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The Adrenal Gland

*There are two adrenal glands . The two glands have a similarity in anatomical structure , function , secreted hormones and almost in every

thing

*The two glands are located above the two kidneys , i.e. one gland above each kidney ; exactly at the position of 12t thoracic vertebra
*So, adrenal glands are also termed , suprarenal glands. The term (suprarenal) comes from the anatomic description of the position of the

glands as ( supra means above ) while ( renal means belongs to kidney )

*On the other side , the term (adrenal) comes from the fact that these glands secrete the hormone (adrenaline) in cases of stress
*Adrenal gland consists of two distinct parts ; Cortex and Medulla . These two parts differ in their anatomical structure and in their functions

Adrenal Cortex: Three specific zones and each produces a specific class of
steroid hormone

«Zona glomerulosa — The outer most layer of the cortex . It produces
Mmineralocorticoids (Aldosterone)

«Zona fasciculata — The central region of the adrenal cortex . It produces
Glucocorticoids (Cortisole)

«Zona reticularis - The interior layer of the adrenal cortex . It produces
Androgens (Testosterone) and Estrogens (Estradiol)

Adrenal medulla: is the second part of adrenal gland . Devoted to synthesis of
catecholamines which include adrenaline (epinephrine) and noradrenaline
(norepinephrine) . Both hormones are secreted in stressful situations

Control of synthesis and secretion

Adrenal gland ﬂ

«Medulla—— .

Glucocorticoid synthesis and secretion are controlled by pituitary ACTH
Aldosterone secretion is controlled by renin-angiotensis system
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Biosynthesis of adrenal steroids
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Biosynthesis of adrenal steroids
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Glucocorticoid: Cortisol Functions

Affect carbohydrate, lipid and protein metabolism: Increase synthesis of many enzymes in gluconeogenic pathway in hepatocytes. Here its
action is anabolic and its action in muscles and adipose tissue are catabolic. In the absence of carbohydrate, protein and lipid breakdown and
fatty acid and amino acids released becomes available for gluconeogenic pathway

*Permissive action: It is required for functioning of sympathetoadrenal system. Glucocorticoid are necessary for catecholamine synthesis in
sympathetic nerves

*Glucocorticoid maintain body temperature in homeotherm by providing energy through gluconeogenesis and adipose tissue metabolism
*Role in reproduction: Along with prolectin cause lectogenesis

*Play important role in early development of fetal nervous system

*Glucocorticoid inhibit inflammatory and allergic rections

*Glucocorticoid has permissive action on enhancement of sympathetoadrenal activity

+Cortisol has many functions in the human body, such as controlling stress response, blood glucose levels, inflammatory responses, and blood
pressure.

Stress response: The human body is continually responding to internal and external stressors. The body processes the stressful information and
elicits a response depending on the degree of threat. The bodies autonomic nervous system is broken down into the sympathetic nervous system
(SNS) and the parasympathetic nervous system (PNS). In times of stress, the SNS gets activated. The SNS is responsible for the fight or flight
response, which causes a cascade of hormonal and physiological responses. The amygdala is responsible for processing fear, arousal, and
emotional stimuli to determine the appropriate response. If necessary, the amygdala sends a stress signal to the hypothalamus.[2] The
hypothalamus activates the SNS, and the adrenal glands release a surge of catecholamines, like epinephrine; this causes tachycardia,
hypertension, diaphoresis, increase in respiratory rate and an increase in blood glucose. As the body continues to perceive the stimuli as a
threat, the hypothalamus activates the HPA axis. Cortisol is released from the adrenal cortex and allows the body to continue to stay on high
alert. When the threat passes, the parasympathetic nervous system reduces the SNS response.

