ADRENAL STEROID HORMONES

Steroid Hormones Produced by Adrenal cortex about 50 steroids has been isolated from the
adrenal cortex. But out of them only 7 (seven) are important and known to possess physiologic
activity. They are all arrived from cholesterol which can be synthesized from active acetate and
they contain the steroid nucleus, called cyclopentano perhydro phenanthrene nucleus. Seven
important hormones are:

o 11-dehydro corticosterone (DOC)

J Cortisone

. Cortisol (17-OH cortisosterone)
o Aldosterone (mineralocorticoid)
. Androstenedione

. Dehydroepiandrosterone

Cortisol is the major free-circulating adrenocortical hormone (glucocorticoid) in human
plasma.

CLASSIFICATION

1. According to structure: Adrenocortical hormones are mainly of two structural types.

. C-21 steroids: those which have a two carbon side chain at position 17 of the D-ring
and contain total 21 carbon atoms.
. C-19 steroids: Those which have on 0, atom or OH group at position 17 and contain

19 carbon atoms. Most of the C19 steroids have oxygen atom at position 17 and are
therefore called as 17- oxosteroids (17-ketosteroids).

o Note: The C-21 steroids which have a —OH group at the position 17, in addition to the
side chain are often called 17-OH corticoids or 17-OH corticosteroids
In general
. C- 19 steroids have androgenic activity and
. C-21 steroids have glucocorticoids and mineralocorticoids activity.
CH® o)

|



o m ‘ | ‘ ‘
/Y ﬂ\/ y R\/j\/
CHN (\/

° N
C21 Steroid C- 19 Steroids

According to function: Steriods are divided into three types according to function:

. Glucocorticoids: which primarily affect metabolism of carbohydrates, proteins and
lipids and relatively minor effects on electrolytes and water metabolism e.g.cortisol,
cortisone, corticosterone

o Mineralocorticoid are those which primarily affect the reabsorption of Nat+ and
excretion of K+ (mineral metabolism) and distribution of water in tissues e.g
Aldosterone (chief mineralocorticoid). Others are cortisosterone, 11-deoxycortisol
and 11-deoxycorticosterone

o Cortical sex hormones (Androgens and ertrogen) primarily affect secondary sex
characters.

Relation of structure with functions:

1. Three structural features are essential for all known biological actions of the natural C21
adrenocortical hormones:

* a double bond of C4 and C5
* a ketonic group (C=0) at C3 and
* a ketonic group (C=0) at C20

2. Certain additional structural features have a profound effect upon the biological activity
of these compounds:



* An-OH group at C21 enhance Na-retention and is required for activity in carbohydrate
metabolism.

* The presence of ‘O’ either as —OH group or as O group, i.e hydroxyl or ketonic group of
C11 is necessary for carbohydrate activity and decreases Na+ retention.

* An-OH group at C12 increases carbohydrate activity.

* A-CHO group at C18 necessary for mineral corticoid activity.

GLUCO CORTICOIDS
1. Biosynthesis of glucocorticoids:
Common pathway for all cortico-steroids:

Corticosteroids are synthesized by a common pathway from cholesterol in the adrenal
cortex.

In all the three zones of adrenal cortex,
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o cholesterol is first changned to form pregneolone (common pathway) from this, free
cholesterol is released in the cytosol from cholesterol esters of cytoplasmic lipid
droplets and transferred into mitochondria. An enzyme called cytochrone-P- 450-side
chain cleavage enzyme (P450 sce) prevent in inner mitochondrial membrane
hydroxylates cholesterol at (22 and C20 (also called 20, 22-desmolase) and then
cleaves the side chain to form pregnenolone and isocaproic aldehyde. The enzyme
requires molecule O, and NADPH like all monoxygenases and also require FAD
containing FP, and Fe,S; protein (called adrenodoxin).
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Glucocorticoid synthesis;



Glucocorticorids are synthesized in zona fasiculata cells.

