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l. Introduction

The human body relies on a complex network of systems to maintain internal
balance and coordinate various physiological processes, among which the
endocrine system plays a crucial role. This system comprises multiple glands that
secrete hormones directly into the bloodstream to regulate metabolism, growth,
reproduction, and stress responses. These glands include the pituitary, thyroid,
adrenal glands, pancreas, and reproductive organs, each performing specific
functions essential to homeostasis. Recent research highlights not only the
traditional roles of these hormones but also emerging insights into how substances
such as endocrine-disrupting chemicals can adversely affect glandular function,
particularly in the adrenal glands, by disrupting steroid hormone pathways (Li Z et
al.). Additionally, new findings reveal that certain D-amino acids present in
endocrine tissues contribute to hormonal regulation, expanding our understanding
of the biochemical complexity within these glands (M Katane et al., p. 562-579).
To visualize the organization and location of these vital components, a detailed
anatomical overview of the human endocrine system is instrumental for

contextualizing their interconnected roles .

A Overview of the endocrine system and its significance in
regulating bodily functions
The human body relies on intricate internal communication systems to

maintain homeostasis and respond adaptively to environmental changes. Among
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these systems, the endocrine system plays a pivotal role by producing and releasing
hormones that regulate diverse physiological processes including metabolism,
growth, reproduction, and stress response. Hormones act as chemical messengers,
traveling through the bloodstream to target organs and tissues, which underscores
the system’s significance in coordinating complex bodily functions. Disruptions in
hormonal balance can lead to systemic health issues, emphasizing the necessity of
precise endocrine regulation. Notably, the endocrine system interfaces with the
nervous system to mediate responses to stress, impacting both mental and physical
health over time, highlighting a dynamic interaction between brain and body
functions (Randazzo et al.) (Estrine J et al.). The anatomical distribution of the
endocrine glands, as presented in , visually encapsulates this widespread influence,
elucidating their integral positions and collaborative functions in maintaining

bodily equilibrium.

I. Major Endocrine Glands

Historical observations have profoundly shaped our understanding of
endocrine glands and their crucial roles in maintaining physiological balance.
Notably, Emile Theodor Kocher’s research in the 1880s revealed that the thyroid
gland produces essential substances vital for normal human function, as its
complete removal resulted in severe physical and intellectual decline "Emile
Theodor Kocher's findings in Switzerland in the 1880s that the surgical removal of
the entire thyroid gland led to severe physical and intellectual decline in patients
made it clear that the thyroid produced a key substance necessary for normal human
function.” (Anthony N Hollenberg). This discovery underscored the importance of
major endocrine glands such as the hypothalamus, pituitary, thyroid, adrenal
glands, pancreas, ovaries, and testes, which collectively regulate a wide array of
bodily functions from metabolism to reproduction . The interplay among these
glands exemplifies the complex neuroendocrine and immune signaling molecules

that maintain homeostasis, as evidenced in the skin’s local endocrine activity
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(Andrzej Stominski et al., p. 1757-1776). Contemporary concerns, such as the

impact of endocrine-disrupting chemicals like BPA, further highlight the

vulnerability of these glands to environmental factors influencing hormone

function and health outcomes (Dumitra MCscu et al., p. 1-1). Understanding these

glands is essential to grasping the endocrine system’s holistic regulation.

Endocrine Gland

Hormones Produced

Primary Functions

Hypothalamus

Corticotropin-releasing

hormone (CRH),
Gonadotropin-releasing
hormone (GnRH),

Thyrotropin-releasing
hormone (TRH), Growth
hormone-releasing
(GHRH),

Somatostatin, Dopamine

hormone

Regulates the release of

the
CRH
stimulates ACTH release;
GnRH stimulates LH and
FSH TRH
stimulates TSH release;
GHRH GH
release; Somatostatin
inhibits ~ GH

Dopamine

hormones from

pituitary  gland,

release;

stimulates

release;

inhibits

prolactin release

Pituitary Gland (Anterior)

Adrenocorticotropic
(ACTH),

Luteinizing hormone (LH),

hormone

Follicle-stimulating
hormone (FSH), Thyroid-
stimulating
(TSH), Growth hormone
(GH), Prolactin

hormone

ACTH stimulates adrenal
cortex hormone release;
LH stimulates sex hormone
production and ovulation;
FSH
development and sperm
TSH
stimulates thyroid hormone

GH

stimulates follicle

production;

release;

promotes
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growth and development;

