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Urinary System Lab


The goal of this lab is to examine the microscopic structure of the organs of the urinary system. For each organ particular emphasis should be placed on determining the classes of epithelium present and the specializations in each epithelium.
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Diagram showing ultrastructure of epithelium along the rat nephron. Note indicated changes in apical and basal surfaces. All epithelial types have tight junctions. (Weiss, L. Histology, 5th ed, 1983.
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Diagram summarizing transport functions along different nephron segments.  Not shown are thin limb exits of water (desc.) and NaCl (asc.) clear down to hairpin turn.  Collecting duct shows ADH action; in diuresis, urine may be only 50 mosm/L.  Try to identify the arcuate and intralobular arteries & veins, efferent and afferent arterioles, and capillaries of peritubular and vasa recta systems.
Webslide 0040_V:  Kidney (rat), paraffin 10-15 µm, H & E
Use this slide to focus on the structure of the kidney in general as well as structures such as the hilus, renal papilla, and pelvis. The details of the tubules are more easily visualized on the next slide, Webslide #0049.
LOW Power:  Whole unilobar kidney of rat is well shown in this paraffin section. Compare with the plates of kidney in Ross, et al., although medullary rays in cortex are not obvious in many slides.  Note very thin capsule; flattened cells are flattened fibroblasts; peritoneal mesothelium is far away, separated from kidney by much fat.  Note also the single renal papilla (simple columnar to near-cuboidal epithelium spreading well beyond area cribrosa) protruding into funnel-shaped pelvis (transitional epithelium).  Fat in renal hilus here includes many multilocular adipocytes. Between medullary rays formed by straight parallel collecting tubules lie regions of cortical labyrinth comprising obvious renal corpuscles and the surrounding convoluted tubules. Tubules that run straight and parallel include collecting tubules in cortex, and in medulla include thick and thin limbs of Henle’s loop and the collecting ducts. Broad regions of tubules that you recognize as massively parallel (whether seen in longitudinal or cross section) are the hallmarks of the medulla.
HIGH Power: 
Cortex: Glomeruli show macula densa in favorable sections, but show less clear details of podocytes, capillaries, or mesangial cells, which are better shown in slide #49.
Medulla: Skip first to lower medulla, to note the very clear borders between largish cells of simple cuboidal epithelium of collecting ducts, which are nearly all you see down here.

Returning to middle and upper medulla, compare simple low cuboidal epithelium (no simple squamous Henle’s in most slides) of thin limbs of loops of Henle versus flat endothelium of (here, blood-filled) vasa recta. 
Webslide 0049_V:  Monkey kidney, 1.5 µm, H & E 
This is a thin section showing portions of both medulla and cortex.  It is the best slide for detail of cortical labyrinth structures and tubules.  Examine it with all powers.

Cortex: 
 Proximal versus distal convoluted tubules as seen in this slide:


PCTs
DCTs


Numbers:
More
Fewer


Diameter:
Larger
Smaller

Nuclei:
More sparse
More crowded

Lumen:
Full or semi-full, stellate?
Empty, round

Cell Apex:
Brush Border
Microvilli few & short
  

Proximal convoluted tubules: dark staining, low but definite brush border despite occlusion of lumen with stained proteinaceous material. 
Distal convoluted tubules: less numerous, paler staining, more open lumen, often smaller 
diameter in comparison to PCTs. 

Renal corpuscles: look for one showing urinary and/or vascular pole; note Bowman’s capsule and glomerulus; look for cross sections of glomerular capillaries with endothelial cell nuclei projecting into the blood spaces; locate podocyte nuclei projecting into urinary space, and perhaps mesangial cells which lie between capillaries.  Look for serpentine clefts of urinary space between capillaries. Note: A macula densa at the vascular pole of a renal corpuscle is marked in an overlay with an arrow (hit F2).
Arteries and veins; especially near medulla; some of the very large blood spaces are probably over-expanded.

Peritubular capillaries: look for these between convoluted tubules in the cortical labyrinth. These are the “other” capillaries of the cortex; they are in series with glomerular capillaries, are fed by the efferent arterioles, and they empty into veins, NOT into arterioles.

Medulla:

Vasa recta: filled with blood.

Thin segments of Henle’s loop: thin-walled, partially collapsed vessels among, but distinct from vasa recta; these are rare because the section does not go very deep into the medulla. When seen, nuclei of thin-limb simple squamous cells may bulge into lumen more prominently than nuclei of endothelium in adjacent vasa recta.

Ascending thick limb: in the medulla, cuboidal epithelium, darker staining than collecting tubules.

Collecting ducts: large pale cells of simple cuboidal epithelium with clearly visible borders between cells.

Webslide 0304_V:  Monkey kidney, PAS


This is a thin section in which the basal laminae have been stained with PAS. Overall, the morphology is quite good and this slide provides a good example of alternating medullary rays and cortical labyrinths. The PAS staining outlines the tubules and accentuates the brush border of the PCTs. Examine it with all powers. 
Webslide 0055_V:  Ureter, human, H & E 
This is a paraffin section of human ureter.  Note the epithelium and muscle coat.  What is the epithelial type?  It may be necessary to examine the entire perimeter of the lumen in order to find well-preserved cells which typify this epithelium. Which segment of the ureter shows 2 muscle layers, where the inner layer is longitudinal and the outer layer is circular (opposite of GI tract arrangement)?  When a 3rd layer appears, how is it related in muscle cell orientation to these basic two layers? 

Webslide 0098_V: Urinary bladder, rat, H & E
Note the epithelial type and the thick muscular walls.  Can you find any nerves in the walls of the bladder?  At high magnification examine the layer of epithelial cells next to the lumen.  Large surface cells bulge into the lumen, showing jagged, scalloped edges (like a choppy seascape) indicative of the rough texture of this surface.  If you see fusiform vesicles show your instructor and colleagues.
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