6. RENAL PHYSIOLOGyY
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e

_BoDY FLUIDY
uch of the body i composed of water?

J How U Oy is composedof S0-70% wter. Thispersetae v )
jual bod U1 because the water content of fal (approximately 20%) i:ﬁ‘ nding on the
P ely 70%). In general. an average person s  total bod ch less than that
of body weight. The average 70-kg man would then I'lmy. water (TBW) of
o x 0601 Lof water has 8 mass of | kg). In contast, an e sproimaly 42
TBW that is close to 70% of total body weight, and \, muscular
nearer t0 50% of total body weight. . and an obese person

is the TBW,located?
o the bodyis the TBW1oc .
3 e ed betvecn (40 the ar and
W O epartd byt ell membrancs. The id valuncs n s o
ltular fiuid (ICF) and (ECP) The ICF

R e known as
s s vithin the cels, and the ECF is the fluid outside of cells, including the intersti-

rtion of TBW isin and
s o ot of TAW, wherss he ECFconsies ne i of
wm-«emmumﬂ'wimw imately 42 L of TBW would th :
;'L{m,x " inhe ICF and approximately 14 L (42 L X %) in the ECF.
4 Howis the ECF distribt ted’

uted?
e ECFisdistibuted into two major com

partments, the interstitial fluid and the plasma.
4 of the highly pe "
e ame s approximately four-fifhs of ECF. and the plasma volume

;lﬂ‘l‘be interstitial flui

s gpeovimately one-fifth of ECF volume. The average 70-kg man with 14 L of ECF volume
R o ave pproximately 11.2 L n the intersttial fluid (14 L X %) and approximately
28Lof plasma (14 L X #).

5 Cakulate the normal blood volume.

i ly2.8L, it (packed red d cell
facionof blood) averages 0.38 t0 0.42; refore, the average individual has a blood volume of
posinaely 47 L (plasma volume/[ 1 - Het] = 2.8 L/[1-04]).

€ Wi

wsnoarty?
“xowm,,.&' function of the total number of partices in soluion, independent of mass,
Pl g composition. The dissolved particles (osmolytes) exert a force that W?nds 0
Sl gy s pcmeable membranes (osmotic pressure). Dissolved particles in biologic
(rsed i temsof millosmoles (mOsm). For substances that do not issocizie
1 osmole and 1 mmol

sl
1.)_ il when issolved .., urea, glucose. inulin). | mol .
e, s i jum chloride [NaCl}) or three par-
* chi
o lrie (CaCly ), the osmolarity is double or triple the molarity (1 ‘mmole N:

. Osmol | 2
iy i terefore he oncentrtion of osmotically active partiles n SOIRE
ECFand ICF

N

s
m

n.""1"*’“'7-,0‘,.:,3 MOSWL of water. In the body. the osmolarity of the
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7. Whatis dmolality?”

used wuprmmemwnionor.ﬁ
i o terms of mOSTUKG. of WAt In vy g P .
l,"' v.'n':::: oty e e betwen osmolriy and osmargy o .',";,a,":“;:-.m}\
n
,',’: used interchangeably. ) ey
8. Define osmosis.™

ovemen of wale oS  sipemesbe ey,
o e ot presure grudiet) Osrons occuns from 3 n'.,";" ottt
the solue concentrtion is lower 10 second compartment i whigh e !d'.‘m,.,h‘!
Highrunl h asmolarilyon cach ide of the mermbrane is equal, Smiper, g gt
(such as a cell membranc) is one that is permeat """"‘“""'"ﬂmlum_n,, N
0 uy

,..nianwi:::ﬂzl:

9. Whats toniclty? ”

talconcenraton of olutes i solutio tht are o N
Becane s sones exrt  effecive oymotc PRSI i els, e i<y,
termines the effect of the solution on water movement into or out of ceyls, i
. Explain the Influence of hypotonie, sotonic, and hy Soutions
* ?\:‘m acellis placedinanisotonic solution. the cel volume wiypors ™ vy
+ When acell s placed in & hypotonic solution, the cell wil sy e
+ Whena el i placed in a hypertonie solution,thecell wil s,
1. lsm-dm«melntbemmnmmymhelﬂmdmn,

No, under tions, the total S —
intracellular and extracellular compartments is equal because the cellular '““"""":zn;
pemeable (0 water, and any differences in osmolarity between these OMpartmers gy i

H bsi .
s the same in the ECF and ICF, the osmolarity of the ECF and num(mﬂt
12 Amm«dlﬂmlnmmimdmhﬁdlmnﬂinthemmlm

Over 90% ofthe i . chloride, and bicarbonae; ey

fertion o othe onic speces in the ECF isrelatively low. In contrt. e intracellua gy

ts anions) are relatively low within the cells,

Concentration of Selected lons (mEqIL), pH, and Osmolarity (mOsmiL)

in the ECF and ICF
ECF ICF (MUsLE!
Sodium 145 10
Potassium 4 155
Calcium s 0
Chioride 10 :
Bicarbonate
Phosphate 3 w
oH 74 715
%\m_f_m/
i
13. Whyare the in the ECFod ¥
u};‘:‘f:""mymlmugdmmgmrved in the ECF and ICF i thecell ¢80

hghP
TP Pump whichis found inthe cell mermbrance Cell membrass 3¢ i
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ity to most electrolytes is relagi
the permeabi s relativel
o .,:.mug ol in the regultion of inracllulay oiow. TheNos,
/’k,w s 8 % cels (against this ion's electrochemical gragiegyy g lon by
f.g" S O s diven by ts electrochemical gradien iy P
s aboueh 57y exuded from the <l 0 maniai o
Sanet o el 182 um is actively ransported into cell.
a2 wheressP

L K+-ATp,
Clivly .
the chtle "8 POUSSium
inrcelgar g that

lular sodiugy pg

in the composition of the plasma and )
;;,,nu i the onic composition of plum‘.h f,,l,:'::'c‘““" fuid?
ence is due to plasma protein (approximately 6 /g npee, 0 1 i0-
i The plasma proteins are effectvely tapped in he plaS:,h'f,: is mostly
fort s in most tissues 8¢ relatively impermeable to protein. The u: cause the
ot s  old et SmOunts ofcados i ey \Tmin carries
5 o effct, Slighly alrs the ditibuion of oter mn,l.,mm‘ prop-
& sl 5pace 14 leads to slightly greater concentrarion of cations (3
i ced concentration of anions in the plasma rlative o the inrsegay

gifferen

o O g
ﬂlz“ " is diffe?
ot b

one body compartment to another?

from
hydrostatic pressure, osmotic pressure, or both,

jer MOVE .
5 3'::',‘ it of differences i1
egatesthe gistribution of watet between the plasma and the interstitial fluid?
feweenth plasma and he itersitial fluid is governed by Starling’s law
e ehange, Tht i, he et 1ux of fluid into or out of capllris i determined
) 181 fthe hydrostatic and osmolic forces on either side of the capillaries. As
e L e, ysemic caply i elaely igh o
Tl L s movement offid o of he capiles, Fores ppsing
et auf e Pl include the plasm h
e in) ad nerstiialfid bydrosiaic presur. Without forces opposing
o drsatcpresure, primarily the ‘plasma oncotic pressure, the plasma volume would
ﬂﬁ, g he nersitialfud. Thse force ca be expressd nte simple cqus
s .

Fiox = K [P + T ~ ey + )

¥, = Ultaflraton coefficient

7,, = Capilry hydrostati pressure

117 = ntersial oncotic pressire

I, = Plasma oncotic pressure:

B, = Intesitial hydrostatic pressure
ngee, it i

seiaion out of the capillries, which is collected as lymph as

d ing filtration. This leads to
ind returned to the circulation.

L3 :iﬂluﬂ exchanged between the ECF and ICF? >
e Tocoentf fud between the ECF and ICF is ‘governed by osmotic forces. The cell
'xm.m" Highy permeable to water and semipermeable to most solutes. Any change i
Saggnmositon inone compartment i refected in the osmolarity of that compartent (ro-

and water Q. mem-

[ "
il osmolaity i equal in both compartments.

Uhngy
o .
he diferent body fluid compartments be measured?
can be

e
P wﬂ::f,;f’ Y by determining the
gl Of ompounds known 10 be froely distibuted within a cerin O
ek ed in the body fiuid com-

Nown quantity of a substance that s distribut
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‘s administred. .

i o . O Ume jg.
B e fuid from that compariment s taken. By diviging 10
::a;np"d‘; wraton of substance X at equlibium (Cy), the yop
o by the conce

Wed 1

origs forg,

'Bing) , %
b = ACy) e o, .““':'\

is clelated (Vpx = Ax/C Wﬂ\

L]

15, Describe the s substance 0F SN Yolume of i,
Nontoxic

 Mixes welinandis not emoved from the tageted comp

- Is not metabolized or synthesized in the body artmeny

+ Rate of excretion easly quantified

« Esiy and sceuily measurac N

Enple A TOkg man's miced mvenously Wit X 106 ey

15 e et blood sample s ke o o ok,
bution of ;0 in this individual s thercfore 4g . g’y 10 0 7,0,

:‘40000mL=u)L).lnmlnwhﬂwmgqmm”mmh oo

rted st e st rom e mount ogialy nfeced o iy e

disrbution. determipe. .

