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Chapter 1: Introduction to Endocrinology

1.1 Definition and scope of endocrinology

Endocrinology is the branch of biology and medicine that studies hormones, endocrine
glands, and the disorders associated with abnormal hormone action. It deals with how
chemical messengers, called hormones are produced, released, carried in the blood and
regulated, and how they influence different cells, tissues, and organs to maintain
physiological balance in the body. Endocrinology is therefore closely linked with

physiology, biochemistry, and clinical medicine.

The word “endocrine” comes from the Greek words endo, meaning within, and krinein,
meaning to secrete. Endocrine glands are ductless glands that release their secretions
directly into the bloodstream rather than through a duct. Major endocrine glands include
the hypothalamus, pituitary, thyroid, parathyroid, adrenal glands, pancreas, and gonads.
In addition, organs such as the brain, liver, kidney, adipose tissue, and gastrointestinal
tract also produce and respond to hormones or hormone-like substances, which broadens

the scope of endocrinology.

The scope of endocrinology ranges from the molecular level to the whole organism. It
covers processes such as growth and development, metabolism of carbohydrates, fats,
and proteins, regulation of water and electrolyte balance, reproductive function, stress
responses, and control of circadian rhythms. Endocrinology also includes the study of
endocrine diseases such as diabetes mellitus, thyroid disorders, adrenal insufficiency,

pituitary dysfunction, and reproductive endocrinopathies.

Modern endocrinology extends beyond classical glands and includes the role of obesity,
metabolic syndrome, endocrine-disrupting chemicals, and the interaction between
hormones, the immune system and behaviour. In teaching and research, it integrates cell
biology, molecular genetics, and clinical practice to understand both normal hormone
function and the mechanisms of disease. This section provides a basic definition and
outline of the scope of endocrinology, which will serve as a foundation for the detailed

discussion of individual endocrine systems in the following chapters of this book.

© 2026. This book is published as open access under the Creative Commons Attribution 4.0 International License
(CCBY 4.0).
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1.2 Historical developments in endocrinology

Endocrinology as a scientific discipline has its roots in ancient observations on body
functions, but it began to take shape as a distinct field in the late 19th and early 20th
centuries. Early physicians and scientists noticed that removing certain glands caused
specific and predictable changes in the body, which suggested that these organs were

producing chemical substances that influenced distant organs through the blood.

One of the earliest milestones was the discovery of the role of the thyroid gland in
metabolism. Observations on patients with goiter and myxedema led to the idea that the
thyroid produces a substance essential for normal growth and energy balance. Later,
isolation and characterization of thyroid hormones helped to establish the concept of

endocrine control of metabolism.

The adrenal glands were also studied early because their removal was found to be fatal.
Experiments showed that adrenal extracts could restore normal function in animals that
had lost their adrenal glands, indicating the presence of vital hormones such as
corticosteroids and catecholamines. This work laid the foundation for understanding

stress physiology and the hypothalamic—pituitary—adrenal axis.

The pituitary gland attracted attention when researchers observed that its removal caused
severe disturbances in growth, reproduction, and water balance. Studies on pituitary
extracts led to the identification of hormones such as growth hormone, prolactin, and
gonadotropins. The discovery of antidiuretic hormone and oxytocin from the posterior

pituitary further clarified how neural and endocrine systems are interconnected.

Insulin was discovered in the 1920s when scientists found that a substance from the
pancreas could lower blood glucose and prevent the symptoms of diabetes. This
breakthrough transformed diabetes from a fatal disease into a treatable condition and
demonstrated the powerful therapeutic potential of hormones. The subsequent discovery
of glucagon and other pancreatic hormones expanded understanding of carbohydrate and

energy metabolism.

Work on sex hormones also progressed rapidly. Researchers identified substances from

the ovaries and testes that controlled secondary sexual characters, menstrual cycles, and
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spermatogenesis. The isolation of estrogen, progesterone, and testosterone helped to

explain the endocrine control of reproduction and development.

Over time, advances in biochemistry, molecular biology, and immunology allowed
scientists to characterize hormone structures, receptors, and signaling mechanisms. These
developments turned endocrinology into a modern, molecular-level science, while still
remaining closely tied to clinical medicine. The history of endocrinology, therefore,
reflects a steady movement from whole-organ observations to cellular and molecular

mechanisms, forming the basis for current teaching and research in the field.
1.3 Overview of the endocrine system and major endocrine glands

The endocrine system is a network of glands and specialized cells that produce hormones
to regulate various physiological processes in the body. Unlike exocrine glands, which
release their secretions through ducts onto surfaces or into cavities, endocrine glands are
ductless and release hormones directly into the bloodstream. These hormones travel to
distant target organs, where they bind to specific receptors and elicit a physiological

response.

