6. RENAL PHYSIOLOGY
David L. Mattson, Ph.p,

BODY FLUIDS

composed of water?

of the body iS
w much s of 50-70% water. This percenta
1. How B body s composed ater. This percentage varies depending on the

emause the waler content of at (approximtely 20%) i much
il 0 OP ) 70%). In general, an average person el
ol e 9 b ly water (TBW) of
T body weigh. The aversge 70k man would then ave aproviatly 12
Waxim“’" x06(1Lof water has a mass of 1 kg)). In contrast, an extremely lean, m o
. is close to 70% of total body weig o
Jdhavea TBW that is € al body weight, and an obese persor
{08 STy ha s nearer 0 S0% of total body weight. .
a
o he ody s the FBWlocated? .
3 Where' arbuted beoween the lar and the extracellu-
W is e e by the cll membranes. The uid volumes nthes con-
- R fluid (ICF) and the extracellular fluid (ECP), The ICF
Mﬂ{;ﬂ”’“ el and the ECF i the flid ouiside ofcels, inclocing h ineri
uid
e
isin the

5 Whatproportion "m,,.i,, Ao thirds of TBW, whereas the ECF constitutes one-third of
i e approximately 42 L of TBW wouldthen hve appoximatly

ﬂx‘:mmwmmy 141 @2L X %) in the ECF.
Bl

“‘"""ﬁ. 2 ior compartments, the interstitialfuid and th plasma.
The ECF s finto oo ajor COX dofthe highly pe e
i i B roximately four-fifth of ECF. and the plasma volume
e e e uid yolume is pproximalely .
i The average 70-kg man with 14 L of ECF volume
e L s o 14 i
g (ULXB
g

2.8 L, and the hematocrit (packed red blood cell
o the average individual has 2 blood volume of

iy of the ECF and ICF
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7, What s used to express the concentration of dissoy,
An .hu:m:ﬂ i 8 Of water. In relatiyel, d,m,‘ Immug,
, which i expressed een osmolarity and osimol Soluton,
i bebody, "*"““""“b"w Y 1550 s

are used interchany

8. Deline osmosis. of water across a

ey
Osmosis occurs fro
osmtic pressure gradient). oM a fluig
B 8 ot ot comprny Which e :",'":nn." S
et

f the membrane i equal, A
‘e osmolarity on cach side o ual. A epn
"‘,ﬂ’;'.',":’ ;“ membrane) s e that i permesbl (0 water b . 1 .m";f s ”%
8 crigy

t
Yt 00t pr gy e m;,‘:
N
9% mw,mm of solutes in a solution that are ot pery
Because these solutes exert an effective osmotic pressure in celly <l

ek S
termines the effect of the solution on water movement i mlnnrnulofccl e - "Wu:
5 —
"+ When  celis placed inanisotonic solution, the cel sojor \ullhe" Sk
+ When a cell s placed in a hypotonic solution,the cell wil sy "t
+ Whena celis placed i a ypertonic solution the el wi

i nnm-dm,mlnmemwnynimlm'uncp

f dissoved g

intacelllr and extrscellular compartments uequal because the cellula, Membrane h;
pemeabe (o water,and any diffrences in osmolariy between these co onpincs s
isthe same inthe ECF and ICF, the osmolariy of the ECE a1 lcnsequaumsmm_,,g

12 fluid fosind in the ECF angcyy
chloride, and bic
contrast the i .mmmmn-.

wmmmnofmlawnm specics inthe ECF is mlanvely Tow. n

y low Vi the cells.

Concentration of Selected lons (mEq/L), pH, a..d Osmolarity (mOsniL)
in the ECF and IC|
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ity to most electrolytes is relagiy

put e P the regulation of intracelular €1y low. The Ngs. 1,

0¥ ¢ a crif B ecrion’ concent -K*-ATp,
::Ml"ys‘,u s (aginst i o0 letochemical riny ration b, e

”'Ws!’ ively extruded from the cell (0 maintain |
S il 80 s atvely transpored ino cels. 10N intraceluar s gt

o
o csin the compasition of the plasma and the g
ko ereie ence i the fonc COMPOSHion of plsma v i)
sast TR due o plasma protin (approximatcly g ) e
et o his O ma proteins are effectively trapped 1 lﬁid;; ichismosty
i - use the

© the in-

D tends to hold ex(ra amounts of cations i the
2 i Plasma, Th
e an effect, slghily alters the distribution of ot okl
:r:m"“ ute Do space and leads (0 sightly greater concenraton of cupuer s
0L concentraton of anions in the plasma reatve o the .'xﬁ::‘fh
Jighty il

from one body compartment o another?
o pos v o rnces in hydrostalic PTESsure, oSmotc pressur, or both

f water between the plasma and the intersti
it @m”; e m:ﬂd the interstitial fluid is governed by S:?lmg w
st mw; " That s, the net flux of fluid into or out of capillariesisdetermined
ooty WHIEKEE, rottic and osmoric forces on citherside ofthe capillris. As
e Aetion o the heart,  systemic capillary has a relatvely high hydrost-
Jeskoltbe PUBPIRE S o movement of fluid out of the capillrie. Forces opposing
sy MF"" mw“mﬂpm‘ﬁg_s include the plasma oncoric pressure (the smoti pres-
;m:ﬂw ) and intesital flud hydrostatic pressure. Without forces pposing
e primarily the plasma oncotic pressure, the plasma volume would
;mm*“ P the inerstitial flid. These forces can be expressed i the simple equa-
P

H s

Flux = Ky [Py + M) = Ty + )]
 coefficient

tly exceed those opposing filtration. This leads
collected as lymph and returned to the circulation

d ICF?

1d ICF is governed by osmotic forces. The cell
meable to most solutes. Any change in

in the osmolarity of that compartment (pro-

), and water quickly crosses the cell mem-
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istered. After:
P‘:;; O the fuid from that compartment i taken. By divigiy
a

'ng m

By theconcetatonof sustance X a quilibrium (€, 1 "g-nd w:i“"‘n
« W Vex=ARCs): """'M:‘W

1.

Describe the deal substance for ‘measuring volume Of distribugig, k.

'rjlv;: ‘wellin and is not removed from the targeted com,
1 not metabolized orsynthesized i the body
« Rate of excretion easily quantified
o Easily and accurately measurable

+ A T0-kg man s injected intravenously with 4 x 105 mof
15 minutes e, blood sample i aken, and the blood containg un el
divid '|sllul:folt4ULN 10 " n m"“

= 40000 mL = 40 L). In cases in it COMPOUNGS S EXCreted, he gy P11,
njected o determine gy - “'Er M h,;"i

Partmen

distribution. vy
20, Name some compounds used (0 measure YOIME of distribugion Of diffe
o e by
5 Body Fluid Compartment  Compound
ok s H,0 (CH,0)
‘Extracellular volume Sodium (2Na)
Inulin (*H-inulin)
lothalamate (125]-; iothalamate)
Plasma volume Albumin (Lalbumin)

Evans blue dye

21. How can the volume of th interstital fluid and ICF compartments b gery
“The ICF and interstit o

ECF volume, and plasma volume: e
. ThelCF volune ¢an be determined by subiracting the ECF volume from Tay (i<
ECF).

lnurm.! volume can he calculated by subtracting plasma volune from xred.
lular volume (ISF = ECF -

2 wmmhmmmmmwymmmum«minmﬁ
tonic saline
1 Lonic NaCl 09%, 290 mOsmL

) has an osmolarity equal to that found in the ECFal
ICF. Both NaCl and wate are reely  pemeable throughoutplasa ad e e 8
an isotonic NaCl load wil be equall throughout the ECF. Because sodiumcath
terthe cells but is actively exclnded by the Na*, K*-ATPase, any added m\.m:duua-

mﬂhmumeﬂmkmgm-ﬁu-asmnmmmmlﬂ Tkmu\:uf:
NaCl will thus W and ECF but will not appreciably alter ICF volunc:

the original value.
e ™ 1 oy Yol cmparnens O

increase TB)
‘UMMMBCFMMICFMIH:W
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I
e ieved. A hypertonic N;
ty i achic pertonic NaCl load iy
e OSOT o lume. A new evel of osmolariy wi e < " €XPand TRy,
Tt will b vt from the vl pe et il g
the hypertonic jppg

it
P
tothe diflrent body Volume compartinnts ey intake oy
Ly i i
L o (smolrty <290 MOSIIL) will o gy
T malor G betwCcn e stonic nd g .;l" e
90 ECCfed nthe ECF and ICF Becaus e ECF ooy >
“.NMW' s concentration adient ot of the ECF int e oy v
e A"’"“ NClload wil herfor expand TRW, ineeger e ¥
/_’ ¢ -,,l.ca_F e levelof smalarty will b equal Uroughont s ook
AR isgesf trum e orgns e £
and
WIF

in body fluid status evaluated?
f body fluid is the
W y flu las
‘and it anions are the MaJOr fonic species o the ECF, piprcc0

