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Chapter 7 Endocrine System

1. Terms
    (1) Endocrine glands (endocrine system)
            Ductless glands
            Secrete hormones
            Carries through blood
    (2) Hormones
            Chemical messengers which delivered to every cell in the body by blood
            Only target cells are able to respond
    (3) Target cells
            Cells influenced by certain hormone
    (4) Receptors
            Specific binding site of a target cell
            Membrane, cytoplasm, and nucleus
    (5) Autocrine
            Secretion of a substance, such as a growth factor, that stimulates the secretory cell itself
    (6) Paracrine
            Secretion of a substance that stimulates the target cells which is close to the secretory cell
    *Autocrine, paracrine, endocrine (auto-para-endo)
    *Mode of hormone delivery
2. Nervous system vs. Endocrine system
    (1) Common on,
            Rely on the release of chemicals and receptors
            Overlapping chemicals
            Usually regulated by negative feedback
            Working for the maintenance of homeostasis
    (2) Different on,
            Delivery: fast vs. slow
            Effect: quick vs. slow
            Endurance: short lived vs. persistent
3. Summary of hormones (Table 11-1a,b,c)
        (1) Single gland with multiple hormones
        (2) Single cell, one hormone
        (3) Same hormone from different glands

Section A. Principle of Hormonal Control System
1. Hormonal structures and synthesis
    1) Amine (Fig.11-1)
            - Tyrosine derivatives
        (1) Adrenal medulla (Fig.11-5)
                Epinephrine
                Norepinephrine
        (2) Thyroid hormones -contain iodine
                Thyroxine (T4)
                Triiodothyroxine (T3)
        (3) Pineal gland
                Melatonin
    2) Peptide hormones –the largest class of hormones (Fig.11-2)
            Hormones from hypothalamus, pituitary gland, heart, kidneys, thymus, digestive tract, and 
                  pancreas
            Prolactin
            Growth hormone
            ADH
            Oxytocin
            Insulin
    3) Lipid derivatives
            (1) Steroid hormones –cholesterol based (Fig.11-3,4a,4b,6)
                Reproductive organs
                    -Testosterone
                    -Estrogen
                    -Progesterone
                Adrenal cortex
                    -Aldosterone
                    -Cortisol
                    -Androgen
            (2) Arachidonic acid –fatty acid based
                Prostaglandins
2. Hormone transport in blood (Table 11-2)
    1) Peptide hormones
            Water soluble
            Free movement in plasma
            Receptors on membrane
    2) Steroids
            Mostly bound to protein
            Receptors in cytoplasm and nucleus
    3) Free hormones only can diffuse through blood vessel
3. Hormone metabolism and excretion
    --Excretion (Fig.11-7)
        (1) Peptide and amine hormone
                Endocytosis
                Enzymatic digestion
                Fast excretion (min to hour)
        (2) Steroid hormone
                Slow excretion (hours to days)
4. Mechanisms of hormone action 
    1) Hormonal interactions
        (1) Antagonistic effect
                Two hormones are opposing each other in their function
                Ex) Calcitonin vs. Calcitriol; Insulin vs. Glucagon
        (2) Synergistic effect
                The effect of hormones are enhanced by acting together for a certain function of an organ 
                        or tissue
                Ex) Prolactin, estrogen, progesterone, and growth hormone in mammary development
        (3) Permissive effect (Fig.11-8)
                A specific hormone is needed for the function of another hormone
                Ex) Thyroxin is needed for the function of epinephrine in fatty acid release
                        -Thyroxin induces synthesis of epinephrine receptor
        (4) Integrative effect
                Functions of a hormone differ/ complementary from one organ/ tissue to another
                Ex) Insulin in liver exerts glycogen accumulation, in adipose tissue exerts lipid deposition 
                          – both functions are complementary in the control of blood glucose level 
    2) Hormone receptors (Hormone and receptors)
        (1) Receptors on the membrane
                    -Amine, peptide hormones
                A. Receptors linked to ion channel
                        Binding directly changes ionic permeability
                        Ex) Serotonin receptor (membrane receptor and channel)
                B. Receptors linked to G-protein
                        Activation of G-protein (membrane receptor G-protein)
                        *G-protein: 
                                Has three subunits (a , b , and g )
                                a subunit bound to GDP (inactive state)
                                Functions on signal transduction
                        Receptors linked to intracellular enzymes (cAMP production)
                        *c-AMP
                                Converted from ATP by adenylate cyclase
                                Intracellular second messenger
                                Activates different enzymes
        (2) Receptors in the cytoplasm 