ACTION OF ACTH ON CORTISOL FORMATION

ACTH stimulates the synthesis and secretion of glucocorticoids. It acts in several ways:

o Increase the availability of free cholesterol in fasciculata cells. This is achieved in two
ways: through cyclic-AMP, activates the enzyme cholesteryl esterase which
hydrolyzes cholesterol esters and increase free cholesterol in cells.

o Increase transfer of free cholesterol from plasma lipoproteins into fasciculata cells,
probably by increasing lipoprotein receptors on plasma membrane of fasciculata cells.
o ACTH increases the conversion of cholesterol to pregnenolone, the rate limiting step.

o ACTH also stimulates the HMP_shunt pathway by increasing the activity of G-6-P D
and phosphogluconate dehydrogenase. So that more NADPH is provided which is
required for hydroxylation reactions.

o ACTH also increases the binding of cholesterol to mitochondrial cyt P450 necessary
for hydroxylation reactions.

MECHANISM OF ACTION

All of the steroids act primarily at the level of cell nucleus (nuclear action) to increase m-
RNA synthesis and increases protein synthesis.

o The first step occurs within minutes, which involves the binding of the steroids to a
corresponding specific receptor protein present in cytosol.
o Glucocorticoids pass into target cells through plasma membrane and binds to specific

glucocorticord receptor proteins present in cytosol.
The receptors occur in a wide variety of target tissues, viz liver, muscles, adipose tissue,
lymphoid tissue, skin, bone, fibroblast etc.

Types of receptors: In humans, there are two types of receptor proteins.
a-form; containing approx 777 amino acids.
B- form having 742 amino acids.

Both differ in amino acid sequence in the c-terminal end. The receptor molecule has three
distinct domains.

o A steroid binding domain near c-terminal
o A DNA binding domain near the middle of the molecule in c-terminal half ad



o A transcription activating domain near the N-terminal side.
A heat shock protein (hsp 90) binds to the receptor in the absence of hormone and prevents
folding into the active conformation of the receptor protein.

Glucocorticoids bind to the specific receptor in cytosol to steroid-binding site. This binding
causes dissociation of the hsp 90 stabilizer and permits conversion to the active
configuration.

The steroid-receptor complex enters the nuclear and binds by DNA-binding site to the
“hormone responsive elements (HRE) of specific nuclear gene. This modulates the
transcription rate of these genes, leading to increase synthesis of many proteins and enzymes
and also to decreased synthesis of some proteins like corticotrophin.

METABOLIC ROLE OF GLUCOCORTICOIDS
1. Metabolic Actions:
Points to note:

o In general, glucocortidoids have anti-insulin effects

o Glucocorticoids are catabolic to peripheral tissues and anabolic to liver.

a. Effects on carbohydrate metabolism: overall effect increases blood glucose level
(hyperglycaemia)

Mechanism of hypergly aemia

1. Decreases glucose uptake; and utilization in muscles, in adipocytes and lymphoid cell by
inhibiting the membrane transport of glucose into these cells.

2. Enhancing gluconeogenesis in liver: induces the synthesis of key gluconeogenic enzymes
such as pyruvate carboxylase, PEP carboxykinase, fructose 1, 6-diphosphatase and also
glucose-6-phosphatase.

. By making available more of substrate required for gluconeogenesis. This is achieved
by

o Increasing protein catabolism in extrahepatic tissue

o Decreasing incorporation of amino acids in protein in peripheral tissues.

. Also increasing synthesis of some key enzymes required for amino acid catabolism

like alanine transaminase, tyrosine transaminase, tryptophan pyrollase.
3. Decreases glycolysis in peripheral tissues

In liver: glucocorticoids are anabolic. It increases the glycogen store in liver. This is
due to:
Increases in gluconeogenesis from amino acid and glycerol



a.

o

Activates protein-phosphatase-1 which dephosphorylates and activates glycogen
synthesis:
Stimulate the synthesis of glycogen synthase also

Effect on lipid metabolism: Net effect increase FFA in plasma and also glycerol. Glycerol
is utilized for gluconeogeneris in liver.
In adipocytes.

Glucocorticoids increase lipolysis and liberates FFA and glycerol by activating
hormone sensitive TG lipase.

