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PREFACE

The intricate dance of hormones governs nearly every

physiological process in the human body, making endocrinology a
cornerstone of understanding human health and disease. This book,
titled Advanced Endocrinology, serves as a comprehensive resource for
students, researchers, and clinicians delving into the fascinating and
complex world of endocrine science. Designed to provide a detailed
exploration of hormonal systems, it balances foundational knowledge
with advanced insights into mechanisms, regulation, and
pathophysiology.

The book is structured into five meticulously crafted units, each

addressing a critical domain in endocrinology.
Unit I lays the groundwork with an introduction to hormones, their
chemical nature, and their pivotal role in maintaining homeostasis. It
explores neuroendocrine integration, the classes of chemical
messengers, hormone secretion, transport, and clearance. The intricate
mechanisms of hormone action, receptor types, second messengers,
and signal transduction pathways are detailed to provide a strong
conceptual base.

Unit II transitions into the anatomy and function of the
hypothalamus and pituitary gland, the command centers of the
endocrine system. It elaborates on the synthesis, regulation, and roles
of pituitary hormones and hypophysiotropic hormones, highlighting
their physiological significance and the consequences of dysfunction.
Neurohypophyseal hormones and their regulatory pathways are
discussed, alongside the roles of neurotransmitters like dopamine and
serotonin.

Unit III delves into the thyroid, parathyroid, and pineal glands,



unraveling their hormone synthesis, chemical properties, and
physiological roles. The regulation of secretion and the
pathophysiological implications of hormonal imbalances are discussed
in depth. This unit also examines melanotropic hormones and their
functions, providing insights into the regulation of pigmentation and
other physiological processes.

Unit IV focuses on pancreatic hormones, neurohormones, and adrenal
hormones. The synthesis, action mechanisms, regulation, and
pathophysiology of insulin, glucagon, somatostatin, catecholamines,
and endorphins are explored. These hormones’ roles in metabolism,
stress response, and neuromodulation are critically analyzed.

Unit V concludes with reproductive endocrinology, providing a
thorough overview of the hormonal regulation of male and female
reproductive systems, the endocrinology of pregnancy, parturition,
lactation, and puberty. This unit also addresses contemporary
challenges in understanding human infertility, offering insights into the
interplay between hormonal pathways and reproductive health.

Throughout the book, emphasis is placed on the interplay between
hormonal systems, their regulatory feedback loops, and the
consequences of their dysregulation.

The integration of detailed biochemical pathways, physiological
roles, and clinical implications provides readers with a holistic
understanding of endocrine science.

The goal of Advanced Endocrinology is to inspire curiosity,
encourage critical thinking, and provide a robust framework for
exploring the endocrine system's complexities. Whether you are a
student seeking to grasp the fundamentals or a researcher delving into
the latest discoveries, this book is designed to guide you on your journey

through the dynamic field of endocrinology.
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UNIT-I: Hormones-Introduction and Chemical
nature. = Neuroendocrine integration in
homeostasis. Classes of chemical messengers.
Hormone secretion, Transport and clearance.
Feed-back Regulation of hormonal secretion.
Mechanism of Group I and Group II hormone
action, Receptors and its types, Second

messengers. Signal Transduction.
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Hormones: Introduction and Chemical Nature

. Definition: Hormones

are  chemical

messengers secreted by endocrine glands

directly into the bloodstream, targeting

specific cells or organs
physiological processes.

. Historical = Background:

to regulate

The term

"hormone" (from the Greek word hormao,

meaning "to excite") was first introduced by

Bayliss and Starling in 1905.

Chemical Nature of Hormones

Hormones are classified based on their chemical

structure into:

1. Peptide/Protein Hormones:

- Composed of amino acids.

- Examples: Insulin, Glucagon, Growth

Hormone.

AGAR Publications
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- Water-soluble; cannot cross the cell
membrane; act via surface receptors.
2. Steroid Hormones:
» Derived from cholesterol.
- Examples: Cortisol, Estrogen,
Testosterone.
- Lipid-soluble; can cross cell membranes;
act via intracellular receptors.
3. Amino Acid Derivatives:
- Derived from amino acids like tyrosine
or tryptophan.
- Examples: Thyroid hormones (T3, T4),
Epinephrine, Norepinephrine.
4.Eicosanoids:

- Derived from fatty acids (arachidonic

acid).
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- Examples: Prostaglandins,
Thromboxanes.
Neuroendocrine Integration in Homeostasis
. Definition: Neuroendocrine integration
involves the interaction between the
nervous system and the endocrine system to
maintain homeostasis.
. Key Organs Involved:

- Hypothalamus: Acts as the control
center, linking the nervous and
endocrine systems.

- Pituitary Gland: Often referred to as the
"master gland," regulates downstream
endocrine glands.

- Examples of Neuroendocrine

Mechanisms:
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. Hypothalamic-pituitary-adrenal
(HPA) axis in stress response.
. Hypothalamic-pituitary-thyroid
(HPT) axis in metabolism.
. Regulation of water balance via
vasopressin secretion.
Classes of Chemical Messengers
1. Autocrine Messengers: Act on the same cell
that secretes them (e.g., interleukins).
2. Paracrine Messengers: Act on neighboring
cells (e.g., histamine).
3.Endocrine Messengers: Transported via the
bloodstream to distant targets (e.g., insulin).
4. Neurotransmitters: Released by neurons to

act on adjacent cells (e.g., dopamine).
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Hormone Secretion, Transport, and Clearance
1. Secretion:

- Stimuli for hormone secretion include
neural signals, chemical signals, and
hormonal feedback.

- Example: Insulin secretion in response
to blood glucose levels.

2. Transport:

- Water-soluble hormones (e.g., peptide
hormones) circulate freely in the blood.

- Lipid-soluble hormones (e.g., steroid
hormones) require carrier proteins (e.g.,
albumin, globulins).

3. Clearance:

- Hormones are inactivated by enzymatic

degradation in the liver or kidneys.

- Excreted in urine or bile.
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Feedback Regulation of Hormonal Secretion
1. Negative Feedback:
- Most common mechanism.
- Maintains hormone levels within a
narrow range.
- Example:  Regulation of thyroid
hormones via TSH.
2. Positive Feedback:
- Less common.
- Enhances the initial stimulus.

- Example: Oxytocin release during

childbirth.
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Mechanism of Hormone Action
Hormones exert their effects via specific
mechanisms depending on their solubility:
Group I Hormones (Lipid-Soluble)

. Examples: Steroid hormones, Thyroid

hormones.
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. Mechanism:
1. Diffuse across the cell membrane.
2.Bind to intracellular receptors in the
cytoplasm or nucleus.
3. Hormone-receptor complex binds to

DNA and regulates gene transcription.

