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Mineralocorticoids

Objectives:

R

% The cellular arrangements and functional components of the adrenal gland.

K2

%  The hormones secreted by the medulla and cortex of the adrenal gland.

K2

%  The synthesis of the adrenocortical steroids.

% The physiological actions of aldosterone. ovised
% The regulation of aldosterone secretion. « y
«  The major stimuli for aldosterone secretion. ; ‘Q\Q/f
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Adrenal Gland

e [IThere are two adrenal (suprarenal) glands that lie at the superior pole of
the two kidneys

e [ISmall, pyramid-shaped

e [IWeigh6-10g

e Divided into two morphologically and distinct regions:

Adrenal cortex:
e Secrete group of hormones called corticosteroids
e All synthesized from the steroid cholesterol
e Have different functions.

Adrenal medulla:
e |tisthe central region
e 20% of the gland
e Secretes EPN and NEPN (related to sympathetic nervous system)

| Corticosteroid hormones

Ad rend | C or 'I' eX Region of adrenal gland Secretes

Adrenal

medulla
Zona

reticularis

Zona
fasciculata

Catecholamin

Sex hormones

eAdrenal Cortex: Synthesizes and releases
steroid hormones (corticosteroids) -
eDifferent corticosteroids are produced in

each of the three layers.

Glucocorticoic

Mineralocorticoids
Aldosterone

Zona
glomerulosa
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Capsule {

Region Types Hormones

Zona glomerulosa Mineralocorticoids Aldosterone

Cortisol (mainly)
Corticosterone

Zona fasciculata Glucocorticoids
Androgens (small amount)
Estrogens (small amount)
Androgens
DHEA

Zona reticularis Gonadocorticoids Androstenedione

Estrogen (small amount)
Glucocorticoids




Structure of Steroid Hormones

Cholesterol is the <I:H,
parent com_pound H—G—CHy CHa H
ho o] efa N {:— CH.
CH3 CHg
modified by enzymes
to make steroid
hon'nonef such as
In adrenal cortex In ovary
l (|IHzOH ‘ o Ovary
HO. CHg oM CHy
CH;
¢ ¢ i Estradiol
Aldosterone Cortisol (an estrogen)
Synthesis of Steroid Hormones
Cholesterol
17-hydroxylase 17-hydroxylase
17-hydroxypregnenclone pummmmmmmd Dechydroepiandrosterone
I
3B-dehydrogenase 3B-dehydrogenase 3B-dehydrogenase
17-hydroxylase 17-hydroxylase .
Progesterone 17-hydroxyprogesterone pammmmmmmmll Androstenedione
21-hydroxylase 21-hydroxylase
Deoxycorticosterone 11-deoxycortisol Testosterone
118-hydroxylase 11B-hydroxylase

Aromatase cxreductase
Corticosterone Oestradiol

18-Hydroxycorticosterone

* The first step in the synthesis of all steroid hormones is conversion of cholesterol
to pregnenolone by the enzyme cholesterol desmolase.
** By Aldosterone synthase enzyme which is exist only in zona glomerulosa.

Aldosterone Dr said you should memorize the pathway! 3



Aldosterone

The main mineralocorticoid produced by the adrenal gland.

A steroid hormone.

Synthesized in zona glomerulosa.

Aldosterone exerts 90% of all the mineralocorticoid activity.
Target cells are called “principal (P) cell”.

60% of aldosterone bound to plasma protein. 40% is free form.
Half life: 20 min

Much of secreted aldosterone is metabolized by the liver and
converted to tetrahydro-glucuronide derivative.

Aldosterone levels

fluctuate diurnally -

highest concentration soum
being at 8 AM, lowest at  evess
11 PM, in parallel to

cortisol rhythms.

normal
dlurnal
rhythm

6am 9am 12pm 3pm 6pm 9pm 12am 3am &am

Steroid Hormones: MOA

Cell surface receptor Most hydrophobic steroids are bound
| to plasma protein carriers. Only unbound
hormones can diffuse into the target cell.

Rapid responses

Steroid hormone receptors are in the
cytoplasm or nucleus.

Nucleus
Cytoplasmnc 0 The receptor-hormone complex binds
receptor Nuclear to DNA and activates or represses one
receptor or more genes.
O
DNA'
¢ o Activated genes create new mRNA
Interstitial ),
St Endoplasmic . that moves back to the cytoplasm.

reticulum

Translation produces new proteins
for cell processes.

\"-.
il J o Some steroid hormones also bind to
- membrane receptors that use second
New proteins

messenger systems to create rapid
cellular responses.

Cell membrane 0

[ v 9 Plasma
membrane

e Increases Aldosterone © Aldosterone

transcription of Aldosterone
+ )1+ % receptor  Nuclear

Na*/K* pump

e Increases the
expression of
apical Na*
channels and
Na*/K*/ClI
cotransporter.