5 Hov’
; sodium and it u,,o,m;mus.ummmalwmummr:'m:d;f
- '-!'"w’nis Mm"(#p.ﬁemiss.ntilobehypernnmmit:wlnnzpanenl'x?,\.lulgss
W8P e ndividual is BYP ;
joale:
oy
to

cndiionslead muis impaired B abnormality, or drug effects)
* in which drinking water

4O s Wi po Rocess 10 drinking RELEY i

: CF volume)
S eamecluar ion with nor-
o Sodiam IO OF volume)

clevated ECF volu
el of ECF

ECF

sive amounts of sodium-retaining hormones (such as aldo-
 excessive
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ic capi bty
emic capillary permeal
o Increased :¥‘]‘y‘mphlli€ retum 0 the Yenous circulaion (e,

« Blockade of lymphe s 210 cq,
fuid in the interstitial spaces) Mgy, ¥
Why is the RRREPmportant in regulating the body volypeq
30. Why ?

Y i function of the kidneys ;.

basic terms, the primary Y5 i to

o ICF. To understand the impact of altred reng) function g 10 the

ofthe al to understand not only the processes by which the kigey, " "0y
Lz e At YS Oper,

«
& & "Mm\“‘
is it it by <
i oy

The kidneys r I
. "egul;
don by controlln the e Of XCItion of Various gy 0y g g
and composition by con i the kidney, the g 1 5 gy oy
" Lous sysem, and the cardiovascular sysem. s iy
%

31, Lt he three main processes by whih the Kidneys maingay o,
fluids.

Of the,

filtration: The blood flow 10 the Kidney is approximatel, | N
umi‘a)::n‘lt:ul. About 206 (100 mLmin) of the plasma that flows g ;:,0,,;" Mgy
the glomerular capillares into the renal tubules in the process known p, g.,,mi IS filiryg mw:
“This i the iniial step in the formation of urinc. LUlar i

2 Reabsorpton This s he mechanisi WHerby the el s ey
i that werefilerd. This proces is normally esponsbleforthe rqyry. - ay Pl
of the glomerular filtrate o the ECF. POt g

3 Secretion: This s a wbular ransport pocess n Which substance gy,
dividual wbular segment from the extracellular space into the tubular fluiq 1 hcexmm:r:“’

e,

+ RENAL HEMODYNAMICS

32. Briefly describe the gross anatomy of the Kidney.

The kidneys are paired organs found agains the dorsal wall o the abdomen ot bere
diaphragm and bekind th peritoneun. The renal tssue can be grossly divided 1. o
zones: cortex, outer medulla, and inner medulla, -

33. Whatis a nephron?
/A nephron i the basic unt of the kidney. Each normal human kidney has approvina |
milion nephrons. (See top figure on next page.)

34. Describe the {3& blood travels as it passes from the renal artery to the rena vés

Blood enters the kidney through the,renal artery; then flows through the interlobararey
arcuate artery, interlobular artery, afferent arteriole, glomerular capillaries, efferent aenie.
peritubular capillries, and interlobular, arcuate, and interlobar veins; and finaly e
vein. Of note, glomerular ultrafiltration occurs in the glomerular capillaries, and pske
m 2nd water that has been reabsorbed by the epithelial cells oceurs in the eritbu®?
illaries.

35. Are there different types

“There are two general types of Mphm"n!: cortical (superfiial) and juxtamedulary <
nephrons. (See bottom figureon following page.

3. H
Number  Tubular structure
Location  Vaseylyr
(See bottom figure on page 120,)
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Bowman's
© Macula densa capsule
Cortical col
thalg

Loop o Horle: Medulla
ick segment
scmangnd
“sogmen of
Thin v nb Medullary collecting
Becconding limb> tubule

Collecting duct

Reproducedwithpr-
% sty 1974)
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e Page 129) comekony
‘bottom figure, page Comprise
37. W m&m";;ﬁommms mearthe surface o h g
all ephrons and are OB e nephrons have a shor thin desceng;
in e e medalla and ead 0 the thick acending s e
which tums Wil e B phron consiss ofan effeent arteri
vasclaure afthe S s reabsorbed from Wbular segmeny |
apllis, Flidand sl capillarics,
&

inguishing characteistics of the deep o jusgapeq
3, Whatare e difinguhingcharsciersies of e des make up 106 ;'“"‘“"n i
Juxtamedullary i"n"'m" cortex near the junction of the cortex ang medull, Ju:ph iy
s s i Feuio, which o decp intg y ; Mineg
& lb, i hooore the thick ascending limp 5, "

el T nostslomanlar vesculature of the 9eep ephyn o e g
outerand. mn;r“ veselgives is 0 the Vasa rectacapillries, which ar foyng i the ey
arteriole, wi;k s uptake into the ECF of fluid absorbed by the nephyny ooy mm y
A b

2
39. Howis the glomerular flfrate formed?

illrics T
an e glomery o
ability ang gy, o
{id known as e et
e

ar c

is formed by the sum of the hydrostatic and oncotic pressures
:‘"ﬁ"‘u‘::n'vmun's sypwcThcse forces, along with the hydraulic perm
i e e flux of
filtration rate (GFR).

40. What forces govern glomerular filtration?
e following equations expres all the forces involved in determining G,

GFR = (laftration coeficient) X (forces opposing and favoring filtration)
GFR = (ultraitraion coefficient) X [(forces favoring fltration) - (forces Opposing ey

OFR =K, X [(Pec + Tpg) ~ (Tle + Pyg]
Because Il is negligible under normal conditions:

G = K X (Poc - Tge— Pyg)
Where:

Ky = Uttaflration coefficient: the product of the hydraulic permeabilty (1) it

surface area (SA) of the glomerular capilary membranes

Poc = Glomerular capilary hydrostatic preseare
Tloc = Glomenular capillry oneotic pressure
Pos = Bowman's space hydrostatic pressure
Tys = Bowman's Space oncotic pressure

41 What are favoring and opposing fltration?

* Glomerular hydrostatic pressare Poc averages sppoimt
g t th afferent end of the glomenyiar and falls to 58 mmHg o
ovend of the glomerular capillarcs. e
3 'S space oncotic. )i Ne is force is ¥
.""""“ltolmi-mﬁlw.

et B s 8
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13,
apillary oncotic pressure (11
Gomerol capillarics. oo Mg averages 25 mmy
+ e loner £ the ey

g and OppOSing iltration change gy g i
‘Zlomery.

i )
. a0e?. - cred out of the plasma in the glomerulgrcapi.-
O s A o, e plasna protin concae s, "M sy

the afferent to the cfferent <ot presqure
e et from th O e
85 lood PSS o impact on the net force for glomeny "r,m: Gl

as 15 mmHg, which drastically alers the forces a2 OPcotc

Byl = [(58 -+ 0)~ (40 + 18)] = 0 mmHg. The conee

’; M)~ w",wercfm has a marked impact on the forces thyy 1
e o

t
at favor glomery.

