Chemical Coordination and Integration

(1) INTRODUCTION
o Significance : As the nerve fibres do not innervate all
cells of the body and the cellular functions require
continuous regulation, hence the role of endocrine
system is integrated with neural system.

(2) ENDOCRINE GLANDS AND HORMONES

Endocrine glands Secieie Hormones

(Ductless)
glands form

Invertebrates
Together regulate Endocrine system (few hormones)
physiological functions & Vertebrates

in the body Neural system (many hormones)
HORMONES
o Released into blood and transported to target organ
o Non-nutrientchemicals
o Actasintercellular messengers
° Produced in trace amounts )
a Y

(3) HUMAN ENDOCRINE SYSTEM
Hypothalamus
Pineal

Pituitary
Thyroid and Parathyroid

Thymus

Pancreas
Adrenal

Abdomen
Testis (in male)

Ovary (in female)
Fig. : Location of endocrine glands

o Other organs with diffused tissues and cells:
\___gastrointestinal tract, heart, liver and kidneys )

r

@ HYPOTHALAMUS AND PITUITARY GLAND

Hypothalamus
Connected through

Portal circulation

o Hypothalamus contains several groups of neurosecretory cells called nuclei which produce hormones that regulate synthesis and secretions from
pituitary gland enclosed in bony cavity, Sella tursica.

Hypothalamic neurons

Connected through stalk but
not via portal circulation
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Stalk
Posterior pituitary

Stores and releases hypothalamic hormones

Anterior Pituitary
TYPES OF HYPOTHALAMIC HORMONES GO@ £
Example Target | Released hormone V.d D
Releasing | GnRH Pituitary | Gonadotrophins =
hormone
Inhibiting | Somatostatin Pituitary x Pars distalis
hormone

Pars intermedia
[Merged in humans] | |

Pars nervosa

Adenohypophysis

ﬁ Neurohypophysis

Hormones of Pituitary

Basic function

Hormones released

Basic functions

Growth hormone (GH)

Growth of body

Thyroid stimulating hormone (TSH)

Synthesis and secretion of thyroid hormones by thyroid
gland

Adrenocorticotropic hormone (ACTH)

Synthesis and secretion of steroid hormones from
adrenal cortex

Follicle stimulating hormone (FSH)

i

Gonadotrophins (stimulate
gonadal activity)

Luteinising hormone (LH)

Oxytocin

O Acts on smooth muscles and
stimulates their contraction

O Stimulates vigorous contractions of
uterus at the time of child birth

o Milk ejection from mammary glands

Female — Stimulates growth and development of ovarian
follicles

Male — Regulates spermatogenesis along with androgens | | Vasopressin/ADH/
Anti-diuretic hormone|

O Acts at kidney and stimulates
resorption of water and electrolytes
by the distal tubules

o Reduces loss of water through urine
(Diuresis)

Male — Stimulates the synthesis and secretion of
androgens \
Female — Induces ovulation of fully mature Graafian A
follicle, maintains corpus luteum St

Prolactin

Regulates the growth of the mammary glands and
formation of milk in them

(5) PINEAL GLAND

o Location: Dorsal side of forebrain

o Hormone released: Melatonin

o Basicfunctions:

e Regulate 24 hours diurnal rhythm of our body (sleep
wake cycle)

e Influence body metabolism, temperature,
pigmentation, menstrual cycle and defense

capabilities

Melanocyte stimulating hormone
(MSH) by pars intermedia

Acts on the melanocytes of skin and regulates
pigmentation of skin

Disease Age
Pituitary dwarfism

Gigantism

Acromegaly Middle age

i i ipi -
\Dlabetes insipidus

DISORDERS
Cause
Hyposecretion of GH
Hypersecretion of GH
Hypersecretion of GH
Hyposecretion of ADH

Symptoms
Stunted growth
Abnormal growth of the body

ACROMEGALY

Serious complications of hypersecretion of GH in
middle age can leads to premature death if unchecked.
The disease is hard to diagnose in early stages and
often goes undetected for many years, until changes in
external features become noticeable.

