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Assignment
1. Discuss long term regulation of mean arterial pressure

When blood pressure alters slowly in several days/months/years, the nervous
mechanism adapts to the altered pressure and loses the sensitivity for the changes.
It cannot regulate the pressure any more. In such conditions, the renal mechanism
operates efficiently to regulate the blood pressure. Therefore, it is called long-term
regulation.

The kidneys play an important role in the long-term regulation. They do this in two
ways:

e By regulation of ECF volume

When the blood pressure increases, kidneys excrete large amounts of water and salt
(mainly sodium) by pressure diuresis and pressure naturesis. Pressure diuresis is
the excretion of large amounts of water in urine. Pressure natriuresis is the
excretion of large quantity of sodium in urine. Because of diuresis and natriuresis,
there is a decrease in ECF volume and blood volume, which in turn brings the
arterial blood pressure back to normal level.

When blood pressure decreases, the reabsorption of water from renal tubules is
increased. This in turn, increases ECF volume, blood volume and cardiac output,
resulting in restoration of blood pressure.

e Through renin-angiotensin mechanism

Renin is a peptide hormone released by the granular cells of the juxtaglomerular
apparatus in the kidney. It is released in response to:
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e Sympathetic stimulation
e Reduced sodium-chloride delivery to the distal convoluted tubule
e Decreased blood flow to the kidney

Renin facilitates the conversion of angiotensinogen to angiotensin | which is then
converted to angiotensin Il using angiotensin-converting enzyme (ACE).

Angiotensin 11 is a potent vasoconstrictor. It acts directly on the kidney to increase
sodium reabsorption in the proximal convoluted tubule. Sodium is reabsorbed via
the sodium-hydrogen exchanger. Angiotensin Il also promotes release of
aldosterone.

ACE also breaks down a substance called bradykinin which is a potent vasodilator.
Therefore, the breakdown of bradykinin potentiates the overall constricting effect.

Aldosterone promotes salt and water retention by acting at the distal convoluted
tubule to increase expression of epithelial sodium channels. Furthermore,
aldosterone increases the activity of the basolateral sodium-potassium ATP-ase,
thus increasing the electrochemical gradient for movement of sodium ions.

More sodium collects in the kidney tissue and water then follows by osmosis. This
results in decreased water excretion and therefore increased blood volume and thus
blood pressure.

2. Write short notes on the following:
e Pulmonary circulation

This is otherwise called lesser circulation. This is the transport of deoxygenated or
venous blood from the heart or away from the heart to the lungs. Deoxygenated
blood from tissues is passed into the right side of the heart through the inferior and
superior vena cavae. This blood is pumped from the right ventricles to the lungs
through the pulmonary artery. Exchange of gases between the alveoli of the lungs
and blood occurs at the pulmonary capillaries. Oxygenated blood returns back to
the heart through the pulmonary veins to the left atria.

e Circle of Willis

The circle of Willis is a ring of interconnecting arteries located at the base of the
brain around the optic chiasm or chiasma (partial crossing of the optic nerve —
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CNII; this crossing is important for binocular vision), infundibulum of the pituitary
stalk and the hypothalamus.

The circle of Willis allows equalization of blood flow between the left and right
cerebral hemispheres, and can allow anastomotic circulation if parts are occluded.
That is, the circle serves as a back-up system or a bypass, allowing for an
alternative route if there is an occlusion in the normal route of supply to an area.
For example, if there is an obstruction of blood supply through the left internal
carotid artery, and blood cannot reach the front of the left side of the brain through
this artery, blood will be routed to this area, through the anterior communication
artery, from the right internal carotid artery.

e Splanchnic circulation

The term ‘splanchnic circulation’ describes the blood flow to the abdominal
gastrointestinal organs including the stomach, liver, spleen, pancreas, small
intestine, and large intestine.

e Coronary circulation

This is part of the systemic circulatory system that supplies blood to and provides
drainage from the tissues of the heart. In the human heart, two coronary arteries
arise from the aorta just beyond the semilunar valves; during diastole, the increased
aortic pressure above the valves forces blood into the coronary arteries and thence
into the musculature of the heart. Deoxygenated blood is returned to the chambers
of the heart via coronary veins; most of these converge to form the coronary
venous sinus, which drains into the right atrium.

e Cutaneous circulation

The cutaneous circulation is the circulation and blood supply of the skin. The skin
Is not a very metabolically active tissue and has relatively small energy
requirements, so its blood supply is different to that of other tissues.

Some of the circulating blood volume in the skin will flow through will flow
through arteriovenous anastomoses (AVAs) instead of capillaries.

3. Cardiovascular adjustment during exercise
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The integrated response to severe exercise involves fourfold to fivefold increases
in cardiac output, which are due primarily to increases in cardiac rate and to a
lesser extent to augmentation of stroke volume. The increase in stroke volume is
partly due to an increase in end-diastolic cardiac size (Frank-Starling mechanism)
and secondarily due to a reduction in end-systolic cardiac size. The full role of the
Frank-Starling mechanism is masked by the concomitant tachycardia. The
reduction in end-systolic dimensions can be related to increased contractility,
mediated by beta adrenergic stimulation. Beta adrenergic blockade prevents the
Inotropic response, the decrease in end-systolic dimensions, and approximately
50% of the tachycardia of exercise.

The enhanced cardiac output is distributed preferentially to the exercising muscles
including the heart. Blood flow to the heart increases four-fold to fivefold as well,
mainly reflecting the augmented metabolic requirements of the myocardium due to
near maximal increases in cardiac rate and contractility. Blood flow to the inactive
viscera (e.g., kidney and gastrointestinal tract) is maintained during severe exercise
in the normal dog. It is suggested that local auto regulatory mechanisms are
responsible for maintained visceral flow in the face of neural and hormonal
autonomic drive, which acts to constrict renal and mesenteric vessels and to reduce
blood flow. However, in the presence of circulatory impairment, where oxygen
delivery to the exercising muscles is impaired as occurs to complete heart block
where normal heart rate increases during exercise are prevented, or in congestive
right heart failure, where normal stroke volume increases during exercise are
impaired, or in the presence of severe anemia, where oxygen-carrying capacity of
the blood is limited, visceral blood flows are reduced drastically and blood is
diverted to the exercising musculature. Thus, visceral flow is normally maintained
during severe exercise as long as all other compensatory mechanisms remain
intact. However, when any other compensatory mechanism is disrupted (even the
elimination of splenic reserve in the dog), reduction and diversion of visceral flow
occur.
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