Prolactin controls milk

production

Pituitary Gland (Posterior)

Vasopressin - (Antidiuretic
hormone, ADH), Oxytocin

ADH controls water and
electrolyte levels;
Oxytocin promotes uterine
contractions during labor,

and milk ejection

Thyroid Gland

Thyroxine (T4),
Triiodothyronine (T3),
Calcitonin

T4 and T3 control
metabolic processes;
Calcitonin lowers blood

calcium levels

Parathyroid Glands Parathyroid hormonejincreases blood calcium
(PTH) levels

Adrenal Glands (Cortex) |Cortisol, Aldosterone Cortisol controls

metabolism and  stress

response; Aldosterone

regulates  water and

electrolyte balance

Adrenal Glands (Medulla) Epinephrine, Stimulate  fight-or-flight
Norepinephrine response; increase blood
glucose levels; increase
metabolic activities
Pancreas Insulin, Glucagon Insulin  lowers  Dblood

glucose levels; Glucagon
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increases blood glucose

levels

Ovaries Estrogen, Progesterone  |[Estrogen stimulates
development of female
reproductive organs;
Progesterone prepares
uterus for pregnancy and
mammary  glands  for

lactation

Testes Testosterone Stimulates development of
male reproductive organs,
sperm  production, and

protein anabolism

Pineal Gland Melatonin Regulates sleep-wake

cycle

Major Endocrine Glands and Their Functions

A. Description and functions of key glands such as the pituitary,
thyroid, and adrenal glands

The intricate coordination of the endocrine system relies heavily on key
glands such as the pituitary, thyroid, and adrenal glands, each fulfilling distinct yet
interconnected roles. The pituitary gland, often deemed the “master gland,”
regulates various bodily functions by secreting hormones that control other
endocrine glands. The thyroid gland modulates metabolism and calcium balance
through hormones like thyroxine and calcitonin. Meanwhile, the adrenal glands
produce cortisol, adrenaline, and aldosterone, crucial for stress response,

metabolism, and blood pressure regulation. Recent research highlights the
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susceptibility of these glands to external factors like endocrine-disrupting
chemicals, which may impair their normal functions and contribute to diseases
(Egalini F et al., p. 395-405). Additionally, immune-related adverse events in
endocrine glands, especially the pituitary and thyroid, present clinical challenges
requiring careful management (Kobayashi T et al.). An anatomical overview in
provides clear visualization of these glands’ locations and their significance within

the endocrine network.

Pineal gland Hypothalamus

Pituitary gland

(L A——Thyroid gland

Thymus

Pancreas

C@ ¢ 'tAdrenal glands

Kidneys

Testes
(male) ==
Ovaries /

(female)

Imagel. Diagram of major organs in the human endocrine system with

labeled anatomical positions.

I, Hormones and Their Effects

The intricate interplay of hormones secreted by endocrine glands orchestrates
a wide range of physiological processes essential for maintaining homeostasis and
health. Hormones are chemical messengers that travel through the bloodstream to
target organs, regulating metabolism, growth, reproduction, and stress responses.
The adrenal glands, for example, produce hormones that influence metabolism and
immune function, yet they are vulnerable to disruption by environmental chemicals
known as endocrine-disrupting chemicals (EDCs), which can alter hormonal

balance and cause long-term health effects (Li Z et al.). Additionally, many

https://scientific-jl.com/luch/ 159 Yacmop-44  Tom-1_ Maii-2025



https://scientific-jl.com/luch/

ISSN: JIVYIIHE HHTEJIEKTYAJIBHBIE HCCAE/]OBAHHA

3030-3680

common chemicals found in everyday products interfere with normal hormone
production, leading to neurological, metabolic, and reproductive disorders (Khan
Y et al.). This highlights the critical importance of understanding hormonal
function within the endocrine system to address such risks effectively. As noted,
“Thyroid hormone (TH) signalling, an evolutionary conserved pathway, is crucial
for brain function and cognition throughout life, from early development to ageing”
"Thyroid hormone (TH) signalling, an evolutionary conserved pathway, is crucial
for brain function and cognition throughout life, from early development to
ageing." (Jean-David Gothié, Barbara Demeneix, Sylvie Remaud), emphasizing

the pervasive influence hormones have on bodily functions.