4
20. Name some compounds used to measure volumé of distributiog

of dift
compartments. Ty
‘Body Fluid Compartment Compound
Total body water H,0 CH,0)
‘Extracellular volume Sodium (Na)

Inulin (H-inulin)
Tothalamate (SL-iothalamate)
Plasma volume Albumin (21-albumin)
Evans blue dye.

21. How can the volume ofthe interstitial uid and ICF compartments be geqr:
The 1CF and ot ? determinegy

ECF volume, and plasma volume: e
* The ICF volume can be detemined by subtracting the ECF volure from Tow .
TBW - ECP).

* Interstital fluid volume can be calculated by subtracting plasma volume fom g
luiar volume (ISF = ECF - PV),

22. What will happen to the different body volume compartments after theitske s
tonic saline solution? .

Isotonic NaCl (0.9%, 290 mOsmVL) has an osmolarity equal to that found in e ECFad
ICF. Both NaCl and water are freely permeable throughout plasma and the ntersiil %
2n isotonic NaClload will be equally distributed throughout the ECF. Because soisncats
ter the cells but s actively excluded by the Na*, K *-ATPase, any added sodium :‘:l;'“

¢ Y xelu ! : FandICF:

ly
will be no osmotic effect I
NaCl will thus increase
ity of both the ECF and

leading to a fluid shift between the ECF and ICF. The intake e

TBW and ECF but will not appreciably alter ICF volume;

the ICF will be unaltered from the original value.

23. What will happen to

pertonic saline solution? e
A hypertonic NaCl lad (osmolarity > 290 mOsm/L) will also initially be "‘“";"fmﬁ

{oroughout the ECF. The diference between the rotonic and hypertonic load is e TE gt

ity thatis attained in the ECF and ICF. Because the osmolarity will initially be T8¢ 0 i

OIng 10 the hypertonic saline, water will move freely down its concentration

an
the different body volume compartments after the inshe
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. . After & sufficient amount of time is.

- isadmiistered f oy

e i o compurinent ke B ividing e gt
asample of 0 0 on ofsubstance X ot eq %0+ the Volue, urdi;%\
A = AYCY- i
et O = /2 ring volume of di hnﬁh;:
petance for measurlng YOlume ofdseby,

. Descrbe the desl

B oo )
* Mo vellin

Y *A 70 kg manis injected intravenously with 4 X 106

™ of trf
is taken, and the blood contans 10 gy 64w,
ater. s blood sample s taken, and the bloc i
15 minutes lat : 0 “x]v;? m{l’?‘
= 0000 mL = 40 L). In cases in which compounds are excreted, the. o T m“%,l
@ el Tine g Mg
distibution. g =)
20, Name some compounds used to measure volumé of distribution ““’“MM,
i &
o Body Flid Compartment Compound
“Total body water H,0 CH,0)
Extracellular volume Sodium (2Ns)
Inulin (H-inulin)
Tothalamate ("L iothalamate)
Plasma volume. Albumin (%Lalbumin)
Evans blue dye
21. How can the volume of the interstitial luid and ICF.
ThelC it o -
ECF volume, and plasma volume: -
* The ICF volume can be determined

by subtracting the ECF volume from Thi s
TBW -~

« Intersital flid volume can be caleulated by subtracting plasma volume from szt
lular volume (ISF = ECF - PV).

22. What will happen to the different body volume compartments after the intake s
tonic saline solution? .

sotonic NaCl (0.9%, 290 mOSTL) has an osmolarity equal to that found i e EFel
ICF. Both NaCl and water are. i

ter the cells but is actively excluded by the Na*, K+-ATPase, any added sodium will b
inthe ECE. S oed by the : CFandICE:
willbe no. osmtic effect leading 10 a luid shift between the ECF and ICF. The intake of s
NaCl wil thus increase TBW ang ECF but will not appreciably alter ICF volume; 53
1 of bth the ECF and the ICF will be unaltered from o original value.
23. What will happen to the gy el
icsaine sy "1 4erent body volume compartments aer .
o ISP NCl g {osmolarity > 200 mOsmL) willsio initally be st
iy aehouthe ECF. The ifeence beqweer, g isotonic and hypertonic load i e 55
ot :::m nthe ECF and ICF. Because the osmolariy willinitally be incre2d i
pertonic saline, water will move frecly down its concentration 8%
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sy isachieved. A hypertonic NaCt logg I
1€ O ease ICF volume. Anew level oros,m,
ey S f wd o and ICF bUX will be elevated from the '"'Y wlunmumi::gw' -
e the hypertonie jogq
s ,,,,.ummmmm body volume com, load.
wmnu. O
fion? Partmen
* sJ“’""N Joad (osmolarty < 290 mOSTVL) will s iy Ypo-;
[ Ko mm’grdlﬂmm betveen e ot s it
ot ¢ E ..umd"' the ECF and ICF. Because the ECF ;::o.. loud s
e illmove dOWR its concentration gradient out of the ECF jn 'IZ intially will e g
a_*;“m“;'"m ‘A hypotonic NaCl load willtherefore expand TBw, the cells il a pegy
i volume The new level ofosmohn il s increase ECF
ICF WWlqumSMlm‘ECF

inal val
ﬁ&",,a will be the original val
' s by 1l satas v
i bo s e
B commonty fluic
e and its anions mmem-,mo...cw,m,
i e satus Under ora oni fywm ploins

et 300
5 asacinical o
‘w‘““‘ " tient s said o be hyperna SmEqL.
ale. the patentis ypernatremics when  paent's Py i fny

it tremig?
conditions ead €0 hypernatremi
e  thirst is impaired (coma, neurologic .
RIS o drinking water abnormality,or drug effects)
P i

» sioaions Wi o drinkiag o
. m:e::*_"'"-' diom intake ( ECF sodi ":Fv.?,l.“.::)
 celevaed BCF volu
el owing o lack of
* e ..wmyorm Kidneys to respond to ADH)
e hiddegree burs)

+ Codions in which excessive amounts of sodium-retaining hormones (such as aldo-
st sced o the blood

e esars o be aken.

2. Nanesome conditions that lead to hyponatremia. /
« s etion o ntake of wates (hyponatremia with increased ECF volume): Inappro-

‘water and leads
‘wexpansion of extracellular water and hyponatremia)
i CF volume)
Kadoey disease
Isppopriste se of diuretics
2 Wit edema?

J:;u acondiion in which excess fuid accumulates in the body tissues, usually in the
Mg condion occurs when an aleration in Saring’s fores for systemic cap-

2 '::w s of edema,
g iy byt pressure
oot pressure (owing (o decreased plasma protein)
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ic capil ility

iccapilry permeabilty
. w;c"m: 3?;:mnc etu (0 he Venous circulation (leg;
' :uld in the interstitial spaces)

"N,
rtant in regulating the body volypm, "
30. Why l;':;g:? e, the primary function of the Kidneys fs . _—
e o CF. To understand the impact of altered renal funcyj oo in
o o understand no only th processes by which the Kidheys gpe 0 gy
s critcal different body fluid iovents: The kidneys rog, 2 bu u-.,,,":\-.
i omposion by controlling he rt of excretion of varius Stbstances, 1 2% gy X
and composition by co% the kidney, the fndnne.,:’:'“%m“
.

N

8 10 eg,

‘ous system, and the cardiovascular system.

31 Listthe three main processes by which the kidneys maintaiy —
. oty
Pk itation: The blood fow o he Kidney is approximately 150, by

a outpu. About 20% (100 mLmin) o the plasra that ows g g o Mingr g
mmﬁn capillaries ino the rnal wbules in the process knowy . y::{:;ﬁ""“’%:
This is the initial step in the formation of | urine. fr g, ™
ion: This is the mechanism whereby the renal tubules regp,
fuid that were filtered. This process s normally responsible for the °‘=w-o‘: gy
of the glomerular filtrate to the ECF. o etum, gt
3. Secreton: This i a tbular transport process in which substances g gy

lar fluid to be, byaj,
) ey
¢ RENALHEMODYNAMICS.”> i

i
32. Briefly describe the gross anatomy of the kidney. i
Th kidneys are paired organs found against the dorsal wal of the sbdomen by
diaphragm and bind the perioneu. The renal tissue can be grossly diviieg o il
zones: cortex, outer medulla, and inner medulla.

33, Whatis a nephron?’

A nephron isth basic nit of the kidney. Each normal human kidney bas spprosinasy |
million nephrons. (Se top figure on next page.)
34. Describe the path blood travels as it

Blood enters the kidney through the,
arcuate artery, i

passes from the renal artery to the renal véin.

renal artery; then flows through the interlobar .
terlobular artery, afferent arteriole, glomerular capillaries, efferent anende.
peritubular capillaries, and interlobular, arcuate, and interlobar veins; and finally the sl
vein, OF note, glomerular uirailration ocours in the glomerular capllrcs, nd e d

solute and waterthat has been reabsorbed by the epithelial cells occur in the periubs >
illaries.