Blood glucose: Blood glucose levels drive key systemic and intracellular pathways. The presence of glucocorticoids, such as cortisol, increase
the availability of blood glucose to the brain. Cortisol acts on the liver, muscle, adipose tissue, and the pancreas. In the liver, high cortisol levels
increase gluconeogenesis and decrease glycogen synthesis. Gluconeogenesis is a metabolic pathway that results in the production of glucose
from glucogenic amino acids, lactate, or glycerol 3- phosphate found in triglycerides. Gluconeogenesis reverses glycolysis, a cytoplasmic
pathway used to convert glucose into pyruvate molecules. This pathway is used to release energy through substrate-level phosphorylation and
oxidation reactions. Unlike glycolysis, gluconeogenesis becomes active when the body needs energy. Muscles have their own internal glycogen
supply that allows them to respond to changes in ATP requirement rapidly. In the presence of cortisol, muscle cells decrease glucose uptake and
consumption and increase protein degradation; this supplies gluconeogenesis with glucogenic amino acids. In adipose tissues, cortisol increases
lipolysis. Lipolysis is a catabolic process that results in the release of glycerol and free fatty acids. These free fatty acids can be used in B
oxidation and as an energy source for other cells as they continue to produce glucose. Lastly, cortisol acts on the pancreas to decrease insulin
and increase glucagon. Glucagon is a peptide hormone secreted by the pancreatic alpha cells to increase liver glycogenolysis, liver
gluconeogenesis, liver ketogenesis, lipolysis, as well as decrease lipogenesis. Cortisol enhances the activity of glucagon, epinephrine, and other
catecholamines.




Metabolism of glucose

In general, cortisol stimulates the synthesis of 'new' glucose from non-carbohydrate sources; this is known as gluconeogenesis, mainly in
the liver, but also in the kidneys and small intestine under certain circumstances. The net effect is an increase in the concentration of
glucose in the blood, further complemented by a decrease in the sensitivity of peripheral tissue to insulin, thus preventing this tissue from
taking the glucose from the blood. Last, cortisol has a permissive effect on the actions of hormones that increase glucose

production, such as glucagon and adrenaline. Cortisol also plays an important, but indirect, role in liver and muscle glycogenolysis, the
breaking down of glycogen to glucose-1- phosphate and glucose - this results from the effects on glucagon action, described above.
Additionally, cortisol facilitates the activation of glycogen phosphorylase, which is necessary fo adrenaline to have an effect on
glycogenolysis. Paradoxically, cortisol promotes not only gluconeogenesis in the liver, but also glycogenesis. Cortisol is thus better thought
of as

stimulating glucose/glycogen turnover in the liver. This is in contrast to cortisol's effect in the skeletal muscle where glycogenolysis is
promoted indirectly through catecholamines.

Metabolism of proteins and lipids

Elevated levels of cortisol, if prolonged, can lead to proteolysis (breakdown of proteins) and muscle wasting.The reason for proteolysis is to
provide the relevant tissue with 'building blocks' for gluconeogenesis, see glucogenic amino acids. The effects of cortisol on lipid
metabolism are more complicated since lipogenesis is observed in patients with chronic, raised circulating glucocorticoid (i.e. cortisol)
levels,although an acute increase in circulating cortisol promotes lipolysis. The usual explanation to account for this apparent discrepancy is
that the raised blood glucose concentration (through the action of cortisol) will stimulate insulin release. Insulin stimulates lipogenesis, so
this is an indirect consequence of the raised cortisol concentration in the blood but it will only occur over a longer time scale.

Immune response Cortisol prevents the release of substances in the body that cause inflammation. It is used to treat conditions resulting
from overactivity of the B-cell-mediated antibody response. Examples include inflammatory and rheumatoid diseases, as well as allergies.
Low-potency hydrocortisone, available as a nonprescription medicine in some countries, is used to treat skin problems such as rashes and
eczema. It inhibits production of interleukin (IL)-12, interferon (IFN)-gamma, IFN-alpha, and tumor-necrosisfactor (TNF)-alpha by
antigen-presenting cells (APCs) and T helper (Th)1 cells, but upregulates IL-4, IL- 10, and IL-13 by Th2 cells. This results in a shift toward
a Th2 immune response rather than general immunosuppression. The activation of the stress system (and resulting increase in cortisol and
Th2 shift) seen during an infection is believed to be a protective mechanism which prevents an over-activation of the inflammatory
response. Cortisol can weaken the activity of the immune system. It prevents proliferation of T-cells by rendering the interleukin-2 producer
T-cells unresponsive to interleukin-1 (IL-1), and unable to produce the T-cell growth factor (IL-2[?] cortisol downregulates the expression
of the Interleukin 2 receptor IL-2R on the surface of the helper T-cell which is necessary to induce a Thl ‘cellular’ immune response, thus
favoring a shift towards Th2 dominance and the release of the cytokines listed above which results in Th2 dominance and favors the
'humoral’ B-cell mediated antibody immune response). Cortisol also has a negative-feedback effect on interleukin-1. Though IL-1 is useful
in combating some diseases, endotoxic bacteria have gained an advantage by forcing the hypothalamus to increase cortisol levels (forcing
the secretion of corticotropin-releasing hormone, thus antagonizing IL-1). The suppressor cells are not affected by glucosteroid
responsemodifying factor, so the effective setpoint for the immune cells may be even higher than the setpoint for physiological processes
(reflecting leukocyte redistribution to lymph nodes, bone marrow, and skin).