Severe disfigurement especially of face
Diminished ability of the kidney to conserve water leading to water loss and dehydration )
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I | @ GLANDS OF THORACIC REGION @ DISORDERS OF THYROID GLAND | |
I | Thyroid Location/Feature Number Hormones Basic functions © Hypothyroidism ©  Hyperthyroidism | |
) . . Cause Cause
| | Vocal cord o Side oftrachea 1 T, (thyroxine) or Regulate basal metabolic rate (BMR) o lodine deficiency in diet e Cancer of the thyroid | |
| o Bilobed structure connected through tetraiodothyronine Control metabolism of carbohydrates, during pregnancy and after gland |
| a thin flap of connective tissue called . ) proteins and fats. birth o Development of nodules |
| isthmus Ts (trlodothyronine) Maintain water and electrolyte balance 1. Goitre: Enlargement of of the thyroid gland |
| o Consists of follicles made u Regulate development and maturation of . T ; : |
follicles p of thyroid gland 1. Exopthalmic goitre or
: , il CNS - : pthaimic g
I | s ‘ fﬁlllculaﬁ_ cells enclosing a cavity, in Support process of RBC formation 2. Crettmlusnt\: gu:ptedlgromh, Graves' disease: . | |
[ stromaitissue (erythropoiesis) and regulates menstrual meniall retaraation, 'ow e Enlargement of thyroid [
| o lodine is essential for the normal cycle mktelllgegze QfUOt'etf“ abnormal gland |
| Trachea rate of hormone synthesis in the Thyrocalcitonin (TCT) Regulates blood Ca” levels 5 IS n darllt eatmutism trual Protrusion of eyeballs |
| thyroid gland (Protein hormone) - n al ! wc:)men, mens rula Increase in BMR and |
| Parathyroid - - - - - cycle can become irregular weight loss. |
| arathyroi o Back side of the thyroid gland 4 Parathyroid Increase level of Ca™ (hypercalcemic) - -/ |
| o Thyrocalcitonin and parathormone hormone/ PTH Acts on bones and stimulates the process of ( @ PANCREAS h |
| Thyroid play a significant role in (peptide hormone) bone resorption (dissolution/ : X L. |
N ” f icati Pancreas: Acomposite gland whose main hormones maintain
| calcium homeostasis demineralisation) lucose homeostasis |
- . ” g is
| o Stimulates the reabsorption of Ca* by the |
| Parathyroid renal tubules. Endocrine part Exocrine part |
| glands o Increases Ca” absorption from digested food. |
| l Thymus o Lobular_structure located between| 1 Thymosins o Play arole in differentiation of T-lymphocytes, 1to 2 million Islets of Langerhans [ |
| lungs behind sternum on ventral side of (peptide hormones) thus provide cell mediated immunity (1-2% of pancreatic tissue) | Major cells |
| aorta o Promote production of antibodies thereby \1, \1, |
| o Degenerates in old age so immune providing humoral immunity. o-cells B-cells |
| | responses become weak | |
&
| R Secretes l, peptide hormones l I
| ! o - d teri t of Kid EREENSE S0 Glucagon«—¥ ___, Insulin I |
| | > One pair locate °|: ANISNOr Part OrKIdNEeYs — o Target Hepatocytes Hepatocytes, Adipocytes | |
ormone unctions . . .
o Stimulates Glycogenolysis, Glycogenesis
| | > Zona glomerulosa Main Glucocorticoid o Stimulates gluconeogenesis, lipolysis and proteolysis gI: " or? 0g e):] esis S | |
| (outer most layer) is cortisol o Blood 1 i |
| é o Inhibit cellular uptake and utilisation of amino acids, maintains the | | | H I . H I . |
| 9 cardiovascular system and the kidney functions glucose level (Hyperglycemic) (Hypoglycemic) |
I | — 8 o Produces anti-inflammatory reactions and suppresses immune response o Glucose | I
| £ o Stimulate glomerular filtration rate uptake and 1 T |
[ 5 | = o Stimulate RBC production utilisation by cells |
I 5 . . DISORDER |
| | ;’_ — Zona fasciculata ~ Major Mineralocorticoid o Stimulates reabsorption of Na and H,O and excretion of K' and o Diabetes mellitus — Caused by prolonged hyperglycemia | |
| g (middle layer) is aldosterone PO, ions, thus helps in maintenance of electrolytes, body fluid volume, Characteristics —Loss of glucose in urine, Ketone bodies |
osmotic pressure and blood pressure. :