The major endocrine glands include the hypothalamus, pituitary gland, thyroid gland,
parathyroid glands, adrenal glands, pancreas, gonads, and, in females, the placenta during
pregnancy. In addition, several other organs such as the brain, liver, kidney, adipose tissue,
heart, and gastrointestinal tract also produce and secrete hormone-like substances, which

contribute to the complexity and integration of the endocrine system.

The hypothalamus is located in the brain and serves as a key link between the nervous
system and the endocrine system. It produces releasing and inhibiting hormones that
control the secretion of hormones from the anterior pituitary. The pituitary gland, often
called the “master gland,” is divided into anterior and posterior lobes and regulates many
other endocrine glands through its trophic hormones.

The hypothalamus is located in the brain and serves as a key link between the nervous
system and the endocrine system. It produces releasing and inhibiting hormones that
control the secretion of hormones from the anterior pituitary. The pituitary gland, often
called the “master gland,” is divided into anterior and posterior lobes and regulates many

other endocrine glands through its trophic hormones.
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Figure 1. : Endocrine System Overview Showing Major
Glands of the Human Body
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The thyroid gland is situated in the neck and produces thyroid hormones that regulate
metabolism, growth, and development. The small parathyroid glands, embedded in or
near the thyroid, secrete parathyroid hormone, which maintains calcium and phosphate
balance. The adrenal glands, located on top of the kidneys, consist of an outer cortex and
an inner medulla; the cortex secretes steroid hormones such as cortisol and aldosterone,
while the medulla produces catecholamines like epinephrine and norepinephrine.

The pancreas has both exocrine and endocrine functions. Its endocrine portion is formed
by the islets of Langerhans, which secrete insulin and glucagon to regulate blood glucose
levels. The gonads, the testes in males and ovaries in females, produce sex steroids and

gametes and play a central role in reproductive function and secondary sexual
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characteristics. The placenta, during pregnancy, produces hormones that support fetal
development and maintain pregnancy.

The endocrine system does not work in isolation; it constantly interacts with the nervous
and immune systems to coordinate responses to internal and external stimuli. Together,
these systems maintain homeostasis, adapt the body to changing conditions, and support
growth, reproduction, and survival. Understanding the basic organization of the endocrine
system and the functions of its major glands provides a foundation for studying individual

hormones and their roles in health and disease.

TABLE 1.1: Major Endocrine Glands & Hormones

Gland Location Main Hormones Key Function
Hypothalamus Brain TRH, CRH, GnRH Controls pituitary
Pituitary ) TSH, ACTH, GH,

‘ Base of brain Master gland
(Anterior) FSH/LH
Thyroid Neck T4, T3, Calcitonin Metabolism
Parathyroid Near thyroid  PTH Calcium balance

Above Stress, salt
Adrenal Cortex ' Cortisol, Aldosterone
kidneys balance
Pancreas (Islets) Abdomen Insulin, Glucagon Blood glucose
Gonads Pelvis Estrogen, Testosterone Reproduction
14 Major endocrine glands and their hormones

The endocrine system functions through a group of specialized glands that produce
specific hormones. Each gland has a distinct location and role, but they are closely
interconnected so that the activity of one gland influences the others. Below is a brief

description of the major endocrine glands and the principal hormones they secrete.
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Figure 1.2: Hypothalamus-Pituitary Axis
Showing Control of the Master Gland
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The hypothalamus is a small region in the brain that produces releasing and inhibiting
hormones such as thyrotropin-releasing hormone (TRH), corticotropin-releasing
hormone (CRH), gonadotropin-releasing hormone (GnRH), and growth hormone-—
releasing hormone (GHRH). These hormones regulate the secretion of pituitary
hormones, thereby influencing the thyroid, adrenal, gonadal, and growth axes.

The pituitary gland lies below the hypothalamus and is divided into the anterior
(adenohypophysis) and posterior (neurohypophysis) lobes. The anterior pituitary secretes
hormones such as growth hormone (GH), thyroid-stimulating hormone (TSH),
adrenocorticotropic hormone (ACTH), prolactin, follicle-stimulating hormone (FSH),
and luteinizing hormone (LH). The posterior pituitary releases antidiuretic hormone
(ADH, or vasopressin) and oxytocin, which are actually produced in the hypothalamus
and transported to the pituitary.