                Stimulate translocation of hormone-receptor complex to nucleus
                Steroid hormones (intracellular hormone receptor)
                        Diffuse through the cell membrane
                        Bind to the receptor in the cytoplasm
                        Translocate into the nucleus
                        Activation or inactivation of certain genes by binding to DNA
        (3) Receptors within the nucleus
                Activation of specific genes
                Thyroxine
                        Travels freely into the nucleus
                        Binds to the target in the nucleus
                        Alters the gene expression where the hormone-receptor complex binds
5. Control of hormonal secretion (Fig.11-9)
        Complex inputs are involved on a single hormone secretion
    (1) Plasma concentration of mineral ions or organic nutrients (Fig.11-10)
            Glucose concentration controls insulin level
    (2) Neurons (Fig.11-11)
            Autonomic ganglion controls visceral hormones (gastrin, secretin)
    (3) Other hormones
            Hypothalamus hormones control anterior pituitary gland
6. Types of endocrine disorders
    (1) Hyposecretion
            Primary hyposecretion
                    Deficiency in resources for hormone production
                    Malfunction in hormone producing organ
            Secondary hyposecretion
                    Deficiency in tropic hormone
    (2) Hypersecretion
    (3) Hyporesponsiveness
            Abnormal or deficiency in receptors
            Lack of activation enzyme
    (4) Hyperresponsiveness
            Hormonal upregulation of receptor population
            Example) Thyroid hormone to epinephrine receptor

Section B. Hypothalamus and pituitary gland
1. Structural relationship between hypothalamus and pituitary gland (Fig.11-12)
        Have same developmental origin –diencephaon
        Tissues connection by infundibulum
        Neural connection between hypothalamus and posterior pituitary gland
            -Supraoptic and paraventricular nuclei (Supraoptic nuclei)
            -Neurons secrete hormones to posterior pituitary gland
        Blood vessel connection between hypothalamus and anterior pituitary gland
            -Hypothalamo-pituitary portal vessels (hypophyseal potal system) (Fig.11-15)
            -Hormones from hypothalamus stay in anterior pituitary gland
                *Portal vessel: Blood vessel connects from capillary to capillary
                        To ensure the blood vessel to reach the cells of the endocrine glands, so the produced 
                               hormones can go into the blood vessel, and travel to the target organs
                *Hypophyseal portal system
                        Pathway of the regulatory hypothalamic hormones to anterior pituitary gland
                        Transfers anterior pituitary hormones to the target organs
2. Hormonal secretions
    1) Hypothalamus
            Neural center for, 
                -Hunger
                -Thirst
                -Regulation of body temperature
                -Autonomic responses –anger, pain, fear, sexual behavior…
        A. Secretes regulatory polypeptide hormones to pituitary gland (Fig.11-16)
                -Called ‘hypophysiotropic hormones’(Fig.11-13)
                -Transferred through hypophyseal potal system
                a) Corticotropin-releasing hormone (CRH)
                        Stimulates ACTH secretion
                b) Gonadotropin-releasing hormone (GnRH)
                        Stimulates FSH and LH secretion
                c) Thyrotropin-releasing hormone (TRH)
                        Stimulates TSH secretion
                d) Growth hormone-releasing hormone (GHRH)
                        Stimulates GH secretion
                e) Somatostatin
                        Inhibits GH secretion
                f) Prolactin-inhibiting hormone (PIH) -dopamine
                        Inhibits prolactin secretion
                        *Only amine among hypothalamic hormones
        B. Secretes posterior pituitary hormones
                -Transferred through neural axons
                a) ADH (Antidiuretic hormone)
                        Inhibits water excretion from kidney
                b) Oxytocin
                        Uterus and breast contraction
    2) Pituitary gland (hypophysis)
        A.  Anterior pituitary gland (Fig.11-14, Fig.11-17; Pituitary hormones)
            -Extensive capillary network (part of hypophyseal portal system)
            (1) Thyroid-stimulating hormone (TSH)
                Target: Thyroid gland
                Function: Stimulate thyroid hormone secretion
            (2) Adrenocorticotropic hormone (ACTH)
                Target: Adrenal gland
                Function: Stimulate adrenal steroid hormone secretion (glucocorticoids)
            (3) Follicle-stimulating hormone (FSH)
                Target: Ovaries and testes
                Function
                    Promotes egg development of ovary
                    Sperm production in testes
                    Stimulates estrogen secretion from ovary
            (4) Luteinizing hormone (LH)
                Target: Ovaries and testes
                Function
                    Induces ovulation