35. Are there different types of nephrons%

e 81¢ (WO general types of nephrons: cortical (superfcial) and juxtamedulry 67
nephTons. (S bottom figure on folowing puge.y

36. How are different types ofnephrons distinguished?
Number Tubular structure

Location  Vascular syrycture

(See bottom figure on page 129,)
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Proximal  Cortex
Connecting tupy
* Macula densa Bowman's
capsule
Cortical collecing
'“i: perm "::”‘ Loop of Henle:
(uf” ‘E'H-IHE Tex ek sogmen of Medulla
ﬁu mww ssconding i
T Sovcqmentof
o sscending limd> ”
4 b fedula
m e Modullary colectng
Colecting duct

CORTICAL NEPHRON

EFFERENT.
eRioLe |

AFFERENT:
ARTERIOLE:

o
"’wm iy ¥

o -
ogy of the Kidneys and Body Fluids, 3rd ed. St. l.mns, Maosby, 1974) e
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- uishi i Nephrogys
37, What are the bottom figure, Mic 129) comprige,

- urface of the kige, ~Ximayy,
Super - Y. The ¥
hrons and pere these nEpHIONs Pave & SOt thin degggns: ety M,
o hfrs n the e medulla and eads t© the thck ascending Timp. 708 h-'.'?ff\
Crcial nephron consists of an efferent arteriole

lich

lature of the SUpe? lutes reabsorbed from tubular segmens 1o, Eives
baircaplares. Fuid o thase posglomerularcapilancs lingep
Stex are taken up inf0 the. o

. it f thedecp o
ishing characteristics. ixtamedy
38. Whatare m%nx (see bottom figure, page 129) make up g 0;:?.,,%
S ond decp in the corex near the junction Of the cortex and megy) . o,
glomeruli W, long thin descending limbs of Henle, which descend o
o ascening limb, and become the thick ascending i 1
tumn back i:,‘mr -medulla. The postglomerular vasculature of the deep nep R
s vsel v s 0 he vasa recta capillaries, which are ,w‘““i" hoa
o responsibie for the uptake into the ECF of fluid absorbed by the e, =
nal medulla. Phron .

39. How s the glomerular fitrate formed?

i s apillaries 1,

i formed by the sum of the hydrosttic and oncotic pressure g e e g,
::iﬂ'::;wmm's space. These forces, along with the hydraulic Permeabiliy m’:'"ﬂ:';?
of heglonerular capillry membrancs, determine the et ux of i Ko e <t
filation rate (GFR). Soney,

40. What forces govern glomerular filtration?
The follow 1l the forces involved in d

GFR = (ultrafilration coefficient) X (forces opposing and. favoring filtration)
GFR = (ulrafiltration coefficient) X [(forces favoring ilration) - (Forces opposing iy

GFR =KX [(Pec + Mgg) - (g + Py))
Because Iy is negligible under normal conditions:

Orm = Ky X Poc-Tlge~Pyg)
Where:
Ks = Ulirailration coefficient: the product of the hydraulic permeabiliy (L,) i

surface area (SA) of the glomerular capilary membrasen
lomerular capillary hydrostatic pressure

41 What arethe pressures favoring and o filtration? *

* Glomerular capillary hygrogagic :rp‘:“n: {Pcck Poc averages Ww“:

g t th afferent end o the glomerutar capillaries and falls to 58 mmHg st %

pillaries. ; =
I o oncolle pressure (I1,,); Normally, this forc i negligbi o5
. :u}inm?lsolm!cxnm filtered, kg

oretati pressure n Bowman's space (Pa)t Py i approximatcly 20

S CRant rom e aferen 1o e ey of the glomerular capillans:
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oncotic pressure (IT,: 11 ~
jar caplllary 0% T e aversy
e St
o
favoring and opposing filtration change, over theleng
e ) ofthe
u:‘wﬁ‘ i fitred out f the Iasma inthe glomerulrcopii, elomery.
i T4 i the blood. the plasms protein concentraion ares Whil plasg .
et i s from the BFFTEnt (0 the cfferent end of e gerco  PESire .
has a major impact on the net force for glomery|a ﬁ’l""“lu Capillaries,
cc o the glomerula capillarics.the sum of th forees o ™
” et iltation: The Nt PIESSUre favoring glomerula yjogliom U fil
ey 07 s P = (Poc + T~ (Mg + 7y = 161 lition 5
P xh ‘At the distal (efferent) end of the glomerular capillaries, )
= nylu uch s 15 mmHg, Which drasticaly aliers th forces for fumpun.
nsﬂl_‘ '+ Pg)l = [(58 +0)=(40 + 18)] = 0 mmig, m" mm«nunm..},f"' =
o e o heefor s & marked mpacton the forcs that v lontr
m

o

in
ferent
8y favors

~as%
the plasma oncorie

%y the glom

w--  human?
R in'a normal human?

e “;‘”‘j:;:gn.s Lidey)(average)-

I

jn the concept
W B hypothetical volume of p
aance s 517 asma
epersitine TS (
s ecAaion

‘atio of substance X by the urinary flow rate:
Cy = UF X (UPy
1, =Uin concenaton f compound X (mg/dL)

1% =Urine fow rate (mL/min)
r = s concenration of compound X (mg/dL).
i X

i flow rate.

& Hovcan GFR be measured?

Yy, sbstanes tht are frely filtred at the glomerulus and either reabsorbed nor se-

ey e renel wbules are ideal markers for the measurement of glomerular filtration. One
" ¢ ement of £

ez weight = 5500), which is infused intravenously. Because the kidney removes inulin
i reabsorb, ize thi the clear-

aofmulin (C,,,) equals GFR:
GFR = Cipyig =,UF X Ui/ Pistr

-
e *Plsmainuinconcentraion
8, te plasa and urine inulin concentrations must be expressed inthe ame

e
ey fow e i) R
o
s:h.r:l. clinically?
sy < OMpound of choice or the measurementof GFR in experimental it
msbeinfused before any be made. In

[
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inine clearance is used to measure GFR. Creay;
fnical sting.CTEBtNE € TG 0 keletal muscles it i produy
heclinical S8 0 metabolis ! 3 oo at g
e o i ity
-

Mine i 4,

a aluate GFR clinically?
* o tinine clearance used to evaluate y?
- """‘Z;E‘S"ﬁmc,_)mmm.m index of GFR:
o Cona = GFR = UF X UralP_g)
Uine concentration of reatinine (mg/dL)
c - (mLimin)
U Ut e i) v i

P ..
it “:"'“"fx;:':f Because creatinine is excreted only by i m:"m%
o, we can then say that: ) by
Craine production = creatinine exeretion = K = (U, x yp)
Becase GFR = (U X UPPoe sUBStAing K ino the eqtion g, _ "
Therefore, GFR a 17

Because Py normally cquals | mg/dL, if we divide 100by P___ e Betan ey =
‘percentage of normal GFR in this patient. e
i in the use of pl i "
it canbe secreted by the ronal wbules, which ludsmanwvmmm:n;
even if creatinine clearance is determined. o . &
The use ini individuals|
z therefore the same et

3. Altough changes in serum cratinine can indicate aleratons in renalfucig o "
tively sightncrase i seum reatinine from 1.0 mg/dL. 0 1.5 mg/dL would comespngnr
crease in GFR from 100% (1/1 X 100) to 67% (1/1.5 X 100) of normal.

" The glomerulusis composed of the glomerular capillaris with endothelialcells el

though the endothelial layer contains fenestrations of approximately 1000 A diameter o
have f

ly
frtion sits (approximately 40 X 140 A), which retard the filtation of macromolecuies becin
size. In addition. the surface of il cells, the basement membrane

al contain negatively charged glycoproteins, which inhibit fitration of negaively chargel
‘cules (such as plasma protein). In general, the largest molecules that can be effectively S
areless than 25 A in diameter, although positively charged molecules can stillbe lireda 5
aslargeas 40 A.