The thyroid gland is located in the neck and produces the iodine-containing hormones
thyroxine (T4) and triiodothyronine (T3). These hormones regulate basal metabolic rate,
heat production, growth, and development of the nervous system. The thyroid also

secretes calcitonin, which plays a minor role in calcium regulation.
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The parathyroid glands are four small structures embedded in or near the thyroid. They
secrete parathyroid hormone (PTH), which controls calcium and phosphate levels in the
blood by acting on bone, kidneys, and the intestine. PTH helps raise blood calcium and
lower blood phosphate to maintain mineral balance.

The adrenal glands sit on top of the kidneys and have two distinct parts. The adrenal
cortex produces steroid hormones: glucocorticoids (mainly cortisol), which regulate
metabolism and stress responses; mineralocorticoids (such as aldosterone), which control
sodium and potassium balance and blood pressure; and adrenal androgens, which
contribute to sex steroid production. The adrenal medulla secretes the catecholamines
epinephrine and norepinephrine, which prepare the body for “fight-or-flight” responses.
The pancreas has both exocrine and endocrine portions. The endocrine part consists of
clusters of cells called the islets of Langerhans. The beta cells of the islets secrete insulin,
which lowers blood glucose by promoting its uptake and storage in tissues. The alpha
cells secrete glucagon, which raises blood glucose by stimulating glycogen breakdown
and glucose production in the liver. Other islet cells produce somatostatin and pancreatic
polypeptide, which modulate insulin and glucagon secretion and gastrointestinal
functions.

The gonads include the testes in males and ovaries in females. The testes produce
testosterone and other androgens, which control male sexual development, secondary
sexual characteristics, and spermatogenesis. The ovaries produce estrogens and
progesterone, which regulate the menstrual cycle, prepare the uterus for pregnancy, and
support fetal development. The gonads also secrete inhibin and activin, which modulate
gonadotropin release.

In pregnant females, the placenta becomes an important endocrine organ. It secretes
hormones such as human chorionic gonadotropin (hCG), human placental lactogen
(HPL), progesterone, and estrogen, which maintain pregnancy, support fetal growth, and
prepare the maternal body for childbirth.

Many other tissues also contribute to endocrine function. For example, adipose tissue
secretes leptin and adiponectin, which influence appetite and metabolism; the kidney
produces erythropoietin and renin; and the heart releases atrial natriuretic peptide (ANP).
This broad distribution of hormone-producing cells shows that the endocrine system is
widely integrated throughout the body and plays a central role in maintaining stability

and coordinating complex physiological responses.
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1.5 Endocrine system vs nervous system: integration and crosstalk

The endocrine system and the nervous system are two major regulatory systems that
coordinate activities in the body, but they differ in their mode of communication, speed
of action, and duration of effects. The nervous system uses electrical impulses and
neurotransmitters to transmit signals rapidly along nerve fibers, resulting in quick,
short-lived responses such as muscle contraction or reflexes. In contrast, the endocrine
system uses hormones released into the bloodstream, which travel more slowly but
produce longer-lasting effects on target organs.

Despite these differences, the two systems are closely integrated and constantly interact.
The hypothalamus, for example, is a brain region that receives neural inputs and also
functions as an endocrine organ by producing hormones that control the pituitary gland.
This connection allows neural signals—such as those related to stress, emotions, or
environmental changes—to influence hormone secretion and thereby alter metabolic,
reproductive, or immune functions.

Many physiological responses involve both systems working together. During stress, the
nervous system activates the sympathetic division, leading to rapid release of epinephrine
and norepinephrine from the adrenal medulla. At the same time, the hypothalamic—
pituitary—adrenal axis is activated, resulting in the slower but sustained release of cortisol.
This combined action prepares the body for immediate threats while maintaining energy
supply and immune modulation over a longer period.

Similarly, in reproduction, neural signals from the brain influence the secretion of
gonadotropin-releasing hormone, which in turn regulates gonadotropin release and sex
steroid production. Behavior, sleep-wake cycles, and feeding are also controlled by
interactions between neural circuits and hormones such as melatonin, leptin, and ghrelin.
These crosstalk mechanisms ensure that the body responds in a coordinated and adaptive
manner to internal and external changes.

