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Question

Assignment

Q1. Discuss the role of kidney in glucose homeostasis?

Q2. Discuss the process of micturition?

Q3. Explain juxtaglomerular apparatus?

Q4 Discuss the role of kidney in regulation of blood pressure?

Q5. Discuss the role of Kidney in Calcium homeostasis?
1). The Role of Kidney in Glucose Homeostasis
The kidney has an important role in ensuring the energy needs during fasting periods.  Since the brain is the body’s largest consumer of glucose in the fasting or “post absorptive” state. The kidneys are involved in maintaining glucose homeostasis through three different mechanisms: gluconeogenesis, taking up glucose from the circulation to satisfy the kidneys’ energy needs, and by reabsorbing glucose from the glomerular filtrate.

Renal release of glucose 

Renal release of glucose into the circulation is the result of glycogenolysis and gluconeogenesis. Glycogenolysis involves the breakdown of glycogen to glucose-6-phosphate from precursors (eg, lactate, glycerol, amino acids) and its subsequent hydrolysis (via glucose-6-phosphatase) to free glucose. Conversely, gluconeogenesis involves formation of glucose-6-phosphate from those same precursors and subsequent conversion to free glucose. The glucose utilization occurring predominantly in the renal medulla and glucose release limited to the renal cortex, as a result of differences in the distribution of various enzymes along the nephron. 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. 

Glucose reabsorption 
In addition to their important role in gluconeogenesis, the kidneys contribute to glucose homeostasis by filtering and reabsorbing glucose. Under normal conditions, the kidneys retrieve as much glucose as possible, rendering the urine virtually glucose free. The glomeruli filter from plasma approximately 180 grams of D-glucose per day, all of which is reabsorbed through glucose transporter proteins that are present in cell membranes within the proximal tubules.4 If the capacity of these transporters is exceeded, glucose appears in the urine. This maximum capacity, known as the tubular maximum for glucose (TmG), ranges from 260 to 350 mg/min/1.73 m2 in healthy adults and children, and corresponds to a plasma glucose level of approximately 200 mg/dL. 
Renal glucose transporters

Glucose is a polar compound with positive and negative charged areas; therefore it is soluble in water. Its transport into and across cells is dependent on two specialized carrier protein families: the GLUTs (facilitated glucose transporters) and the SGLTs (sodium-coupled glucose cotransporters). The reabsorption of glucose is ensured by the sodium-glucose cotransporter (SGLT) 2, responsible for the reabsorption of 90% of glucose, and SGLT1, that reabsorbs the remaining glucose. These transporters are responsible for glucose passage and reabsorption in several tissue types, including the proximal renal tubule, blood-brain barrier, small intestine. GLUTs are responsible for the passive transport of glucose across cell membranes, in order to equilibrate its concentrations across a membrane. SGLTs (sodium-glucose cotransporter), on the other hand, are involved in active transport of glucose against a concentration gradient by means of sodium-glucose cotransport.
The regulation of glucose homeostasis by the kidney
The regulation of endogenous production of glucose is determined by hormonal and neural factors. In the acute phase, glucoregulatory mechanisms involve insulin, glucagon and catecholamines and they can effect changes in plasma glucose levels in a matter of minutes. Insulin is able to suppress glucose release in both the kidney and liver by direct enzyme activation ⁄ deactivation and by reducing the availability of gluconeogenic substrates. Glucagon has no effect on the kidneys, but it stimulates glycogenolysis and gluconeogenesis in the liver. Catecholamines also have multiple acute actions. They can stimulate renal glucose release and glucagon secretion and inhibit insulin secretion 

2. The process of micturition 

Micturition, also called urination is a process by which urine is voided from the urinary bladder when filled. The main physiological events in the process of micturition are:

