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Discuss the role of the kidney in glucose homeostasis?

Besides the liver, the kidney is the only organ capable of genrating sufficient glucose to release into circulation and it is also responsible for excretion of glucose.

Renal release of glucose into the circulation is the result of glycogenolysis, that is the breakdown of glycogen to glucose -6-phosphate from precursors( e.g lactate, glycerol, amino acids) via glucose-6-phosphatase to free glucose conversely gluconeogenensis involves the formation of glucose-6-phosphate from those same precursors and subsequent conversion to free glucose .

Mechanism of kidney in glucose homeostasis.

The kidney filters and reabsorbs 100% of glucose, approximately 180g (1 mole) of glucose, each day. The glucose transporters expressed in the renal proximal tubule  ensures that less than 0.5g/day is excreted in the urine of a healthy adults.More water than glucose is reabsorbed resulting in an increase in the glucose concentration in the urine alomg the tubule. Consequently the affinity of the transporters for glucose along the tubule increases to allow for complete reabsorption of glucose from urine.

It produces glucose by gluconeogenesis .The key enzymes of gluconeogenesis are phosphoenolpyruvate carboxykinase and glucose-6-phophatase. These are expressed in the renal proximal tubule only and not the renal medulla. The kidney produce between 2.0-2.5umol of glucose/kg/min therby contributing about 20-25% of circulating glucose.

Discuss the process of micturition?

MIcturition is the process of expelling urine from the body by a specialised system of organs known as the excretory system to eliminate waste products from the body, on average a normal adult exercise 1-1.5L of urine per day. The excretory system consist of a pair of kidneys, Ureter, urinary bladder, and a urethra. The kidneys play a major role in the process of urine formation and excretion. Micturition is brought about by reflex contraction of a special muscle called the detrusor muscle after voluntary relaxation of the sphincter muscle.

Micturition consist of two phases

Storage phase

Voiding phase

Storage Phase: Urinary bladder, a hollow shaped organ for urine act as as the storage organ for urine  from the ureter a thin muscular tube that arise from each of the kidneys. Urinary bladder stores up to 16 ounces of urine for 2-5 hours easily. The circular sphincter muscle prevent the leakage of urine. They close tightly around the opening of the bladder into the urethra that allows the passage of urine outside the body.

Voiding Phase: When bladder is filled with urine, the nerves in it are triggered , which in turn stimulates the need to urinate . The brain signalurinary bladder to contract , the receptors of the urinarybladder send a signal to the central nervous system, in response to which the nervous system sends a signal to the nervous systemthat incites the contraction of the urinary bladder. Through the urinary opening at the urethra,the urethra is controlled by two sets of muscles: The internal and external urethral sphincter. The sphincters are contracted during the filing stage. The urine is eliminated and the process of micturition takes place.

  The process of micturition is governed by both the Nervous system and the Muscular system. Within the nervous system, the process is governed by the autonomous nervous system and somatic system.

Explain the Juxtaglomerular apparatus?

The juxtaglomerular apparatus is a specialized structure formed by the distal convoluted tubule and the glomerular afferent arteriole. It is located near the vascular pole of the glomerulus and its main function is to regulate blood pressure and the filtration rate of the glomerulus. The macula densa is a collection of specialized epithelial cells in the distal convoluted tubule that detect sodium concentration of the fluid in the tubule. In response to elevated sodium, the macula densa cells trigger contraction of the afferent arteriole, reducing flow of blood to the glomerulus and the glomerular filtration rate. 

The juxtaglomerular cells, derived from smooth muscle cells, of the afferent arteriole secrete renin when blood pressure in the arteriole falls. Renin increases blood pressure via the renin-angiotensin-aldosterone system.

Lacis cells, also called extraglomerular mesangial cells, are flat and elongated cells located near the macula densa. Their function remains unclear.

Functions of Juxtaglomerlar Apparatus (JGA):

Local transmission of Tubuloglomerular Feedback (TGF) at its own nephron via angiotensin II (AT II)

Systemic production of Angiotensin II (AT II) as part of Renin-Angiotensin-Aldosterone System (RAAS)

Tubuloglomerular Feedback (TGF) Mechanism

The tubuloglomerular feedback mechanism has 2 components that act together to control GFR:

1)Afferent arteriolar feedback mechanism

2)Efferent arteriolar feedback mechanism

Increased renal arterial pressure leads to an increased delivery of fluid (increased osmolality or increased flow rate) to the macula densa. The macula densa senses the load and causes constriction of nearby afferent arteriole, increasing the resistance. This will return osmolality and filtrate flow rate to normal.

Decreased renal arterial pressure leads to a decreased delivery of fluid (decreased osmolality or decreased flow rate) to the macula densa. The macula densa senses this and causes:

Vasodilation of afferent arteriole

Constriction of efferent arteriole as a result of renin release by stimulated JG cells.

Renin Angiotensin Aldosterone System (RAAS)

When systemic blood pressure decreases, there is decreased stretch of JG cells, which leads to their release of renin. Renin release causes the activation of renin-angiotensin mechanism, which ultimately leads to an increased blood pressure.

Discuss the role of kidney in regulation of blood pressure?

The kidneys also regulate blood pressure hormonally.

Renin-Angiotensin-Aldosterone System (RAAS)

Renin is a peptide hormone released by the granular cells of the juxtaglomerular apparatus in the kidney. It is released in response to:

Sympathetic stimulation

Reduced sodium-chloride delivery to the distal convoluted tubule

III)Decreased blood flow to the kidney

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

Angiotensin II 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 II 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.

Anti-Diuretic Hormone (ADH)

The second mechanism by which blood pressure is regulated is release of Anti Diuretic Hormone (ADH) from the OVLT of the hypothalamus in response to thirst or an increased plasma osmolarity.

ADH acts to increase the permeability of the collecting duct to water by inserting aquaporin channels (AQP2) into the apical membrane.

It also stimulates sodium reabsorption from the thick ascending limb of the loop of Henle. This increases water reabsorption thus increasing plasma volume and decreasing osmolarity.

Discuss the role of kidney in calcium homeostasis?

In the kidney, the only source of calcium reaching the tubules is ultrafiltrated calcium, consisting of ionized calcium and other calcium-containing salts filtered through the glomerulus. It represents ∼50% of the total plasma calcium, but it is impossible to be precisely measured in a clinical setting. This constitutes a major caveat when it comes to evaluating the fractional excretion of calcium. No secretion or backleak of calcium contributes to the calcium delivered to the tubular system and, consequently, the load of calcium filtered is the unique and major contributor of calcium reaching the proximal tubule (PT). Along the tubular system, complex transepithelial transport mechanisms allow a highly regulated reabsorption of ∼98% of filtrated calcium (Fig. 1). In certain circumstances though, the tubular reabsorption system may be overwhelmed by the filtrated load, as seen in primary hyperparathyroidism or in vitamin D intoxication. In these two conditions, the calcium reabsorption machinery of the kidney is maximally stimulated but cannot counterbalance the filtered calcium load, leading to hypercalciuria.

Renal calcium reabsorption. About 98% of ultrafiltrated calcium is reabsorbed along the nephron, paracellularly in the proximal tubule and the thick ascending limb (TAL) of the loop of Henle and transcellularly in the distal convoluted and connecting tubules (DCT-CNT). 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.