As glucocorticoid decrease the uptake of glucose in adipose tissue, there will be
reduction in a-glycerol phosphate as a result esterification suffers, hence net flow of
FFA in plasma increase.

Effect on protein metabolism

In peripheral extrahepatic tissues, cortisol is catabolic and increase protein
breakdown, leading to increase amino acids availability in plasma.
Reasons of increased catabolism

Enhances synthesis of key enzymes of amino acid catabolism like transaminase,
tyrosine transaminase
Tryptophen pyrrolase etc

Also there is decreased incorporation of amino acids in protein molecule

In liver: cortisol is anabolic, it increases protein synthesis it increases;

Hepatic uptake of amino acids

Incorporation of amino acids into ribosomal proteins.

Increased m-RNA formation and synthesis of proteins including plasma protein

In liver, cortisol also enhances urea synthesis from amino acids. There is increased
synthesis of enzymes necessary for urea cycle, e.g arginino succinate synthetase,
arginase etc.

MINERALO CORTICOIDS

Mineralo corticoids are C21 steroids, which influence the metabolism of Na+ and K+. The
chief mineralocorticoid is aldosterone. It is produced by zona glomerulosa of the adrenal
cortex. Structurally, it bears —OH group at C11 and aldehyde (CHO) group at C18.

Other corticosteroids which have mineralocorticoid activity are:

Corticosterone. * Il-deoxycortisol * I1-deoxycorticosterone



Il-deoxycorticosterone is secreted in minute quantities and has almost the same effects as
aldosterone, but a protency only 1/30™ that of aldosterone.

Biosynthesis

Mineralocorticoids are synthesized in zona glomerulosa cell only. They cannot be
synthesized in other two layers of adrenal cortex. Only zona glomerulosa cells have the
enzymes 18-hydroxylase and 18-hydroxysteroid dehydrogenase, which are lacking in other
layers

Steps in synthesis:
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MECHANISM OF ACTION

Mineralocorticoids enter the target cells through the plasma membranes and binds to a specific
protein present in cytosol, and nucleosplasm, called mineralocorticoid receptors. They are
present in epithelial cells of renal distal tubular cells and collecting ducts and also in gastro-
intestinal mucosa, salivary gland duct and sweat ducts. The steroid receptor complex then enters
the nucleus and binds to hormone responsive element of specific nuclear genes and increase the
transcription rates of genes. Thus, aldosterone initiates an increase in mRNA synthesis, at the
level of transcription of DNA. The induced mRNA stimulates protein synthesis at the ribosomal
level.

METABOLIC ROLE OF ALDOSTERONE
a. Renal effects of Aldosterone
1. Effect on tubular reabsorption of sodium:

By far the most important effect of aldosterone and other mineralocorticoids is to
increase the rate of tubular reabsorption of Na. Sodium is reabsorbed from the renal tubules
along their entire extent. Aldosterone has a specially potent effect in the distal tubule, collecting
tubule and at least a part of loop of Henle.

Note: Total lack of aldosterone secretion can cause loss of as much as 12 gram of Na in the urine
in a day, an amount equal to 1/7™ of all the sodium in the body.

2. Effect on tubular rebsorption of chlorides:

Aldosterone also increase the reabsorption of Cl ions from the tubules. This probably occurs
secondarily to the increased Na reabsorption. Absorption of positively changed Na+ causes an
electrical potential gradient to develop between the lumen and outside of the tubules with
positivity on the outside.

This positivity in turn attracts negatively charged diffusible amino through the membrane since
Cl- are by far the most prevalent anion in the tubular fluid, the absorption of Cl increase.

3. Increased renal secretion of K+: as aldosterone causes increased tubular reabsorption of Na+
at the same time it also increase loss of K+ in the urine by the renal distal tubules and collecting
ducts. This may result from the elimination of K+ in exchange of the reabsorbed Na+.