50. Why isn’t protein fltered in the glomerulus?
The glonferular ultraf s

stances bound to protein. Protein is excluded from the glomerular ultraflrate becauseof ¥
cialized structure of the glomerular membranes,

$1. Whatis theleve o renal blood flow (RBFfin 8 normal human?
40-1.25 Uimin t0 both kidneys (average),

52 Can renal blood flow Be megsured? ot
® ? flow
In experimental animals, RBF can be measured directly using electromagnetc




o T—
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. 10 measure blood flow invasively, Ty 1 3
e BF can be gained by delermining the cleqraner et 1 Case iy g
o s can be used 10 quantitate renal plag, 1o Pr-aming. i bota
< pAH RT3 at the glomerulus and secreted by e o (RPF) bcgyur o 6id
st i not reabsorbed by any nephron segmep il Sid s com.
o bale- EmEns. The cegames oM in the
s Of PAK can
ar Coan = RPF = UF X Uy, By,
Urie concentration of PAH (mg/dL) N
Uit e flow rate (mLJmin)
UF ~ bagma concentration of PAH (mg/dL)
Beut = PHe 4 for RPF can then be converted to RBF by divig,
T RBF = REFI( ~Het). » dividing RPF by the froi
o -
ion fraction? .
isthe Blrartr T ftered at the glomerul
g MBS RPF that is filte E us.
e
e iration raction (FF) calculated?
10T GrRREE,
lated?
can RPF be calcu . .
:;‘w i P‘: RBRFB ,:,; ,;lpl,:{,:; LFRBF and the hematocrit (He) are known, ReF
e RPF =
aealied
st is meant by renal vascular resistance.
& escribe ",':‘;,muy defined by Poiscuille’s law, in which resistance is proportional to
Mg‘ﬂ‘r‘:‘,w " the radius of the vessel, 1 = viscosity of the blood. and | = length of
X1 he radius of -
iseuille’s law is applicable only to steady flow of an ideal fluid throu;
sl Albough o pulsatile flow of esels s Ao

ot
“and the factors that can alter vascular resistance. Because the viscosiy of the
::':,“’,f‘lfm of the renal vessels can be considered constant, alterations in resistance arc
aviuted tochanges in vessel radius. As the resistance is inversely proportional 0 the
gl in vessel radi

alrmisance.

9. Whatare the preglomerular blood vesselsy’
Thoe found before the glomerulus:
anery

Pt e posglomerular blood vessels?
Toe fou ate the glomerulus: ‘
Eferent anerile

. "‘“’m': for vasa recta) capillaries

L) Wiy

um_“;: el nthe kidney provide for the greatest resistance &0 bload e e

g e arerioles. Ths i inducated by e decrease in e B
"810the end o these vessels. Intravascular hydrostatic pressure falls
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100 mmHg 10

inning t
60 maHg from the beginning to the end of the 'fﬁr:m .
mately 60 ™ *

provinly Hg to 15 mmHg across the efferent arteriol,
from approX | A
anges n preglomerular and postglomerular reng; Vaseu,

an 3
hanges in RBF? y

the driving Pres
Anncreased renal

. Do selctive
f;d o similr ¢ sure (AP) divided by the renal vagy
RBF s equal vascular esistance at any location in g ,en‘ﬂ &y,
APR F. Conversely, decreased rznaldlasculsr esitnee S, !
leads increased RBF. Increases or decreases jn g
il s 02 010 TR ffecton renal blood flow, """'“"'mn.,l:t

61. How . i renal "Huh,"
tancgalter GFR? force for fil larcapi

e d GFRdecress when o LY resre s g Y

increased. and vesslsleads o de PRESSUTE i all e ot

i stance decregge
SRBFy moonestio et cressed prelomerlr vaseulr g O g

o
lomerular . s,
omeruarcapllaies) causin an icrease in GFR cespite a decrease iy RBE, g,

62 How ive changes in renal and postglomerularpeg

—gitration fraction? et esitane & Fesbiancy g
In eneal. erations in preglomerulr resstance do not alte fitraton

changes in postglomerular resistance do alter filtration fraction, 0. W

a i postglomer
lar resistance on RBF, GFR, and fitration fraction. et
PREGLOMERULAR  POSTGLOMERULAR
RESSTANGE RSSTANGE * g o e

] ; ﬂ 1 =
- 1 1
) = 1 1 =
= 13 - T 4 1]

64. Explai k
“ ::xpllln how fluid and mllllu‘mbwrhtd by the renal tubules are taken back upish
The uptake of reabsorbed soluto and w,
. ater
. Bomenla ertublarand vasarecta capilarig.
"plzl;( \;’ly »«T for two reasoy
bl S pressue in these capillries i fgir]
] 5 y low
m;b«lncaTl'I’:is and @}l\) mmHg in the vasa recta capil
X e these capillaries s relatvely high effre
igh.
mmﬁmm Plasmais filtered at the glomerulus, the blood entering the m,,,,.,:
<8 10 the postglomerular capillaries has an elevated proten CONEEL

a0d oncor A
Siaring fore S (WPproximately 35 40 ). which favors eabsorpion TP
Inge in these vessels is in favor (low capillary s

5 £0r Capillary exchy
Pressure ang p ‘
ndthe ey, 8 P oncot Pressure) of net uptake of fluid back into the

into the ECF is the primary role of the -
These e yud

n the order of 15 mmkg 88
ies.



Renal Physiology

the phygidogitfqulrmtso“;m and 135
gy s tems are involved in the physi. P
e O o ifferent Y50 Physiologic
é '""m:d' Jacoids that constricthe renal vasculature ang g "gul:.:l,; Of RBF ang GFR.
w‘:”;s«!_‘"" e eleased by sympathetic nerve stimulaton) nd GFRs
o st GFR and RBF:
M can increase i
oxide
o
oty et P
i’ f GFR refers to the constancy of GFR
(4 A,,.qﬂ;"“:;ﬁ R 4180t 160 mmHl. To understand how s
e of tubes wi i
! .,wn;»dﬁ“ ure. If the renal vasculature functioned as a set of rigid tubes gy
re. 1T t0e : nctione i
i predicted © increase directly with arterial pressure. Recall that im

RBF when renay
toregulation oceurs, it s

PO i ? proport

s in pressure wil 10 change i esisance wou istance
R AT sttt circumsance with igid e, f huslesdioapr-
o2 [0t isensile vesel, the neessed perfuion presrs woul e the
el

sl essanc p
el wwmladloev:ng\;u cl Zﬂmﬂowdnnwmlt!b:saenwilhrigw

prt nses, RBF and GFR
ofciherof these
el ure i increased
change during autoregulation?
. towmust VU increase (vessel diameter must decrease) as pressure is in-

cular resistance must i
J’.,'.,,..,,iucm " RBF constant over the wide range of perfusion pressure.
& e e mechanisns that lead o the autoregultion of GFR and RBF.

ot GFR ad RBF s thought 0 be medised by two meshanss:
+Myogeric Fesponse
+Tioglomerular feedback
e spons s a nrnsi propery of blood vesels whereby sich f the ves-
e eflex contrction of the vascular smooth muscle. The ‘myogenic response can also
et man viscular beds in addition o the renal vasculature. In tobuloglomerular ¢
fdback, increased tubular flow rate and increased NaCl transport rate in the. macula densa cells
e hck signal tha s st 10 the afferent arteriole to constrit ia order (o maintain a

ol cedhack ar capable of maintaining GFR and RBF firly constant over a wide
ol aerial pressures. N
.
® I in GFR or RBF. GFR and RBF
ey dereased in both acute and chronic renal failure.

l‘:m“" RBF altered in pathologic conditions?
red in pe o

e
. ..,',"f""“‘"‘ oriteruption of renal function that is indicated by abnormally Tow
g 0% s condition i often reversible. Acute renal failure can be caused

i,
. blood suppis
y 10 the kidney
50 Gomerai o blood esscls
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I ens ol o he renal imersitum
Damag® !
. obmﬁi‘:nn[melowdnnmryu-aﬂ
'I

Define chronic renal lore: _— |
L DR sibie and progressive 1058 of nephrons ;
An

. e,
in GFR and RBF that occur in acute

" acute reng)
¢ are the changes on brought about acute reng) failum.n"'
72, What n functi iy

" : u Sing
R, Sn';"fh‘;"“falmm clinically by increased serum of plasyy. crmn.,‘:“‘
inGl .
injury or abnormalities tha
. of renal vascular injury 9 ey
73. List the types.
failure. i

g

that ilute i Koy oy
. schemic renal falure. Prerensl ailure can be caused by e mht[;_n‘ .
or acute
m  Hemorrhage -
‘» Major surgery .
iagnostic adiology techniques -
b mm‘ﬁ.m“ o ther condions that fead 10 severe gy
* Jono decteased blood volume dm"’“‘“’wh

lure,

usually oceyrg |y "
B omlex Y OPS 35 a resul o
tonof by aigen compeses in he glomerulus. Tese complexes, o et
cells, become entrapped in the glomeruli, reducing GFR and increasing the lh,:"
glomerulus to protein. The glomerulonephrotic syndrome is therefore o MP"M% .
SR " ¥ lasts |

a0d enal funcion graduallyreturns (0 norma i the next few weeks to mongy, 2%

i fail
4. X :
Acute enal fllure owing o glomerulonephrotic syndromes

75. Is GFR altered in chronic renal failure?

I chronc enal faiure, the number of nephrons is progressively and imeversbly
Although th remaining ncphrons hypertrophy i an attempt to compensate or e lossoftr
nephrons, chionic rnal filure eventually i associated with a reduction n GFR. This con

(months 0 years).

