Ojiji Mbala Margaret
17/MHS01/239
Physiology

Role of Kidneys in Glucose Homeostasis

The plasma glucose concentration is determined by the amount of glucose
synthesized, and the one removed from the circulation and metabolized. This
concentration must be maintained within a relatively narrow range despite the wide
daily fluctuations in glucose ingestion and glucose demands in various tissues. The
kidneys are involved in maintaining glucose homeostasis through three different
mechanisms: gluconeogenesis; glucose uptake from the blood for its own energy
requests and reabsorption into the general circulation of glucose from glomerular
filtrate in order to preserve energy.

e Gluconeogenesis
Glycogenesis involves formation of glucose-6-phosphate from glucose
precursors and subsequent conversion to free glucose. Interestingly, the liver
and skeletal muscles contain most of the body’s glycogen stores, but only
the liver contains glucose-6-phosphatase. As such, the breakdown of hepatic
glycogen leads to release of glucose, whereas the breakdown of muscle
glycogen leads to release of lactate. Lactate (generated via glycolysis of
glucose by blood cells, the renal medulla, and other tissues) may be
absorbed by organs and reformed into glucose.
With regard to glucose utilization, the kidney may be perceived as 2 separate
organs, with glucose utilization occurring predominantly in the renal
medulla and glucose release limited to the renal cortex. These activities are
separated as a result of differences in the distribution of various enzymes
along the nephron. To this point, cells in the renal medulla (which, like the
brain, are obligate users of glucose) have significant glucose-
phosphorylating and glycolytic enzyme activity, and can therefore
phosphorylate and accumulate glycogen. However, since these cells lack




glucose-6-phosphatase and other gluconeogenic enzymes, they cannot
release free glucose into the circulation. On the other hand, renal cortex cells
do possess gluconeogenic enzymes (including glucose-6-phosphatase), and
therefore can make and release glucose into the circulation. But because
these cells have little phosphorylating capacity, they cannot synthesize
glycogen.

e Glycogenolysis

Glycogenolysis is the breakdown of glycogen to glucose-6-phosphate and a
hydrolysis reaction (using glucose-6-phosphatase) in order to free glucose. The
liver is the only organ that contains glucose-6-phosphatase. So, the cleavage of
hepatic glycogen releases glucose, while the cleavage of glycogen from other
sources can release only lactate. Lactate, that is generated via glycolysis, is
often absorbed by other organs and helps regenerating glucose.

e Glucose reabsorption

Apart from the important role in gluconeogenesis and the role of renal cortex in
glucose uptake, the kidneys contribute to glucose homeostasis by filtering and
reabsorbing glucose. In normal conditions, the kidneys can reabsorb as much
glucose as possible, the result being a virtually glucose free urine. Approximately
180 grams of glucose are filtered by the glomeruli from plasma, daily but all of this
guantity is reabsorbed through glucose transporters that are present in cell
membranes located in the proximal tubules. These glucose transporters have a
limited capacity of reabsorption. If this capacity is exceeded, glucose usually
appears in the urine. The renal threshold of glucose is 180mg/dL. Reabsorption of
glucose is mediated by sodium-glucose cotransporters (SGLT1 et SGLT?2)
expressed in S1 and S3 segments of proximal tubule. SGLT2 is the main sodium-
glucose cotransporter responsible for 90% of glucose reabsorption.

Process of Micturition

Micturition is the process by which the urinary bladder empties when it becomes
filled. This involves two main steps: First, the bladder fills progressively until the
tension in its walls rises above a threshold level; this elicits the second step, which
Is a nervous reflex called the micturition reflex that empties the bladder or, if this
fails, at least causes a conscious desire to urinate. Although the micturition reflex is



an autonomic spinal cord reflex, it can also be inhibited or facilitated by centers in
the cerebral cortex or brain stem.