                    Stimulates estrogen and progesterone secretion from ovary
                    Stimulates testosterone secretion from testes
            (5) Prolactin (PRL)
                Target: Mammary glands
                Function
                    Stimulates development of the mammary glands and production of milk
                    *Direct function on target tissue
            (6) Growth hormone (GH)
                Target: Every cell, especially Skeletal muscle and chondrocytes
                Function
                    Stimulates cell growth and replication by synthesizing proteins
                    Directly to the cell surface receptors to 
                        (a) stimulate stem cell division in connective tissue and epithelial cells
                        (b) to control metabolism of fat and glycogen
                    Indirectly through liver –secrete Insulin-like growth factor (IGF), it increase amino 
                             acid uptake, protein production
            (7) Melanocyte-stimulating hormone (MSH)
                Target: Melanocytes of skin
                Function
                    Increases melanin production
                    *No hypothalamic control
                    *Direct function on target tissue
        B. Posterior pituitary gland
            -Storage of hypothalamic hormones
            -Not real endocrine gland
            (1) Antidiuretic hormone (ADH)
                    Target: Kidney
                    Function
                        Decrease of water loss from urination
                        Increase blood pressure by constriction of peripheral blood vessels
                        Stimulated by high electrolytes in blood, low blood volume / pressure
                        Inhibited by alcohol
                        *Diabetes insipidus 
            (2) Oxytocin
                    Target: Uterus, breast
                    Function
                        Contraction of smooth muscle cells in the uterus at delivery
                        Contraction of contractile cells of the mammary glands (stimulated by suckling)
                        Contraction of smooth muscle in the wall of prostate gland
3. Hormonal control of hypothalamic secretion
    1) Hormonal feedback control (Fig.11-19; Feedback)
            (1) Long-loop negative feedback
                -Hormone from the third endocrine gland exerts a negative
                    feedback over pituitary or hypothalamus
                Ex) Most of hormones triggered by anterior pituitary hormones to hypothalamus
                       CRH-ACTH-Cortisol (Fig.11-18)
                        :Negative control of increased cortisol level
                            On hypothalamus
                                -Increase threshold potential of neuron
                            On anterior pituitary
                                -Decrease receptor sensitivity to CRH at anterior pituitary
            (2) Short-loop negative feedback
                -Hormone from pituitary gland exerts a negative feedback over hypothalamus
                Ex) Prolactin, GH
            (3) Nonsequencial hormonal control
                -Other hormones control anterior pituitary hormone secretion
                Ex) Estrogen on prolactin secretion
4. Types of endocrine disorders
    1) Hyposecretion
            Less hormonal secretion than normal
        A. Primary hyposecretion
                Caused by responsible endocrine glands related problems
                Defect on,
                        Gland tissue, 
                        Hormone forming enzymes
                        Components of hormones
        B. Secondary hyposecretion
                Caused by lack of tropic hormone
                    Ex) Thyroxin deficiency from lack of TSH from anterior pituitary gland
                Detection of primary vs. secondary hyposecretion
                    -Check blood hormone concentration
                    Ex)  Low in both tropic and terminal hormone –secondary hyposecretion
                            Normal/ high in tropic; low terminal hormone –primary hyposecretion
    2) Hypersecretion
            Too much hormonal secretion than normal
    3) Hyporesponsiveness
            Reduced response of the target cells
            Deficiency of receptors to hormone
                    Ex) Diabetes Mellitus (type II)
            Abnormal signal transduction from receptors
            Impaired hormone activation process
    4) Hyperresponsiveness
            Increased response of the target cells
            Up-regulation of receptors
                    Ex) Hyperthyroidism causes hyperresponsiveness to epinephrine (increased heart rate)

Section C. The Thyroid Gland
1. Synthesis of thyroid hormones
    1) Thyroid gland (Fig.11-20)
            Location: below the thyroid cartilage
            Structure
                    Has rich blood vessels -red color
                    Contains follicles, which produce thyroid hormone (T4, T3)
                    Controlled by TSH from anterior pituitary gland
    2) Thyroid hormone production (Fig.11-21)
        (1) Active transportation of iodide (I-)into follicles by cotransport from
                Na+ channel, (iodide trapping)
        (2) Iodide oxidized to iodine (I2)
        (3) In the follicular lumen, thyroglobulin (Tyrosine) iodinated by thyroid peroxidase.