Actions of Aldosterone

Acts mainly on the cells

Na+

wm A Increases Renal
. | Tubular Reabsorption
of the collecting ducts =1 > Na+ N .
and distal tubules of Na* and Secretion
’ 1\ of K* and H*

1)
2)

3)

K"I'

Renal action: Aldosterone causes sodium to be conserved in the ECF
while increasing potassium excretion in the urine.

Circulatory Actions of Aldosterone: Increases ECF volume and
Arterial Pressure.

It also affects Na+ reabsorption by sweat, salivary and intestinal cells.
(Stimulates synthesis of more Na/K-ATPase pumps)

Control of Aldosterone secretion:

1 K+ concentration in the ECF
| Na+ concentration in the ECF
Increased activity of the renin- angiotensin system
o (increased levels of angiotensin Il)
Hypovolemia
Hypotension
ACTH:ACTH also stimulates aldosterone synthesis. However
the ACTH stimulation is more transient than the other stimuli
and is diminished within several days

Stress, surgery.



Control of Aldosterone secretion:

Renin:

e s aenzyme released by the kidneys
when the arterial pressure falls.
Renin is synthesized and stored in in the
juxtaglomerular cells (JG cells) of the
kidneys.
The JG cells are modified smooth muscle
cells located in the walls of the afferent
arterioles immediately proximal to the
glomeruli.
Renin acts on another plasma protein
(angiotensinogen), to release angiotensin
| which is converted to angiotensin Il (in
the lungs).

Smooth
muscle
fiber

Angiotensin Il:
Angiotensin Il increases the blood pressure
through:

1) Vasoconstriction occurs intensely in the
arterioles & much less so in the veins.
Constriction of the arterioles increases
the total peripheral resistance, thereby
raising the arterial pressure.

Decrease excretion of both salt and
water by the kidneys.

This slowly increases ECF volume, which
then increases the arterial pressure
during subsequent hours and days.
Angiotensin Il acts on the zona
glomerulosa to stimulate aldosterone Aldosterone
synthesis. O

Liver
p |
Angiotensinogen

|
||

Angiotensin I

] LACE

v

2)

Angiotensin II

Adrenal gland

<
.

/ Renin _
A

N
y N

Glomerular
epithelium

<" Internal
elastic
lamina

“~Basement
membrane

Distal
tubule

Distal y
tubule /

=8

Juxtaglomerular
apparatus (JGA)

| STIMULUS:
Low blood volume
1| or blood pressure

Angiotensin |l acts via increased . e
intracellular cAMP to stimulate
aldosterone synthesis.

distal tubules
O

Renin-Angiotensin-Aldosterone System

Hypovolemia
(or low blood pressure)

Renin ) Angiotensinogen

Angiotensin |

v

Angiotensin Il

Retention of Na+ by kidney
(via Aldosterone)

Water retention by kidney

(via Na+ uptake and Vasopressin)

Salt appetite

Increased drinking

(via Subfornical organ)

Increased blood pressure

Kidney

Arteriole
constriction

U b
v
N

¢

. Homeostasis:
Blood pressure,
volume



Regulation of Aldosterone secretion:
& |
Akttt pllaey Stress Primary regulators | Other factors
4 Blood voksmne l 1 K* in blood J L Stress 1Blood pressare
Decreased Na* or Hypothalamus o “:3:::'.:“
increased K* in blood CRH
| eart
Kidney thalm
Decreased
blood volume Direct
and/or blood $ stamulating pnunary
pressure SO | i
ACTH Inftiates
f.?::’"
Kooy i Angiotensin Il & A::Immc
j\ AP
L Inhibitory
i Heart . e effect
Renin glomerulosa
Initiates }Z"":i...... s
cascade that m;‘:’
produces Atrial natriuretic H 7 m o akiosterone
bikeak Angiotensin Il peptide(ANP) lt IS essentlal T.rgmtw -~
P Q kidney ul
stimulating ‘,,Q'_ for Ilfe.
effect eSS Inhibitory e,
3 G effect [ ot
Zona glomerulosa ]
P of adrenal cortex l 1 Blood volame
¥ andor biood pressure
Enhanced
secretion
of aldosterone . . . .
Targets Androgens unlike cortisol that has a regulatory mechanism mediated
/ kidney tubules by negative feedback mechanism. Androgens does not have a negative
feedback mechanism on hypothalamus to reduce ACTH secretion.
Increased absorption Increased blood : . : ) i
of Na* and water; —— volume and That's why in case of congenital adrenal hyperplasia, there will be
c dK* i blood pressure numerous amount of androgens without been regulated.

Hormones of
Adrenal Secretion:

activity
GLUCO.

activity
MINERAL.

production concentr.

ng/mi

mg/day

Aldosterone 0.05-0.15 0.15 90%
Deoxycorticosterone 0.6 0.15 1/15
Corticosterone 1-4 2-4 1/50 4%
Cortisol 8-25 40-180 1/400 95%
DHEA 7-15 5

-+ Notes:

1)

Cortisol is at 1000 fold higher concentrations than aldosterone

2) Corticosterone >>>> aldosterone

3) Cortisol binds well to the mineralocorticoid receptor.