· Filling of urinary bladder 

· Emptying of urinary bladder

Filling of urinary bladder 

The urinary bladder is a balloon-shaped, hollow, muscular, organ that acts as the storage organ for urine. Physiological capacity of the bladder varies with age, being 20–50 mL at birth, about 200 mL at 1 year, and can be as high as 600 mL in young adult males. The circular sphincter muscles prevent leakage of urine. They close tightly around the opening of the bladder into the tube (urethra) that allows the passage of urine outside the body. It is in this phase of the urinary bladder that the urine is transported from the kidneys via the ureters into the urinary bladder. The ureters are thin muscular tubes that arise from each of the kidneys and extend downwards where they enter the bladder obliquely.
The oblique placement of the ureters in the bladder wall serves a very important function. The opening of the ureter into the urinary bladder is not guarded by any sphincter or muscle. Therefore, this oblique nature of opening prevents the urine from re-entering the ureters. At the same time, the main muscle of the urinary bladder, the detrusor muscle, is relaxing allowing the bladder to distend and accommodate more urine. The filling phase is characterized by voluntary contraction of the external urethral sphincter, with sympathetic contraction of the inner urethral sphincter. The sympathetic nervous system also enables the detrusor to distend without reflex contractions, unlike that which happens in most voluntary muscles.

Urethral reflexes, called ‘the guarding reflex,’ also play a part in inhibiting involuntary bladder emptying during this process. The afferents are all conveyed through the pelvic nerves to initiate a spinal reflex. Beyond 600 mL, the urge to void urine becomes almost unbearable.

Emptying of urinary bladder

During this stage, both the urinary bladder and the urethra come into play together. The detrusor muscle of the urinary bladder which was relaxing so far starts to contract once the bladder’s storage capacity is reached. The urethra is controlled by two sets of muscles: The internal and external urethral sphincters. The internal sphincter is a smooth muscle whereas the external one is skeletal. Both these sphincters are in a contracted state during the filling stage. As mentioned earlier, the process of micturition is governed by both the nervous and muscular systems. Within the nervous system, the process is governed by the autonomous nervous system and the somatic system. Once the urinary bladder reaches its maximum capacity, the stretch receptors in the walls of the bladder send an impulse via the pelvic nerve to the brain via the spinal cord.

The micturition reflex is ultimately generated from the level of the spinal cord after it receives reflexes from the pontine region in the brain. Once the bladder and the urethra receive the signals to empty the bladder, the two sphincters relax and the detrusor muscle causes the contractions of the bladder. Along with these muscles, the muscles of the abdomen also play a role by putting pressure on the bladder wall. This leads to complete emptying of the bladder.

Problems Associated With Micturition

There are several factors which affect the process of micturition. Some of these can be due to physical trauma or disease; others are psychological in nature. Following are a few disorders that affect micturition:

· Detrusor Instability – This is a condition where the detrusor muscle contracts without any apparent reason. This muscle is responsible for contracting the bladder and help with the micturition process. As a result, detrusor instability results in urinary incontinence.

· Urinary Retention – This condition is characterized by the inability to empty the bladder completely. The onset may be gradual or sudden. The causes can range from a blockage in the urethra, nerve problems and weak bladder muscles.

· Spinal Cord Trauma – Injuries to the spinal cord, specifically the tenth thoracic vertebra (T10) can cause the bladder to be overactive or cause urinary incontinence.

Management of Micturition Disorders

· The nerve pathway to the urinary tract should be intact.

· The bladder capacity should be normal.

· Normal muscle tone should be observed in the sphincters, detrusors, and pelvic floor muscles.

· There should be no obstruction to the urine flow in any region of the urinary tract.

· The environmental and psychological factors that inhibit micturition should be absent.

· The coordinated activity of sympathetic, parasympathetic, and somatic nerves help in normal micturition.

3). Juxtaglomerular apparatus

The juxtaglomerular apparatus (also known as the juxtaglomerular complex) is a structure in the kidney that regulates the function of each nephron(the functional units of the kidney). Juxtaglomerular (JG) apparatus as the name indicates (juxtanear) refers to the collection of specialised cells located very near to the glomerulus.  It is found between afferent arteriole and the distal convoluted tubule of the same nephron. It forms the major component of renin–angiotensin–aldosterone system.  The three cell types participate in the negative feedback regulation of:

 (1). Systemic blood pressure and blood volume via the renin-angiotensin system.