Other effects
Metabolism

Glucose : Cortisol counteracts insulin, contributes to hyperglycemia by stimulating gluconeogenesis and inhibits the peripheral use of glucose
(insulin resistance) by decreasing the translocation of glucose transporters (especially GLUT4) to the cell membrane.[19] Cortisol also increases
glycogen synthesis (glycogenesis) in the liver, storing glucose in easily accessible form. The permissive effect of cortisol on insulin action in liver
glycogenesis is observed in hepatocyte culture in the laboratory, although the mechanism for this is unknown.

Bone and collagen : Cortisol reduces bone formation, favoring long-term development of osteoporosis (progressive bone disease). The
mechanism behind this is two-fold: cortisol stimulates the production of RANKL by osteoblasts which stimulates, thought bind to RANK
receptors, the activity of osteoclasts — cells responsible for calcium resorption from bone - and also inhibits the production of osteoprotegerin
(OPG) which acts as a decoy receptor and captures some RANKL before it can activate the osteoclasts through RANK. In other words, when
RANKL binds to OPG, no response occurs as opposed to the binding to RANK which leads to the activation of osteoblasts.It transports potassium
out of cells in exchange for an equal number of sodium ions. This can trigger the hyperkalemia of metabolic shock from surgery. Cortisol also
reduces calcium absorption in the intestine. Cortisol down-regulates the synthesis of collagen.

Electrolyte balance : Cortisol increases glomerular filtration rate, and renal plasma flow from the kidneys thus increasing phosphate excretion, as
well as increasing sodium and water retention and potassium excretion in high amounts acting as aldosterone (in high amounts cortisol is
converted to cortisone which acts on mineralcorticoid receptor mimicking the effect of aldosterone). It also increases sodium and water absorption
and potassium excretion in the intestines.

Sodium : Cortisol promotes sodium absorption through the small intestine of mammals.[28] Sodium depletion, however, does not affect cortisol
levels[29] so cortisol cannot be used to regulate serum sodium. Cortisol's original purpose may have been sodium transport. This hypothesis is
supported by the fact that freshwater fish use cortisol to stimulate sodium inward, while saltwater fish have a cortisol-based system for expelling
excess sodium.

Potassium : A sodium load augments the intense potassium excretion by cortisol. Corticosterone is comparable to cortisol in this case. For
potassium to move out of the cell, cortisol moves an equal number of sodium ions into the cell. This should make pH regulation much easier
(unlike the normal potassiumdeficiency situation, in which two sodium ions move in for each three potassium ions that move out— closer to the
deoxycorticosterone effect)

Stress and mood: Sustained stress can lead to high levels of circulating cortisol (regarded as one of the more important "stress hormones”. Such
levels may result in an allostatic load, which can lead to various physical modifications in the body's regulatory networks.

Effects during pregnancy: cortisol between weeks 30 and 32 initiates production of fetal lung surfactant to promote maturation of the lungs.



