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MAT NO:- 18/MHS03/003

COURSECODE :- ANA 204

DEPARTMENT:- ANATOMY 

QUESTIONS:- 

1) CRITICALLY EXAMINE THE RENAL FUNCTION OF DESERT DWELLERS AND THE ANATOMICAL BASIS OF THEIR UNIQUE ADAPTATION 

2) WRITE EXTENSIVELY ON THE CLINICAL IMPORTANCE OF THE GLOMERULAR FILTRATION BARRIER.

ANSWERS:- 

1:- RENAL ADAPTATION OF THE DESERT XEROCOLES AND A CARMEL 

The xerocoles have adapted to make their urine as concentrated as possible (i.e. use the least amount of water) to dissolve urea. Desert mammals have longer and more deeply inset nephrons,as well as smaller and fewer cortical and juxtamedullary glomeruli (glomeruli being capillary networks where both fluid and waste are extracted from blood). This in turn leads to a smaller glomerular filtration rate, and on the whole, less water is transferred from the blood to the kidney. The kidneys of desert mammals are also better adapted at reabsorbing water from the tubular fluid: though there are fewerby glomeruli, the xerocole has larger juxtamedullary glomeruli than cortical oglomeruli (the former playing an important role in concentrating urine),whereas the opposite is true for non-xerocoles. Desert mammals also have longer loops of Henle, structures whose efficiency in concentrating urine is directly proportional to their length.The efficiency of their loops of Henle is augmented by the increased antidiuretic hormone in their blood. Meanwhile  The nephrons in desert mammal Camel are equipped with well developed Henle's loop and number of juxtamedullary nephrons in kidneys is very high, about 35% (in man this number is about 15%)[image: image1.jpg]Bowman’s
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 In this diagram you see that the Henle's loop of juxtamedullary ( =adjacent to medulla of kidney) nephron goes deep down into the medulla. This is why medulla of camel's kidney is thicker than that of other mammals, but it is most well developed in another desert mammal, the kangaroo rats.

The Henle's loops of juxtamedullary nephrons along with counter flowing blood vessels, called vasa recta, help in conservation of water.

Blood first flows along ascending limb of Henle, which is impermeable to water. Solutes can leave the filtrate and enter the blood along this stretch. When this blood flows along descending limb, water is reabsorbed from filtrate but not the solutes. Longer the Henle's loop, more amount of solute will be reabsorbed and hence more amount ofwater could be removed from filtrate. With the diagram below. 

[image: image2.jpg]Bowman'’s capsule

Afferent Glomerulus Proximal tubule

1 .3
arteriole
ggg renel = Peritubular

i capillaries
Efferent
arteriole
from glomerulus

Branch of
renal vein

Collecting

Descending
limb

Ascending
limb

Vasa
recta




2:- CLINICAL IMPORTANCE OF THE GLOMERULA FILTRATION BARRIER.

In a healthy individual, less than 0.1% of plasma albumin may traverse the glomerular filtration barrier. Controversy exists regarding the sieving of albumin across the glomerular permeability barrier. 
However, studies of humans with tubular transport defects suggest that the glomerular urinary space albumin concentration is 3.5 mg/L. At this concentration, and a normal daily glomerular filtration rate (GFR) of 150 liters, one would expect at most 525 mg per day of albumin in the final urine. In health, urine albumin is less than 50 mg/day, because most of the filtered albumin is re-absorbed by the tubules. Amounts above 500 mg/day point to glomerular disease.

The glomerular capillaries are lined by a fenestrated endothelium that sits on the glomerular basement membrane, which in turn is covered by glomerular epithelium, or podocytes, which envelops the capillaries with cellular extensions called foot processes. In between the foot processes are the filtration slits. These three structures—the fenestrated endothelium, glomerular basement membrane, and glomerular epithelium—are the glomerular filtration barrier.Filtration of plasma water and solutes is extracellular and occurs through the endothelial fenestrae and filtration slits. The importance of the podocytes and the filtration slits is shown by genetic diseases. 

The glomerular filtration barrier has several layers.11 The first is a glycocalyx made up of proteoglycans and an adsorbed layer of plasma proteins that is located between the endothelial cells and the capillary lumen. Fenestrated endothelial cells form the next layer. Next is the thick glomerular basement membrane (GBM), which is synthesized by podocytes and endothelial cells and has an inner layer composed of collagen type IV and laminin sandwiched between layers of heparin sulfate. Podocyte foot processes line the epithelial side of the GBM; the intercellular junctions between adjacent foot processes are closed by the slit diaphragm, a specialized intercellular junction that acts as a molecular sieve and the final component of the filtration barrier. The slit diaphragm comprises several proteins, including nephrin, CD-associated protein (CD2AP), podocin, the tight junction protein ZO-1 (zonula occludens 1), P-cadherin, catenins, and the calcium channel TRPC6 (transient receptor potential cation channel, subfamily C, member 6), each of which is required for slit diaphragm integrity. Slit diaphragm proteins are supported by the highly dynamic podocyte actin cytoskeleton that in turn is anchored to an integrin complex that fastens each podocyte foot process to the GBM

WHY THE GFB DOES NOT CLOG.

The kidney cannot use either of these solutions. The most likely case is that the kidneys do not become clogged because the retained proteins diffuse back into the blood. If the major pathway for albumin across the glomerular filtration barrier is by diffusion, then reduction of filtration to zero would lead to diffusion equilibration across the barrier, or an increase in the sieving coefficient.

Clinical Applications: Nephrotic Syndrome

The nephrotic syndrome is a set of symptoms that include the following:
•protein in the urine;
•low blood protein levels;
•swelling or edema.
It may also include elevated levels of serum lipids, anemia, and vitamin D deficiency, all because of loss of plasma proteins into the urine. This can have multiple causes, but all involve defects in the glomerular barrier to proteins so that excess proteins are filtered and thereby excreted in the final urine. The three barriers were discussed in the text: the fenestrated endothelial cell layer, the GBM, and the podocyte and slit diaphragm.
Nephrotic syndrome can be primary or secondary. Primary causes are described by their histological changes: minimal change disease, focal segmented glomerulosclerosis, and membranous nephropathy. Secondary causes are described by their underlying cause, which include diabetes mellitus, sarcoidosis, hepatitis B, hepatitis C, bacterial infections, parasitic infections, and more.