(2). Local control of glomerular filtration rate (GFR), i.e., "tubuloglomerular feedback," by nitric oxide (NO) production.

 (3) Hematopoiesis via the production of erythropoietin by cells of the peritubular capillary endothelium of the kidney.
The juxtaglomerular apparatus consists of three types of cells:

1. The macula densa, a part of the distal convoluted tubule of the same nephron

2. Juxtaglomerular cells, (also known as granular cells) which secrete renin
3. Extraglomerular mesangial cells
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Juxtaglomerular Apparatus
Macula densa cells 

 Specialized chemoreceptor cells in the wall of the distal convoluted tubule at the juxtaglomerular apparatus of the nephron of the kidney which respond to changes in solute concentration (especially sodium levels) in the urine in the distal convoluted tubule and to oxygen levels in the blood passing to the glomerulus; this sensory information is conveyed to the juxtaglomerular cells which will adjust their output of renin accordingly.

Juxtaglomerular cells  
Juxtaglomerular cells are also called granular cells because of the presence of secretary granules in their cytoplasm. Specialized smooth muscle cells which act as mechanoreceptors which stretch in response to increases in the blood pressure of the afferent arteriole; they also synthesize and secrete the enzyme renin which serves to activate the inactive precursor, angiotensinogen (made by the liver), into angiotensin I. Angiotensin I is converted into angiotensin II, which is an octapeptide by the activity of angiotensin-converting enzyme (ACE) secreted from lungs. Most of the conversion of angiotensin I into angiotensin II takes place in lungs. 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. Which include:

· Angiotensin II increases arterial blood pressure by directly acting on the blood vessels and causing vasoconstriction.

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

· Angiotensin II regulates glomerular filtration rate by constricting the efferent arteriole, which causes decrease in filtration after an initial increase and contracts the glomerular mesangial cells leading to decrease in surface area of glomerular capillaries and filtration.

· Angiotensin II inhibits the baroreceptor reflex. Baroreceptor reflex is responsible for decreasing the blood pressure.
· It increases water intake by stimulating the thirst center.

· It increases the secretion of corticotropin-releasing hormone (CRH) from hypothalamus. corticotropin-releasing hormone (CRH) in turn increases secretion of adrenocorticotropic hormone (ACTH) from pituitary gland.

· It increases secretion of antidiuretic hormone (ADH) from hypothalamus.

Renin secretion is increased by a fall in plasma Na+ concentration, and by prostaglandins, sympathetic ANS activity, circulating epinephrine and a decrease in afferent arteriolar blood pressure; renin secretion is decreased by a rise in plasma Cl- concentration, angiotensin II, ADH (antidiurectic hormone) and increased blood pressure. 
Extraglomerular mesangial cells
Extraglomerular mesangial cells are located in the junction between the afferent and efferent arterioles. These cells are also called agranular cells, lacis cells or Goormaghtigh cells These cells have a contractile property similar to vascular smooth muscles and thus play a role in “regulating glomerular filtration rate” by altering the vessel diameter. Renin is also found in these cells. Glomerular mesangial cells are phagocytic in nature. These cells also secrete glomerular interstitial matrix, prostaglandins and cytokines.
4). The Role of Kidney in Regulation of Blood Pressure
The kidney is involved in the maintenance of peripheral vascular resistance through the action of angiotensin II (Ang II), which is the final product of the renin-angiotensin system (RAS) and participates in the volume control of cardiac output by regulating urinary salt and water excretion. Since it is well known that arterial pressure is equal to cardiac output multiplied by total peripheral resistance, the kidney is indispensable for regulation of blood pressure. When the blood pressure rises above normal, the kidneys excrete increased quantities of fluid, and progressive loss of this fluid causes blood pressure to return toward normal. Conversely, when the blood pressure falls below normal, the kidneys retain fluid, and the pressure normalized. Neurohormonal and possibly other factors limit urine sodium excretion, thereby expanding extracellular fluid volume or requiring higher renal perfusion pressure to permit sodium excretion adequate to prevent extracellular volume expansion. The key factor is the regulation of renin. Excess of sodium intake decreases renin synthesis and secretion in the juxtaglomerular cells, and conversely, reduction of sodium intake increases renin synthesis and secretion. Blood volume and cardiac output are affected by the vasoconstrictor substance, angiotensin II, which is derived from angiotensin I (Ang I) by the action of angiotensin converting enzyme (ACE); this occurs mainly in the lungs where circulating angiotensin I is converted to the active, 8-amino-acid angiotensin II. 
5). The Role Of Kidney In Calcium Homeostasis