Control

*Glucocorticoid production is regulated by pituitary ACTH which in turn is regulated by CRH from hypoyhalamus

In human there is circadian rhythm of ACTH and cortisol secretion. This rhythm starts form suprachiasmatic nucleus of hypothalamus that
drive secretion of CRH which then activate ACTH. ACTH interacts with its G-protein coupled receptors on the plasmalemma of zona
fasciculata cells to increase intracellular cCAMP levels

*This causes activation of adenylate cyclase which converts ATP into CAMP. cAMP cause activation of protein kinase A evoke several
cellular responses which collectively causes production of glucocorticoids in zona fasciculata cells

Mechanism of Hormone action

Adrenal steroid hormones, like other steroid hormones, mediate their actions through genomic mechanism: It mediate
its action by binding with its receptor in cells. This hormone receptor complex induce transcription factors that cause
synthesis cellular proteins, (often enzymes involved in gluconeogenesis)

Mineralocorticoid: Aldosterone Functions

*Major role of Aldosterone is to regulate Na* - K*and water homeostasis by influencing water and ions reabsorption from nephrons. It acts on
kidney distal and cortical collecting tubules, salivary ad sweat glands and gastrointestinal mucosa.

* Aldosterone affects the final part of electrolyte and water absorption within the nephron before excretion in the urine. As a result,
Adosterone only affects about 3% of the total water absorption and is utilized in the fine-tuning of absorption. Steroid hormones accomplish
this by diffusing into principle cells within the late distal tubule and collecting duct, where it acts on the nucleus of the cell to increase
MRNA synthesis. These mMRNAs are then used to increase the expression of sodium channels, sodium-potassium ATPase, and enzymes of the
citric acid cycle.

*Acting on the nuclear mineralocorticoid receptors (MR) within the principal cells of the distal tubule and the collecting duct of the kidney
nephron, it upregulates and activates the basolateral Na+/K+ pumps, which pumps three sodium ions out of the cell, into the interstitial fluid
and two potassium ions into the cell from the interstitial fluid. This creates a concentration gradient which results in reabsorption of sodium
(Na+) ions and water (which follows sodium) into the blood, and secreting potassium (K+) ions into the urine (lumen of collecting duct).
Aldosterone upregulates epithelial sodium channels (ENaCs) in the collecting duct and the colon, increasing apical membrane permeability
for Na+ and thus absorption.

» Cl- is reabsorbed in conjunction with sodium cations to maintain the system's electrochemical balance




*Aldosterone stimulates the secretion of K+ into the tubular lumen.

*Aldosterone stimulates Na+ and water reabsorption from the gut, salivary and sweat glands in exchange for K+.
*Aldosterone stimulates secretion of H+ via the H+/ATPase in the intercalated cells of the cortical collecting tubules
*Aldosterone upregulates expression of NCC in the distal convoluted tubule chronically and its activity acutely.

Control

Aldosterone secretion from zona glomerulosa is controlled by angiotensin Il. Angiotensin | is converted to angiotensin | by enzymatic
action renin in kidney Juxtaglomerular cells (negative feed back effect)

*Decrease sodium in plasma — decrease blood pressure — JG cells stimulated — produces renin — renin convert angiotensin | to angiotensin 11
— angiotensin 11 acts on zona glomerulosa — that produces aldosterone — Aldosterone acts on kidney tubules cause reabsorption of ions
eIncrease plasma sodium concentration — increase blood pressure — JG cells do not produce renin — no angiotensin is formed — aldosterone
rpoduction is shut off by zona glomerulosa cells

Mechanism of Hormone action

*Aldosterone increases the rate of Na+ transport across the epithelial cell of kidney cells

Aldosterone mediates this action through induction od synthesis of some proteins

*These proteins directly stimulate the activity of sodium pump

Aldosterone-inducible proteins increases the supply of ATP to the pump

«It also enhance the permeability of membrane to sodium ions

Aldosterone does its action without production of cAMP but it enhance cAMP-induced Na+ transport and water permeability

Adrenal Androgens Functions

*The production androgens by the adrenal is minimal compared to gonads
+In female, adrenal androgens may contribute to pubertal changes
*In postmenopausal women, these androgens may serve as substrate for extragonadal estrogen production




Pathophysiology

Addision’s Disease

*Addision described the disease in his manuscript published in 1855, “On the constitutional and local effects of disease of the supra-renal
capsule”
*It involves the total destruction of the glands (primary adrenocortical failure)
«It is due to adrenocortical hypofunction. The hypofunction may be due to
1. Primary adrenocortical insufficiency
2. Secondary adrenocortical insufficiency
3. No ACTH secretion
4. No CRH secretion
» The symptoms of Addison’s disease are - Weakness, increased melanin pigmentation of the skin, weight loss, hypotension, salt craving,
hypoglycemia. The symptoms result from combination of both glucocorticoid and minerelocorticoid deficiencies