Understanding the relationship between the endocrine and nervous systems is essential
for appreciating how the body maintains homeostasis and how disturbances in one system
can affect the other. This integration forms the basis for many clinical conditions,
including stress-related disorders, sleep disturbances, appetite disorders, and certain
psychiatric and metabolic diseases. In this chapter, the focus remains on the endocrine
system, but recognition of its close ties with the nervous system helps to place hormone

actions in a broader physiological context.
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1.6 Classes of hormones: peptides, steroids, and amines

Hormones can be grouped into three main chemical classes based on their molecular
structure: peptide and protein hormones, steroid hormones, and amine hormones. Each
class has distinct features related to synthesis, storage, transport, and mode of action.
Peptide and protein hormones are made up of amino acid chains. Small peptides include
hormones such as antidiuretic hormone, oxytocin, and many hypothalamic releasing
hormones. Larger protein hormones include insulin, growth hormone, and the pituitary
trophic hormones such as TSH, ACTH, FSH, and LH. These hormones are synthesized
as larger precursor molecules, processed in the endoplasmic reticulum and Golgi
apparatus, and stored in secretory granules before release. They are water-soluble,
circulate freely in the blood, and bind to receptors on the surface of target cells to initiate
intracellular signaling.

Steroid hormones are derived from cholesterol and include cortisol, aldosterone,
testosterone, estrogen, and progesterone. Because they are lipid-soluble, steroid
hormones are not stored in large amounts in glands; instead, they are synthesized on
demand from precursor molecules. In the blood, they bind to carrier proteins, which
protect them from degradation and regulate their availability to tissues. Steroid hormones
cross the cell membrane and bind to intracellular or nuclear receptors, forming hormone—
receptor complexes that directly regulate gene transcription and protein synthesis in target
cells.

Amine hormones are derived from the amino acid tyrosine. This group includes thyroid
hormones (thyroxine and triiodothyronine) and the catecholamines epinephrine and
norepinephrine. Thyroid hormones are structurally similar to steroids in that they bind to
nuclear receptors and regulate gene expression, whereas catecholamines act more like
peptide hormones by binding to cell surface receptors and triggering rapid intracellular
signaling events. Because of their different chemical properties, thyroid hormones have
long-lasting effects, while catecholamines act quickly but for a short duration.

These structural differences also influence how hormones are regulated. Peptide
hormones are often controlled by feedback mechanisms that act at the level of gene
expression and secretion, whereas steroid and thyroid hormones are regulated through
synthesis rate, carrier-protein binding, and receptor sensitivity. Understanding the main

classes of hormones helps to explain why some hormones exert rapid effects at the
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membrane level while others produce slower, long-term changes in cell function and gene

expression.

TABLE 1.2: Main classes of hormones and their features

Hormone

class

Peptide/protein

Steroid

Amine

Class

Peptide/Protein

Steroid

Amine

Chemical

Solubility
nature
Chains of

. . Water-soluble
amino acids

Derived
from Lipid-soluble

cholesterol

Derived
from Variable

tyrosine

Main site of action

Cell-surface

receptors

Intracellular/nuclear
receptors
Cell surface or

nuclear receptors

TABLE 1.3: Hormone Classes Comparison

Examples Solubility
Insulin, TSH, Water-
GH soluble
Cortisol, Lipid-
Estrogen soluble
T4/T3,

Variable

Epinephrine

Receptor

Location

Cell surface

Nuclear

Surface/Nuclear

Examples

Insulin,
glucagon,

TSH, ACTH

Cortisol,
aldosterone,

estradiol

Thyroxine,

epinephrine

Action

Speed

Fast

(seconds)

Slow

(hours)

Variable
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1.7 Modes of hormone action: endocrine, paracrine, and autocrine

Hormones can influence target cells in different ways depending on the distance between
the secreting cell and the responding cell. The three main modes of hormone action are
endocrine, paracrine, and autocrine. In some cases, hormones also act in an intracrine
manner inside the cell that produces them.

Endocrine action is the classical mode of hormone action. In this mode, hormones are
secreted by endocrine glands into the bloodstream and travel to distant target organs or
tissues. For example, thyroid hormones released by the thyroid gland circulate widely and
affect metabolism in many organs, while insulin secreted by the pancreatic beta cells acts
on the liver, muscle, and adipose tissue. Endocrine signaling is relatively slow but
widespread, allowing coordinated regulation of body functions over long distances.
Paracrine action occurs when a hormone or signaling molecule acts locally on nearby
cells without entering the general circulation. The hormone diffuses through the
interstitial fluid and affects only adjacent cells that express the appropriate receptors.
Examples include somatostatin released by delta cells in the pancreatic islets, which
inhibits the secretion of insulin and glucagon from neighboring beta and alpha cells, and
various growth factors acting within a tissue to regulate cell growth and repair.
Autocrine action occurs when a cell secretes a substance that binds to receptors on its
own surface, thereby regulating its own activity. Some cytokines, growth factors, and
certain peptide hormones act in an autocrine manner to modulate cell proliferation,
differentiation, or secretion. This mode of action allows cells to fine-tune their responses
in a self-regulated way.