        (4) Formation of T4(tetraiodothyronine) or T3(triiodothyronine)
        (5) Endocytosis into follicle
        (6) Produce T4 or T3 by lysosomal digestion
        (7) Diffusion to blood
    3) Thyroid hormones
        (1) Thyroxine (T4)
                Tyrosine and iodine molecules
                Major type in blood
                Target: Skeletal muscles, liver, heart, and kidney
                Functions
                        Receptors on most of cells (mitochondria or nucleus)
                        Increase ATP production rate
                        Stimulate gene expression (enzyme-encoding gene control)
                    A. Metabolic actions
                            Increase fatty acid release from adipose tissue
                            Stimulate glucose absorption from intestine
                            Calorigenic action: Increase ATP consumption through Na/K-ATPase activity
                                      Heat production is significant
                    B. Permissive actions
                            Up-regulates b -adrenergic receptors, especially in heart and nerve.
                            Increases sympathetic nervous system activity
                            Hyperthyroidism potentiates actions of catecholamine
                    C. Growth and Development
                            Necessary for growth hormone (GH) synthesis and its function
                            Important role on development of skeletal, muscular and nervous system in 
                                   growing children
                            Iodine deficiency leads to enlargement of thyroid
                            *Cretinism: mental retardation caused from neural underdevelopment due to 
                                                  iodine deficiency
                            *Hypothyroidism
                                    Primary: Thyroid or iodine deficiency (95%)
                                    Secondary: Pituitary
                                    Tertiary: Hypothalamus
                                    Symptoms: Cold intolerance, weight gain, and thyroid enlargement
                                    Ex) Goiter(Fig.11-22), Hashimoto’s disease (autoimmune disease-kill thyroid 
                                                     cells)
                            *Hyperthyroidism (Fig.11-23)
                                    Grave’s disease
                                            Autoimmune disease
                                            Produce antibodies that up-regulate TSH receptor causing increased T4 
                                                    production
                                            Low TSH, high T4 level
                                            Goiter
                                            Heat tolerance, weight loss, increased sympathetic nervous system 
                                                    activity
        (2) Calcitonin (calcitonin)
                Produced from C cells that reside between follicle cells and basement membrane
                Target: Bone and kidney
                Function: Decrease Ca++ in blood flow by,
                        Inhibiting the function of osteoclast
                        Stimulating Ca++ excretion from kidney
                        Stimulated by high blood Ca++ level in blood

Section D. Adrenal glands and the response to stress
1. Adrenal gland (adrenal gland)
            Location: Paired organs that cap the superior borders of the kidneys
            Structure: Outer adrenal cortex and inner adrenal medulla
    1) Adrenal cortex
            Grayish yellow from cholesterol and fatty acids
            Produce corticosteroids (cortisol)
            (1) Cortisol
                Family of glucocorticoids
                Target: Most cells (liver, adipose tissue, muscle, lymphocyte...)