X(C,

Substance X by the urinary flow rate:
 [G=UFX(UyPy
’A" n of compound X (mg/dL)

ed at the glomerulus and neither reabsorbed nor se-
ers for the measurement of ‘glomerular filtration. One
 experimental situations is inulin,  polysaccharide

d intravenously. Because the kidney removes inulin
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e clearance s used 0 MASUTE GFR. Creginy
e clinical sting. TN i skeletal muscles it is produceg ¢

2
creatine s not appreciabl; 28 ey
formed rulus, and is not appreciably reaboy iy,
S el fleed by the gome 'hcdorm‘:ls o
used to evaluate GFR clinically?
4. Howis¢ (Cvy) can be used s an index of GFR:
ratinine clearance (Coes

o = OFR = UF X (UpuPr)
_ Urine concentration of reatinine (mg/dL)
% 3‘;“ = Uine flow rate (mL/min)
Z plasma concentration of creatinine (mg/dL)
s of s cresiin podcton, har s
e ant K. Because cretinine is excreted only by the process o gh:n‘:.‘,: E
-

tion, we can then say that:
ine production = ereatinine excretion = K = (U,__ x 1)

R = (U X UFYP bsttuting K intothe equation gy g

Tharelore, GFR P .

ke,
Bocause P, normally equals 1 mg/dL, if we divide 100 by P, -
e

creanr WE get ay
percentage of normal GFR in this patient. g g
in the use of pl oo N
1. Creatinine can be secreted by the renal tbules, which leads to an overe. m'::‘:;k.
evenif creatinine clearance is determined. i
ini fGFR
2

hat allindividual y
therefore the same Tl

3. Although changes in serum creatinine can indicate alterations in reng
tively slightincrease in serum creatinine from 1.0 mg/dL 0 1.5 mg/dL would o

1 function, g

“The glomerulus is composed of the glomerular capillariés with endothelial cell conemly

though the endothelial layer contains. of 1000 A
T

(approximately 40 X 140 A), which retard the filtration of macromolecue bl
size. In additin, the surface of the endothelial cells, the basement membrane, and the podoy
all contain negatively charged glycoproteins, which inhibit filtration of negatively chirged
ecules (such as plasma protein). In general, the largest molecules that can be effectively kel

:e:n:-:ﬂ Zi_ Ain diameter, although positively charged molecules can still be fitered 528
s “’m““"“"‘““'“?

T orknlrlailiac i
cialized structure of the glomerular membranes.
sl muuwdmh.wn-ﬂ

A4.0-1.25 Umin to verage)
2. Can

In

measured? k
Mmmu-—“*w
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measure blood flow i mv.s,yd 133
".d""‘ be gained by determin ’""su..mme ue...
o can be used to q!nnnlale renal ,,, " Para-amp i S but g
5‘» at the glomerulus and secreted by "r;w (RPE) 1 v i
is
P reabsorbed by 0y nephron segmen g4 e ansporter g
g SRS AR
® Crm"‘W’UFX(U.M/pm,
of PAH (mg/dL)
rine flow rate (mL/min)
#" plasma concentration of PAH (mg/dL)
for RPF can then be converted to RBF b
,‘a;-:‘iﬂk RPF/(1 - Het).  dividing RPE by the ryioy

mﬁ at the glomerulus.
e

. that is plasma. If RBF and the hematocrit (Het) are known, Rp:

b sRFE = ROE X (1 H)

As the resistance is inversely proportonal o the
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et the beginning (o the end of g
from
e mylie

mmHg 10 across the efferent arterioje
pmlin‘luly:l::“‘y 0 mmHig 0 15 mmHe
from approv!

the Afferep,
. ",
merular and postglomerular reng Vaseulg,
in preglor
changes
RBEF? ided by the renal vacy
iges in RE (AP) divic ar regig,
lead 10 ,::: i st st any locaii, inthe ey X Ry
R PRVR Ani  Conversely, decreased renal vasculay st k!
:ﬂ,.mc ‘LSF'",mmd RBF. Increases or decreases i
work! ©

I,
Preglomen, ) P
ar
mmnnllvthr“::"" the same general effect on renal blood floy, Oy
lar resistance:
‘glomerul

" Fenal g,
Ui,
s force for filt
-

: ; s xtiion dmarcﬂplﬂar”,m“'!

when glomerular capillary pres s n gL B

i L S pressure in a||vc~se|sm:::
e “‘.‘ : orance dectese Gy

el LI esitanc, ey

ncludi increased preglomerular vas
tothe effectsof increas
asRBP) Incontrast e

P
Slomenarcapilrie) casing an ncrease in GFR despite  decrease n o

illaries) causing

‘glomerular capil

) in renal preglomerular and postglomerulay ,
lective changes in ren

2. How do sel i
~fitration fraction’

St
ertions in preglomerulr resistance do not alter filtration fracgop, vieeg
T e
changes in

64. Explain how fluid and mlﬂ!u"‘llﬂlhed by the renal tubules are taken back up
the plasma, .
‘The uptake of reabsorbed solute and water into the ECF is the primary role "f. :‘h
and vasa recta capillaries, These capillaries are extremely effect
gdwmfmmm: sl
L c pressure in these capillaries is fairly low—on the order of

and 6-10 mmHg in the vasa ap
2 Onecatic i illaries i relutively high, ”e
2 20% O the plast i filtreg glnnmnlu&'beﬂoodenunnfn
4 coniming 0 the posilomeny. capillarics has an elevated prote
2nd oncoti pressure (appros. ol o
"""’""Weunamomv--unhm(wﬂ?‘ i
.,.,.;,!""wﬁ-ywm.,) of net uptake of fluid back int0
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%ﬁ;{’:}ms are involved ilﬂlgl;ﬁysiuogl ®
e i '€ regulari
é “ds that onstrictthe renal vasculature ang g 'on of RBF ang g
AP 0l T RB an Gy %

e (released by sympathetic nerve Stimulation)

ion of GFR and RBF? -
"ind RBF refers to the constancy of GFR and

RBF
8010 160 mmHg. To understand how anmmgu;:uhz: :lc‘.‘, 'zﬁ;ﬁr
. itis

that are distensible dur.

consider! : 5
inperSion predicted to increase directly with aterial pressure. Recalltht bioug

# o RBF onal to perfusion pressure (P) and inversely i
: ; n proportional
ﬁmw@"‘ i pressure with no change in resistance would thus 1:-;“(;“;:::

o n flow. In contrast 10 the circumstance with rigid tubes, if the renal vasculy.
e L s vessel, the inreasd pefusion prssure wold die e
et e would decrease. Combined with he inceased perfusionpressre

o Jead to even greater changes in flow than would be scen with rigid
e isance would fresponses, RBF and GFR i

g owmst VETATE e increase (vessel diameter must decrease) as pressure s -
s vl g::mmmm over the wide range of perfusion pressure

wegul-ﬁm of GFR and RBF.
to be mediated by i

property of blood vessels whereby stretch of the ves-
‘smooth muscle. The myogenic response can also
uloglomerular

o indicated by abnormally lo%
e u—lf-iim“"““""’i
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tubules or the renal interstitium
o Damage’ renal tul
O the lower urinary ract
Wm

renal fuilure.
. of nephrons over an extendeq
7 mﬂ““‘ and progressive [0ss Period of g,

d RBF that occur inJutg

-n_mmA i e renal fj i ingi
GFR, which canbe et ned cliically by increased serum or Pl erea m:“”'u

in

73, List the types
filore. failure i gy,

e schemic renal filur. Prerenal falure can be caused by e toum.,'""w "
‘Hemorrhage:

,mvudn‘ injury or abnormalities tha ¢y, leag Iy

‘© Major surgery. Jlogy techniques

RIS m it o s condons a0 e debyrai

. Slm'uu‘ olume % y%

syndrome in acute renal failure,

. l)e-uibe 5 w© g,m,\,.m.,phmc syndromes usually oceyr | T
infection. This condiion devclwp; a8 resul o e

i g e
inthe glomenul,educing GFR and ncessng Permea

mkmﬂ; mmwegh lonephoic syndrome s therefore o i s

lyhiul
and renal function gradually returms 0 normal i the nex few weeks to mong

7.0 me in chronic renal failure?

the number of nephrons and m\m.u, deceag]
wpertrophy in an attempt pe the loss ooty

mmm renal fuilure mmmly is associated with a reduction in GFR

This condig
(months to years).