Steroid
hormone (H)

—_—>
ECF
cl ¢
Gytoplasmic ¢
receptor (R)
o8 HR
ik Qsa complex
Amino acids P 'Transl-
TTT(AA) / \ location
5 (
tRNA
5 l ©

AA-TRNA
‘l’ Translation \\‘\ Transcrlpnon
44— ‘_/ mRNA Cell
nudleus
— Ribosome

Group II Hormones (Water-Soluble)
. Examples: Peptide hormones,

Catecholamines.
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. Mechanism:
1.Bind to surface receptors on the cell
membrane.
2. Activate second messenger systems
(e.g., cAMP, IP3).
3. Trigger a cascade of intracellular events.
Receptors and Their Types
. Definition: Receptors are specific proteins
that hormones bind to initiate a
physiological response.
. Types of Receptors:
1.Cell Surface Receptors: For water-
soluble hormones.
. Examples: G-protein-coupled
receptors (GPCRs), Tyrosine kinase

receptors.
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2. Intracellular Receptors: For lipid-
soluble hormones.
. Examples:  Nuclear  receptors,

Cytoplasmic receptors.

Extracellular fluid
Messenger

Adenylate

@ cyclase

@ * Activates

Protein kinase A

Protein Proteln P
-+

ATP ADP

=N

Cytosol Response in cell

Second Messengers
. Definition: Intracellular signaling molecules
activated by hormone-receptor interactions.

. Examples of Second Messengers:
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1.Cyclic AMP (cAMP): Activated by
adenylate cyclase (e.g., epinephrine
action).

2.Inositol  Triphosphate (IP3) and
Diacylglycerol (DAG): Released via
phospholipase C activation.

3.Calcium ions (Ca?): Act as a second
messenger in muscle contraction and

secretion processes.
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M 0 (@ . }
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¥ (contract retion)
Protein- p
Response in cell (contraction,
metabolism, transport) Cytosol
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Signal Transduction
. Definition: The process by which a
hormone-receptor interaction triggers a
cellular response.
. Key Steps in Signal Transduction:
1.Hormone binds to the receptor
(specificity).
2. Activation of intracellular signaling
pathways.
3.Generation of second messengers or
activation of enzymes.
4. Amplification of the signal.
5.Physiological response (e.g., gene

expression, enzyme activation).
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UNIT-II: Endocrine hypothalamus-Structure,
hypophysiotropic hormones, regulation of
hypothalamic hormone secretion. Pituitary
hormones- Anatomy of pituitary gland,
hormones of the anterior pituitary- Synthesis,
chemistry, physiological roles, mechanism of
action, regulation of secretions and
pathophysiology. Neurohypophysis-Synthesis,
chemistry, physiological roles, Regulation of
secretions and pathophysiology of
neurohypophyseal hormone secretion.

Dopamine and serotonin.
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Endocrine Hypothalamus
Structure
. Located at the base of the brain, forming the
floor of the third ventricle.
. Comprised of various nuclei:
- Paraventricular nucleus (PVN):
Produces oxytocin and vasopressin.
- Supraoptic nucleus (SON): Produces
vasopressin (ADH).
- Arcuate nucleus: Produces

hypothalamic-releasing hormones like

GnRH, GHRH, and dopamine.
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Neurons that
produce hormones
released from
posterior pituitary

Pituitary
stalk

Hypophysiotropic Hormones
Hypothalamic hormones regulate anterior
pituitary function:
1. Gonadotropin-releasing hormone (GnRH):
Stimulates FSH and LH secretion.
2.Growth  hormone-releasing  hormone
(GHRH): Stimulates GH secretion.
3.Somatostatin (SS): Inhibits GH and TSH

secretion.
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4. Thyrotropin-releasing hormone (TRH):
Stimulates TSH and prolactin secretion.
5. Corticotropin-releasing hormone (CRH):
Stimulates ACTH secretion.
6. Dopamine (DA): Inhibits  prolactin
secretion.
Pituitary Gland Anatomy
. Divided into:
- Anterior Pituitary (Adenohypophysis):
Derived from oral ectoderm.
- Posterior Pituitary (Neurohypophysis):
Derived from neural ectoderm.
Anterior Pituitary Hormones
1. Growth Hormone (GH)
. Synthesis: Produced by somatotrophs in
response to GHRH.
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. Chemistry: Peptide hormone (191 amino
acids).
. Physiological Roles:
- Stimulates growth (bone and muscle).
- Promotes  protein  synthesis and
lipolysis.
- Increases blood glucose (anti-insulin
effects).
. Mechanism of Action:
- Binds to GH receptors on target cells.
- Activates JAK-STAT pathway — IGF-1
production in the liver.
. Regulation:
- Stimulated by GHRH, hypoglycemia,
exercise.
- Inhibited by somatostatin, IGF-1
teedback.
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. Pathophysiology:
- Excess: Gigantism (children),
Acromegaly (adults).
- Deficiency: Dwarfism, reduced muscle
mass.
2. Thyroid-Stimulating Hormone (TSH)
. Synthesis: Produced by thyrotrophs in
response to TRH.
. Chemistry: Glycoprotein (composed of a
and 3 subunits).
. Physiological Roles: Stimulates synthesis
and release of T3 and T4.
. Mechanism of Action: Binds to TSH
receptors on thyroid cells — cAMP

activation.
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. Regulation:
- Stimulated by TRH.
- Inhibited by negative feedback from
T3/T4.
. Pathophysiology:
- Excess:  Hyperthyroidism  (Graves'
disease).
- Deficiency: Hypothyroidism (cretinism
in infants, myxedema in adults).
3. Adrenocorticotropic Hormone (ACTH)

. Synthesis: Produced by corticotrophs from
POMC (pro-opiomelanocortin) in response
to CRH.

. Chemistry: Peptide hormone.

. Physiological Roles: Stimulates cortisol

production in the adrenal cortex.
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. Mechanism of Action: Binds to
melanocortin-2 receptor — cAMP pathway
activation.

. Regulation:

- Stimulated by CRH, stress, low cortisol.
- Inhibited @ by  cortisol  (negative
feedback).

. Pathophysiology:

- Excess: Cushing's syndrome.
- Deficiency: Addison’s disease.
4. Prolactin (PRL)

. Synthesis: Produced by lactotrophs in
response to TRH; inhibited by dopamine.

. Chemistry: Peptide hormone.

. Physiological Roles:

- Stimulates milk production.
- Regulates reproductive function.
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. Mechanism of Action:
- Binds to prolactin receptors — JAK-
STAT activation.
. Regulation:
- Stimulated by TRH, estrogen.
- Inhibited by dopamine.
. Pathophysiology:
- Excess: Hyperprolactinemia
(galactorrhea, infertility).
- Deficiency: Rare, reduced lactation.
5. Follicle-Stimulating Hormone (FSH) and
Luteinizing Hormone (LH)
. Synthesis: Produced by gonadotrophs in
response to GnRH.
. Chemistry: Glycoproteins (a and p

subunits).

