1. Renin

Juxtaglomerular cells secrete renin. Renin is a peptide
with 340 amino acids. Along with angiotensins, renin
forms the renin-angiotensin system, which is a hormone
system that plays an important role in the maintenance
of blood pressure (Chapter 103).

Stimulants for renin secretion

Secretion of renin is stimulated by four factors:
i. Fallin arterial blood pressure
Reduction in the ECF volume
Increased sympathetic activity

Decreased load of sodium and chlornde in
macula densa.

i = Hy

Renin-angiotensin system

When renin is released into the blood, it acts on a
specific plasma protein called angiotensinogen or renin
iubstrate. It is the a,-globulin. By the activity of renin,
e angiotensinogen is converted into a decapeptide

called angiotensin L Angiotensin I is converted into
angiotensin I, which is an octapeptide by the activity
of angiotensin-converting enzyme (ACE) secreted
from lungs. Most of the conversion of angiotensin I into
angiotensin Il takes place in lungs.

Angiotensin II has a short halflife of about 1 to 2
minutes. Then it is rapidly degraded into a heptapeptide
called angiotensin I by angiotensinases, which are
present in RBCs and vascular beds in many tissues.
Angiotensin Il is converted into angiotensin IV, which is
a hexapeptide (Fig. 50.2).

Actions of Angiotensins

Angiotensin I

Angiotensin Iis physiologically mactive and serves only
as the precursor of angiotensin IL

Angiotensin I

Angiotensin Il is the mostactive form. Its actions are:
On blood vessels:

1. Angiotensin II increases arterial blood pressure
by directly acting on the blood vessels and
causing vasoconstriction. Itis a potent constrictor
of arterioles. Earlier, when its other actions were
not found it was called hypertensin.

i. t increases blood pressure indirectly by
increasing the release of noradrenaline from
postganglionicsympatheticfibers. Noradrenaline
is a general vasoconstrictor (Chapter 71).

On adrenal cortex:

It stimulates zona glomerulosa of adrenal cortex to
secrete aldosterone. Aldosterone acts on renal tubules
and increases retention of sodium, which is alko
responsible for elevation of blood pressure.

On kidney:

i. Angiotensin Il regulates glomerular filtration rate
by two ways:

a. I constncts the efferent arteriole, which
causes decrease in filtration after an initial
ncrease (Chapter 52)

b. It contracts the glomerular mesangial cells
kading to decrease in surface area of
glomerular capillaries and filtration (see
above)

ii. It increases sodium reabsomption from renal
tubules. This action is more predominant on
proximal tubules.

On brain:

i. Angiotensin II inhibits the baroreceptor reflex
and thereby indirectly increases the blood
pressure. Baroreceptor reflex is responsible for
decreasing the blood pressure (Chapter 103)



Stimuli for renin secretion Plasma

1. Low blood pressure

2. Low ECF volume

3. Sympathetic stimulation
4. Low plasma sodium
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Actions

Regulates GFR

. Increases blood pressure
. Increases water intake
. Increases ADH secretion

Increases CRH and ACTH
secretion

1. Increase aldosterone
secretion
2. Cause vasoconstriction

FIGURE 50.2: Renin-angiotensin system. ECF = Extracellular fluid, ACE = Angiotensin-converting enzyme, GFR = Glomerular
filtration rate, ADH = Antidiuretic hormone, CRH = Corticotropin-releasing hormone, ACTH = Adrenocorticotropic hormone.

ii. kincreases waterintake by stimulating the thirst

center

il Itincreasesthe secretionoforticotropin-releasing

hommone (CRH) from hypothalamus. CRH in
tum increases secretion of adrenocorticotropic
hormmone (ACTH) from pituitary

iv. I increases secretion of antidiuretic hormone

(ADH) from hypothalamus.
Other actions:

Angiotensin Il acts as a growth factor in heart and
it is thought to cause muscular hypertrophy and cardiac
enlargement.