Cushing’s Disease

*The disease first described by Cushing in 1932
*It refers to excessive and prolonged secretion and action of glucocorticoids — adrenocortical hyperfunction. The hyperfunction may be due to
1. Excess cortisol secretion (primary origin)
2. Adrenal cancer
3. Excess ACTH secretion
4. Excess CRH secretion
«Symptoms of Cushing’ disease are — central obesity, hypertension, glucose intolerance, hirsutism, osteoporosis, polyuria, polydipsia
*Hyperglycemia due to excess glucocorticoids leads to so called ‘steroid diabetes’




Hormones of Adrenal Medulla

* Produces two similar hormones (Catecholamines)

* Epinephrin
* Norepinephrin

 These two hormones prepare the body to deal with short term
stress

Effects of Epinephrine
*Gets you ready to fight or run
*Heightens your senses, tenses your muscles, openings breathing passages, etc.
*In response to stress
*Take less than 30 seconds to kick in and last several minutes



Catecholamines neurotransmitters of this group share 2 chemical similarities: one core structure of catechol and an amine group (Figure 5.1). 2.
This group of neurotransmitters includes dopamine (DA), norepinephrine (NE)/noradrenaline, and epinephrine (EPI)/adrenaline, and they are
found within the CNS, PNS, and adrenal glands.

Outline (1) Catecholamine synthesis, release, and inactivation. (2) Organization and function of the dopaminergic system. (3) Organization and
function of the noradrenergic system.

Disorders of the Adrenal Gland

1.  Hypoaldosteronism

loss of water/Na+

Addison’s disease — low aldosterone & cortisol
2. Hyperaldosteronism

3. Cushing’s syndrome : hypersecretion of cortisol,androgens,aldosterone



*A catecholamine (CA) is a monoamine neurotransmitter, an organic compound that has a catechol (benzene with two hydroxyl side groups
next to each other) and a side-chain amine.

+Catecholamines are derived from the amino acid tyrosine, which is derived from dietary sources as well as synthesis from phenylalanine.

« Catecholamines are water-soluble and are 50% bound to plasma proteins in circulation.

«Catecholamines are epinephrine (adrenaline), norepinephrine (noradrenaline), and dopamine. Release of the hormones epinephrine and
norepinephrine from the adrenal medulla of the adrenal glands is part of the fight-or-flight response.

Biosynthesis

Catecholamines are produced mainly by the chromaffin cells of the adrenal medulla and the postganglionic fibers of the sympathetic nervous
system. Dopamine, which acts as a neurotransmitter in the central nervous system, is largely produced in neuronal cell bodies in two areas of
the brainstem: the ventral tegmental area and the substantia nigra

The amino acids phenylalanine and tyrosine are precursors for catecholamines. Both amino acids are found in high concentrations in blood
plasma and the brain. In mammals, tyrosine can be formed from dietary phenylalanine by the enzyme phenylalanine hydroxylase, found in
large amounts in the liver. Insufficient amounts of phenylalanine hydroxylase result in phenylketonuria, a metabolic disorder that leads to
intellectual deficits unless treated by dietary manipulation. Catecholamine synthesis is usually considered to begin with tyrosine. The enzyme
tyrosine hydroxylase (TH) converts the amino acid Ltyrosine into 3,4-dihydroxyphenylalanine (L-DOPA). The hydroxylation of L-tyrosine by
TH results in the formation of the DA precursor L-DOPA, which is metabolized by aromatic L-amino acid decarboxylase (AADC; see Cooper
et al., 2002) to the transmitter dopamine. This step occurs so rapidly that it is difficult to measure L-DOPA in the brain without first inhibiting
AADC. In neurons that use DA as the transmitter, the decarboxylation of L-DOPA to dopamine is the final step in formation of the transmitter;
however, in those neurons using norepinephrine (noradrenaline) or epinephrine (adrenaline) as transmitters, the enzyme dopamine p-
droxylase (DBH), which converts dopamine to yield norepinephrine, is also present. In still other neurons in which epinephrine is the
transmitter, a third enzyme phenylethanolamine N-methyltransferase (PNMT) converts norepinephrine into epinephrine. Thus, a cell that uses
epinephrine as its transmitter contains four enzymes (TH, AADC, DBH, and PNMT), whereas norepinephrine neurons contain only three
enzymes (lacking PNMT) and dopamine cells only two.

