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called vasa recta. Cortical nephrons perform most of the glomerular
filtration because there are more of them and because their afferent
arterioles are larger than their respective efferent arterioles. The juxtamedullary nephrons, with longer loops of Henle, create an osmotic
gradient for concentrating urine. How developmental instructions
specify the differentiation of all these unique epithelia among various
tubular segments is still unknown.
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DETERMINANTS AND REGULATION OF GLOMERULAR FILTRATION

Disorders of the Kidney and Urinary Tract

Renal blood flow normally drains approximately 20% of the cardiac
output, or 1000 mL/min. Blood reaches each nephron through the
afferent arteriole leading into a glomerular capillary where large
amounts of fluid and solutes are filtered to form the tubular fluid. The
distal ends of the glomerular capillaries coalesce to form an efferent
arteriole leading to the first segment of a second capillary network
(cortical peritubular capillaries or medullary vasa recta) surrounding
the tubules (Fig. 332e-2A). Thus, nephrons have two capillary beds
arranged in a series separated by the efferent arteriole that regulates the
hydrostatic pressure in both capillary beds. The distal capillaries empty
into small venous branches that coalesce into larger veins to eventually
form the renal vein.
The hydrostatic pressure gradient across the glomerular capillary
wall is the primary driving force for glomerular filtration. Oncotic
pressure within the capillary lumen, determined by the concentration
of unfiltered plasma proteins, partially offsets the hydrostatic pressure
gradient and opposes filtration. As the oncotic pressure rises along
the length of the glomerular capillary, the driving force for filtration
falls to zero on reaching the efferent arteriole. Approximately 20% of
the renal plasma flow is filtered into Bowman space, and the ratio of
glomerular filtration rate (GFR) to renal plasma flow determines the
filtration fraction. Several factors, mostly hemodynamic, contribute to
the regulation of filtration under physiologic conditions.
Although glomerular filtration is affected by renal artery pressure,
this relationship is not linear across the range of physiologic blood
pressures due to autoregulation of GFR. Autoregulation of glomerular filtration is the result of three major factors that modulate either
afferent or efferent arteriolar tone: these include an autonomous vasoreactive (myogenic) reflex in the afferent arteriole, tubuloglomerular
feedback, and angiotensin II-mediated vasoconstriction of the efferent
arteriole. The myogenic reflex is a first line of defense against fluctuations in renal blood flow. Acute changes in renal perfusion pressure
evoke reflex constriction or dilatation of the afferent arteriole in
response to increased or decreased pressure, respectively. This phenomenon helps protect the glomerular capillary from sudden changes
in systolic pressure.
Tubuloglomerular feedback (TGF) changes the rate of filtration
and tubular flow by reflex vasoconstriction or dilatation of the afferent
arteriole. TGF is mediated by specialized cells in the thick ascending
limb of the loop of Henle called the macula densa that act as sensors of solute concentration and tubular flow rate. With high tubular
flow rates, a proxy for an inappropriately high filtration rate, there
is increased solute delivery to the macula densa (Fig. 332e-2B) that
evokes vasoconstriction of the afferent arteriole causing GFR to return
toward normal. One component of the soluble signal from the macula
densa is adenosine triphosphate (ATP) released by the cells during
increased NaCl reabsorption. ATP is metabolized in the extracellular
space to generate adenosine, a potent vasoconstrictor of the afferent
arteriole. During conditions associated with a fall in filtration rate,
reduced solute delivery to the macula densa attenuates TGF, allowing
afferent arteriolar dilatation and restoring glomerular filtration to normal levels. Angiotensin II and reactive oxygen species enhance, while
nitric oxide (NO) blunts, TGF.
The third component underlying autoregulation of GFR involves
angiotensin II. During states of reduced renal blood flow, renin is
released from granular cells within the wall of the afferent arteriole
near the macula densa in a region called the juxtaglomerular apparatus
(Fig. 332e-2B). Renin, a proteolytic enzyme, catalyzes the conversion of
angiotensinogen to angiotensin I, which is subsequently converted to
angiotensin II by angiotensin-converting enzyme (ACE) (Fig. 332e-2C).
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Figure 332e-2 Renal microcirculation and the renin-angiotensin
system. A. Diagram illustrating relationships of the nephron with
glomerular and peritubular capillaries. B. Expanded view of the glomerulus with its juxtaglomerular apparatus including the macula densa
and adjacent afferent arteriole. C. Proteolytic processing steps in the
generation of angiotensins.

