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1. Renal handling of glucose: The kidney contributes to glucose homeostasis through processes of gluconeogenesis, glucose filtration, glucose reabsorption, and glucose consumption. Each of these processes can be altered in patients with type-2 diabetes (T2DM), providing potential targets for novel therapies. Recent studies have indicated that the kidney is responsible for up to 20% of all glucose production via gluconeogenesis. In patients with T2DM, overall glucose production increases by as much as 300%, with equal contributions from hepatic and renal sources. This increased production contributes not only to increased fasting glucose in T2DM patients but also to raised postprandial glucose because, in contrast to the liver, glucose ingestion increases renal gluconeogenesis. Under normal circumstances, up to 180 g/day of glucose is filtered by the renal glomerulus and virtually all of it is subsequently reabsorbed in the proximal convoluted tubule. This reabsorption is effected by two sodium-dependent glucose cotransporter (SGLT) proteins. SGLT2, situated in the S1 segment, is a low-affinity high-capacity transporter reabsorbing up to 90% of filtered glucose. SGLT1, situated in the S3 segment, is a high-affinity low-capacity transporter reabsorbing the remaining 10%. In patients with T2DM, renal reabsorptive capacity maladaptively increases from a normal level of 19.5 to 23.3 mmol/l/min. Once glucose has been reabsorbed into the tubular epithelial cells, it diffuses into the interstitium across specific facilitative glucose transporters (GLUTs). GLUT1 and GLUT2 are associated with SGLT1 and SGLT2, respectively.

b) Renal handling of electrolytes: Some minerals especially the macrominerals (minerals the body needs in relatively large amounts) are important as electrolytes. Electrolytes are minerals that carry an electric charge when they are dissolved in a liquid such as blood. The blood electrolytes sodium, potassium, chloride, and bicarbonate help regulate nerve and muscle function and maintain acid-base balance and water balance. Electrolytes, particularly sodium, help the body maintain normal fluid levels in the fluid compartments because the amount of fluid a compartment contains depends on the amount (concentration) of electrolytes in it. If the electrolyte concentration is high, fluid moves into that compartment (a process called osmosis). Likewise, if the electrolyte concentration is low, fluid moves out of that compartment. To adjust fluid levels, the body can actively move electrolytes in or out of cells. Thus, having electrolytes in the right concentrations (called electrolyte balance) is important in maintaining fluid balance among the compartments. The kidneys help maintain electrolyte concentrations by filtering electrolytes and water from blood, returning some to the blood, and excreting any excess into the urine. Thus, the kidneys help maintain a balance between daily consumption and excretion of electrolytes and water.

If the balance of electrolytes is disturbed, disorders can develop. For example, an electrolyte imbalance can result from the following:

• Becoming dehydrated or overhydrated

• Taking certain drugs

• Having certain heart, kidney, or liver disorders

• Being given intravenous fluids or feedings in inappropriate amounts

2. Micturition or urination is the process of expelling urine from the bladder. This act is also known as voiding of the bladder. The excretory system in humans includes a pair of kidneys, two ureters, a urinary bladder and a urethra. The kidneys filter the urine and it is transported to the urinary bladder via the ureters where it is stored till its expulsion. 

Stages of Micturition

The urinary bladder has two distinct stages or phases:

• Resting or filling stage

• Voiding stage

a. Resting or Filling Stage: It is in this phase of the bladder that the urine is transported from the kidneys via the ureters into the 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.

b. Voiding Stage: 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.

PHYSIOLOGY OF MICTURITION 

The urinary bladder is a storage reservoir for urine—a liquid containing waste products given off by the body and extracted from the bloodstream by the kidneys. The major contractile muscle of the bladder is the detrusor. Urination involves either sustained contractions or short intermittent contractions of the detrusor along with contraction of the muscles in the urethra, the duct from the urinary bladder that conducts urine from the body. In man and most other animals, voiding of the bladder is influenced by the volume of urine it contains. When 100–150 millilitres (3.5–5 ounces) of urine accumulate, the first sensations of a need to void are felt. The feeling increases in intensity as more urine accumulates, and it becomes uncomfortable at a bladder volume of 350–400 millilitres. Impulses from the pelvic nerves mediate the sensations of bladder filling, painful distension, and the conscious need to urinate. A slowly filling bladder adapts progressively to the pressure from increased volume. Hence, a bladder that is rapidly filled stimulates urination faster than one that fills slowly. When enough pressure is sensed by the walls of the bladder, the detrusor muscle contracts, the bladder neck and opening to the urethra relax, and the contents of the bladder are emptied. Normally the bladder empties completely. Voluntary restraint of urination involves inhibition of bladder contraction, closure of the opening to the urethra, and contraction of the abdominal muscles. The ability to start and stop the flow of urine depends largely on the normal functioning of the muscles of the pelvic floor, the abdominal wall, and the diaphragm (the muscular partition between the abdomen and the chest). Infants’ lack of inhibitory control over urination is related to the immaturity of the nervous system. Likewise, degeneration or destruction of certain areas of the central nervous system leads to incontinence due to the so-called neurogenic bladder. Such incontinence may be a dribbling overflow from a permanently distended bladder, or an efflux from a contracted bladder whose outlet is always open. If the full bladder is not emptied, it becomes overdistended. In time, bladder distension can cause bleeding, ulcerations, and rupture of the bladder wall. Obstruction to the outflow of urine can follow enlargement of the prostate (the gland in males that encircles the urethra close to the bladder), swelling of the urethral tissue around its channel, fibrous stricture of the urethra, or contraction of the muscles at the openings of the bladder and the urethra. Usually urine is retained until the pressure in the bladder overcomes the obstruction. With moderately chronic retention and stress, the detrusor muscle increases in tone and the contractile force of the bladder is increased. When overdistension occurs over long periods, the detrusor muscle produces small rhythmic contractions that cause dribbling of urine. With continued distension, the muscle can become paralyzed, and urine voiding takes place only by overflow; this condition is usually termed passive incontinence. There may also be flow of urine back to the kidneys under these conditions, causing failure of kidney function.

