


2;;};;‘; :Zga* Tbnsadimn ions have the same
amino acids EWQ _.-:B!E.l;mse molecules or ten
the Gentgl e ¢ same volume of water: Because
sul dti 1:?1“1. ) 1 mole of a nonionizing
milliosmatlt B ter) i8 2 fairly large unit, the
oo 0SS (mOsm) (mil'e-g2'mal], equal to 0,001

One crucial renal finction is to keep the solute
oadiog quy fluids &Qnﬁ it at a_b.ﬂut_?()ﬂ' mOsm,
the osmotic concentration of blood plasma, by regy-
lating urine con tion and volume, The kidneys
accomplish this  countercurrent mecha-
mism. The term countercurrent means that some-
thing flows in opposite directions through adjacent
channels. In the kidneys the countercurrent mecha-
2etion between the flow of

iy

nism involves the'
filtrate through the long loops of Henle of jusx-
tamedullary nephrons (the countercurrent multi-
plier}, and the fl; d through the adjacent
vasa recta blo - (the countercurrent
exchanger). Thi nt mechanism estab-
lishes an osm extending from the
cortex through the depths of the medutla that
allows the kidneys to ATy urine concentration
dramatically. Lo 5

trate entering the PCT is

identicirto thato aut 300 mOsim, As de-

scribed earlier, bes absorption of water
and solutes, the filtra e smotic with plasma
by the time the descending imb'of the loop of Henle
is reached. However, its osmolality increases from
300 to about 120 m in the deepest part of the

medulla {Figure w does this increase in
concentration oceur? The answer lies in the unique
workings of the long loop of Henle of the jux-
tamedullary ne d the vasa recta. Notice in
Figure 25.13 that 1 case the fluids involved—
fltrate in the loop of Henle and blood in the vasa
recta—first descend and then ascend through paral-
lel limba. @ S

The Countercu
First, we will follo

Multiplier

{trate processing through the
loop of Henle, ; ﬂ?f&)'fddn -'Fig;!:e iiti ::, nbgﬂs;e
how the loop functions as a counterc lti-
plier to tsmghshﬂ% ;m@tic grad:ent The caunter:
current multiplier functions becatise of three factors:
« limb of the loop of Henle is rel-

1. The descmdiﬁf

=

ively i to solutes and freely perme-
alt;l‘er:d]trt; mﬁ::m '*": the osmolality of the
::wduﬂary inters }:fI d increases all along the de-
scending limb {the mechanism of this increase is ex-
lained shortly), water passes osmatically out of the
gltmte all along this course. Thus, the filtrate osmo-
lality reaches i Jhest point {1200 mOsm| at the

“elbow’” of the
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FIGURE 25.13  Osmotic gradient in the renal

medulla. The osmolality of the interstitial fluid in l:he renaf
cortex is isatonic at 300 mOsm/L, but the osmotality Uf. the
interstitial fluid in the renal medutia increases progressively
from 300 mOsm/L at the boundary with the cortico- ;
medyllary junction ta 1200 mOsm/L at the medullary-pelvis

junction.

2. The ascending limb is permeable to solutes, but
not to water, As the filtrate rounds the corner into
the ascending limb, the tubule permeability changes,
beeoming impermeable to water and selectively per-
meable to salt. The Na” and Cl™ concentration in
the filtrate entering the ascending limb is very high
jand interstitial fluid concentrations of these two
iong are lower|. Although the thin segment of the as-
cending limb of the loop of Henle also contributes to ”
Na" and CI™ reabsorption, most of the NaCl reab-
sarption takes place in the thick segment via its
Na"-K"-2Cl” cotransporter. As Na¥ and CI™ are ex-
truded from the filtrate into the medullary intersti-
tial fluid, they contribute to the high osmolality
there. Because it loses salt but not water, the fltrate
in the ascending limb becomes increasingly ditute
until, at 100 mOsm at the DCT; it 1s hypoosmotic,
ot hypatonic, to blood plasma and cortical fluids.
Notice in Figure 25,14 that there is a constant
difference in filtrate concentration between the two
{;mﬁs. of_ the loop of Henle, Because the ascending
;;; ex:ﬁri?ig&;el? n;or!e perimeable to Na® and CI7,
ﬁma oftthc mh:jﬁ:s (;':G S ﬁltm;t 4 ti_mt 0
. 1 even as NaCl is being actively re-
absorbed. Consequently, the solute content in the
ascenldmg limb filtrate is always about 200 mOsm
lower than the filtrate goncentration in the descend
ing limb and in the surrounding medulla iy
tiad fluid. However, because of counte ARt
i . rcurrent flow
the Joop of Henle is able to “multiply” ‘
c;tmn_qcs in solute concentration l?n?;o t%:tse Zmalm
change along the vertical lane f Eradient,
itical length of the loop iboth
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What portion of the nephron acts as the ¢ u
multiplier? As the countercurrent exchanger:
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Key:

= Aclive ransport
= Passive transport

FIGURE 25.14 Countercurrent
mechanism for establishing and
maintaining the medullary osmatic
gradient. (a) Filtrate entering the
descending limb of the loop of Henle is
isosmotic to both blood plasma and
cortical interstitial fluid. As the filtrate

flows from the cortex to the medullain:

the descending limb, water leaves the
tubule by osmosis and the filtrate ,
osmolality increases from 300 to 1200
mOsm. As the filtrate flows into the
ascending limb, the permeability of the
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tubule epithelium changes from being
permeable to water and impermeable
to salt to the opposite condition: water
impermeable, salt permeable. Canse-
quently, NaCl leaves the ascending limb,
diluting the filtrate as it approaches the
cortex. Thus the descending limb
preduces increasingly salty filtrate, while
the ascending limb uses this high salt
concentration to establish the high
osmolality of the interstitial fluid in the
medulla and the medulfary osmotic
gradient. Diffusion of urea from the
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" FIGURE 25.15 Mechanisms for forming dilute and concentrated urine.
(a) Because the filtrate is diluted 'by the workings of the countercurrent mecharism,
all that is needed to secrete dilute urine is to allow the filtrate reaching the DCT to be ]
excreted: (b) Concegirated urine is excreted in the presence of ADH. ADH causes ' st
insertion of aquaporins in luminal membranes of principal cells of the late DCT and
callecting duct, Consequently water rapidly feaves the filtrate in the collecting duct.

ADH is released motc or less continuously un-
less the blood solute concentration drops tao low:
Release of ADH is enhanced by any event that raises
plasma osmolality above 300 mOsnv/L, such as
sweating or diarrhea, or reduced blood volume or
blacd pressure {See Chapter 26). Although release of
ADH is the “signal” to produce concentrated urine
that opens the door {pores) for water reabsorption,
the kidneys’ ability to respond to this signal depends
on the high medullary osmotic gradient. '
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ADH. Other diuretics increas
ing Na™ reabsorption and the cbl
sorption that normally follows
Caifeine {found in coffee, tea an
drugs prescribed for hyperte %1‘%
congestive heart failure. Comy
Lasix and Diuril, inhibit N
in the ascending loop of H
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