AGAR Publications Page22]|112




Endocrinology ISBN: 978-93-7013-008-1

. Physiological Roles:
- FSH: Stimulates follicle growth and
spermatogenesis.
- LH: Triggers ovulation, stimulates
testosterone production.
. Mechanism of Action: Binds to G-protein-
coupled receptors — cAMP activation.
. Regulation:
- Stimulated by GnRH.
- Inhibited by sex steroids (negative
feedback).
. Pathophysiology:
- Deficiency: Infertility, hypogonadism.
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Posterior Pituitary Hormones
(Neurohypophysis)
1. Vasopressin (Antidiuretic Hormone, ADH)

. Synthesis: Produced in the hypothalamus
(SON and PVN); stored in the posterior
pituitary.

. Chemistry: Peptide hormone (9 amino
acids).

. Physiological Roles:

- Increases water reabsorption in kidneys.
- Vasoconstriction  (maintains  blood
pressure).

. Mechanism of Action:

- Acts via V2 receptors — cAMP pathway
(renal water channels).

- VI  receptors — IP3  pathway
(vasoconstriction).
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. Regulation:
- Stimulated by increased plasma
osmolality or decreased blood volume.
- Inhibited by alcohol.
. Pathophysiology:
- Excess:  SIADH  (Syndrome  of
Inappropriate ADH secretion).
- Deficiency: Diabetes insipidus.
2. Oxytocin
. Synthesis: Produced in the hypothalamus;
stored in the posterior pituitary.
. Chemistry: Peptide hormone (9 amino
acids).
. Physiological Roles:
- Stimulates uterine contractions during

childbirth.
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- Promotes  milk  ejection  during
breastfeeding.
. Mechanism of Action: Binds to oxytocin
receptors — IP3 pathway.
. Regulation:
- Stimulated by stretch of cervix or
suckling.
- Positive feedback mechanism.
. Pathophysiology:
- Rare; associated with impaired labor or
breastfeeding.
Dopamine and Serotonin
Dopamine (DA)
. Synthesis: Tyrosine — L-DOPA —
Dopamine.
. Physiological Roles:
- Inhibits prolactin secretion.
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- Modulates motor control (via basal
ganglia).

- Regulates mood and reward pathways.

. Pathophysiology:
- Deficiency: Parkinson’s disease,
hyperprolactinemia.
- Excess: Schizophrenia, addiction.
Serotonin (5-HT)
. Synthesis: Tryptophan — 5-
hydroxytryptophan — Serotonin.
. Physiological Roles:
- Regulates mood, appetite, and sleep.
- Involved in gastrointestinal motility.
. Pathophysiology:
- Deficiency: Depression, anxiety.
- Excess: Serotonin syndrome.
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UNIT-III: Thyroid Gland-Synthesis, chemistry,
physiological roles, mechanism of action.
Regulation of thyroid hormone secretion and
Pathophysiology. Parathyroid gland-Synthesis,
chemistry, physiological roles, mechanism of
action, regulation of parathyroid hormone
secretion and pathophysiology. Pineal gland-
Melatonin  hypothesis, secretion  and
circulation, proposed role of pineal.
Melanotropic hormones-Chemistry, role of
MSH, mechanism of action and

pathophysiology.
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Thyroid Gland Hormones
1. Synthesis of Thyroid Hormones (T3 and T4)
. Steps:

1.Iodide Trapping: Active transport of
iodide into thyroid follicular cells via
sodium-iodide symporter.

2. Oxidation and Organification: lodide is
oxidized to iodine by thyroid
peroxidase (TPO). Iodine binds to
tyrosine residues in thyroglobulin to
form MIT (monoiodotyrosine) and DIT

(diiodotyrosine).
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3.Coupling: MIT and DIT combine to
form T3 (trilodothyronine), and two
DITs combine to form T4 (thyroxine).

4.Storage: T3 and T4 are stored in the
colloid as part of thyroglobulin.

5.Secretion: Upon stimulation,

thyroglobulin is and

endocytosed,
T3/T4 are released by proteolysis.
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Chemistry

. T3 (Triiodothyronine): Contains 3 iodine
atoms.

. T4 (Thyroxine): Contains 4 iodine atoms.

. Both are lipophilic and require -carrier
proteins like TBG (thyroxine-binding
globulin) for transport in plasma.

Physiological Roles

. Regulate basal metabolic rate (BMR).

. Promote growth and  development,
particularly of the nervous system.

. Enhance  protein  synthesis, glucose
utilization, and lipid metabolism.

. Increase heart rate and cardiac output.

Mechanism of Action

. Lipid-soluble; enter target cells and bind to

nuclear receptors.
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. T3 is the active form (T4 is converted to T3
in peripheral tissues).

. Hormone-receptor complex binds to thyroid
hormone response elements (TREs) on
DNA, regulating gene transcription.

Regulation

. Controlled by the hypothalamic-pituitary-
thyroid (HPT) axis:

- TRH (hypothalamus) — TSH (pituitary)
— T3 /T4 secretion.

. Negative feedback: T3/T4 inhibit TRH and

TSH secretion.
Pathophysiology

. Hyperthyroidism: Graves’ disease
(autoimmune), toxic multinodular goiter.

- Symptoms: Weight  loss,  heat

intolerance, tachycardia, exophthalmos.
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. Hypothyroidism: Hashimoto’s thyroiditis,
iodine deficiency.

- Symptoms:  Weight  gain, cold
intolerance, bradycardia, cretinism (in
infants).

Parathyroid Gland Hormone
1. Synthesis of Parathyroid Hormone (PTH)
. Synthesized by chief cells of the parathyroid
gland.
. PreproPTH — ProPTH — Active PTH
(peptide hormone).
Chemistry
. Peptide hormone (84 amino acids).
Physiological Roles
. Increases blood calcium levels by:

- Bone: Stimulating osteoclasts to release

calcium and phosphate.
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- Kidney: Promoting calcium
reabsorption and phosphate excretion.

- Intestine: Indirectly increasing calcium
absorption by stimulating vitamin D
activation.

Mechanism of Action
. Binds to PTH receptors (PTHIR) on target
cells.
. Activates cAMP and IP3/DAG pathways to
exert effects.
Regulation
. Controlled by serum calcium levels:

- Low calcium — Increased PTH
secretion.

- High calcium — Decreased PTH
secretion (via calcium-sensing

receptors).
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Pathophysiology
. Hyperparathyroidism: Excess PTH
(primary or secondary).
- Symptoms: Hypercalcemia, kidney
stones, osteoporosis.
. Hypoparathyroidism: Deficient PTH.
- Symptoms:  Hypocalcemia, tetany,
muscle cramps.
Pineal Gland Hormone
Melatonin
. Synthesis:
- Derived from tryptophan.
- Tryptophan — Serotonin — Melatonin
(regulated by light exposure).
. Secretion:
- Stimulated by darkness, inhibited by
light (via the suprachiasmatic nucleus).