Clinical significance:



Hypokalaemia and muscle paralysis: the loss of K+ in urine decrease K+ in ECF resulting to
hypokalaemia. Thus at the same time that Na+ and Cl become increased in ECF, there will be
group decrease in K+. The low K+ concentration sometimes leads to muscle paralysis, this is
caused by hyperpolarization of the nerve and muscle fiber membrane which prevents
transmission of action potentials.

4. Effect an acid-base balance (Alkalosis): A large proportion of Na+ reabsorption from the
tubules results from an exchange reaction on which H+ are secreted into the tubules to take place
of Na+ that is reabsorption is enhanced, in response to aldosterone, the H+ concentration in the
body fluids is reduced. For each Na+ reabsorption by the H+ exchange, one HCO3 enters the
ECF which shifts the reaction to alkaline side. Thus increased secretion of aldosterone promotes
alkalosis, whereas decreased secretion produced acidosis.

b. Effect of aldosterone on fluid volume:
1. Effect on ECF volume:

Mineralocorticoids greatly increase the quantities of Na+, Cl and HCO3 in the ECF increasing
the electrolyte concentration in ECF. These in turn increase water reabsorption from the tubules

by:

. Stimulating the hypothalamic OH system and

. Creating an osmotic gradient across the tubular membrane. When the electrolytes are
absorbed, carries water through the membrane in the wake of electrolyte absorption

o Also increased electrolyte concentration of ECF causes thirst, thereby making the

persons to drink excessive amount of water
Hence the final result is an increase in ECF volume, sometimes enough to course generalized
oedema

2. Effect on blood volume:

The plasma volume increases almost proportionally during the early part of increase in ECF
volume. Hence one of the effects of increased aldosterone secretion is a mild to moderate
increase in blood volume.

c. Effect of aldosterone on sweat glands, salivary glands and gastric mucosa:

The mineralocorticoids have almost the same effect on the sweat glands, salivary glands
intestinal glands as on the renal tubules, greatly reducing the lows of Na+ and CI in the
glandular secretions. The effect on the sweat glands is important to conserve body salt in hot
environment whereas; the effect on intestinal gland is probably of importance to prevent salt
loss in the gastrointestinal excretory products.



RENIN ANGIOTENSIN SYSTEM

Juxtaglomerular (JG) cells: Afferent arteriole of nephron show cytoplasmic granules which
contain an enzyme called Renin. A fall in sodium concentration, hypovolemia, hypotension
and a fall in intra cellular Ca2+ stimulate the release of rennin from JG cells to the blood.
Brady Kinin and glucagon also stimulate release of renin.

CHEMISTRY

Renin is a proteolytic enzyme mwt 35000 recently renin isoenzymes or renin like enzyme
have been described in brain, placenta, and sub-maxillary duct and at the junction of uterine
endometrium and myonetrium.

Action of Renin.

. Formation of Angiotensin I: Renin acts on a plasma substrate, and o 2-globulin,
called angiotensinogen or Hypertensinogen, which is produced by the liver. The
enzyme cleaves the leucyl-leucy bind between 10 and 11 positions from N-terminal
end to produce angiotensin 1, a decapetide and a polypeptide having 7400 amino
acids inactive.

Renin

Angiotensinogen okinsin 1
(a2-glibobin (Decapeptide)
Peptide inactive)

This is the rate limiting step. Cortisol and estradiol enhance the reaction, probably by increasing
hepatic synthesis of angiotensinogen.

Formation of Angiotensin Il

Angiotensin 1, a decapeptide, mot 1296, while circulatory, is acted upon by another enzyme,
called converting enzyme (a protease) which occurs on the walls of small verses of living. The
enzyme is Ca2+ dependent and it removes terminal histidyl-leucyl dipeptide in pulmonary
circulation forming angiotensin 1l a hexapeptide mwt 1046 and an inactive dipeptide.
Angiotensin Il is the active component which acts a zona glomerulosa cells to increase synthesis
of aldosterone and increases rate of release of the hormone.

In activation of Angiotensin 11

An enzyme angiotensinase Il by hydrolysis.