§ TTRANSPORT IN NEPHRON SEGMENTS
y v nm.mmu
and watr
ﬁlmmm are accomplished by 3 major
0 the glomerulus
4 o i along nephs
Searetion from the plasma i specifc s

m Bu.emmlnﬂynh& plasa. hey o
h--anh-ntuu the nephron back into the
hes ions, howeyer, hnu.u.' a Kr, um! Cat . and Mg ""‘

P
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{hese novessential wasie productsgre
B o e o
N i ) from the ph.sm-mmmuuhumnmd et —
Wm the urine. This function iy Particulgryy .mm?mh"

o B lumisclogic subsmmfmmmeplm

O ags 0
’

; Mm s Gt the glomeruts peruy i 71 filered oy
’ " 11005 and filtereg solutes,
.,am- simply as:
¢ n"'
:ﬁaw“‘”‘ fRend o - R x
b T

,.rv‘ Laph Mlafinhn rurans.
cxamplé x v
e ed = GFR X [ = 140 mM/L
2 mﬂ*‘;wwm;,g"‘,*,,;-.., X 140 mMIL
910 "":,15 v ‘,,M.menmlyzsmmm'rd

CENEION of any compeyng
should also factor  coeficient of filration () oy ey compoung,

Wm ‘we can ignore this constant).
of clinic

gt ca-
b Nar* because the daily filtered Na load exceds 10 imes the s
P g
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fiered toad s reabsorbed in the PCT
$2. How much of the segment for bulk reabsorption of waye, othe
e PCT s he P 00 s spproximcly 675 OF e il T s,
intothe plasma. ThiS S 00 veh as glucose, amino acids, ang

gl N
mpm\llﬁ all Q|
mmlg:v;«ﬂ %) reabsorbed by the PCT. e i
are compl

"y
100% REABSORp:
7% REABSORBED. e
Glucose
—’@

- Amino acid
g;: Small iltrable oy,

83. 1f bulk reabsorption occurs in the PCT, is this nephron Segment higy "
" bemeg,
e S e iy, I o wos
ilycros this tubular segment, and thetigh junctions betwen CT gy 0 no g
:. k{urri:ﬂn fluid movement either a the apical or at the basolater] Membrape, g
84, If the PCT s pithelium, what is th ¥ O tUbular fuig g,
tubular segment?

‘The PCT undergoes isosmotic reabsorption, which is cor :
bl s i neplon egion Thus, f the larae of the plag Bow
= 5 i fluid with 0f 290 mOsmikg, ostoliy
twbular flid at the end of the PCT will also be 290 mOsmkg. n oxper WOrds, 2 iy o &
absorbed inthe PCT, water passively follows the solutes, th, il

g |
nsistent with the leaky

ereby maintaining ay
inthe tubular lumen.

nephron gets substances into the tubular yigy
No. Some substances enter the tubular fluid by i
The

Jumes fach the basolaeral membrane o e iy
Sive movement at the peritubular capillaries into the interstital iy surrounding the BT
proximal sraighttbules (PST). In addition to active sccretion of substances, passive back
ofsolubleions i known 0 accur. This pasive back leak from the basolateral 0 the apid s
of the PCT aceurs only when either the cor

ment in thisdirection. Because the PCT is leaky, water passively follows during ionc btk
thereby maintaining isosmotic fuid n the wbular lamen.

86. Wi jor classes into the PCT and PST?
The mjonrﬁn SYSems in this twbule segment for secretion are specific o
ons and organic cations, These

87, What Nat. the
?mmwmrmmgmmmn@"ﬂ“
mwn{m‘ﬁmum;%lbvmm'nh-ﬂ"
"*humnvmc.vmmfm ‘movement of Na- downs
wmmmmnmmmwhu.‘-numuﬂw*“”'
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ransport processes, The PCT |
fuciited ! s irticulgly
o0 o he cell Mﬁ"‘;‘“ﬁfi;{’;ll:unu ice area on mcb{.,v:;':‘:':("fd for net ..
a,tl Fﬁﬂ‘m jve Na ', Fatthy EXEUSIONOf N from g g1 EMbrane
V";:"'"M e basolateral membrane produces the re 1o th inter.
gt o e it o o
4 s b e - Thus, despit g
ko wm","m bl U, GCVE TFANSPOrt of Na out of th gy s 3PE the o
i PCT v

concentration gradient for the movemeny 1 ¢ "Olateral
e ment of Nat from g
cell across the apic X
o e

igNatyitsATRase lthe reabsorption of Nat, C1-, and water 1 g

+ out of the cellat the basolateral memby i

O cmen s aprOKITACly 65% e e o o, T
it w‘”’"’; el N lowd s reabsorbed via meckanims dependent on the Ny
N s o et particlarly imporan i linica st i which severs
e (b, nd the Na'', K*-ATPase 1o longer funcions fcenty.
5 w,,mﬂd‘“ are observed in conditions of renal ischemia or following expo-
ﬂw mn"""ﬂ“f:m‘. that cause severe damage to PCT cells, Under these cireun-
e M ‘of the PCT is greatly increased, and unless other tubular mecha-
M“Vﬁ" PCT are able to compensate in their reabsorption of Na-, severe

that get reabsorbed across the PCT?

 eritically dependent on the active transport of

e ability to extrude Na* from the inside ofthe cell, the
y decreased. This is particularly noticed in various kidney

1d the Na*, K*-ATPase activity is reduced, leading to
h significant proteinuria and increased excretion of
10 significant decreases in plasma oncotic pressure,
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Ronal
nterstitium

= HG03 (Fomobmon LR:Esen g
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'y

necessary to'reabsorb HCO;™in the form of €0,

isit swgveand A ) and wate,
92. Why passive HCO, diffusion across the apical membrap, d.,“,,'i"lh.r iy,

simply '"'J"“:*
100, reabsorption across the apical membrane woulq certaj
m::,f;f (’:rcg-i dul reabsorption of NaHCO,. To acidify the urine ﬂl‘:ii“‘:‘m*mu%
membrane must maintain a relative impermeability o HCO,~. (This proceq, is e
e igh ection ot ofhe PCT apcl membrane 0 HCO, ) %y
bighy permesble o disolved gases such as CO Thus,the brush border of gy e
ofthe PCT cell comains cuboni nhydrose, which elps catalyzethe oo En
from HCO,~ -l
93. Does nhibiton of HCO; ransport affect Na* reabsorption n the ps
Inhibition of HCO,~ transport has been used as an effective “diuretic
focman yars nkibiion o carbonic anhydrae using acetazoamie (Do
e iy Na' and HOO; excreton and alkalinizes the uine. Other physloe o
aisms o alerin the PCT Na*-H* exchanger may lso affct tubular NAHCO, g
this regard, respiratory acidosi ses Nar*-H" exchange and incress
of H' i the PCT, whereas metabolic or respiratory alkalosis decteases the actiy ot g,
H exchange mechanism and thereby decreases urinary acidification

94. IsNa' reabsorption linked to any other substances in the PCT?

I?E:mw of faciltated transport mechanisms are coupled with Na* in the resbge
process of the PCT. These Nat*-coupled transport mechanisms are located on the apic e
brane of the PCT and include:

* Na*-amino acid transporter

* Na*-PO,~ transporter

* Na'~glucose transporter

Coupled Na'glucose Na *—amino acid transport accounts for the complee e
the filtred load of glucose and amino acids in the PCT under normal physiologic conii

95 Wlucos s 100% reabborbed by the PC'T, how docs lucose et no the
cases such as diabetes? sorptio
Because glucose undergoes a facilitated diffusion process, the glucose reab
Pendent on a ixed number of ranspor proteins located o the apical membrane. Tl
0 glucose filtration, 4 i
::pm» and urinary excretion is shown in the figure, Under normal ""'.':,‘:7:%
 concentrations are less than g g
e 200 mg/dL. As plasma glucose reabsori”

and natiee

of glucose also increases in a linear manner. The
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mechanis i able (0 match the fie
" red glucose |
load y

nﬂ"‘fw... in. At that point, the reabsorpt o
e T elivery o glucose from e e IPREYof e e g
; ey g o el o o
e e the excretion rate and reabsorprion e ey S0 v o
! d load of glucose equals the reabsorpiive rate .;?"T qual the filiereg
 conditions such as diabetes melltus.plaos s 1%
ISma glucose of.

;\
\
2

o0 me/dL. levl because ofaninabilty of cels thr
intothe in der th oshout th body to

the
the filtered load fuln
ia because the of glucos ¢
se exceeds the T, for plucose.