AGAR Publications Page35]|112




Endocrinology ISBN: 978-93-7013-008-1

Chemistry

. Indoleamine (small molecule derived from

tryptophan).

Physiological Roles

. Regulates circadian rhythms (sleep-wake
cycles).
. Influences seasonal reproduction in animals.

. Antioxidant properties.

Proposed Mechanism of Action

. Binds to melatonin receptors (MT1, MT2) in
the brain.
. Modulates  neuronal firing in the

suprachiasmatic nucleus.

Pathophysiology

. Deficiency: Linked to insomnia, seasonal

atfective disorder (SAD).

AGAR Publications Page36]|112




Endocrinology ISBN: 978-93-7013-008-1

. Excess: Rare, may cause excessive
drowsiness.
Melanotropic Hormones
1. Melanocyte-Stimulating Hormone (MSH)
. Synthesis:

- Derived from POMC (pro-
opiomelanocortin) in the anterior
pituitary and intermediate lobe.

. Chemistry:
- Peptide hormone.
Physiological Roles
. Stimulates  melanin  production in
melanocytes.
. Plays a role in appetite regulation and

energy homeostasis.
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Mechanism of Action
. Binds to melanocortin receptors (MCIR in
melanocytes).
. Activates cAMP signaling pathway to
enhance melanin synthesis.
Regulation
. Stimulated by UV exposure and certain
neural signals.
Pathophysiology
. Excess: Hyperpigmentation (Addison’s
disease).
. Deficiency: Hypopigmentation (albinism-

related conditions).
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Hormone |Source Roles Pathophysiology
Metabolism,
Hyperthyroidism,
T3/T4 Thyroid | growth, CNS
hypothyroidism
development
Calcium |Hyperparathyroidism,
PTH |Parathyroid YPEP 4
homeostasis | hypoparathyroidism
Circadian
Melatonin| Pineal Insomnia, SAD
rhythm
Skin
iementation,| Hyperpigmentation,
MSH Pituitary PiS YPEPIS
appetite hypopigmentation
regulation
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UNIT-IV: Pancreatic hormones: Chemistry,
physiological roles, mechanism of action,
regulation of secretion and pathophysiology of
Insulin, Glucagon and  Somatostatin.
Neurohormones-chemistry, physiological
roles, mechanism of action, regulation of
secretion and pathophysiology of
Catecholamines and endorphins. Adrenal

hormones-Epinephrine, Nor-epinephrine.
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Pancreatic Hormones

Isliet celis

Acinar celis

1. Insulin
. Synthesis:
- Produced by beta cells of the pancreas
(Islets of Langerhans).
- Preproinsulin — Proinsulin — Insulin

(via cleavage of proinsulin).
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A-Chain
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B-Chain 2
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. Chemistry:

» Protein hormone composed of 51 amino
acids.

- Consists of two polypeptide chains (A
and B chains) linked by disulfide bonds.

. Physiological Roles:

- Lowers blood glucose levels by
facilitating glucose uptake in muscle
and adipose tissue.

- Stimulates glycogen synthesis in the

liver.
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- Promotes protein synthesis and inhibits
protein degradation.

- Facilitates fatty acid and triglyceride
storage in adipose tissue.

. Mechanism of Action:

- Binds to the insulin receptor (a tyrosine
kinase receptor).

- Activates a cascade of intracellular
signaling (PI3BK/Akt pathway) that
promotes glucose uptake via GLUT4
transporters.

. Regulation of Secretion:

- Stimulated by elevated blood glucose
levels.

- Inhibited by low blood glucose levels,
somatostatin, and sympathetic nervous
system activity.
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- Secreted in response to food intake

(especially carbohydrates).
Pathophysiology:

- Type 1 Diabetes Mellitus (T1DM):
Autoimmune destruction of beta cells,
leading to insulin deficiency.

- Type 2 Diabetes Mellitus (T2DM):
Insulin resistance in target tissues,
eventually leading to beta cell
dysfunction.

- Hypoinsulinemia: Insulin deficiency
leads to hyperglycemia.

- Hyperinsulinemia: Overproduction can
cause hypoglycemia, leading to fainting,

seizures, Or even coma.
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2. Glucagon
. Synthesis:

- Produced by alpha cells of the pancreas
(Islets of Langerhans).

> Synthesized from preproglucagon.

. Chemistry:

- Peptide hormone consisting of 29 amino
acids.

. Physiological Roles:

- Raises blood glucose levels by
promoting glycogen breakdown
(glycogenolysis) in the liver.

- Stimulates gluconeogenesis (synthesis of
glucose from non-carbohydrate
precursors).

- Promotes lipolysis in adipose tissue.
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. Mechanism of Action:

- Binds to glucagon receptors (Gas-
coupled receptors) on hepatocytes.

- Activates adenylate cyclase — increases
cAMP — activates protein kinase A
(PKA) to promote glycogen breakdown
and gluconeogenesis.

. Regulation of Secretion:

- Stimulated by low blood glucose levels.

- Inhibited by high blood glucose, insulin,
and somatostatin.

. Pathophysiology:

- Glucagonoma: A rare pancreatic tumor

leading to hyperglycemia and weight

loss due to excessive glucagon secretion.
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- Hypoglycemia: Low levels of glucagon
may impair the body's ability to raise
blood glucose.

3. Somatostatin
. Synthesis:

- Produced by delta cells of the pancreas,
as well as in the hypothalamus and GI
tract.

- Synthesized from preprosomatostatin.

. Chemistry:
- Peptide hormone (14 or 28 amino acids).
. Physiological Roles:

- Inhibits insulin and glucagon secretion
from the pancreas.

- Inhibits growth hormone (GH) secretion

from the anterior pituitary.
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- Inhibits gastrointestinal motility and
secretions.

. Mechanism of Action:

- Binds to somatostatin receptors (SSTR1-
SSTRS), inhibiting adenylate cyclase and
reducing cAMP levels.

- Suppresses the release of other
hormones by inhibition of calcium
influx into secretory cells.

. Regulation of Secretion:

» Stimulated by increased blood glucose,
amino acids, and gastrointestinal
hormones (like gastrin).

- Inhibited by growth hormone (GH) and

certain hormones like gastrin.
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. Pathophysiology:

- Somatostatinoma: A rare tumor of delta
cells, causing suppression of insulin,
glucagon, and growth hormone.

Neurohormones
1. Catecholamines (Epinephrine and
Norepinephrine)
Epinephrine (Adrenaline) and Norepinephrine
(Noradrenaline):

. Synthesis:

> Derived from the amino acid tyrosine.

o Tyrosine — L-DOPA — Dopamine —
Norepinephrine — Epinephrine (the
final step occurs in the adrenal

medulla).
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. Chemistry:
- Amine hormones (derived from
tyrosine).
- Epinephrine is a methylated form of
norepinephrine.
. Physiological Roles:
- Epinephrine:

. Increases heart rate, blood pressure,
and cardiac output (fight-or-flight
response).