Angiotensin Il

Angiotensin I increases the blood pressure and
stimulates aldosterone secretion from adrenal cortex. It
has 100% adrenocortical stimulating activity and 40%
vasopressor activity of angiotensin IL

Angiotensin IV

I also has adrenocortical stimulating and vasopressor
activities.



1. Erythropoietin

Most important general factor for erythropoiesis is
the hommone called erythropoietin. It is also called
hemopoietin or erythrocyte stimulating factor.

Chenustry
Erythropoietin is a glycoprotein with 165 amino acids.
Source of secretion

Major quantity of erythropoietin is secreted by peritubular
capillaries of kidney. A small quantity is also secreted
from liver and brain.

Stimulant for secretion

Hypoxia is the stimulant for the secretion of
erythropoietin.
Actions of erythropoietin

Erythropoietin causes formation and release of new
RBCs into circulation. After secretion, it takes 4 to 5 days
to show the action.
Erythropoietin promotes the following processes:
a. Production of proerythroblasts from CFU-E of
the bone marrow

b. Development of proerythroblasts into matured
RBCs through the several stages — early normo-
blast, intermediate nommoblast, late normoblast
and reticulocyte

c. Release of matured erythrocytes into blood. Even
some reticulocytes (immature erythrocytes) are
released along with matured RBCs.

Blood level of erythropoietin increases in anemia.



B HEART

Hean secretes the homones atral natriuretic peptide
and brain natriuretic peptide. Recently, another peptide
called C-type natriuretic peptide is found in heart.

® ATRIAL NATRIURETIC PEPTIDE

Atrial natriuretic peptide (ANP) s a polypeptide with
28 amino acids. It is secreted by atrial musculature of
the heart. Recently, it is found in hypothalamus of brain
also. However, its action in brain is not known.

ANP is secreted during overstretching of atrial
muscles in conditions like increase in blood volume . ANP,
in tum increases excretion of sodium (followed by water
excretion) through urine and helps in the maintenance
of extracellular fluid (ECF) volume and blood volume. It
also lowers blood pressure.

Effect of ANP on Sodium Excretion

Atrial natriuretic peptide increases excretion of sodum
ions through urine by:
1. Increasing glomerular filtration rate by relaxing
mesangeal cells and dilating afferent arterioles

2. nhibiting sodium reabsorption from distal con-
wluted tubules and collecting ducts in kadneys
3. mlmm'easmg the secretion of sodium into the renal
les.

Escape phenomenon

Thus, ANP is responsible for escape phenomenon and
prevention of edema in primary hyperaldosteronism, in
spite of increased ECF volume (Refer Chapter 70 for
details).

Effect of ANP on Blood Press ure

ANP decreases the blood pressure by:
1. Vasodilatation by relaxing the smooth muscle fibers,
mainly in arterioles and venules
2. nhibiting renin secreton from juxtaglomerular
apparatus of kidney
3. Inhibiting vasoconstrictor effect of angiotensin II
4. Inhibiting vasocons trictor effects of catecholamines.

® BRAIN NATRIURETIC PEPTIDE

Brain natriuretic peptide (BNP) is also called B-type
natriuretic peptide. It i a polypeptide with 32 ammno
acids. It s secreted by the cardiac muscle. It is also
secreted in some parts of the brain. The stimulant for its
secretion is not known.

BNP has same actions of ANP (see above). On
brain, its actions are not known.

Clinical Importance of BNP

Measurement of plasma level of BNP (BNP test)
is becoming an important diagnostic tool for heart
diseases. Nommally, blood contains very stall anmount
of BNP. However, in conditions like heart failure, BNP
level is increased in blood.

& C-TYPE NATRIURETIC PEPTIDE

C-type natriuretic peptide (CNP) is the newly discovered
peptide homone. It s a 22 amino acid peptide.
Initially, it was identified in brain. Now, it is known to be
secreted by several tissues which include myocardium,
endothelium of blood vessels, gastromtestinal tract and
kidneys. The functions of this hormone are not fully
studied. It is believed that it has similar action of atrial

matriuretic peptide.
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