W
%‘i&

o

g2 8

8
8

\!
%
&
i
Rate of Glucose Flow (mg/min)

0 200 400 600 800
Plasma Glucose Concentration (mg/di)

rptic imilar types

into the tubular lumen?
concentration for their substrate, in-
of the PCT such as the organicacid
PAH concentrations (organic acid)
<hown in the figure. Similar o glucose,
‘e or filtered load of PAH increases
plasma PAH concentration in-
phron, the increase in the e
the secretion rate and the il

Med-

*(From Johnson LR Essents K
jcal Physiology: 2nded. Philadelphia.
Lippincott-Raven. 1997 with permis-
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Ei capacity of the PCT i sqgy,
(ered oad Onee the ﬁ',"ﬁfe'im"gm increase i the sccretion
acd secreion 8 FCECE o 1 concentration oceur, the increases Excreoy
further elevations "‘d‘i" example for the organic acid PAH, the T, exists 1 R
infiered 0ad. 10 08y and the T, for PAH secretion Ty PPRORimagely gy Al oy by
tion of approximately 0 gy

57, What are the haracteristiesof the thin descending limb of g, Toop oy s
and solute momm:i’: loop of Henle s relatively impermeabie to Ny
T e, As he tin descending limb descends into he
ily permeable ;‘;mm,'., increases 10 as much as 1200 mOSMVL. Theps i
talsolte cone e eavoring the reabsorption of water in the thiy descendipg " 25t
e o the end of the PST 1o the tip of the 100p of Henle, 1. Osmy - e
:“33 ereases because water is reabsorbed by 0smasis while Nac’ rg my‘;" i
men, This ncrease i tubular Na* and CI- concentration in the thin descending ‘%;xh;,“""

e

e (j,
+the

o gy g By
gy g
mapyi gty

ey,

sang,,

E ,
T megy by
i, ther

ticalfor the urinary concentration and dilution mechanism,
it

thin ascendi

water and solutes handled by the imb of th
- “T::’cﬁges intbular fuid in thethin ascending imb ae rlate 1 g laive
state ofthis nephron scgment for water compared with that of NaCl. Ty, in this ,JW
i Men and intg e o

is a passive diffusion of NaCl out of the tubular |y
:;ﬂm"@:‘;nm.nﬁ,s movement of NaCl occurs down is concentrin gradie
becn rsed fromte thin descnding limb .. waer permeabiliy i gy
sttt of aCD-Thse il prmesbilisar imporn o e s nt
five comenraon gt betveen he bl umen snd el ey o g

98, Why are there 1o activ (ransport mechanisms in the thin descending g
1oops of Henle for reabsorption of fons? sy
“The thin loops of Henle contain only simple squamous

£YPeS of Gels. These el g gy
mitochondria, function primarily with anacrobic metabolism,

- and produce only smll s

ATP required for active transport,
100. What are i transport i the thick ascending gy
Henle?
‘The medullry thick ascending limbs (MTAL) have two major functions n the resbntn
of water and solutes: |
1. These cells are quite impermeable to water:

2. The cels contain a unigue Na*~K *-2CI- trnsportr tht s capable of ansporing
duantites of NaCl from the tubule lumen into the medullary interstitium, Bocause NaCl
selectively reabsorbed in this segment with water remaining in the tubular lumen, the osmodl
ofthe twbular fluid decreases and may even become hypotonic with respect to plasma by e
of the MTAL.

101. How do the trans,
sorption of NaCl?

The carly distal wbule is impermeable to water but contains an Na*/C1cor
itive o thiazide diurei The selectis ion of solute (NaCl) n 85
further dilutes the tubular fuig,

Port mechanisms in the early distal tubule contribute to the

102. How does distal the

absorption of Na 2 g g
carPtion of Na- in the principal cell of the late distal tubule s depen

rochemical gradient for Ny umiq‘z:by the Nl:?, K?-ATPase i the sl




ity by

s specific roeplor i the el ytoplasm, ldosterone moves ot

wbalar mm:n:m-mmm <

asolateral Na®, K* - M.miwmm

o e traspartof Na* outof thecels and oo the e
of sodium i m

Y
MTAL cells, i i -~

the
ors K-* movement from inside the cell into th tubular lu-
foritscritical ability to stimulate Na- reabsorption,
alfrom the plasma and excretion into the urine.
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s the cell membrane 4
ment of water cross and ing
ot gadint 0 8 L e ascending Vasa ect and retueg ¢ ey
e eorbed waer i then "‘«'\‘.‘%‘“ru N
URINARY CONCENTRATION AND DILuTi0y Y
3 ;

ifferent abilities of species to concen
107. What '!‘""f‘“’xg zﬂmnng capacity of different animajy
The relaite B ments and habitas as well 2 the composition of the gy 14y
of water 5»“';" example humans €xist i an environment of plengiy ¢ J¥10f
tive species, B0 heir urine to a maximal level of only 1200 MOSmky “1’14
therefore, W:ﬁ.\g ability in humans s contrasted to numerous desert-dyeji,
e e thei uine from 5000 0 7000 mOSIK during severe ey
w“&‘:‘ixmun of water loads) is effective in all species, The ability gy . - tin w"w
::::ér ate i a shortpeiod of time i provided by the raid abty Amm-n]\“lr g, W;'k
urine osmolality to 50 Osmkg or less. Ty

rate th,
i
depengs o, ey

“Bree
8 rodey 01
dration, "t “"

e

105, 1sth Ecreton o hypertonic o BYpotonic urine necessary fo £

\ > &

The ability of the mammalian kidney to produce Ll
i X

r.‘ollﬂi:im when excess fluids have been ingested, the kidne:

{0 excrele excess water. In contrast, in conditions when

adilute or conce,
nira
sy ed urig g

ncy of 3
y can form y dllu(e\::‘:\t;; g

otal body water muy b cqpe e
te sl xcretion of sl Some examples of condiions it g
terare listed in the table: 3

SECONDARY TO NORMAL FUNCTIONS SECOND;
(INSEN AFTER

ARY TO EXCESS iy
s R LosT.

NTAL REINTUBATIONg
o Excessive heat exposare
Sw“"'m‘g Prolonged exercise
Fever

Interstitial osmolalities range from 290 mOsm/kg in the cortex (essentially equi
plasma) to potentialy high interstitial fluid osmolaities equivalent to the maximaluney
centraing ability in the inner medulla. In humans, interstitial osmolality can incresse o
imately 1200 mOsm/kg after 24 hours of water restriction.

110. H
centration of the urine?

The concentation gradient found in the interstitial space from the cortex to the
lhekidntyinbsohuelymnﬂdfm&emzﬁmo'buhawmmwm‘%
der normalcrcumstances,the bodyloses water because of resprtion and svet. T
5 e  loass BE :
of waler. The presence of a hypertonic renal intersit o
uﬁ!nmmhmxlumwﬂwimnnﬂdnui}imdminh“;:‘:"uw "
conditions in which wate reabsorption i of primary i e Gt oS
o the ggermined by the concentraton ofth rena ntestiium withh 1 75
Ofthe kidney i, the nner medull). As discussed below, the move e 8
distal tubule and the cortical and medullary collecting duet s entiely
ence of ADH.

E
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M wrinary concentration?
the bulk reabsorption of water via isotoic
€ transport e,

for
o ponsiVl® f water is an i
1. s o is an isosmotic bulk f a
L ﬁ'c:ﬂ."‘,"’hmr:: o lalty of the tabular i e 1411 e eabsoion
"o P “sosmotic: id is not chan, sOrption
» I bove thatof pasma. Thus,athough these eph 2ed and, therefor
e Mﬁ"d,,:mdk eabsorption of NaCl waler, and ther o they g %
Aot centrated urine. + they do not contribute

B
o pd*""
2 reabsorption, does urea get reabsorbed in the PCT g 7

F bulk manner as all
in the PCT I the same b all other filtered subst
"‘up'f'b;',':}ﬁ e dueain the PCT i eabsorbd bk it the inenim
water reabsorption even though it docs not participate in

Mwm of the urine? W
i T il {0 the et rebsorpion Of Waer. Approximatly
e PCTB  er jsreabsorbed in the PCT along with the other bulk mabsnf'b:::::‘;
] B o n whih heFeabsoptive processs o e PCTare damaged
F‘:z; ey e var Ios i k. ofthe nccssary esbsrpion i i
03 o ofthe PCT t0 overall water esbsorption s tercore eritcl
ﬂ"'w“"'"“ of the n though this nepl
osmolality of the urine.