. Promotes glycogen breakdown and
lipolysis (mobilizing energy
sources).

. Dilates airways in the lungs

(bronchodilation).
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- Norepinephrine:
. Primarily a vasoconstrictor, raising
blood pressure.
. Acts as a neurotransmitter in the
sympathetic nervous system.
. Mechanism of Action:

- Both bind to adrenergic receptors (al,
a2, p1, 2) on target cells.

- Activate G-protein-coupled receptors,
leading to cAMP and IP3 signaling
pathways.

. Regulation of Secretion:

- Stimulated by stress, low blood
pressure, exercise, and hypoglycemia.

- Inhibited by parasympathetic nervous

system activity.
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. Pathophysiology:
- Pheochromocytoma: A tumor of the
adrenal medulla causing excessive

secretion of catecholamines, leading to

hypertension, tachycardia, and
sweating.
- Adrenal insufficiency: Low

catecholamine production leading to
hypotension and poor stress response.
2. Endorphins
. Synthesis:

- Produced in the pituitary gland
(anterior pituitary) and the
hypothalamus.

- Synthesized from large precursor
proteins, such as pro-opiomelanocortin
(POMC).
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. Chemistry:
- Peptides (such as p-endorphin).
. Physiological Roles:
- Pain relief (analgesic effect).
- Induce feelings of euphoria (in response
to stress, exercise, or pain).
- Modulate mood and stress responses.
- Regulate  appetite and  immune
response.
. Mechanism of Action:
- Bind to opioid receptors (p, 0, k) in the
brain and spinal cord.
- Inhibit pain transmission by reducing
neuronal firing.
. Regulation of Secretion:
- Stimulated by stress, exercise, pain, and
certain stimuli like eating or sex.
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. Pathophysiology:

- Endorphin Deficiency: Associated with

chronic pain, depression,

disorders.

or stress

- Excess Endorphins: Can contribute to

reduced sensitivity

to pain

(hyperalgesia) or addictive behavior due

to excessive euphoria.

Adrenal Hormones

, —— Medulla
Cortex & =

Cut-section of adrenal gland Tefadrenal

Right adrenal / gland

|
_ Left kidney
Right kidney
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1. Hormones of the Adrenal Cortex:
The adrenal cortex produces three main classes
of hormones:

. Glucocorticoids (e.g., Cortisol)

. Mineralocorticoids (e.g., Aldosterone)

. Androgens (e.g., Dehydroepiandrosterone

(DHEA))
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Cortex

1. Zone of glomerulosa

/ 2

Y

Medulla

A. Glucocorticoids (Cortisol)
. Synthesis:
- Cortisol is synthesized in the zona
fasciculata of the adrenal cortex. Its
production is stimulated by

adrenocorticotropic hormone (ACTH),
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which is released from the anterior
pituitary in response to corticotropin-
releasing hormone (CRH) from the
hypothalamus.

. Chemistry:

- Cortisol is a steroid hormone derived
from cholesterol. It is lipid-soluble,
which allows it to pass through cell
membranes easily.

. Physiological Roles:

- Metabolism Regulation:

. Cortisol plays a vital role in
regulating glucose, protein, and fat
metabolism. It increases
gluconeogenesis (the production of
glucose from non-carbohydrate
sources) in the liver and promotes
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protein breakdown to release amino
acids.
- Stress Response:

. It helps the body manage stress by
preparing it for a "fight or flight"
response, increasing blood glucose,
enhancing blood pressure, and
supporting immune function.

> Anti-inflammatory:

. Cortisol has an anti-inflammatory
effect by inhibiting the immune
system’s response to infection or
injury.

. Mechanism of Action:
- Cortisol acts on cells by binding to
glucocorticoid receptors in the
cytoplasm, which then translocate to the
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nucleus. This leads to the activation or
suppression of specific genes that
regulate metabolism and immune
function.

. Regulation of Secretion:

- Cortisol secretion follows a diurnal
rhythm, with the highest levels
occurring in the morning and the lowest
at night. Its production is regulated by
the hypothalamic-pituitary-adrenal
(HPA) axis through a negative feedback
mechanism, where high cortisol levels
inhibit the release of CRH and ACTH.

. Pathophysiology:

- Cushing’s Syndrome:

. Caused by prolonged
overproduction of cortisol, often

AGAR Publications Pageb59]|112




Endocrinology ISBN: 978-93-7013-008-1

due to a pituitary tumor that
secretes excess ACTH.
- Addison’s Disease:

. Caused by insufficient cortisol
production, resulting in symptoms
like fatigue, weight loss, and low
blood pressure.

Regulation:

T Blood K* l Blood Na*
level rises level falls

N

Aldosterone

released from <«

adrenal cortex <*~ )
-

N

\

Aldosterone
targets kidneys

L

i K* release Na* is reabsorbed

/|

falls by kidneys

N

Blood Na*/K* levels
normalize

\
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B. Mineralocorticoids (Aldosterone)
. Synthesis:

- Aldosterone is produced in the zona
glomerulosa of the adrenal cortex. Its
secretion is primarily stimulated by
angiotensin II (part of the renin-
angiotensin-aldosterone system) and
elevated potassium levels.

. Chemistry:

- Aldosterone is also a steroid hormone
derived from cholesterol. It is lipid-
soluble and thus able to cross cell

membranes.
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. Physiological Roles:
- Sodium and Water Balance:
. Aldosterone helps regulate blood
pressure and fluid balance by
promoting sodium reabsorption in
the kidneys. This increases water
retention, leading to increased blood
volume and blood pressure.

- Potassium Homeostasis:

. It also increases the excretion of

potassium in urine, helping

maintain electrolyte balance.
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. Mechanism of Action:

- Aldosterone binds to mineralocorticoid
receptors in the kidneys, particularly in
the distal tubules and collecting ducts,
stimulating the expression of proteins
that promote sodium reabsorption and
potassium excretion.

. Regulation of Secretion:

- Aldosterone secretion is primarily
regulated by the renin-angiotensin-
aldosterone system (RAAS). When
blood pressure or sodium levels are low,
renin is released by the kidneys, leading
to the production of angiotensin II,

which stimulates aldosterone release.

AGAR Publications Page63]|112




Endocrinology ISBN: 978-93-7013-008-1

. Pathophysiology:
- Hyperaldosteronism (Conn’s
Syndrome):

. Overproduction of aldosterone can
result in high blood pressure
(hypertension) and low potassium
levels (hypokalemia).

- Hypoaldosteronism:

. Insufficient aldosterone can cause
dehydration, low blood pressure,
and  high  potassium levels

(hyperkalemia).

AGAR Publications Page64]|112




Endocrinology

C.