Primary hyperaldosteronism
(increase secretion of
mineralocorticoids)

Complete failure to
secrete aldosterone

Abnormalities

Conn’s Syndrome

Dehydration

Low blood volume
Low blood pressure
Death

Primary Aldosteronism (Conn's Syndrome)

Cause

Effects

Treatment

Tumor of the zona glomerulosa cells (adenoma) — secretes
large amounts of aldosterone.

oo

(H

Hypokalemia

Hypertension

Slight increase in ECF volume and blood volume.
Hypernatremia Very slight increase in plasma sodium concentration
Neuromuscular manifestations, weakness,
paresthesia and intermittent paralysis caused by the
hypokalemia.

Nocturnal polyuria & polydipsia

Increased tubular (intercalated cells) hydrogen ion
secretion, with resultant mild alkalosis.

Decreased plasma renin concentration (from
feedback suppression of renin secretion caused by
the aldosterone) or by the excess ECF volume and
arterial pressure.

Usually surgical removal, Spironolactone .



Conn’s Syndrome

Thinning of
Symptoms : btaoity 5
Moon face
Buffalo hump meef:;d
H H Osteoporosis R S,
e frequent urination Cardiac
. hypertrophy
e Increased thirst nd yper
e Weakness and fatigue e
e Headache o —
e Muscle cramps —
N N . o skin
e Tinglingin fingers
e Temporary paralysis .
e Heart palpitations Muscle wasiing:
. N sWeakness
e Hypertension ( high blood pressure) <Thin extremites

Conn’s syndrome Secondary
(primary hyperaldosteronism) hyperaldosteronism

‘Plasma Renin f Plasma Renin

Minralocorticoid

\ Control of

Aldosterone
Secretion
Synthesis

(! Of aldosterone g
& Actions of ‘Z \Q
Synthesized in zona = Aldosterone

Summary T

Location

glomerulosa Aldosterone| | )
exerts 90% of all the cholesterol ’ v Inhibits secretions’ Increase secretions
mineralocorticoid \ -
activity 1. Renal Actions: v
cholesterol ® Binds to mineralocorticoid receptor (MR)
dismolase ® Aldosterone causes sodium to be i f
Target conserved in the ECF while increasing Gtasshint ao
J‘j ( R potassium 1. Atrial natriuretic P i
{ Pregnenolone excretion in the urine. fneptide (GNE); .
—ee ® Acts mainly on the cells of the cortical |nh|b::‘s Sckivivic \J
principal (P) cell | : = i e zona
3 Beta collecting ducts & distal tubules by increa... glomerulosa. o ]
dehydrogen 508
ase Q/ \b
Secretions b o 7 \L
( 2. Circulatory Actions:
\L Progesterone 2. Increase in Na. -
— _ J s i 3. Stress, surgery
eh o ecretad ! Increases iCF volume & Arterial
aldosterone is 21 DR
metabolized by the hydroxylase
liver & converted to, v M
d derivative. ( ) ‘ 3. Affects Na+ reabsorption by sweat, 4. Reni
‘ Deoxycorticosterone ‘ salivary and intestinal cells: angiotensin
" I w Stimulates synthesis of more Na/K- mechanism
Stimulation 11 Beta ATPase pumps.
of hydroxylase
secretions v ) due to a problem
corticosterone ‘ H; eraplr;?sireyronism > |Refitieadienal
e ) Hyperaldosterone | ——>| ' YP glands themselves

- Decreasing blood (Conn’s Syndrome)

states
=2

1
volume or pressure 18
(renin- angeotensin hydroxylase Aldosterone
system)isthe | Abnormalities problem

major stimulant elsewhere in the
‘ Secondary body causes the

- Rising blood levels - Hyperaldosteronism adrenal glands to
otits J/ Complete failure to release too much

- k} secrete aldosterone aldosterone

18 hydroxylcorticosterone:

leads to death «»

A e pic|
hormone (ACTH).




Questions

MCQs

Ql: Aldosterone is secreted by:
A)  Zona glomerulosa

B) Zona fasciculata

C) Zona reticularis

D) Adrenal medulla

Q2: Conn’s syndrome leads to:
A) Decrease ECF volume
B) Acidosis
C) Hypokalemia
D) Hypotension

Q3: Renin-Angiotensin System is:
A) Direct inhibitor
B) Direct stimulus

C) Indirect inhibitor

D) Indirect stimulus

Q4: Aldosterone increases Na reabsorption by:
A) Increase synthesis of Na/K pump

B) Increase expression of apical K channels
C) Decrease Na/ K / Cl cotransporter

D) None of the above

Q5: The conversion of Cholesterol to Pregnenolone is catalyzed
by which enzyme?

A)  2l-hydroxylase

B) 3B- dehydrogenase

C) Cholesterol dismolase

D) Cholesterol hydroxylase
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