The maintenance of calcium homeostasis is very important because calcium is the main component of bony skeleton and serves as the intracellular and extracellular messenger in numerous essential cellular events such as neuronal network, immune response, muscle contraction, and hormone secretion. Total body calcium in the adult human is about 1-2 kg and 99% of total calcium exists in bone. Even though only less than 1% of body calcium is in the extracellular space, maintaining the extracellular calcium concentration within a narrow range (8.5-10.5 mg/ dL) is very important for calcium homeostasis. 
The kidney has been known as the central organ for calcium homeostasis through fine regulation of renal calcium excretion. About 50% of plasma calcium (ionized and complexed form; ultrafilterable fraction, excluding the protein bound form) is freely filtered through the renal glomerulus, and 99% of the filtered calcium is actually reabsorbed along renal tubules. The excreted calcium in the final urine is about 200 mg per day in an adult person with an average diet. Several factors are involved in the regulation of calcium in renal tubules. 

The Proximal tubules  reabsorbs 50–60% of the calcium filtered by the glomerulus. The mechanisms of calcium reabsorption in the proximal tubules is by passive, hormone-independent, paracellular transport through the remarkably permeable epithelium of the Proximal tubules. Renal calcium transport proteins in the Proximal tubules ae Claudin-2 and fibroblast growth factor 23(FGF23). After the thin descending and the thin ascending limb of the loop of Henle with very low calcium permeability, the thick ascending limb of Henle's loop (TAL) is the next segment of the nephron that significantly reabsorbs calcium. About 15% of the filtered calcium is reabsorbed in a paracellular manner in this segment and is also highly dependent on sodium reabsorption. Renal calcium transport proteins in the thick ascending limb of Henle's loop (TAL) ae the Paracellin-1and calcium sensing receptor(CaSR). Distal convoluted tubule (DCT) and connecting tubule (CNT) reabsorbs 10–15% of the calcium filtered by the glomerulus. The mechanisms of calcium reabsorption in the convoluted tubule (DCT) and connecting tubule (CNT) are by active and transcellular transport through them. Renal calcium transport proteins in the convoluted tubule (DCT) and connecting tubule (CNT) are transient receptor potential vallinoid 5(TRPV5)/ transient receptor potential vallinoid 6(TRPV6),  Na2+/Ca2+ exchanger(NCX1), Calbindin-D28K, Klotho, fibroblast growth factor 23 (FGF23) and plasma membrane Ca2+-ATPase (PMCA1b). No reabsorption is taking place in the collecting duct, so that this segment is dependent on the load of calcium delivered by the connecting tubule and on its ability to defend against precipitation by diluting and acidifying the final urine. Parathyroid hormones and activated vitamin D enhance calcium reabsorption in the thick ascending limb (TAL), distal convoluted tubule (DCT) and connecting tubule (CNT), and estrogen promotes calcium absorption in the distal convoluted tubule / connecting tubule. 

Under normal blood calcium concentrations, almost all of the calcium that enters glomerular filtrate is reabsorbed from the tubular system back into blood, which preserves blood calcium levels. If tubular reabsorption of calcium decreases, calcium is lost by excretion into urine.