ISBN: 978-93-7013-008-1

Regulation of Cortisol Secretion

Stress, low blood glucose

;

CRH

\ Hypothalamus

Hypothal amohypophysial
portal system

- Stimulatory = Increases fat and protein

——eli- Inhibltory s Anti-inflammatory ﬂl:ct-

Adrenal Androgens (e.g.,

Dehydroepiandrosterone, DHEA)

. Synthesis:

o

Androgens, like DHEA, are produced in
the zona reticularis of the adrenal

cortex. Their production is regulated by

ACTH.
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. Chemistry:

- DHEA is a steroid hormone and serves
as a precursor for both testosterone and
estrogen.

. Physiological Roles:

- Sexual Development and Function:

. DHEA is a precursor for the
synthesis of testosterone and
estrogen, playing a role in the
development of secondary sexual
characteristics, particularly during
puberty.

- Muscle Strength and Energy:

. DHEA is believed to contribute to
muscle strength, energy levels, and

overall well-being.
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. Mechanism of Action:

- DHEA acts by binding to androgen
receptors, which are found in various
tissues including the brain, muscle, and
reproductive organs.

. Regulation of Secretion:

- Its secretion is regulated by ACTH, but
the role of adrenal androgens is less
critical in adults compared to other
sources of sex hormones like the

gonads.
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and urine output
* Metabolic rate increases

. Pathophysiology:
- Adrenogenital Syndrome (Congenital
Adrenal Hyperplasia, CAH):
. CAH is a genetic disorder that leads
to overproduction of adrenal

androgens, causing masculinization
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in females and early puberty in both
sexes.
- DHEA Deficiency:

. Reduced @ DHEA  levels are
associated with decreased libido,
fatigue, and muscle weakness.

2. Hormones of the Adrenal Medulla:
The adrenal medulla produces catecholamines,
such as epinephrine (adrenaline) and
norepinephrine (noradrenaline).
A. Epinephrine (Adrenaline) and
Norepinephrine (Noradrenaline)
. Synthesis:
- Both epinephrine and norepinephrine
are synthesized from tyrosine through a

series of biochemical steps, with the
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final steps taking place in the adrenal
medulla.
. Chemistry:

- Epinephrine and norepinephrine are
amine hormones derived from the
amino acid tyrosine.

. Physiological Roles:

- Fight-or-Flight Response:

. Both hormones prepare the body for
immediate physical action by
increasing  heart rate, blood
pressure, and blood flow to
muscles, while dilating the airways
and increasing glucose release from

the liver.
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- Vasoconstriction and Vasodilation:

. Norepinephrine causes
vasoconstriction  (narrowing  of
blood vessels), which increases
blood pressure, while epinephrine
causes both vasoconstriction and
vasodilation (widening of blood
vessels) depending on the target
tissue.

. Mechanism of Action:

- Epinephrine and norepinephrine bind to
adrenergic receptors (alpha and beta
receptors) on target cells, initiating a
cascade of events that leads to the
physiological responses associated with

stress.
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. Regulation of Secretion:

- The secretion of these hormones is
primarily controlled by the sympathetic
nervous system during stressful
situations or physical exertion.

. Pathophysiology:

- Pheochromocytoma:

. A tumor in the adrenal medulla can
cause excessive production of
catecholamines, leading to high
blood pressure, rapid heart rate, and
sweating.

- Adrenal Insufficiency:

. Insufficient production of
catecholamines can cause symptoms
like low blood pressure, dizziness,
and fainting, especially under stress.
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Table: Pancreatic, Neurohormones, and
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UNIT-V: Reproductive Endocrinology-Male
reproductive  system-Synthesis, chemistry,
physiological roles, mechanism of action, and
pathophysiology of Androgens. Female
reproductive  system-Synthesis, chemistry,
physiological roles, mechanism of action,
regulation of secretion and pathophysiology of
Ovarian  hormones. = Endocrinology  of

pregnancy.
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Reproductive Endocrinology
Reproductive endocrinology is the study of the
hormones that regulate the function of the
reproductive systems in both males and females.
It involves wunderstanding the synthesis,
chemistry, physiological roles, mechanism of
action,  regulation  of  secretion, and
pathophysiology of reproductive hormones.
Here is an in-depth overview of the hormones
involved in male and female reproduction,
pregnancy, parturition, lactation, and associated
endocrine disorders.
Male Reproductive System and Androgens

1. Androgens (Testosterone and

Dihydrotestosterone - DHT)
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. Synthesis:

- Produced by Leydig cells in the testes,
with a small amount produced by the
adrenal glands.

- Testosterone is synthesized from
cholesterol through a series of steps:

. Cholesterol — Pregnenolone —
Progesterone — 17a-
hydroxyprogesterone —
Androstenedione — Testosterone.

- Dihydrotestosterone (DHT) is derived
from testosterone by the enzyme b5a-
reductase in target tissues (e.g., prostate,
skin).

. Chemistry:
- Testosterone: Steroid hormone with 19

carbon atoms.
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- DHT: A more potent derivative of
testosterone, differing only by the
presence of an additional hydrogen
atom at the 5th carbon position.

CH
3 _OH

CH;

testosterone
. Physiological Roles:
- Developmental:

. Prenatal: Masculinizes the genitalia
and promotes the development of
the male reproductive system.

. Postnatal: Responsible for the
development of secondary sexual

characteristics during puberty (deep
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voice, muscle mass, facial and body
hair).

- Metabolic:

. Stimulates erythropoiesis (red blood
cell production).

. Increases bone density and muscle
mass.

- Sexual Function:

. Increases libido and  sperm
production.
. Mechanism of Action:

- Testosterone acts through androgen
receptors (AR) in target tissues.

- In target tissues like the prostate,
testosterone is converted to DHT, which
has a higher affinity for androgen
receptors.
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- Androgen-receptor complex enters the
nucleus, binding to specific DNA
sequences (androgen response
elements) to regulate gene expression.

. Regulation of Secretion:

- Controlled by the hypothalamic-
pituitary-gonadal (HPG) axis:

. GnRH (hypothalamus) stimulates
the release of LH and FSH from the
pituitary.

- LH stimulates testosterone
production from Leydig cells.

. Testosterone negatively feedbacks
on the hypothalamus and pituitary
to decrease GnRH, LH, and FSH

secretion.
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. Pathophysiology:

- Hypogonadism: Low testosterone levels
due to testicular or  pituitary
dysfunction, leading to infertility,
decreased libido, and muscle wasting.

- Hyperandrogenism: Excessive
testosterone levels (e.g., in polycystic
ovary syndrome (PCOS) in women),
leading to virilization (development of

male characteristics) and acne.
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- Prostate Disorders: Excess DHT is
implicated in  benign  prostatic
hyperplasia (BPH) and prostate cancer.