Angiotensin I11: Recently in rat heptapeptide angiotensin IV has been isolated. It is claimed to be
also present in humans. Both heptapeptide (angiotensin Il) are claimed to be equipotent in
stimulating aldosterone secretion aldosterone can inhibit the enzyme renin by feedback inhibition
so that angiotensin Il formation is decreased.

Renin

Angiotensinogen > Angiotensin | (Decapeptide)
a2-globulin (Plasma substrate) Ca2+
Converting enzyme a protease

In pulmonary concentration

Feedback

Inhibition angiotensin 111 am&% angiogensin 11
/ Octapeptide

Adrenal gland angiotensinase

(Zona glomerulosa cells an amino peptidase



Inactive peptide

> Aldosterone

Inactivation of Renin: In addition to feedback inhibition by aldosterone.

. Renin is also destroyed by a cephalin derivatives in plasma and
. Also inhibited by a lysophospholipid, liberated by the action of phospholipase A2.

Actions of Angiotensin I1:

Principal action is angiotensin 11 stimulates aldosterone synthesis in zona glomerulosa cells
and increases rate of secretion of aldosterone.

Mechanism of action and effects:
Angiotensin Il binds with specific reception an membrane of zona glomerulosa cells and

. Enhance cytosolic concentration of Ca2+ in cells and
o Formation of inositol-1, 4, 5- triphosphate.
The above act as a second messenger and in turn:

a. enhances conversion of cholesterol to pregnenolone
b. and corticosterone to aldosterone by increasing the activity of 18-hydroxylase
Aldosterone thus formed and secreted:

o Increases the active tubular reabsorption of Na+ and
o Consequently passive reabsorption of Cl and water. Renal retention of water restores
the falling ECF volume and helps in long term increase of arterial blood pressure.

Others actions of Angiotensin 11.

o Stimulates contraction of smooth muscles on the walls of alimentary canal uterus,
arteries arterioles but unlike catecholamine it reacts with a specific receptor in the
cell membrane of smooth muscles leading to a rise in intracellular Ca+ which then
promotes contraction of smooth muscle fibers.

. May raise arterial B.P by causing arteriolar construction and is thought to be
responsible for hypertension associated with ischaemic kidney.



o Also stimulates V.M centre in the hind brain leading to refer rise in cardiac output,
reflex arteriolar constriction and a rise in B.P

. May stimulate vasopressin secretion, indirectly causing water retention

o May also stimulate synthesis and release of PG in renal medulla.

On the other hand PG particularly PGE, may act against angiotensin Il and reduce the renal

vasoconstrictor and antidiuretic effect of angiotensin I1.

ADRENAL MEDULLARY HORMONES
Chemistry

1. Two biologically active compounds have been isolated from the adrenal medulla  and
synthesized. They are

o Epinephrine (Adrenaline or Adrenin)

o Norepinephrine (Noradrenaline or Arterenol)

2. The naturally occurring forms are laevorotatory, the synthetic are racemic, the form being
almost twice as active as the latter.

3. The above two hormones are called catecholamines and are closely related to tyrosine
and synthesized in body from tyrosine

Epinephrine is primarily synthesized and stored in adrenal medulla. Nor epinephrine is
primarily synthesized in sympathetic nervous system and acts locally as neurotransmitter at
the post synaptic cell. Norepinephrine is also synthesized and stored in adrenal medulla.

Biosynthesis

In adrenal pheochromocytes and renal cells, the synthesis of catecholamine is essentials
same. Both are produced from the amino acid tyrosine.

STORAGE

o Epinephrine, norepinephrine and Dopamine are stored in the form of granules in the
pheochromocytes of adrenal medulla.



. Norepinephrine only occurs in adrenergic nerve terminals as granules/ or vesicles 400
to 500 ‘A’ and diameter. And some is probably free in cytoplasm. Both the hormones
are stored in the granules in the adrenal medulla and in adrenergic neurons as a
complex containing ATP in the ratio of about 4 molecules of hormone; one molecule
of ATP and in combination with several incompletely characterized proteins like
chromogenin A and Chromomembrane B.