                Function
                    (a) Increase metabolisms
                            Enhance the glucose synthesis
                            Breakdown of adipose tissue into lipids
                    (b) Maintain normal blood pressure -
                            Enhanced vascular reactivity by permissive action on reactivity to epinephrine and 
                                  norepinephrine
                    (c) Suppress immune activity
                            Anti-inflammatory effects –easy allergic reactions
                Stimulated by ACTH from anterior pituitary gland
                *Cushing’s disease
                    Increased cortisol level
                          -Primary: Adrenal tumor
                          -Secondary: increased pituitary ACTH production
                    Excessive catabolism
            (2) Aldosterone
                    Family of mineralocorticoids
                    Target: Kidney
                    Function
                        -Increases reabsorption of sodium and water
                        -Increases excretion of K+
                        -Stimulated by high extracellular K+ concentration
            (3) Adrenal androgens
                    Development during puberty
    2) Adrenal medulla
            Reddish brown color from blood vessel
            Innervation from sympathetic fibers
            Produces epinephrine and norephinephrine
                -Epinephrine comprises 75 to 80% hormonal secretion of medulla, rest  of them is 
                        norephinephrine 
            Target: skeletal muscle, adipose tissues, heart, and liver
            Function
                Accelerates cellular energy utilization –glycolysis and lipolysis
                Increase glucose and fatty acid level in blood
                Increase heart rate
                Stimulated by sympathetic nerve fibers from hypothalamus
2. Stress physiology
    1) Cortisol and stress (Table 11-3)
        Stress is defined as 'situation in which there is a real or potential threat to homeostasis'
        (a) Enhanced organic metabolism
        (b) Enhanced vascular reactivity on norepinephrine
        (c) Inhibition of inflammation and specific immune responses
        (d) Inhibition of nonessential functions (reproduction, growth...)
        Prolonged stress causes decrease in bone density, immune function, and reproductive fertility
    2) Sympathetic nervous system and stress (Table 11-4)
        (a) Increased hepatic and muscle glycogenolysis
        (b) Increased adipose tissue breakdown
        (c) Decreased fatigue of skeletal muscle
        (d) Increased cardiac function
        (e) Enhanced blood supply to muscle (from viscera)
        (f) Increased respiration
    3) Other hormones and stress
        (a) Aldosterone and vasopressin
                  Retention of water and sodium
        (b) Glucagon
                  Increases blood glucose
                  Antagonistic to insulin

Section E. Endocrine control of growth
1. Growth curve (Fig.11-26)
2. Environmental factors influencing growth
            Nutrition
            Physical health
3. Hormonal influences on growth (Table 11-6)
            Hormones
            Growth factors and growth inhibiting factors
            Mitogens
    1) Growth hormone and IGF-I
        A. GH is important for postnatal growth (Table 11-5)
            (1) Stimulates cell division
                    Bone growth (Fig.11-25)
                        GH stimulates maturation of chondrocytes at epiphyseal growth plate
                        Chondrocytes produce IGF-I (stimulation from GH)
                        IGF-I stimulates chondrocytes’ cell division
                        GH and IGF-I synergistically work on bone growth
                    Stimulates IGF I production from liver (and other tissues)
            (2) Stimulates protein production
                    Stimulate ribosomal synthesis and activity
                    Promote amino acid uptake into cells
            (3) Stimulate anabolic activities
                    Increases blood glucose level
                        -Stimulates gluconeogenesis
                        -Decreases insulin sensitivity on target cells
                  Increases blood fatty acid level (Increase adipocytes’ responsiveness to lipolytic stimuli)
            *Gigantism and acromegaly (Fig.11-28)
        B. Hormonal control of GH secretion 
            (1) Hypothalamic control (Fig.11-27)
                    Negative feedback by GH and IGF-I
                    *Episodic manner of GH secretion
            (2) Other hormones
                    Testosterone, estrogen, insulin, thyroid hormone
        C. Reduced GH effect on aging
            (1) Decrease in muscle mass
            (2) Decrease in bone density
            (3) Fat deposition
            (4) Thin skin
        D. IGF-I has role on fetal development
        *IGF-II
            Independent from GH
            Function on fetal development
    2) Other hormones on growth (Table 11-6)
        A. Thyroid hormones
            (1) Permissive for GH secretion and action
            (2) Permissive for development of central nervous system
        B. Insulin
             (1) Stimulates IGF-I secretion
             (2) Stimulates protein synthesis
             (3) Stimulates fetal development
        C. Testosterone
             (1) Stimulates GH and IGF-I secretion at puberty
             (2) Stimulates protein synthesis
             (3) Epiphyseal closure
        D. Estrogen
             (1) Stimulates GH and IGF-I secretion at puberty
             (2) Epiphyseal closure
        E. Cortisol
             (1) Inhibits DNA synthesis
             (2) Stimulates protein catabolism
             (3) Inhibits GH secretion
    3) Compensatory growth
            Outgrowth of an organ after surgical removal of one of paired organs
            Increase in GH and IGF-1 concentration was reported