et 2 cally changing the

ible for generating hypertonic urine?
m is required to create an osmotic gradient
amen of the collecting duct nto the intrsitial spaces. This
he excess concentration of NaCl and urea n th iner-
‘hypertonic environment in the intesital space

s and provides adrving force forwate esbsorpion it

jary interstitiu

How does water then get reabsorbed?
“wbule and collecting ducts are relatively.
remaining within the nephron at the late distal

ic to plasma. In the presence of

become permeable to water; under these ireum-
fr lumen into the inersttial space. Be-

ted s hypertonic.

e
interstitium by both passive and active
i ional to the length
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d becomes dilute with osmp,
tion, the tubular fui Molalie, o

sence of wher OO - The close prosimityof e tindescenos i

aslow as | rfect juxtaposition of nephron segments (urc\h’lk?h&hmgacuunk 4 ascy AL

p,.‘ov.lw.-‘: u(»e ::ﬁgm) and, in essence, for trapping the ions within i, reng) m:;"ﬁ'*nx g, g,

of solutes g

)

(From Gy,

on
D00k of Mgy ol

| e |

117. What is the role of the vasa recta capillaries?
The function of the vasa recta capillaries is to deliver nutriti- e suy
the renal medulla and to reabsorb water and solutes reabsorbed in the

well as the medullary and papillary collecting ducts. These groups of tbuies and capl
closely associated into bundles called medullary rays.
The vasa recta are capillaries that allow fr ige between th
partments. In essence, they provid it for returni kiother
d irculation. When water from

down the concentration gradient that has
eradient may be lost because of dilution of the Nat, CI-, and urea. Becausethe osmala
within the vasa recta equilibrates with the interstitial space, the reabsorbed water e
the blood in the ascending vasa recta. This is where the circuit of water reabsorpions
Pleted with water moving into the ascending vasa recta and returning to thecenrl

been established in the hypertonic rendl

118, 15 urea absorption criical to the overall concentrating abilty of th e
the medullary intersital concentration gradint by 1%

the collecting duct. Reabsorption at the collecting dﬂa a

dent on the presence of ADH; this nephron segment remains impermeable o %

of ADH. Reabsorption of urea is important to the overall ability of the "“;‘:" iyl

centrated urine. In the absence of urea reabsorption in the inner medulla,

10 reabsorb water and hence concentrate the urine is greatly impaired:

from the twbular fluid in
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1o the overall cortic;
contribute o the overall ortical-papilary concentra
on gradi.

prr" it of s the engine thatdrives the conceny

e u‘rh""'f;'ﬂ~ﬂﬂ' parter on the apical mermbran i ditve b o Tl et

AR Cbishodby theNa*, K ATPasconi e et
he N K+ ATPsoon the bl e

urine i

! .
o for N .w“mnofu is
d?‘:&“ %y’.‘m o diuretc, suchas furoseide and bunetnide,
JWMT L er and pf:ven:l the reabsorption of NaCl in th 'w‘w”l‘:w o
se profound natriuresis, but a ol okl
¥ ok Lo M..o_!wly':_“‘ profound natriuresis, but also prevent water n-uhmr;u

concentration gradient is effectively abolished by th
ese

L 0]
o - multiplication?
v '—,—d erm describes the physical juxtaposition of fluids flowing in close
g ‘e dircctions. In the case of the kidncy, countercurrent
o Henle scgment of the nephron and in the vasa ecta cap-

another but

Pl cusedinboth the loop ¢ "
end deeply into the rend! medulla. Ineach of these sructures, there is
ot P in close proximity (0 one another.Inthe case o the loop
”‘ulm”" Jimb maintains different permeability properties compared with the as-
‘“gb‘“ e creation of different ‘concentration gradients in cach of these limbs
“How of fons out of he ascending limb, thereby effectively concentrat-
hﬂ""‘ countercurrents of tubular fluid flow in close proximity to one

e to the
..a-;“" O lipirisessential for the mintcnance of an effective iner-
‘_um the cortex and papilla.

Sraanion gl
: -
Iney PEO° 5 ieal for the appropriate maintenance of plasma volume and
forthe effective production of a diute rine and washout
on gradient. ;
"ADH; therefore, the lte distal twbule and collecting
‘absence of ADH, water reabsorp-
ill have an osmolality
fuid found in the early distal twbule-
ing duct decreases the osmotic concentration
ted water creates a gradient
o ot or i ikl

i*ymednlh effectively washes out the cortical-
of a concentration gradient, any remaining per-
sult in the reabsorption of water because the

concentration gradient

30-minute period. the concentration

e osmolality decreases from con”

after ingestion of this load,

ly less than that of plasma.

osmolality is more dilute
the circulation.
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REGULATION OF PLASMA OSMOLAL 7y

ity (P,
¥ ange of plasma osmolality (P, |
1B e wl';:‘;:"::; gi“ humans is 260-310 mOsmy}
“The normal o

0 humg,
ki

is rang,
(260 mOsm/kg) o severe dehydration (31 47 repy,
tremes fromovectydraticn G55 imately 290 mOsm/kg, SMkg) ot
of hydration, the Py is approxi s
states of hy X
i rimary hormone responsible for the control ofp
124. What is the pr

and Py, is under unique congyey 1 "’
F water balance and P.,, ol
“The regulation o

f the brain by magnocellular newn” ADH,uy h
ions of the ar neurong 1o Whieh
sized in the "‘T:ﬁ;‘:::v':ﬁmum nuclei. These nuclei provide "cu.:‘\\,:,:“ d Drepys
b ﬂ;,‘,m?;i ‘with terminals located in the neurohypophysis eCtions ,;:"A“\
pop .
o hypophysis controlledy
ADH release from the neurol :
T responsible for the control of Ay Telease ey,
What i known and well documented is that specialized cells withip the o S

hat lacks the blood-brg
thalamus, @ portion of the brain =
iyt Ayl osmoreceptor. When P,,, i elevateq, .
cllsshrink and send neural signals to the supraoptic

release of ADH from granulated nerve terminals. When p

uy
M0y eqyry mk'""
" barrier, son e, g

* v it the releagg o o KU
thir neuronal projecion. The elationships between P,._ ang piacs ADH copene Moy
shown in thefgure These data show that the entie rangeof

meen
oum 1S €5Sentally gy
namow range of lasma concentrations of ADH (ic.,0-12 gy

/mL). (See figure,) — Cl0e

PLASMA AVP pg/ml

- mors/
PLASMA OSMOLALITY
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Mgﬁ:wnlrmmemm
g0 umes

hat may also affect ADH release? - OFlife, are there gy,

tretch invokes an inhibitory ref
" M by excess Y reflex 10 decrease the
et ofhese T80 physi. Conversely, when plasma volume s reduced 1o, dp.

from e the reduced stretch on these low-pressure volume receptors do.
P e 1 ey

plasma osmolality?
g ility of the collecting duct to water and therefore
e i e ne water from the
absoron 80 ADH controls water independently of other ions and
ety T L ffect i the ate distal tubule and collecting duc. Ac
Mm@mi"’fw F 1 ofthe solutes and osmoticaly active partices have alrady
enters the bloodstream, diluting oher ions and osmoticlly ac-
he Py In contrast, when ADH release is decreased. the
et s relaively impermeable (0 water, and the et ex-
ihis water loss oceurs in the absence of appreciabic loss of
‘occurs. This process provides a critical pathway for in-
and osmolically active particls in the plasma compart-

in P,
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of water determined?
128, How s the rz‘?:::,,‘gnwed free water clearance (.
The clearance

L, the y,,
UICIES). . mug g ey
s free of osmotically active p o P 5
fromhe plasma i e N
less the osmolar ¢l

Cuyo = UF-Cyp,
imple substitution:
=V X Upgy/Pogay BY SimP!
Because Cy Gy = UP- 1V X U

1,0) G

W

I most cases,the vl o Cy 5 2 egative vlue, For examp, ring g,
S

3 w
B =700 mOwmikg
UF" = 1 mLmin

=290 mOsmikg
e means that 1.40 my

o

0 Of wager
moically active partices is being reabsorbed of retumed from tWbulay gy

Ui g
€ 3 5 the 'S Ina state of, ditk 5
is anet excretion of free water into the urine.