FILLING: The walls of the ureters contain smooth muscle arranged in spiral,
longitudinal, and circular bundles, but distinct layers of muscle are not seen.
Regular peristaltic contractions occurring one to five times per minute move the
urine from the renal pelvis to the bladder, where it enters in spurts synchronous
with each peristaltic wave. The ureters pass obliquely through the bladder wall
and, although there are no ureteral sphincters as such, the oblique passage tends to
keep the ureters closed except during peristaltic waves, preventing reflux of urine
from the bladder.

EMPTYING: The smooth muscle of the bladder, like that of the ureters, is
arranged in spiral, longitudinal, and circular bundles. Contraction of the circular
muscle, which is called the detrusor muscle, is mainly responsible for emptying the
bladder during urination (micturition). Muscle bundles pass on either side of the
urethra, and these fibers are sometimes called the internal urethral sphincter,
although they do not encircle the urethra. Farther along the urethra is a sphincter of
skeletal muscle, the sphincter of the membranous urethra (external urethral
sphincter). The bladder epithelium is made up of a superficial layer of flat cells and
a deep layer of cuboidal cells.

When the volume of urine in the bladder reaches about 250ml, stretch receptors in
the bladder walls are stimulated and excite sensory parasympathetic fibers which
relay information to the sacral area of the spine. This information is integrated in
the spine and relayed to two different sets of neurons. Parasympathetic motor
neurons are excited and act to contract the detrusor muscles in the bladder so that
bladder pressure increases and the internal sphincter opens. At the same time,
somatic motor neurons supplying the external sphincter via the pudendal nerve are
inhibited, allowing the external sphincter to open and urine to flow out, assisted by
gravity.

Juxtaglomerular Apparatus

The renin in kidney extracts and the bloodstream is produced by the
juxtaglomerular cells (JG cells). These epithelioid cells are located in the media of
the afferent arterioles as they enter the glomeruli. The membrane-lined secretory



granules in them have been shown to contain renin. Renin is also found in
agranular lacis cells that are located in the junction between the afferent and
efferent arterioles. At the point where the afferent arteriole enters the glomerulus
and the efferent arteriole leaves it, the tubule of the nephron touches the arterioles
of the glomerulus from which it arose. At this location, which marks the start of the
distal convolution, there is a modified region of tubular epithelium called the
macula densa. The macula densa is in close proximity to the JG cells. The lacis
cells, the JG cells, and the macula densa constitute the juxtaglomerular apparatus.

The juxtaglomerular apparatus can be considered as an anatomical unit important
in tubuloglomerular feedback control of renal blood flow, glomerular filtration rate
and possibly also tubular control of renin secretion. Immunocytochemical study
has confirmed that much of the renin in the kidney is located in the outer media of
the afferent arterioles, normally to a greater extent in superficial cortex than in
juxtamedullary regions. Renin release occurs outwards into the extravascular space
and into renal capillaries. Renin-secreting cells are also found in more proximal
segments of the afferent arterioles and in interlobular arteries as well as in efferent
arterioles.

Role of Kidney in Requlation of Blood Pressure

The renal-body fluid system for arterial pressure control acts slowly but powerfully
as follows: If blood volume increases and vascular capacitance is not altered,
arterial pressure will also increase. The rising pressure in turn causes the kidneys to
excrete the excess volume, thus returning the pressure back toward normal.

The kidneys play a central role in the regulation of arterial blood pressure. A large
body of experimental and physiological evidence indicates that renal control of
extracellular volume and renal perfusion pressure are closely involved in
maintaining the arterial circulation and blood pressure. Renal artery perfusion
pressure directly regulates sodium excretion; a process known as pressure
natriuresis, and influences the activity of various vasoactive systems such as the
renin—angiotensin—aldosterone (RAS) system. A key modulator of blood viscosity
Is the renin-angiotensin system (RAS) or the renin-angiotensin-aldosterone system
(RAAS), a hormone system that regulates blood pressure and water balance.

The blood pressure in the body depends upon:



* The force by which the heart pumps out blood from the ventricles of the heart -
and this is dependent on how much the heart muscle gets stretched by the
inflowing blood into the ventricles.

