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Question

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.Desert mammals do not readily find water, hence they must excrete very less amount of water. They are able to produce highly concentrated urine. 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%). 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 of water could be removed from filtrate. 

2.The glomerular filtration barrier is a highly specialized blood filtration interface that displays a high conductance to small and midsized solutes in plasma but retains relative impermeability to macromolecules. Its integrity is maintained by physicochemical and signalling interplay among its three core constituents—the glomerular endothelial cell, the basement membrane and visceral epithelial cell (podocyte). a healthy glomerular filtration barrier will freely pass water and small molecules, but filtration of larger molecules depends on glomerular surface area and the glomerular capillary wall permeability.  Moreover, some renal diseases are explained by protein first passing through the glomerular filtration barrier and then reabsorbed by the proximal tubule. 

Fanconi syndrome caused by multiple myeloma is due to light chains passing through the glomerular filtration barrier and being endocytosed by proximal tubular cells.29 In small quantities this protein endocytosis may not be harmful, but reabsorbing large amounts of free light chains may cause cell injury from crystal deposition in lysosomes as well as activating intracellular stress pathways such as nuclear factor-κB (NF-κB).

The filtration of any molecule across the glomerular filtration barrier is passive and driven by forces such as hydrostatics, oncotic pressure, and perhaps electrostatics. Hydrostatic pressure is nearly constant along the capillary path through the glomerulus. Empirically, this has been measured to be 46 mm Hg in the capillary, and 12 mm Hg in Bowman's space in Munich-Wistar rats.30 As a result, there is a net force of 34 mm Hg driving plasma into the Bowman's space. In addition, the filtration is affected by the hydraulic conductivity or resistance of the capillary wall, basement membrane, and visceral epithelium. Glomerular Filtration Barrier

Urine formation begins at the glomerular filtration barrier. The glomerular filter through which the ultrafiltrate has to pass consists of three layers: the fenestrated endothelium, the intervening glomerular basement membrane, and the podocyte slit diaphragm (Fig. 1.5). This complex “membrane” is freely permeable to water and small dissolved solutes, but retains most of the proteins and other larger molecules, as well as all blood particles. The main determinant of passage through the glomerular filter is molecular size. A molecule such as inulin (5 kDa) passes freely through the filter. Even a small protein such as myoglobin (16.9 kDa) filters through to a large extent. Substances of increasing size are retained with increasing efficiency until, at a size of approximately 60 to 70 kDa, the amount passing through the filter becomes very small. Some albumin escapes through the glomerular filtration barrier, but it is normally reabsorbed in the proximal tubule 