'TRANSPORT IN NEPHRON SEGMENTS
76. Name the different methods by whidﬂlle"ndmy ‘handles ions, nutrients, and v
Ne i i i i i and water bob s
a0d out o the plasma compartment, Th, i
1. Bulk filtration into the glomerulus
‘Sesbsorpion from the tbale ino the plasma along nephron segments
into the at specific sit

. 1]
7. What different types of substances undergo these transport functions shat
nephron?
o o
Cose, proteins, and "“"m‘hm
F e Al oms e be rea

Because | y ]
tese " e2bsorbed along the nephron back into the plasma.
:’"‘“P':_‘d However,include N, €1 - Ko, HCO,, Ca<. and Mg O Iy
[ 4 - mantly remain in the tubular Auid, such as urea. urc
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e neys clea he body of fltereq
e l-!“"'“"'mk‘ e ored) from the plcn e o Ompoungs dy'wh"hixm, o
st Plasma into the ' of the
l"s ing S“"“"‘“ into the urine. This function ““h“‘mum., Yet zr:mk acidy
“ ;; nd ther PhATacOI0gHE SUBSLANCESfrom the e+ iMPortan oy s

“
L Joad of a substance?
tered

N“":;:lny abstance tha i ered at the glomerulug pe

™ nuﬁ time. This fiiereq Toad
» m,,m e |s=xP"5”d simply as: 0 lere
™! Filtered load = GFR x P, ¢

ular filtration rate and [P, = the plasma co

e ,qu-m.. should also factor a coeffcient of Sy,
Y- ise we can ignore this constant).

0y compoung,

““(k)form}. oo,

w‘*‘
using the fltered load of Na* in humans,
9‘""’".32 GRX P’ +

o125 Limin: [Pl = 140 mMIL
G"‘N_ \oad = (0.125 Limin) X 140 mML
e —17.5 mM/min or approximately 25,200 mM Na*/a
i that hesid
r‘m-rpﬂ‘md o reabsorb Na* because the daily filtered Na* load exceeds 10 times the Yol
iy’ .
u
itered loads of some common plasma constituents and their
r W'”“ _';,mm nto the plasma before rinary excretion. Percentages
Quantiies Involved in Urine Formation in the Human*
2o ood fow (RBF) = 1200 mLimin (20-25% of cardiae oupu

B el fow (RPF) = 660 mL/min

Glomenul filtration rate (GFR) = 125 mL/min

Fractioo of plasma flow iltered. (GFR/RPF) = 0.18-0.20 ¢

FASHA CON-
CENTRATION ___ FILTEREDIDAY EXCRETEDDAY
J omoles ] moles REABSORBED

Wm0 25200 570 103 23 %9+
G 105 18900 660 103 37 %9+
fatar 25 4500 75 2 01 %9+
w4 70 30 100 42 86+
a H %0 160 trace 100
™ H %0 50 360 200 o
w ° s 9 4 07 %
g 180L 1-15L 9+

s o2 weighing 70 kg,

Vi
oy " B511pes of reabsorption that take place fn the proximal convoluted tubutes

.::: fuid and solutes ae reabsorbed by both passive and active mechanisms. It
nephron where reabsorption occurs.
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, bsorbed in the PCT2
filtered load is reat beo
w much of the ment for bulk Eabsorption of wager g,
‘n BT s :-hcl mﬁ“‘im approximately 67% of e fperc. Cer
into the plasma-

important substances Wd;;érgluwu‘ amino acids, ang m:,‘l’tﬁrl
2 iy 0 ity e T
peree— oo
Filtered watet Amino acids |
g:: Small filterabje Proteing |
Ura

83. 11 bulk reabsorption occurs in the PCT, is this nephron Segmen highyy |
X " Py,

e i afen e 0 3  esky epithelum. I other worgs e,

casly crosshis bular segment and the Gght junctions berween P gy o gyl

of abaricrto fid movementcilera the apical o at the bslaierg e

brine, g

84. Ifthe PCT i pit what is th """'"'“""““nlh;q,,,
tubular segment? i i - ) %
‘The PCT undergoesisosmotc reabsorption,which is consistent wigy e ldky gy,
tubular cells in this nephron region. Thus, if the ultrafiltrate of the plasmg a B“""m.‘x oy
' bular fuid with 2 290 MO, he T
tubular fluid at the end of the PCT will also be 290 mOsmvkg. In other Words, ilmln:.{t
Sooredin b P, watrpsively olows e solues, ercy a2V 8

in the tubular lumen. i

8. Isfitration the only way the nephron gets substances into the tubular fuigy
Ne tubular flui if

Tumen. Th

sive movement at the peritubular capi
proximal straight tubules (PST). In
of soluble ions is known to oceur.
of the PCT oceurs only when either the concentration
mentin this direction. Because the PCT
thereby maintaining isosmotic fluid in

el

h the b mralmemb.momgmt::
illaries into the interstitial fluid surrounding the PCT gy
addition o active secretion of substances, passive back
‘This passive back leak from the basolaterl o the apicd s
or electrochemical gradienis favec .
is leaky, water passively follows during oric bk
the tubular lumen.

86. What ae the major clases of compounds setreted into the PCT and BST?

‘The major transport systems in this tubule segment for secretion are specific o o ®
e reaniccations. These are the same sysens that i o o e i
oons - The active ansport st for these organic anion aos oy e Lot
solaeral membranes of the ate PCT and throughe i pop.

7. What are the major meshanisms for g+ reabsorption jn the PCT? ¥
x« 'Arn;?-_nm critical mechanism for reabsorbing Na- i the PCT i active transport 2
~ATPase orcell Thisis »
b oo mechanism that is responsible for ‘maintaining cell volume in cells throughout ";:?.n*

Tetive removal of Nat from the cells establishes a low intracellutar Na* and it el

larlctical potenial, whichfyugpe o filited movement of Na* down 65T g
Bradient from the wubytay lumen into the cells. Na* enters the PCT cell on the
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ot ol
sinto h
et I ive Na', K -ATPase extrusion of

jeol 0 ey

ol e PC T fective concentration gradient for
; ical membrane.”
e gt el acrows he apical membrane;

W st 1eNa®, K*-ATPase nthe reabsorption
Ho¥
ot i

1ransPO"
s o
ephron
red

ofNa* outofthe cel at thebasolateral

ftted InspOrt processes, The PCT
el becutne O the urge urfuce reg,

"
Ml""m e TP e husolateral membranc produces h

o "l lumen and the intacellular compartmen,
ubular flid, 8€1IVE tTAnSPOR Of Na® ouf of the -CeTlth». despite the jyg.
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culurly ey
ite

o «rne Drush borgey, -::m": -

e reu the cel it [ied
duired concentration g

on the
the maement o Ny pure

Of Na*, CI~, and water in the

membrane is essential o the re.

OF FCT. In the absence of active Na*, K*-ATPase
egmentis approximately 65% of th fired r::""fﬂz—‘" , deliv-
Na load is reabsorbed via mechanisms dependent on l::’qu a
i Ji . a*,

s

e utof i
¥ “..wdsf’;:".r;‘,"fw larly important i
K~AT”‘"W . proxima! tl
ations 7€
ru

the
astream O™
s Na loss 00eUr
vt eI
a
HCOy™ %
iticamino 86ids

which severe

bule, and the Na*, K *-ATPase no lon ;
observed in conditions of renal .;chf.f.'.f".,“f}iﬁfiiff s
gs that cause severe damage to PCT cells. Under these s oxpo-
e PCT is greatly increased, and unless other tbular mecha.
PCT are able to compensate in thir reabsorption of Na*, severe

anions that get reabsorbed across the PCT?

s critically dependent on the active transport of

ability to extrude Na* from the inside of the cell, the

PCT 10 longer possesses the :
b reased. This is particularly noticed in various kidney

B BCT is damaged and the Na*, K*-ATPase
o+ Lo s associated with significant proteinu
o0y ad CI. ‘These losses may Jead to significant decreases
pckdoremiz and. alkalosis.

. Howare Na* and HCO, ™ reabsorp!

Terssorption of sodium bicarbonate (NaHCOy),is it
tepoinal wbule s well a to the understanding of the regu
intothe Na*, K *-ATPase located on the basolateral met

activity is reduced, leading to
ria and increased excretion of
s in plasma oncotic pressure,

tion linked in the PCT?
ical to the net reabsorption of Na*

Jation of urinary acidification.

mbrane, the apical membrane

I gradient favoring

mcstsaNa*-He cotranspor

" o e celfrom the tubular lumen in exchange for secretion
ponsible for one-third of proxi-

e T clcioneutal ansporte is not only resy
sadum reabsorpion in the PCT, but also provides

10 e, T
G gy fure). The lumenal brush border of the PCT contains

yirae, which catayze the production of carbonic acid (H,COy). H
water, and the CO, diffuses into the cell down its con

ety g
) and
St

of H* from inside the

he driving force for coupled
Jarge amounts
,CO, then dis-
centration gradient.
carbonic acidin the

i,
rfmm;:‘"‘_‘lﬂs inracellular H* #nd HCO, ", The HCO;™ is reabs
Sy into the interstitium while the free H* becomes aval

o

for
N ::f‘"’c.‘ﬁ"'yfm of H into the tubular lumen.

sorbed across the
lable to the Na*~
the PCT is able

. In this wi
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Ronal
nterstitium

4 HCO3 * (From Johnson LR: Essentig] py, ;.
M p,.umnpmuppimn»m“,ff‘,’;;‘nh%

. N ‘M!’%ﬁ:\

> 00y '

~4n the form of 'Co),

cessary to reabsorb HCOy m ), and wy,

T g psie HCO,- ifuson acros the apcal mersbrane oy

i lient? .