Clinical importance:

As catecholamines cannot penetrate blood brain barriers the norepinephrin in the brain must
be synthesized within that tissue. L-DOPA, the precursors of catecholamines does penetrate
the barrier, it is hence, used to increase brain catecholamine synthesis in Parkinson’s disease.

Mechanism of Action
1. Role of c-AMP

Catecholamines on binding to B-receptors (fland B2) activate adenyl cyclase which increases
c-AMP level in the cells. Increased c-AMP activates c-AMP dependent protein kinases
which phosphorylates specific protein/or enzymes and activated / inactivate them. -receptor
action is mediated through increased intracellular c-AMP level.

. Catecholamines on binding to a-receptors inhibit adenyl cyclase, thus decreasing the
intracellular c-AMP level. o-receptor action is mediated through decreasing
intracellular c-AMP level.

2. Role of Ca2+ and phosphor-inositides:

Catecholamines on binding with al receptor effect the formation of inositol 1, 4 5
triphosphate and diacylglycerol, and or intracellular Ca?* these may act as second messenger
to produce tissue response during a-effects.

METABOLIC ROLE OF CATHECHOLAMINES
a. Glycogenolysis

1. Liver epinephrine stimulates rapid breakdown of glycogen of liver (glycogenolysis)
producing hyperglycaemia.

Action mediated by two ways:



. It’s binding to 2 receptors on hepatic cell membrane by increasing c-AMP level.

J Also exerts it effect by binding to al receptors on hepatic cell membrane, which
increases intracellular Ca2+ level which act as second messenger.

The effect of c-AMP increase in hepatic cells is similar to glucagon. But measurement of c-

AMP levels after epinephrine and/or glycogen indicate that glucagon is by for the more

active hormone in liver tissue. Nor epinephine has very little effect on blood glucose.

2. Muscle: In muscle, epinephrine also causes breakdown of glycogen (glycogenolysis) by
increasing c-AMP level (B-effect), but in this tissues it is more active than glucagon.
Glucagon has very little effect or no effect due to lack of specific receptor. In exercising
muscle, this can result in increased lactic acid formation, which passes to blood.

3. Heart muscle: Increase c-AMP after epinephrine administration is seen in 2-4 seconds,
the effect of epinephrine on cardiac output (lonotropic effect) is seen shortly after wards,
whereas activation of phosphorylase is not detectable for 45 seconds.

4. Heart glycogen: In vivo, actually epinephrine action can results in an increase in heat
glycogen. This is probably secondary to the hormone action an adipose tissue causing
adipose and increase FFA. Fatty acids as utilized as fuel. Increased glycogen is due to
gluconeogenesis; the glucose is not utilized for energy and diverted to glycogen formation.

b. Lipolytic Action: Both epinephrine and norepinephrine increase the breakdown of TG in
adipose tissue by increasing c-AMP level (P effect). Net effect of lipolysis is rapid release of
FFA and glycerol from adipose tissue to blood.

c. Glucogenic Action: Epinephrine increase cyclic c-AMP which induces the synthesis of
key enzymes pyruvate carboxylase, PEP carboxykinase and fructose -1,6-biphosphate.
Increased FFA level in blood produced by lipolytic action can also activate hepatic
gluconeogenesis.

d. Action on glucoses: Epinephrine increase blood lactic acid level by promoting neither
muscle glycolysis, nor epinephrine has very little effect on blood lactic acid.

e. Action on insulin Release: Epinephrine has a direct inhibitory action on insulin release
from B-cells of pancreas (a2-effect). Thus, in pancreases the a-adrenergic response to
epinephrine predominates, c-AMP decrease and insulin release inhibited. However in the



presence of a-blockers such as phentolamine (Regitine), the B-effect predominates and
epinephrine cause increased c-AMP and increase insulin release.

f. Calorigenic Action: Norepinephrine and epinephrine are almost equally potent in their
calorigenic action. They produce a prompt rise in the metabolic rate which is independent of
the liver,

* A smaller delayed rise which is abolished by hepatectomy and coincides with rise in
blood lactic acid. The calorigenic action does not occur in the absence of the thyroid and
adrenal cortex.
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