9. Whats water balance? |
ek rlaoipbeten vaterinake and wite o, Altough v, :
mariy by contoling water excretion into the uine, i also il the remoyy o ey
the body as a result of ther sources that are no easil
water. On the average,

¥ regulated: respirggioy ¢, 01 ¥
water balance must always be equal 1o . “ting g
130. for normal h

Whenwate balance docs s equal 0, the organism is ina reltive s
(et water loss) oroverhydration (water gain). Because the body is approxip
deleae balance s ritcl or the overal regulation of ecljg.. function
the body's feedback mechanism used to maintain n
water loss.

fcither ey
ately 656 g

‘The contro] g
ormal watembalance from th g

131, Is water balance also affected by water intake?

Thirst and drinking are the other factors used 1g maintain the balance betweni
rction of luids. When water loss exceeds wator intake, the P, increases, and s
Pog i sensed by the osmoreceptors, ahich signal the preoptic and paraventriular
the hypothalamus. The rise in p,,.. triggers the release of ADH from the neuohy
‘hich Serves 0 help restore water balence (o g by decreasing water excretion. At
time, the hypothalamus maintains neural projections to the anterior regions, which:
desire and drive for thirst ang drinking. Thus, the organism secks the avalile it
solving negative water balance both by increasing water intake and by reducing e
tion,

132 Does excess ADH retease ever occur?

The priate ADH ADH) i
for various reasons, inclyg 2 mali ¥
disorders (e.g,, frauma), and pulmonary disorders (e.g., tuberculosis).

13, Whne«mdnushnllhnwnnmmdglu Bomeostek? _
10 tis syndrome, excess ADR is released into the systemic Srojice 8

{rue O longer responds tg porg) changes in plasma osmolaliy. The clev

trations of Ay maintain the Kidneys i a constant state of water eabsorpion
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of electrolyte disturbances resultfrom this syndrome,
e A"".’:b:d ccreased plasma oncotic pressure. syndrome, including hy-
i spatrem
s P uences of a lack of ADH rel

al
e n,geﬂ;:"‘"mu " the form of diibetes termed diabetes insipidus, In the gb.
ol GIEUAL L ends o have sxccss urne flow and water excretion, because with.
e oSS L ltively impermesbe 0 waer. Thu,indiidus with dia

o0l Al colleCTB U oent state of water loss because of excess renal excretion of water.
B P T1CTORICS causing continual d drinking. These individ-
aﬂ‘““:',,,, o pass and mainain (heir normalwater balance primarly rough

qused by deficiencies in cither hypothalamic or renal mechs-

abates insipidus 5 1 lack of ADH secretion and release from the neuro-
 diabetes insipidus < be treated easily with administration of ADH on

o P2 s form © “Jiabetes insipidus, the hypothalamopituitary axis secretes ADH

"#w‘ S ,,.qﬁl"""v s and collecting ducts do > nok respond appropriately to the presence

el DA v eament 07 P S

JLATION oF SODIUM EXCRETION AND PLASMA VOLUME

A
pyisthereeol!
B intake and outputis€ i
ofsodmitake 0o caon found i the ECF is sodu wih it -
ST VU bicarbonate). Together, hese ions compise grace
coput 810 0 e ECF, Because plasina osmolarity is tightly controlled by ADH,
g e 1 ling, any changes in extracellular sodium lead (0 changes in

"
A-::" changes in plasma volume.

3 \hat the intake and output of sodium (or any other
For the body, dietary sodium intake
 sweating, and fecal losses. Because
ble losses generally are quite small

'the renal handling of sodiun i the critical link to
. If the normal adult human consumes 8-10 ¢ of
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bsorption is incy
conserved, sodium real Teased
in which sodium must be N the i,

lated nephron segments. >

me
140, main ey,

Can
sl ol v by eyt R iy
rson the venoussde of the s
1. Low-pressure baroreceptor Sirculygy,

- ic
2. High-pressure baroreceptors o the arerial ide of the sysramy

i
Inrarenal mechanisms (intrarenal baroreceptor and macul, dcma;:"]‘l\g,\
baroreceptors?
141. Where are the low-pressure plors?!
Low g €ins, e atri, o, b
vasculature.

o - function?
Becaus they ae cae on he IOW-FESSreside of th gy |
ceptors respond to changes in fullness or central filling pressure by umch.,.;;},d‘
ntsignals via the cont nthe hyps ™ Sagy,

g s region of the brain, the signals from the low-pressure and:‘:;r'halamus ;,f,t
fors ar iegrtd, and el changes in Feal nerve ctivty an g Sty
mediated. I general, g i Venous volume of 5-10% iy ugey: Toquing p e
pressure baroreceptors are activated. Beor o

143. Where are the high-pressure baroreceptors?

High-pressure baroreceptors are found in the aortie arch ang CArOid argery
144. How do the high-pressure baroreceptors affect renal 2

‘These baroreceptors respond to changes in arterial PTESSure with affere,
cardiovascular conirol center, where changes
pressin release are regulated. These baroreceptors are fast acting and respond
in arterial pressure. Despite the sensi ity of the arterial bay
volume occur in the highly ‘compliant venor
vated 5-10%. The high refore are not as sensitive tochapgy
volume as the low-pressure baroreceptors. 4

flerent signyg
in renal sympathetic activiry ol

and arginig g
ma&mluﬁ

\roreceptors, much |; Changes
us circulation before systemic arerg ,,:1

145. What are the intrarenal
Intrarenal baroreceptor
Macula densa

mechanisms that sense changes in plasma volune?

146. How do they function?
‘The intrarenal baroreceptor is a ‘mechanism by which alterations in streich of e

arteriole lead to changes in renin release. If increased intrarenal arterial pressure i el

elease s inhibited. Conversely, renin release is stimulated when there i decreaed e

afferent arteriole.

The macula de 5o alters renin hanges in NaCl delivery. I

creased NaCl delivery to thi i

When sodium chloride delivery i increased, thesignl

taglomerular cells is o decrease renin release.

147, Explain how the signals from the high-pressure and low-pressure

intrarenal baroreceptors, and the macula densa are integrated 10

handling, fthe
; s

actin concert to regulate the renal handling of sodium. When volume i
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gelivred (0 the macula densa, the sysicms iy,
i IVed in the

e suppressed o inactivated, depending on e © conservag
"‘;:ﬁ"“’ e volume (pressur) s juleed 0 b ow % egre offllncss f e
Il e sy that favor the conservation of sodium gy cors* dium
;J et e water are acti-

o7 1y involved in sodi
\, involved in sodium and plasma i)
£ WMPM Atrial natriuretic ;e:::: oo
- Mxm ADH
5 « Physical factors
feo-angiotensin Stem’

s e OB i cascadeof iochemical rescions ta eds o
1O e noensinI. K i cnzyme found nthe o
st el bk whethis cazymos el i,

cllsof BT g polypeptide produced by he fiver,nto e decapeptide
oot e cleaved to angiotensin 11 by angiotensin-converting enzyme,

s BB in Lis n
WLW- pdothelial cells in the lung and the Kidney. By themselves, renin, angioten-
The

is
r

= found i
s 0o L g angiotensin-< .
angioensin i, which is @ potent vasoconstrctor, simulator of aldoserone re-

ms"‘.’i‘ l;fmmduwdimmbmunnv
e 905 e il
in- iotensin system.
yame the stimult "I:ymmnal
3 inrenal perfusion
o renin release-

o WHEB A  C e macula densa also stimulats enin relcase from the

gl S mpathetic nerves dircctly increases renin release.
simon of e8P e the body needs o conserve o etain sodium.
ystem on renal function?
‘aystem i fo decrease sodium and water excre-
tbular sodium reabsorption. Angiotensin I is a
B ansion e b

The

conditions when sodium needs to be conserved.

lter renal vascular function”
ce. In the human kidney, this peptide appears
circulating levels. After hemorrhage or
perfusion pressure, clevated levels of
well as the postglomerular efferent arte-
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‘he blood are increased. Of the o stimuli oy

its release into aldog
::::’uvnln potassium are the . i leag,
n iy
nal function? S
155, How does aldosterone affect re e : w,
' i Fou i,
(GFR g™ SXere
action occurs a the level of the connecting tubye "4 RBF) L0 P