Catecholamine  synthesis is inhibited by alpha-methyl-p-tyrosine  (AMPT), which inhibits  tyrosine  hydroxylase.






Metabolism

Catecholamines have a half-life of a few minutes when circulating in the blood. They can be degraded either by methylation by catechol-O-
methyltransferases (COMT) or by deamination by monoamine oxidases (MAQO). MAOIs bind to MAO, thereby preventing it from breaking
down catecholamines and other monoamines. Catabolism of catecholamines is mediated by two main enzymes: catechol-O- ethyltransferase
(COMT) which is present in the synaptic cleft and cytosol of the cell and monoamine oxidase (MAO) which is located in the mitochondrial
membrane. Both enzymes require cofactors: COMT uses Mg2+ as a cofactor while MAO uses FAD. The first step of the catabolic process is
mediated by either MAO or COMT which depends on the tissue and location of catecholamines (for example degradation of catecholamines
in the synaptic cleft is mediated by COMT because MAO is a mitochondrial enzyme). The next catabolic steps in the pathway involve
alcohol dehydrogenase, aldehyde dehydrogenase and aldehyde reductase. The end product of epinephrine and norepinephrine is
vanillylmandelic acid (VMA) which is excreted in the urine. Dopamine catabolism leads to the production of homovanillic acid (HVA).
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Adrenergic Receptors
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The adrenergic receptors or adrenoceptors are a class of G protein-coupled receptors that are targets of many catecholamines like
norepinephrine (noradrenaline) and epinephrine (adrenaline) produced by the body .

There are two main groups of adrenoreceptors, o and B, with 9 subtypes in total:

a are divided to al (a Gq coupled receptor) and a2 (a Gi coupled receptor)

al has 3 subtypes: alA, alB and a1D

a2 has 3 subtypes: a2A, a2B and a2C

B are divided to B1, B2 and B3. All 3 are coupled to Gs proteins, but 32 and 3 also couple to Gi

The mechanism of adrenoreceptors. Adrenaline or noradrenaline are receptor ligands to either al, a2 or B-adrenoreceptors. al couples to Gq,
which results in increased intracellular Ca2+ and subsequent smooth muscle contraction. a2, on the other hand, couples to Gi, which causes a
decrease in neurotransmitter release, as well as a decrease of CAMP activity resulting in smooth muscle contraction. 3 receptors couple to Gs,
and increases intracellular cAMP activity, resulting in e.g. heart muscle contraction, smooth muscle relaxation and lycogenolysis



1. Catecholamine Regulate Intermediary Metabolism
a. Carbohydrate metabolism: E is stimulatory to hepatic glycogenolysis and its action on -ARs.
b. Fat Meatbolism: Adipose cells possess b-AR and in response to catecholamines, lypolysis is stimulated.
c. Protein Metabolism: E acting through b-AR and cAMP decreses release of amino acids from skeleatl muscle

2. Sympathetic Nervous System Regulate Thermogenesis: During fasting suppression of sympathetic activity would conserve calories by
decresing metabolism, and heat production, whereas during feeding the increased sympathetic activity would expend the excess

calories
a. Shivering thermogenesis:
b. Non shivering thermogenesis: stimulate thermogenesis by B-ARs in brown adipose tissue (BAT) in response to both cold

(nonshivering thermogenesis) and diet induced thermogenesis.

3. Mediate Cardiovascular Response to stress: E increases both force and rate of the heartbeat through stimulation of cardiac muscle
through B-AR.

4. B-adrenergic receptors mediate dilation of bronchial passageways: Bronchial smooth muscle is relaxed in response to catecholamine.

5. Stress response: Catecholamines cause general physiological changes that prepare the body for physical activity (the fight-or-flight
response).

6. Functions as both neurotransmitter and hormone in human

7.Some typical effects are increases in heart rate, blood pressure, blood glucose levels, and a general reaction of the sympathetic nervous
system. Some drugs, like tolcapone (a central COMT-inhibitor), raise the levels of all the catecholamines.
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