40, resborpion scossthe apial mermbrane woulg Cetinly b
i for el eabsorpion of NGHCO,. To ity te e s,

embrane must mnain a elaive impermesbilty 10 HCO,~? (Thi provac e

{hehigh refetioncoefcient of the PCT apical membrane 10 HCO, a cel megy O

gy pemableto disoledgse uch 2 CO, Thus, he brsh bt of ;’ﬁ
ofthe PCT i whi the formation gt
from HCO,~ I

93. Does'inhibition of HCO; ™ ttansport affect Na* reabsorption in the PCT?
Inibidonof HCO;™ anspor s been used as a effective “diretic and iy,

for many yeas Inhibition of carbonic anhycrase using acetazolamide (Diamos prino

winay Na* and HCO, excreion and alkalinzes the urie. Other phyiige 1
isms of aleing the PCT Na*-H" exchanger may also affect tubular NaHCO, b,
s regard, metbolic o respiratory acidosis increases Na-H* exchange andincresegra
of H* in the PCT, whereas metabolic or respiratory alkalosis decreases the aciviy of gy -
H* exchange mechanism and thereby decreases urinary acidification.

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

A number of facilitated transport mechanisms are coupled with Na* in the reshsopé.
process of the PCT. These Na*-coupled transport mechanisms are located on the apicil meo-

* brane of the PCT and include: v

© Na*-amino acid transporter

* Na*-PO,~ transporter

* Na*~glucose transporter . "

Coupled Na*glucase Na*-amino acid transport accounts for the complet restsopi
the filtred load of glucose and amino acids i the PCT under normal physiologic codie

) 1
5. M gucose i 100% reabsorbed by the PCT, how does glucose get nto the it
eases such as diabetes? ) oo s

Because glucose undergoes a facllitated diffusion process, the glucose it
pendent on a fixed number of ransport proteins located on the apical membrane. laied
glucose filtration, i ions P
Comsporer). and utinary excretion i shown in the fgure. Under normal condiins BE%5
e concentiationsar les than 200 mg/dL. As plasma glucose concentrlion
ration rate (or filtered load) of #lucose also increases in a linear manner. The ™

o
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mechanism s able to ma
s . ch the
e PO aion. AL ha poin. he rea filtered glucose oag
»Wﬂ e delivry of gucose from he oD Pty o e s
ot e excretion begins 10 rise such that at an | 2nd glucose beginey
e e ot the cxcetion e and easorpt Y plasma glucose gqpee Y
oo meldl joad of ption rae musk cqu cor
0 e o2 i St cqul e g
) o pthologic conditions such s diabetes mell ucose is eallog .
g/dL level because of an inability of tus. plasma glucogeof
cells throughout iv of-
the ! body to

it 200

o
; fﬁw"“"’w ‘he intrac
s iy 0 pecause the fillered Y
w".fa':unmstlﬂmﬂ"“ 103 of lucose excecds the . for e
o~ £ 1000 -
E
3
£ oo
F
H
&
s
e |
Wuﬂﬁuﬂm ilsdel- 9
bt L 197,10 2 7 Reabsor
et S 200 sorpton
5
H
g %
B30

Pplasma Glucose Concentration (mg/dl)

on, dosimilar types
the tubular lumen?
centration for their substrae, in-
the PCT such a the organic acid

smum (T,g) €xists fo!
% ";;",f';'i‘lﬁ'!’&fm.. L ganic acids and bases into ¢
A1 gorers b & T specific plasma corX
e oeral membrane of
e mporers The 0 onships between plasma PAH
e PAH excrion. STEUO0 S baton ar shown i the igure, Smilr o glucose
e menionsof PAH a2 o e raton i  ferd oodof AT eress
e on sy the scrton e o AH increascs as plasma PAH conccntration -
i eng wnsported fom e blood into the neptron, the
dexcetonof PAH. is rapid, and this © the sum of the secretion rate and the fil-

0% -
o VL~
nson LR: Essential Med-

1 o
o i

- i (From Joh!
__ Seaelel O Physiology. 2nd ed. Piladelphis
Lippincott-Raven, 1997 wih permis-

sion.)

el

Fiow (masmin

0
2 40 60 80

Pasma PAH Concentration (mg/d)
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} ity of the PCTis !
jc acid secretory capacity of s s !

O et i o frhe e n e secreion ! ber
v PAH concentaion S, he increases i e,
o s example forthe organic acid PAH, the Ty exists pl‘:m Sy
gL, and the ,,for PAH secretion s PPy

tered load.
acid secretion
« further clevat
in fltered load.
tion of approximately i
What are e chraceite of e tin descending lmb of e o
97. Wha
it? " .
and solute movement of Henle is relatively impermeable to N+ Q-
n ’ b g
- meuin d;“‘::“‘; D i desconding limb dosconds iy the ey iy,
e oncentraion ncreases 0 a much & 1200 mOsmL. There is, uw.,.]:'“‘w.':
tial §nmving force favoring the reabsorption of water in the thin dﬂ%nding limk;w"'l!
uid moves from th end ofthe PST o the i of the 160p of Henle, e g
ﬂm: hereases because water is reabsorbed by osmosis while NaCl s g 'yﬂ‘]’f e
fuic I‘rms increase in ubular Na* and CI” concentration in the thin descending | "'%,\
e ial for the urinry concentration and dilution mechanism, g
il

ey,

nd solutes handled by the thin ascending liml ¢
O e ae it i e tin ascending limb are relted 1 “':hx:li'.’,",,‘: iy
st of his ephron segment fo vater compared with that of N Thog - i
Depton, e s e ifsion f Nl out of h lr e g B
leaving watr behind. This movement of NaCl occurs down s ey,

" ; ) Y
ceeds that of NaCl). These differential permeabilities are important for helping o gy 200
fective concentration gradient between the tubular lumen and rena] medullary mmﬁ]ﬂ ag.
9. Why are ther 10 active ransport mechanisms in the thin descending g
loops of Henle for reabsorption of ions? iy
“The thin loops of Henle contain only simpl squamous types of cells. These. Cells by
mitochondria, i anaerobic metabolism, and prod: et
ATP required for active transport. o
100. What are the most rt ch: i ‘the thi -
Henle?

‘The medullary thick ascending limbs (MTAL) have two major functions in the reabonin
of water and solutes:

1. These cells are quite impermeable to water?
2. The cells contain a unique Na*-K +-2C]- trinsporter that is capable of transportglag
nto the medullary interstitium. Because NaClishit

th water remaining in the tubular lumen,the cocaly

and may even become hypotonic with respect to pasmatytieei

of the MTAL. .

101. How do the trans

sorption of NaCI? "
The early distal tbule is impermeable to water but contains an Na*/Cl- cm"“’l"’:u,

i i i Th i ion of solute (NaCh n hi
further dilutes the twbular fluig,

port mechanisms in the early distal tubule contribute fo the ™

. ol
b Yow docsthe at portan of the istal convoluted tubule contrbute 051"

absorption of Na+? e
Reabsorption of Nat i the prin; Jate distal tubule s depende™ O g
trochemical gradient for principal cells of the late di: ol

Na* established by the Na*, K *-ATPase in the basoli
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a3
+ caanoels permit resbsopiion down the el )
s ,Awm"‘““'"mm“ﬁmh” Eraien g
e R0 0 Na s s e i Teabsorted Ny +
TPt inthe basolateral membrane moves K- g g 1€ S0 7
in the apical membrane. cells ang K-

controfled in the principal cells of
N el callecting duct? the distal convatuted
& e O focts distal convoluted tubules primarily by ing N o
o= o Kte
P e e i the el yoplaan, y
«,‘n;‘ RS B e th plasm. akdosterone moves to the
Rt activares o
> A -I:’:'M Na~ channels into the apical membrane allows increased flux of
P »«?’:““mwummmvflfk«jmmmgmm-mk N

w S el ofthe basolateral Na K ;Amw.mimmmmh
w,{.u}“ s ctive transpert of Na® out of the cells and into the intersitum,

e N

"!"‘“«v‘dﬂ"""’“m‘““'“”“"’"mhmwuuﬁ/

Y . N ol

fneStie o the MTAL el the principal els of the e distal tubae ane wa

s ence ol n . Na* i this neph
e P waer . Thos.

» v
::‘i"‘:‘;.\wﬁ\i\“ when the body needs to conserve water.
ek

+ 1 ion controlled at the DCT?