In addition, intracrine signaling refers to hormones that act inside the same cell that
produces them, often after conversion into an active form, without being released into the
extracellular space. This mechanism is seen in some steroid hormones, where conversion
within the cell leads to local effects on gene expression.

Recognizing these different modes of hormone action helps to explain why some
hormones have broad systemic effects while others act in a very localized and specific
manner. Endocrine, paracrine, and autocrine mechanisms often work together to produce
precise and coordinated responses in tissues and organs. In this chapter, the focus is
mainly on endocrine hormones, but the concepts of paracrine and autocrine actions are

important for understanding the full spectrum of hormonal regulation in the body.
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Fig 1.2: Basic Organization of the Endocrine System
(Glands — Hormones — Target Tissues)
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TABLE 1.2: Modes of hormone action

Mode Meaning Example

_ Hormone released into blood and acts _ _
Endocrine ' TSH acting on thyroid
on distant target

Hormone acts on nearby cells without Somatostatin inhibiting insulin

Paracrine ' o
entering general blood in islets
) Hormone acts on the same cell that Some growth factors acting on
Autocrine )
produced it same cell type
) Hormone acts inside the same cell, Some steroid hormones inside
Intracrine

without being released producing cell

1.8 Feedback mechanisms and homeostasis
The endocrine system maintains stability in the body through feedback mechanisms that
regulate hormone secretion and action. These mechanisms ensure that hormone levels

remain within a narrow range, allowing the body to respond appropriately to changes
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while avoiding excessive or insufficient responses. The most common type of regulation
is negative feedback, in which the effect of a hormone reduces its own secretion.

In a typical negative-feedback loop, a hormone acts on its target tissues and also on the
gland or hypothalamic—pituitary axis that produces it, inhibiting further release. For
example, thyroid-stimulating hormone (TSH) from the pituitary stimulates the thyroid
gland to produce thyroxine (T4) and triiodothyronine (T3). When blood levels of T4 and
T3 rise, they act on the pituitary and hypothalamus to suppress the secretion of TSH and
thyrotropin-releasing hormone, thereby preventing overproduction of thyroid hormones.
Similar negative-feedback arrangements operate in the hypothalamic—pituitary—adrenal
axis and the hypothalamic—pituitary—gonadal axis.

In some cases, positive feedback also occurs, in which a hormone enhances its own
secretion or the secretion of another hormone involved in a particular process. A classic
example is the role of estrogen in the menstrual cycle: increasing estrogen levels from the
developing follicle stimulate the release of luteinizing hormone (LH) from the pituitary,
which in turn triggers ovulation. Once the peak of LH is reached, the system switches
back to a negative-feedback mode.

Set points and homeostasis are central concepts in endocrinology. A set point refers to
the desired level or range around which a physiological variable is maintained, such as
blood glucose, calcium concentration, or body temperature. Hormones act as regulators
that sense deviations from the set point and trigger corrective responses. For instance,
insulin and glucagon regulate blood glucose around a set range, while parathyroid
hormone and calcitonin maintain calcium balance.

These feedback systems allow the endocrine system to adapt to daily changes such as
feeding, fasting, exercise, and stress. They also help to protect the body from extreme
fluctuations that could damage cells and organs. Disturbances in feedback mechanisms
can lead to endocrine disorders, such as overactivity of a gland (hyperfunction) or
underactivity (hypofunction). Understanding feedback loops and the principle of
homeostasis provides a framework for interpreting how hormones normally maintain

balance and how their dysfunction gives rise to disease.
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KEY CONCEPTS:
X Endocrinology = Study of hormones from ductless glands released directly
into blood
X 7 Major glands: Hypothalamus, Pituitary, Thyroid, Parathyroid, Adrenal,

Pancreas, Gonads

X 3 Hormone classes: Peptides (insulin), Steroids (cortisol), Amines (T4,
epinephrine)
X 4 Action modes: Endocrine (blood), Paracrine (local), Autocrine (self),

Intracrine (intracellular)

X Feedback loops: Negative (TSH-T4 axis), Positive (LH surge ovulation)

X Clinical correlation 1.1 Primary hypothyroidism
35F: Fatigue, weight +8kg, cold intolerance
Labs: TSH 15 mIU/L 11, FT4 0.6 ||
Dx: Primary hypothyroidism
Rx: Levothyroxine 100pug OD



