseases,

S regulatei

pi”"rﬂeasinﬁ
rtlcOtrO - i\.

SIS as ;.

pituitary a

Xcess production of ACTH
S 18 responsible for some
Hypocorticism oceurs in

low ACTH production,
H secretion

Use ACTH ijs used rarely for
of Pituitary adrena] axis. Direc
level is now preferred.

For thera
advantage oy

the diagnosis of disorders
t assay of plasma ACTH

peutic purposes, ACTH does not offer

any
€r corticosteroids.