Health Costs and Disease Percentage Attributable to Environmental Factors

Percentage of Global Diseases Attributable to Endocrine Disruptors

Percentage of Global Deadliest Diseases Linked to Environmental Factors

Categories

Percentage of Global Diseases Attributable to Environmental Factors

Annual Health Costs from EDC Exposure in the U.S. ($8B)

0 100 200 300
Value

The chart illustrates the economic and health impacts of endocrine-disrupting
chemicals (EDCs). It shows that the annual health costs in the U.S. due to EDC
exposure exceed $340 billion. Furthermore, environmental factors, including
EDCs, account for 24% of global diseases and disorders, and they are linked to
80% of the deadliest diseases. This emphasizes the importance of understanding

hormonal functions to effectively address these health risks.

A. Explanation of how hormones are produced and their impact on

various physiological processes
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The intricate processes governing hormone production begin in specialized
endocrine glands, where biochemical signals trigger the synthesis and release of
hormones into the bloodstream, thereby orchestrating numerous physiological
functions. For example, thyroid hormones synthesized in the thyroid gland regulate
metabolism, body temperature, and lipid and glucose metabolism, highlighting the
gland’s critical role in maintaining homeostasis (Chen S et al., p. 350-372).
Hormone production often involves complex signaling pathways that depend on
enzyme activity and receptor interactions, which influence cellular responses and
gene expression across target tissues. Disruptions in hormone levels can lead to
wide-ranging effects, from metabolic imbalances to impaired immune responses.
Recent studies underscore how bioactive compounds, such as curcumin, modulate
these endocrine pathways by altering hormone concentrations and receptor
functions, thereby offering protective and therapeutic benefits against
inflammation and oxidative stress (Wang X et al.). The anatomical context of these
glands, as depicted in Image2, clarifies their arrangement and functional integration

within the endocrine system.

» Hypothalamus
&3 £

) = R Pineal Body
Thyroid Pituitary
\! Brain
ENDOCRINE ¢ (?
Sy Ste m Thymus Ag{ae::l

Kidney

i Male

Reproductive

System
Pancreas
Female

Hormones In Animals %

Image2. Labeled diagram of the human endocrine system and its major

glands.
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IV.  Conclusion

The intricate network of endocrine glands plays a vital role in maintaining
homeostasis and regulating diverse physiological functions, from growth and
metabolism to reproduction and stress response. The pituitary gland, often
described as the “master gland,” exemplifies the complexity of hormonal feedback
mechanisms and its interaction with peripheral signals such as adipokines, which
further modulate endocrine activity (Kaminska B et al.). Moreover, clinical
conditions such as thalassemia underscore the importance of endocrine system
integrity, revealing how disruptions—Iike iron overload—can lead to significant
endocrinopathies, affecting growth, glucose metabolism, and thyroid function
(Verma G et al.). Understanding these interrelations is crucial for advancing
medical interventions and improving patient outcomes. Illustrating these concepts,
effectively captures the anatomical distribution and connectivity of the major
endocrine glands in both sexes, reinforcing the systemic nature of hormone
regulation. Therefore, comprehending endocrine gland functions and their systemic

impacts remains fundamental in both physiological and pathological contexts.

A. Summary of the importance of understanding endocrine glands
and their functions in health and disease

Advancements in medical science increasingly reveal the nuanced ways in
which endocrine glands influence both normal physiology and a wide spectrum of
diseases. The integration of sex hormones and gender differences into patient-
tailored medicine underscores the complexity of endocrine functions and their
impact on human health, necessitating a refined understanding of these glands to
optimize diagnosis and treatment strategies (Appetecchia et al.). Furthermore,
conditions such as 22qll.2 deletion syndrome demonstrate how genetic
abnormalities affecting endocrine glands can give rise to multifaceted health
challenges that span immunodeficiency, hypoparathyroidism, and psychiatric

disorders, highlighting the endocrine system’s integral role in systemic health
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(Bassett et al.). Comprehending the anatomical locations and interrelations among
glands, as portrayed in the comprehensive depiction of the endocrine system |,
enhances clinical precision in addressing both common and rare endocrine
disorders. This knowledge is pivotal for advancing personalized medicine
approaches, ultimately improving outcomes in health and disease by tailoring

interventions to individual endocrine profiles.

Endocrine system

Female Male

Hypott
2 Pineal gland
Pituitary gland
N /N !
Thyroid & 7
\ arathyroi [
| an, “
s

Image3. Labeled diagram of the human endocrine system showing major

glands in female and male bodies.
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