Female Reproductive System and Ovarian
Hormones
1. Estrogen (Estrone, Estradiol, Estriol)

. Synthesis:

- Produced mainly in the ovaries,
particularly the granulosa cells of
ovarian follicles.

- Estrogen is synthesized from cholesterol
through a series of steps:

. Cholesterol — Pregnenolone —
Estrone (E1) — Estradiol (E2, the
most active form).

- Estriol (E3) is produced mainly during
pregnancy by the placenta.
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. Chemistry:
- Steroid hormones with 18 carbon atoms,
with different hydroxylation patterns
(estrone has a ketone group at position

17, estradiol has a hydroxyl group).

ESTROGENS H
P

Estradiol

cHs 5 cn, PH
(L (L
HO HO

. Physiological Roles:
- Developmental:

. Responsible for the development of
female secondary sexual
characteristics (breast development,
widening of hips).

. Regulation of the menstrual cycle.
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- Metabolic:

. Increases  bone  density by
promoting osteoblast activity.

. Increases HDL cholesterol and
decreases LDL cholesterol, thus
protecting  the  cardiovascular
system.

- Reproductive:

. Regulates  the  growth  and
maturation of ovarian follicles.

. Increases uterine lining growth for
potential implantation during the
menstrual cycle.

. Mechanism of Action:

- Hstrogen acts via estrogen receptors

(ERa and ERp), which are intracellular.
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- The hormone-receptor complex
translocates to the nucleus, binding to
estrogen response elements (EREs) on
DNA to regulate gene transcription.

. Regulation of Secretion:

- Controlled by the hypothalamic-
pituitary-ovarian axis:

. GnRH stimulates FSH and LH
secretion.

. FSH promotes estrogen production
by granulosa cells.

. Estrogen provides feedback on the
hypothalamus and pituitary,
modulating GnRH and FSH/LH

secretion.
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. Pathophysiology:

- Hypoestrogenism: Low estrogen levels
due to ovarian dysfunction (e.g.,
menopause) lead to hot flashes,
osteoporosis, and increased risk of
cardiovascular diseases.

- Hyperestrogenism: Excess estrogen, as

seen in conditions like estrogen-
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producing tumors or obesity, can lead to
endometrial hyperplasia and an
increased risk of breast and uterine
cancers.
2. Progesterone
. Synthesis:

- Produced by the corpus luteum in the
ovaries following ovulation, and by the
placenta during pregnancy.

- Synthesized from cholesterol through
the intermediate pregnenolone.

. Chemistry:

- Steroid hormone with 21 carbon atoms.

CHs;

CHj c—oO

H;C

O

progesterone
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. Physiological Roles:
- Reproductive:

. Prepares the endometrium for
implantation by promoting
secretion and vascularization of the
uterine lining.

. Maintains pregnancy by preventing
uterine contractions.

- Metabolic:

. Stimulates the production of fatty
acids and storage of fat in
preparation for pregnancy.

- Immune Modulation:

. Reduces the immune response to

prevent rejection of the fetus during

pregnancy.
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. Mechanism of Action:

- Acts via progesterone receptors (PR),
which are present in the uterus, breast,
brain, and other tissues.

- The progesterone-receptor complex
modulates gene transcription related to
reproductive function and immune
response.

. Regulation of Secretion:

- LH stimulates the secretion of
progesterone from the corpus luteum.

- During pregnancy, hCG (human
chorionic gonadotropin) from the
placenta maintains corpus luteum

function.
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. Pathophysiology:

- Hypoprogesteronism: Insufficient
progesterone secretion can lead to
menstrual irregularities, difficulty in
maintaining pregnancy (miscarriages),
and infertility.

- Excess Progesterone: Can lead to side

effects like bloating, mood swings, and
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fatigue (common in birth control pill
use).
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Endocrinology of Pregnancy, Parturition, and
Lactation
1. Human Chorionic Gonadotropin (hCG)

. Synthesis:

- Produced by the placenta shortly after
implantation.

- Stimulates the corpus luteum to
produce progesterone during early
pregnancy.

. Physiological Roles:

- Maintains the corpus luteum, thereby
ensuring the production of progesterone
until the placenta can take over.

- Supports fetal growth by stimulating
trophoblast development.

AGAR Publications Page93]|112




Endocrinology ISBN: 978-93-7013-008-1

. Regulation:
- Produced by the placenta in response to
early pregnancy.
. Pathophysiology:
- Elevated hCG levels may indicate
pregnancy or molar pregnancy.
- Low hCG levels can indicate
miscarriage or ectopic pregnancy.
2. Prolactin
. Synthesis:
- Produced by the anterior pituitary.
. Physiological Roles:
- Stimulates milk production in the
breasts.
- Inhibits ovulation during lactation to

prevent pregnancy soon after childbirth.
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. Regulation:

- Regulated by dopamine (which inhibits
its secretion) and TRH (which
stimulates its secretion).

. Pathophysiology:

- Hyperprolactinemia: Can cause
galactorrhea (inappropriate milk
secretion), infertility, and menstrual
irregularities.

3. Oxytocin
. Synthesis:

- Produced by the hypothalamus and

stored in the posterior pituitary.
. Physiological Roles:

- Stimulates uterine contractions during

labor.

- Promotes milk ejection during lactation.
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. Regulation:

- Positive feedback during labor, where
uterine contractions stimulate more
oxytocin release.

. Pathophysiology:

- Oxytocin Deficiency: Can result in poor
uterine contractions during labor,
leading to labor complications.

- Excess Oxytocin: May cause uterine
hyperstimulation during labor.

Puberty and Hormone Regulation
. Pubertal Changes:

- Triggered by the activation of the
hypothalamic-pituitary-gonadal axis.

- Increased GnRH leads to the secretion
of LH and FSH, which stimulate the
gonads to produce sex hormones
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(estrogen/testosterone) and initiate the
development of secondary sexual
characteristics (breast development in
females, facial hair in males).
Human Infertility
. Causes of Infertility:

- Male Infertility: Low sperm count, poor
sperm motility, testicular dysfunction.

- Female Infertility: Ovulatory disorders,
polycystic ovary syndrome (PCOS),
endometriosis, uterine abnormalities,
and hormonal imbalances.

1. Male Infertility

Male infertility accounts for about 40-50% of
infertility cases, and it is commonly linked to
problems with sperm production, motility, or

structure.
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Causes of Male Infertility:
. Low Sperm Count (Oligospermia):

- Low sperm count is one of the most
common causes. A sperm count of less
than 15 million sperm per milliliter of
semen is considered low.

. Poor Sperm Motility (Asthenospermia):

- Reduced sperm motility makes it
difficult for sperm to swim and reach
the egg. This can be due to genetic
factors, infections, or hormone
imbalances.

. Abnormal Sperm Morphology
(Teratospermia):

- Abnormalities in sperm shape (head,

mid-piece, tail) can prevent fertilization.