. . and Mo ¥
e one binds 0 ctoplasmic receptors. This binding ey o ecing g oty
ertion of sodium chanpels o the fubular membranes (0 incregee "

i for potasium, which i secteted into the tubular lumen,  **lum

R O,
nﬁ"w";:; N

156. What is meant by physical factors, and how do physicq) factorg g,
? - ; ect

e tic ang
illaries and renal intersital space. el "n:\

2 The increae incapllay hydrostatic pressure and decrease iy,
! (elevated hydros d reduced oncotic preggyemrs M
in the peritubalar and vasa recta capllries and tend 10 reduce the ugp ) O it
the tubules. Pton of g s

157. Explain how renal sympathetic nerves affect sodium handling,
from the
d

andhigh.
ceptors,enal sympathetic ervcs are Smued. The renal s g 2,75 b
conditions of hypovolemia and serve (o retain sodium. Renal sympathet v ™ “its
sodium retention by thre mechanisms: "Mulation g
« Decreasing filtered load
« Increasing twbular reabsorption
© Increasing renin release

158. What s atrial natriuretic factor?
A peptide found i the atri and great veins that i released in response o incesed e
stretch (increased ECF volume); also known as atrial natriuretic peptide

m.mmmﬁmdnmaﬁmnmmmﬂ
When atrial natriuretic factor is released, it increases sodium and water excreion by

leased in conditi ia and acts to increase sodi

160.

ich i i |udsm.mm’-:
‘and water excretion owing to an intrinsic property of the kidney. The increased sodiun
ter excretion serves (o decrease ECF volume and leads o a normalization of arei
Conversely, wh i & furetic mechanism B

y pressure is decreased, the
I B crac e e . ease sodium and water excreioo®
extracellular volume and retun arterial pressure to control levels.

poss echanisn?

e
“This intinsic feedback mechanism of the kidney is hypothesized BY 07
of the primary regulators of ECF volume and arterial blood pressure-
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autocrine syStems or mechanisms iy cqy &
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"‘"ﬂgh renal sodium
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lothelin
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ol )
P n‘:;".;mhim'i'“_ poi :
e nan o s increased. output lags behind intakc,and
o S : - and ECF space i ex-
i ynen S0 s mumber of OIS
W;ﬂ;jﬂ,m o poreceptors, which nhibissympahetic civiyand viso-
oA i eads o elease o il mtsiretic pepi
s WH 8l blood presure, which e i oo,
pressure as
B Koserone ais by intarenl mechaisms
et to mlnain  COnancy o the bdy's nra -
In contrast o the changes thatoccur when soium n-
i nerves, renin-angiotensin, vasopressin, adosteone.,

"which the ECF is decreased.

states?
hemorrhage, shock, severe vomiting, r severe
‘and water are activated inthe normal physiologic
al pressure.
inability of the heart to function ad-
pressure. The fall n blood
+ the renin-angiotensn sySt, Vasopresin

to

condition by increasing the peload on the diseased

v plﬁuminwhichmlbnnmllilyinwtufﬂlmp-

sodium (and water) ‘handling and the consequential

S which insffcint aldoseron i poduced Oy

memzm leading to decreased ECF volume.
 shock and death-

EXCRETION OF POTASSIUM
: y

potentia i pricul

ction of nerve cells-
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 excrrion. THS regulaton i accompy,
g the control of mu'“’,‘mx, ‘which regulates renal tubular i + hw“;‘n:y e,
o e from the adreni! “,
jde short-term oF long-term contro g, Nos,
iy,
e
dered areltvlybongeterm cone

K+ xmll":c::’m the principal cells o the dista (0 A

xcrton, AU ollerof N and K balance b 1 c
uct It isarelatively "’.";m “and translation of new protein.

o s transc
‘which activates
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dosterone affect K* excretion and K* balance)
164, How decs & S0 ‘i aldosterone functions i to activate the
O e s baslteral cll enzyme notonly incror .
ATPase, Stimultion Kpamlrian e i

tubuly cly

The i "eabsor,
- The increage . Plion,
+ from inside the cell into the tubular lumen gy "acelly o5
‘motes secretion of K from inside t e by .
promotes overall K* excretion. This gradient is under (he
thereby

api ey
Pical g K'py

i COmplete jng g

i aldosterone s ofen referted 10 s the plagmy g "Mece o

sterone, and for this reason a

the tion of al

o of K inhe plsima may be the most poten; o
L e el Bighlyinfucpg 9%,
e o, Anlevionfpasa K 1om 4.5 1053 gy 75yt

Red PIESIA K by Mg
d reduces plasma ald 1010w valyes %

170. 2

1. Do any other fon in the plasma affect plasma K -2
B plasma acidifiation can have  pronounceq s
cretion of K * by the kidne, 1 of extracel]

Auences the lasma K- concentration. Both H* and K are reariyely p,,,,,n';k‘;‘,?n
inosad out ofcls Thus,inthe presece of exces H, the tendeny o e . —
cells and K* to iffuse out of clls to maintain clectroneutralty =

172 How is affct plasma K-
‘Acute acidosis 1o decrease Na*, K‘VATPascanddmuseth‘

Permeabiity of g
. Chronic metboi
dosis, however, i ‘which stimul; 1ld

0 increase potassium secretion and excretion,

173 What are the major mechanisms by which the kidney regulates acidbse b

Wms!ﬂlﬁmuflcid-hlsewunsviu H* excretion and HCO,~ reabsorption. Cost
it hlﬂ'cringupa:i!yfor“‘ wid\HCO,' ‘has the net effect of
the overallsate of extracellulr fluid H* concentration.

174. What are Segments responsible for regulating H* excretion”

Excretion wm‘) oocurs in the proximal tubule, thick ascending b, 4
,du-ﬂufummbmmwuemngamhmmxmmmw{m ;
M.l(‘iu-teuel‘mnmnmﬁglummuwmhmmuchnsﬁwm‘M“‘
lated cells contain 'mmpsinmmmmmmmmml“;
oaaen These protom pumps secrete H- into the ubular amen of te isal bk
ing ductand assist in acidiying the urine.
175 How does HCO, - ) procest

o =078 of HCO; from the tubular g s extremely important nder Sl
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- 18 necessary to rpalnt.aln the body’s acid-base gt
8 HCYs nely jmportant in ac1d-.base regulation. The reg
e s cx'trlily effective in the proximal tubule, thick ascen

lecting duct and under normal circumstances

; € HCO. -
dt.)sol'l?tlon of HCO;_ fFOn?}[h buffer
Ing limb of Hepje € tuby-

99.9% of the filte, and intercaye

the 0! ered load ig ragp,

. HCO5™ reabsorbed in the .PCT?. '
(16, Ho¥! nal membrane of the PCT is relatively impermeable to HCO,~ ions. Th

elumt reabsorbed In the form of CO,. H” ion, which is secreted jp exéﬁan erefore, all
{C0;~ mus i HCO;™ 10 form CO, and water, and this reaction is catalyzeq B, ge for Na+_
(ombines wl se on the PCT brush border membranes. CO, diffuses down, its coizesenc(? of
carboniC pCT cell because the lumenal membrane is permeable to th; entration

.+ into the : : : S molecule (simj
gmdienz mm[nside he cell, the CO, ..combines with wat_er, again catalyzed by the presenc(eS l(r)rt]“lilgf
odll ];:ellg)c honic anhydrase, forming H* and HCO; ™. From the inside of the cell, the HCO, -
iracelil 1

giffuse down its concentration gradient into the blood and effectively complete the re.
IS able 10

ghsorptive P THER

7, How does ﬁdm :i;}f,arease the secretion of H™ from the interstitial spaces into the

lumen” e :
t"h"ia:;dosis or increased plasma H™ concentration 1 removed from the blood in a substrate-

ific manner. AS plasma Ht concentration increases, the supply of substrate to the various
mm processes in the kidneys also is increased. Therefore, H" secretion in the PCT and col-

lecting duct i increase
those Sites.

d because of elevated substrate availability to the specific transporters in

8. What are the other mechanisms that the Kidney uses to excrete H™ ions and acidify the
urine?
Other mechanisms include the excretion of PO, ~, SO, ~, and NH3/NH, *. In the case of NH;,
widoss increases ammoniagenesis through the deamination and metabolism of glutamine and
tiuamate. This deamination process in the PCT creates excess NH;, which diffuses into the tubu-
lhmen and combines with filtered H* ion to form NH, . The NH,* is then trapped in the tubu-
% annot diffuse back into the cell. Thus, the ammonia becomes an excellent carrier
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