Pt inthe distal convoluted ubsle i ighly coupled 1 the Na+,

R iated with K movement into th cel from the exracela.
T ecrtion (K - movement from basolateral o apical membranes)

ot " - Thus. k-

e Na~ esbsption at e beslsersl membrane, the concenr

e i fvors K- moverment fron nside the el it e tbulr -

ek BT . isknown not only for s critical ability to stimulate Na-~ G
2 e dnteis weahne K

ety
e ™

(CCT) in determining the final

the

T e tubuar fud urine)? o

Tt s esterption of small amountsof remaining Na n the tubular i The
sou o the CCT water. fcally ex-

P o ater channelscalled aquaporins at both the apical (aquaporin 2) and the be-

o) membeancs. The insrtion of the aquaporin inthe apical membrane are

airtecouml of ADH. i ily of proteit i

S cxere th provde pasive waler movement across cell membranes. Water movement

s i chianels cwvurs only s & function of osmotic gradients, and these channels

mavw tmirectoal fashion.

X W e the prismary purpases of the medullary collecting duct in the regulation of
S cmpesiion? .

+ e e ol wrinary osmolality
o yaton nd xrion
= N QM:“MM colkting duct promotes water reabsorption by expressing
Ny e e aqaporin 2 i the apical membanes in e presence of ADH,
e Prein (AVP). The modullry colecting duct cells are ormally imper-
~-.N;::dwﬂ.m««u~ increase their expression and insertion of aqua~
i iy o I"‘M.\ increasing the cells” permeability to water. During states of
" o the medullary and pupillary interstitium i high. providing a sirong 06~

[
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the cell membrane gng ;,
vement Of Water across' "‘d"“om,-
o gradient for the mo? ascending vasa recta and ey ity
ot gradien 07 0 VT by the ‘"“‘“mhq'"m"‘"m

URINARY CONCENTRATION AND DILUTION
«

jfferent abilities of species to
e O eaing capacity of different mimhm,:i“'
ts and habitats as well as th ition of (he g U a
For example, humans existin an environment of plengify; Waler s ;‘fﬂqh‘”‘ﬁ
ncenae thei urin 108 maximal Ievel of only 1200 G

xbenfme;‘"mﬁ“ ity in humans is contrasted to numerous d‘“"‘d‘ﬂlhnx deg.uw
et i e fom 500010 T000 mOST dUrin sver ey ey
e (e excreton of wte load) i ffecive n al species. The i o o or
s o water inashortperiod f timeis provided by the apid abily of iy

™

of

. What are some
o "The relative urinary €0
o water i theil
tive species.

iy

urine osmolality to 50 Osmkg or less.

108. hﬂuﬂmﬁwn{lhyp&ﬂbﬂkorhyp\ﬂnnicnﬁmnmry{wm%
* homeostasis? . " ey
b ability of the mammalian kidney to produce a dilute or Concentrateq ey,
e maintaining a elus
r H ! 1CY of solye g itk
b ingested, the kidney can orm a iy ey iy
o excret xces water, In contrast,in conditions when o1l by water g P g
ooy

N o
the normal excretion of solute. Some examples of conditions that lead a lm:‘::n&"m.n
ter are lsted in the table: i

'SECONDARY TO NORMAL FUNCTIONS SECONDARY TO EXCESs w;
(NSENSIBLE WATER LOSSES) AFTER ENVIRONMENTAL RENTop ks
Breathing Excessive heat exposue
Sweating, Prolonged exercise
Fever

109.

Intersital osmolalites range from 290 mOsmykg in the cortex (essentily cquvaeae
plasina) to potenially high interstitial fluid osmolalities equivalent to the maximd wneyas
centrating ability in the inner medulla. In humans, intersttial osmolality can increse o
imately 1200 mOsm/kg after 24 hours of water restriction.

110. He i
centration of the urine? bt
The concentration gradient found in the interstitial space from the cortex e
the kidney is absolutely essential for the tion of both Thus. deE¥
e normal circumstances, the body loses water because of respiraton and sweal T 3
Dey is constantly being presented with it qui movenc ™
of water. The presence tan i i Lo
ter from the twbular lumen to the interstitial flid and back into the blood- e i ®
conditions in which water reabsorption is of primary im e e et
urine is determined by the concentration of the renal interstitium within funcrod ot
Ofthe kidney .., the inner medulla). As discussed below, the movement el

distal tubule and the cortical and medullary collecting duct is entirely de
ence of ADH,
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he final urii

contribute t04 inary concentra
e ﬂms.ule forthe :;nlk reabsorption of water v..u.:,;ic
1 0%cris on of water is an isosmotic by transpor, §
WL e e smally of e et Sk o of i s e
P ﬂ,.sa‘;’;wﬂ v thatof plasma. Thus,alhough e ranged and, thercons
Ao the DUIK Teabsorption of NaCl water, and other = 06BAOn sgmens e
3 trated urine. . they do not contributy

i ing
o oot ulk reabsorption, does urea get reabsorbed i the PCT.
. real el
. Mwﬁ:"" PCT inthe same bulk manner s all ot Pl Subsances ap.
et e inthe PCT is reabsorbed back intoth inrstitum. A

61%
r"‘” ctant in water reabsorption even though it does .
s 5 P ration of the rine? ) not participate in
e ial to the net reabsorption of water. Approxi
i olutly €55 n of water. Approximately twohi
PR s reabsorted 0 PCT along with th therbulk et ey
e wmmiﬁansmwmchdneM_bsmvuvepmmofmpcrmm ol
IngatOU% there may be WA loss via lack of the necessary reabeorpton n i
" ibution of the PCT ©© overall water reabsorption is therefore A:"lll:e:
e T palance of the of en though this nephron
gt peifcally hanging the osmolality of the urine.
1ot
~ e sjoriole companeris esponsilefor generatng hyperonc rine?
LW ronal inner ‘medullary interstitium is required to create an osmotic gradient
A of waterfrom the lumert of the collecting duct nto the interstitial spaces. This
P ,,,dm O e csaplishd by the eXcess concentration of NaCl and urca in th ifer-~~
“aper medulla. This creates a hypertonic environment n the intersital space:
g ducts and provides a driving force for water reabsorption i

e distl wbular segments:
‘medulla, how does water then get reabsorbed?
i fatively #

Wich the ¢
v of water loading, the |

s waerwill e eabsorbed bY
-tmﬁdmnﬂaﬁlybhypmmﬂcinmcmdlmduﬂlwmm

both passive and active
onal to the length
to concen-
ive mechs-
Henle. The thin

whereas the

Sz medola during water deprivation?

Tekitey generates 2 hypertonic inner medullary interstitium by

et Thedegree of hypertonicity achieved i direcly ‘proportiondl

il ke, such thatthe longer the loop of Henle, the greater the capacity
d I trate the urine. The

2scending limbs of the Toop of

:;*;L"“’“y inthe tin descending and

Smtibiselively inpeneable o NaCland ure, with respect to waler.

Mgy s eaively impermeable o walet ‘comparced with the reabsorption ofNaCl
descndin limb, wateris reabsorbed by osmosis leading (0 :

* he Toop of Henle.Inthe thin &

21 m the tubular Jumen then moves out of the lumen down its

i res n the endl

Edien, The ey
Sy The active mechanism for creating & COnCe lu
<l hick ascending imbs

s
e
fomaiion of hypertonic twbular fluid at the tip o
oncenirated N

cotransporter of the thick ascending limb. The
absorbed in this segment it the

ovaer ;
When Na* and CI- are actively e
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sence o g o les. The close proximity of the i descengy®
ot s
provides the 2

; ishing
i (w‘:eﬁglné) and, in essence, or trapping the ions within
of solutes

sorption,the tubular Aid becomes dilute with osmy
ing

Tenal meg

vasA INT | Loop o wrlm.u:m,
RECA | FLUD | HENLE lﬂuo ouct

117. What is the role of the vasa recta capillaries?

The function of the vasarecta capilaries is (o dliver muti e substancestoge, e
the renal medulla and o reabsorb water and solutes reabsorbed in the 100p of Henle 1y
ing ducts. The descending and ascendin

closely associated into bundles called medullary rays.

‘The vasa recta are capillaries that allow free exchange between the blood and e
partments. In essence, they provide th for returni
d irculation. When water from i i

down the concentration gradient that has been established in the ‘hypertonic renal intersien
gradient may be lost because of dilution of the Nat, C1-, and urea. Becausethe osmolaty o4&
Within the vasa recta equilibrates with the interstitial space, the reabsorbed walcr equitrs
the blood in the ascending vasa recta. This is where the circuit of waler reabsorpion s B8
pleted with water moving into the ascending vasa recta and returning to the central cirus®.