 The degree to which the arteries and arterioles constrict-- increases the resistance
to blood flow, thus requiring a higher blood pressure.

» The volume of blood circulating round the body; if the volume is high, the
ventricles get more filled, and the heart muscle gets more stretched.

The kidney influences blood pressure by
. Causing the arteries and veins to constrict
. Increasing the circulating blood volume

Specialized cells called macula densa are located in a portion of the distal tubule
located near and in the wall of the afferent arteriole. These cells sense the Na in the
filtrate, while the arterial cells (juxtaglomerular cells) sense the blood pressure.
When the blood pressure drops, the amount of filtered Na also drops. The arterial
cells sense the drop in blood pressure, and the decrease in Na concentration is
relayed to them by the macula densa cells. The juxtaglomerular cells then release
an enzyme called renin.

Renin converts angiotensinogen (a peptide, or amino acid derivative) into
angiotensin-1. Angiotensin-1 is thereafter converted to angiotensin-2 by an
angiotensin-converting enzyme, found in the lungs. Angiotensin-2 causes blood
vessels to contract -- the increased blood vessel constrictions elevate the blood
pressure. When the volume of blood is low, arterial cells in the kidneys secrete
renin directly into circulation. Plasma renin then carries out the conversion of
angiotensinogen released by the liver to angiotensin-1. Angiotensin-1 is
subsequently converted to angiotensin-2 by the enzyme angiotensin converting
enzyme found in the lungs. Angiotensin-2m a potent vasoactive peptide causes
blood vessels to constrict, resulting in increased blood pressure. Angiotensin-2 also
stimulates the secretion of the hormone aldosterone from the adrenal cortex.
Aldosterone causes the tubules of the kidneys to increase the reabsorption of
sodium and water into the blood. This increases the volume of fluid in the body,
which also increases blood pressure. If the renin-angiotensin-aldosterone system is
too active, blood pressure will be too high. Many drugs interrupt different steps in
this system to lower blood pressure. These drugs are one of the main ways to
control high blood pressure (hypertension), heart failure, kidney failure, and



harmful effects of diabetes. It is believed that angiotensin-1 may have some minor
activity, but angiotensin-2 is the major bioactive product. Angiotensin-2 has a
variety of effects on the body: throughout the body, it is a potent vasoconstrictor of
arterioles.

How the kidneys increase circulating blood volume

Angiotensin-2 also stimulates the adrenal gland to secrete a hormone called
aldosterone. Aldosterone stimulates more Na reabsorption in the distal tubule, and
water gets reabsorbed along with the Na. The increased Na and water reabsorption
from the distal tubule reduces urine output and increases the circulating blood
volume. The increased blood volume helps stretch the heart muscle and causes it to
generate more pressure with each beat, thereby increasing the blood pressure. The
circulating blood volume is directly proportional to the stretch of the heart muscle.

Role of Kidney in Calcium Homeostasis

Calcium is both filtered and reabsorbed in the kidneys but not secreted. Therefore,
the rate of renal calcium excretion is calculated as only about 50 percent of the
plasma calcium is ionized, with the remainder being bound to the plasma proteins
or complexed with anions such as phosphate. Therefore, only about 50 percent of
the plasma calcium can be filtered at the glomerulus. Normally, about 99 percent
of the filtered calcium is reabsorbed by the tubules, with only about 1 percent of
the filtered calcium being excreted. About 65 percent of the filtered calcium is
reabsorbed in the proximal tubule, 25 to 30 percent is reabsorbed in the loop of
Henle, and 4 to 9 percent is reabsorbed in the distal and collecting tubules. This
pattern of reabsorption is similar to that for sodium. As is true with the other ions,
calcium excretion is adjusted to meet the body's needs. With an increase in calcium
intake, there is also increased renal calcium excretion, although much of the
increase of calcium intake is eliminated in the feces. With calcium depletion,
calcium excretion by the kidneys decreases as a result of enhanced tubular
reabsorption.