I | < P P u Adrenal cortex formation | I
| — Zona reticularis Androgenic steroid o Play a role in growth of axial hair, pubic hair and facial hair during Treatment — Insulin therapy |
| (inner layer) puberty. < |
| s 'g\ Adrenaline/epinephrine-] o Increase alertness, pupilary dilation, piloerection, sweating |
[ | § 5] 4[ o Increase heart beat, the strength of heart contraction and Disorder Cause Characteristic [ |

o
| - E > Nor-adrenaline/nor- the rate of respiration Addison's |Underproduction | Alters carbohydrate |
| e E epinephrine or o Stimulate breakdown of glycogen resulting in an increased disease of hormones of | metabolism causing |
| | g 5 Catecholamines concentration of glucose in blood. adrenal cortex acute weakness and | |
< or Emergency/fight/flight [ o Increase breakdown of lipids and proteins Adrenal fatigue
| I L hormones medulla ) I |




s N

l) GONADS— Primary sex organs: Form gametes and secrete hormones (1) HORMONES OF HEART, KIDNEY AND GASTROINTESTINAL TRACT L

| | Tissue Organ Hormone Basic function |
| Parameter Male (Testis) Female (ovary) o Atrialwall Heart o ANF o When blood pressure increases, it dilates blood I

| | in ab y vessels to reduce blood pressure. | |

| o Location Scrotal sac (outside abdomen) Ovarian fo”icl;;: an‘:j";z': s luteumn o Juxtaglomerular Kidney o Erythropoietin o Stimulates erythropoiesis |
| Structure Leydig cells/ interstitial cells P cells (JG cells) |

| responsible 1 © Endocrinecells GIT o Gastrin O Acts on gastric glands and stimulates secretion |
| i . in different parts of of HCI and pepsinogen |

| o Steroid hormone Androgens mainly testosterone Estrogen Progesterone gastro-intestinal |
| Function tract |

I : Growth and activiti f o GIP/gastric o Inhibits gastric secretions and motility |
| e Development and maturation of male accessory ® ro and activities of e  Supports pregnancy inhibit tid |

| sexorgans female secondary sex i ) Inhibitory peptide |
| i ’ ) organs ® S;“"l‘matl‘?s forman;:;; o Cholecystokinin o Acts on exocrine part of pancreas and gall |

| | e Stimulate spermatogenesis o Stimulate development Zn: \r{:iﬁ( | é:iorreeiig: Zl:d(:r?;stgn dsgflr;qla_tci secretion of pancreatic | |

e Acts on CNS and influence male sexual behaviour of growing follicles zy e jul

| (libido) Reaul | o Secretin o Acts on exocrine part of pancreas and stimulates |
| e ) . be?r?:v?(t)ﬁrsexua secretion of water and bicarbonates |

| | e Stimulate muscular growth, growth of facial and o Non-endocrine o Growthfactors o Essential for normal growth, repair and | I

axillary hair, aggressiveness and low pitch of voice. e Appearance of tissue ‘ regeneration of tissues
I . . . secondary sex \ I
| | o Produce anabolic (synthetic) effects on protein charsicters Be mEmEry A | |
and carbohydrate metabolism i A i

| 4 g!and development, high All these given hormones are peptide hormones. |

| pitch etc. AN |

| | ( h ( H FSH ) | |
| P+ Uterine cell (12) MECHANISM OF HORMONE ACTION @ _Hormone (e.g. FSH) |

| membrane ! Ovarian cell |
| Hormone o Hormone receptors are located in the target tissue only membrane |

| (e.g, estrogen) Each for ifict h | |
| ¢ o Each receptor is specific to one hormone only Response 1 |

| Ly o Mostintracellular receptors are present in the nucleus |

Ay
| | g Nucleus o Steroid hormones and iodothyronines enter the target cell (Generation of second messenger) I |
9 . (Cyclic AMP or Ca™)
| | &g ~ Genome o Hormones acting through extracellular receptors do not | |
/5 Hormone-receptor enter the target cell

| 5 complex P mRNA 9 Biochemical responses |

I | g;ﬁ“‘ — Proteins Classification of Hormones | I

| | E%‘\ Physiological responses (Tissue Physiological responf]es | |

Bo| i iti ; g. i

| \_ B0l growth and differentiation) ) Based on chemical nature L (e.g., ovarian growth) ) |

| | Fig: Mechanism of action of a steroid hormone Fig: Mechanism of action of a protein hormone l |

| Steroids — Cortisol, testosterone, estradiol, progesterone Amino acid derivatives — Epinephrine |

| | lodothyronines — Thyroid hormones Peptide, Polypeptide, Protein — Insulin, glucagon, pituitary and | |
| Bind tol Bind tol hypothalamic hormones etc. |

I | Intracellular/Nuclear receptors Extracellular/Membrane bound receptors | |

L |

I . 7 |
| Genome and regulate gene expression and +[nteractwith Hormone receptor complex SeneiEie Second messengers cAMP, IP;, Ca Zetc |

I chromosome functions I

| | o Brings biochemical changes in target tissue | |
| Cumulative effect |

I Results in I

| | \_ physiological and developmental effects ) | |