The presence of too many malformed
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sperm can significantly reduce the

chances of conception.

. Testicular Dysfunction (Hypogonadism):

- Low testosterone or abnormalities in the

testes that impair sperm production can
lead to infertility.

Primary hypogonadism occurs when
the testes themselves are damaged, and
secondary hypogonadism involves
problems in the hypothalamus or
pituitary, which affect the release of
GnRH, FSH, and LH, leading to low

sperm production.

. Varicocele:

- A varicocele is an enlargement of the

veins within the scrotum that can
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elevate testicular temperature,
impairing sperm production.
. Obstruction of the Reproductive Tract:

- Blockages in the epididymis or vas
deferens (often due to infection, injury,
or congenital conditions) can prevent
sperm from reaching the semen.

. Hormonal Imbalances:

- Disruptions in the production of
hormones such as testosterone, FSH,
and LH can lead to abnormal sperm
production.

. Infections:

- Infections like orchitis, epididymitis,
and sexually transmitted infections
(STIs) can affect sperm quality and
fertility.
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. Lifestyle Factors and Environmental
Factors:

- Smoking, excessive alcohol wuse,
exposure to toxins (like pesticides,
chemicals), obesity, and stress are
linked to decreased sperm quality.

Diagnosis of Male Infertility:
. Semen Analysis:

- The primary diagnostic tool for male
infertility, which evaluates sperm count,
motility, morphology, and overall
semen quality.

. Hormone Testing:

- Blood tests measuring levels of

testosterone, FSH, LH, and prolactin

can help identify hormonal imbalances.
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. Scrotal Ultrasound:

- Used to detect conditions like
varicocele, testicular tumors, or
abnormalities in the reproductive tract.

. Genetic Testing:

- Chromosomal analysis and genetic
testing can identify inherited conditions
such as Klinefelter syndrome, Y
chromosome microdeletions, or cystic
fibrosis.

2. Female Infertility

Female infertility is equally complex, with
causes related to ovulation, fallopian tubes,
uterus, and hormonal regulation. Around 40-
50% of infertility cases are attributed to female

factors.
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Causes of Female Infertility:
. Ovulatory Disorders:

- Problems with ovulation are among the
most common causes of female
infertility. These can be caused by
hormonal imbalances involving FSH,
LH, and estrogen.

- Conditions like polycystic ovary
syndrome (PCOS), hypothalamic
amenorrhea, and premature ovarian
failure (early menopause) can prevent
normal ovulation.

. Fallopian Tube Blockage:

- Blockages in the fallopian tubes prevent

the egg from reaching the uterus or the

sperm from reaching the egg.
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- Pelvic inflammatory disease (PID),
endometriosis, and previous surgeries
(e.g., tubal ligation or ectopic
pregnancy) can result in blocked or
damaged fallopian tubes.

. Endometriosis:

- Endometrial tissue growing outside the
uterus can cause scarring, adhesions,
and inflammation, affecting fertility by
blocking the fallopian tubes or
disrupting ovulation.

. Uterine Abnormalities:

- Structural issues such as fibroids,
polyps, congenital uterine anomalies,
or scarring can interfere with
implantation or the development of a

healthy pregnancy.
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. Hormonal Imbalances:

- Disorders of the hypothalamic-
pituitary-ovarian axis can lead to
anovulation (failure to ovulate), which
is commonly caused by conditions like
PCOS or hyperprolactinemia (excessive
prolactin levels).

. Age-related Infertility:

- As women age, the quantity and quality
of eggs decline, leading to decreased
fertility, especially after age 305.

- Advanced maternal age increases the
risk of chromosomal abnormalities, such
as Down syndrome, and can lead to
difficulties with implantation and

miscarriage.
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. Premature Ovarian Failure (POF):

- This occurs when the ovaries stop
functioning before the age of 40, leading
to early menopause. It can result from
autoimmune disorders, genetic factors,
or chemotherapy/radiation therapy.

. Cervical Issues:

- Problems with the cervix, such as
cervical mucus abnormalities or
cervical stenosis, can hinder sperm
from passing into the uterus.

. Lifestyle and Environmental Factors:

- Obesity, smoking, excessive alcohol
consumption, and exposure to
environmental toxins can all reduce

fertility.
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Diagnosis of Female Infertility:
. Ovulation Testing:

- Monitoring basal body temperature
(BBT) or luteal phase progesterone
levels can confirm ovulation.

. Hormonal Testing:

- Blood tests for FSH, LH, estradiol,
prolactin, and thyroid hormones are
done to assess the hormonal balance.

. Hysterosalpingography (HSG):

- An X-ray test that checks the patency of
the fallopian tubes and identifies uterine
abnormalities.

. Ultrasound:
- Transvaginal ultrasound is used to

evaluate the ovaries, uterus, and
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endometrial lining for issues like
fibroids, polyps, or cysts.
. Laparoscopy:

- A surgical procedure that allows direct
visualization of the ovaries, fallopian
tubes, and uterus to diagnose conditions
like endometriosis, adhesions, or pelvic
infections.

3. Common Causes of Infertility in Both Men
and Women:
. Sexually Transmitted Infections (STIs):

- Infections  such  as  chlamydia,
gonorrhea, and syphilis can lead to
pelvic inflammatory disease (PID) in
women and epididymitis in men, both

of which can cause infertility.
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. Genetic Conditions:

- Genetic disorders such as Turner
syndrome (in females) or Klinefelter
syndrome (in males) can lead to
infertility.

. Lifestyle Factors:

- Both male and female fertility can be
impacted by factors such as stress, poor
diet, obesity, smoking, and alcohol
abuse.

4. Treatment Options for Infertility
Male Infertility Treatments:
. Lifestyle Changes:

- Addressing factors like smoking,
alcohol consumption, and obesity can
improve sperm quality.

. Hormonal Therapy:
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- For hormonal imbalances like low
testosterone or high prolactin, treatment
with  hormone  replacement  or
medications can restore fertility.

. Surgical Interventions:

- Surgical = procedures to  correct
varicocele, remove blockages, or repair
structural ~ abnormalities in  the
reproductive tract.

. Assisted  Reproductive  Technologies
(ART):

- Intrauterine insemination (IUI) or in

vitro fertilization (IVF) may be used in

cases of low sperm count or motility.
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Female Infertility Treatments:
. Ovulation Induction:

- Medications like clomiphene citrate or
gonadotropins are used to stimulate
ovulation in women with ovulatory
disorders.

. Surgical Treatments:

- Surgery to remove fibroids,
endometrial polyps, or to unblock
fallopian tubes can improve fertility.

. Hormonal Therapy:

- Progestin or estrogen therapy can be

used to correct hormonal imbalances

and regulate the menstrual cycle.
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. Assisted  Reproductive  Technologies
(ART):

- IVF, intracytoplasmic sperm injection

(ICSI), or egg donation are options for

women with severe fertility issues.
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