118. Is urea absorption eritical to the overall concentrating ability of the el
Urea contributes to the medullary interstitial concentration gradient by e

from the tubular fluid i the collecting duct, Reabsorption at the collecting d“::‘ e

dent on the presence of ADH; this nephron segment remains impermeable 10 opriset®

of ADH. Reabsorption of urea is important to the overall ability of the k“‘""‘_{nm e

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

to reabsorb water and hence concentrate the urine is greatly impaired:
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peMT AL contribute to the overall cortical-paplllary concentration
£: gradi.

v - of as the engine that dri
. o heengine v heconcen
P b BT ot o the apcal menbene s \Jr:.vle':xmh“r ek Tho roa-
e K e by the o' K- AT on e N omeher:
= P Na'. K ATPusonthe bl menirnes
" oop diureics, such us furosei rine s
i % ide and bumetani

el 1 ansporter and preven e reaborption of NeCl i hs gt
SHTAL 0T s prlound st o e s e
ot e 4 i oncenraon grudet i lecively “olbed by e
e ot increased beyond that o plasma even nhe pre-

- ry osmolality i
e urinary O interstitial
medullary intersttial space no longer contains suffcient

“ pecause the
el A e gradint or
0"

by countereurrent multiplication?
» kam:y‘i)mgic erm describes the physical juxtaposition of fluids flowing in close
""“"::”:,m L inopposite diretions. In the case of the kidney, countercurrent

loopof
oy itotherenal medall. I cachofthes strcures, here s
. P in close proximity to one another.In the case ofthe
fj,,,.d in 0P maitains ifferent permeability properties compared with m:n::
S o8 L B of different concentraion gradients i eachofthese limbs

Jinh.THS ons out of the ascending limb. thercby effectively concentrat-
. O arrents of tubular fluid flow in close proximity o one
e ST ent mlpliet T+ essential for the maintenance of an effectve inter-
ot T ¢ gradient between the cortex and papilla.

water from duct

1 directions

1 st ke P ace a dilute urine?

puconoftherine s equally ritcalfor the appropriate maintenance of plasra volume and
aghie Severlfctors account ot he effective production of dite urine and washout
diecorical papilary concentration gradient.

X e nsion dcreases plasma ADH: therefore, the late distal twbule and collecting
e laively impermeable 0 water and urea. In the absence of ADH, water reabsorp-
el egments of the tubule s minimal. “and the final urine will have an osmolality
el ypotonic tubular fuid found in the early gistal twbule.

e of ares reabsorpon sl the collecting duct decreases the osmotic concentration
teselay mersiium. The dilution of the plasma by the ingested water creates a gradient
g vas recta for movement of NaCl and urea “nto the blood and outof the medullary
s i s ofosmotic acivtyinthe inner ‘medullacffectively washes out the cortical-

In the absence of & ion gradient, any remaining per-
because the

= n
o e collecting et cells does ot result in the reabsorption of water
st gradient has been diminished.

LT

..z: m T::.'.: mom of the cortical-papillary concentration

:“:’?n:m :i 1L of water in a normal adult over 8 30-minute period, the concentration

g 50080 20 minutes, and the uri decreases from con-

Ny by, 0 mOsmikg o 300 s Within 1 hour afer ingestion of this 108d-

s s 50 mOsmikg, which is significanily less than that of plasma.
iy et effectcly removed te urine osmollity is more %

gradient

Body i effe
fectively eliminating free water from the circulation-
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+ REGULATION OF PLASMA OSMOLALi7y

e of plasma osmolality (P,,
1. W m:":;l::gin humans is 260-310 mOg
T O hythation (360 mOsI/k)
"f hydration,the P s approXimately 290 mOsmkg,
sates .

) ¥ by
MVKE. This
n (31 mg';g,:/;"%m"

U e

imary hormone responsible for the cont
124, What ;;f;;{’ :{ w‘aﬁ. balance and P,,, is under unique c "ADh
_ The e ypothalamic regions of the brain by magnocellular neygony l%i,;d"hmn i
sized inthe ypathal paraventricular nucle. These nucle provide neypay Pt
w d:fy:-lp‘ﬁk with terminals located in the neurohypophysis on e ":'a'
pop

rolorp,_,
ontrol by

s'ADH release from the neurohypophysis controljeqs
B el st PRIl 0 1 conclof AD g, -
What s known and well documented is that specialized cels wityiy the antergye, Wy,
the hypothalamus, a portion of the brain that lacks the blood-rajn arrier, gop W fegoy o
nd faction s an osmoreceptor. Whet Py i levate, e
cels shrink and s newralsgnals o the Supraoptic and paravengit. P
elease of ADH from granulated nerve terminals, When P. - o i
cell bodies of these neurons are thought 0 expand or
their neuronal projections. The relationships between
shown in the figure. These data show that the entire
narrow range of plasma concentrations of ADH (i.c,

b m
Swell and inhibi e ol Vil

Poun 204 plastna AD qoe o APing
FOBe Of Poyy s essenigly =
012 py/mb) (Sce figyrg it

(From Robertson GL, Mahr EA, Athar
. Sinha T: Development and elinical
application of a new method for the ra-
dioimmunoassay of arginine vasopres.
Sin in human plasma. J Clin Tnvest 52
2340-2352, 1973, with permission.)

PLASMA AVP pg/ml
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(ion of 01 he maint,
o otumes 120 e also afToot ADH efeminAeTance of lfe, re
ﬁ,,,ady wior 57 of body fiuid volume are the low. ' there sep.
b " the vona cava just outsidethe pressure
ft o ;i right atrium, rs.
r,gw"‘m ors becaUSE they function in regions of the cardiov; . These are calleg lhum in
e ey low and does ) e AoVt syt whre e
o 151 e relative stretch or volume of blood om0 8 bEA-0 bt b the vas.
I s 5 ion, The neural projections from these 5:: heart from the b’:ﬂ“’“’
eI via crani! rerve X (vagus) and reflexively e Snsos ener oy g
[ . g, when plasma volume isclevated i :‘ eleas of ADI o,
., o,
et ors by excessstetchinvokes an inhibio overhydration and low
bt o onypophysi. Comersely, hen plasma iy el o decrsse e
of A0 o th reduced strtch on these low- lume is reduced (ic.
ol B O eractivity 1 pressre volame oo c 86
e © e
e ecptors
s o or decrease plasma osmolality?
B0 of ADH increases the permeability of the collecting dy
;;g‘f onsnd ine el lcting duc o e and o
o vty enirs he blood 'ADH controls water independe
sl ADHS "major effect i the late distal Kependenty ofabe o and
T e nephroD: nearly all of the solutes and osmotically active mcl:“"'z duct. At
0800, free water enters he bloodstream, diluting other ions and s have already
e hich decreases ‘b Poye In contrast, when ADH release is :‘:"nwly 2.
5y colcting Quts Tl relatively impermeable o water, S, the
iy o his waer loss occursinthe absence of bl et
et los ffee Waer OGS This process provides a critical sy ool
o ion of onc and osmotically acive particles in the plasma compart-

ity 1
o ety poviding a e

increase in Posey

Y em/xe

» N M
LASMA AVP pe/mi

B by,
iy 0 ), Nelgo
sy : Nel oberts and volume
i R PT50n GL: The o of lood asmolli g
lin Invest 52 of bl lalty ume it
:3212-3219, 1973, with permission)
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Jative clearance of water determined?
e rel

learance (C,, ) (;

How is th is termed free water clear oG, g,

e dearane o esofasmoticlly ative Ples) Cy gy o g,
from the plasma’ g{:m"" or clearance of osmotic substances; m‘u":\
Jess the osmolar cho ~UF-C,, N

imple substitution:
=V X Upy/Pogms bY simpl
Because Con Cyo= UP-1V X U,

osm)]

g

. mo N
hyd""t;‘;m =700 mOsmikg «

UF =1 mum":wk
' J::a:ﬁf?lﬂ'f i —l.gw‘ml-/minv This means that 140 m g .,

motically active partcles is being rnlm)rbe;'i‘ O retumed from e s
plasmacvery minuie. When Ciyos OSilive, he rganism i n g g, Ofoveryggs
is a net excretion of free water into the urine,

In most cases, the value for Cyy o is a negative value, For €Xample, du.i.,g n
In 3

is water balance? /
m.n‘:h;‘huonsmp between water intake and waer loss, Although wage; 1038 gy
maily by conroling wate excreton into the urine, it also incluegy the remoyg g
the body as a resultof ather sources tht are ot casily regulateg. TSpirtion, gy "
water. On the average, water balance must always be equal 1§ iy
130. Why is water balance important for normal homeostasis?
‘When waer bal 0, th ism i

(net water loss) or overhydration (water gain). Bega

i lative state of cither
use the body is app, h
delicate balance s critical or the overall regulat

Toximately 65g,

on of cellular function, The copygy :’a::
the body’s feedback mechanism used to maintain normal ‘Watembalance from the. Standpony
water loss.

131, Ls water balance also affected by water intake?
Thirst and drinking are the other factors used 1g maintain the balance between et
? 1055 exceeds water intake,the P,,. incrase ) [
2nal the preoptic and paraventicul mckid
oum ITBETS the release of ADH from the neurhympis
1€t balance t0 0 by decreasing water excreton A by s

132. Does excess ADH

release ever oceur? ) g
The syndrome o inappropriate AD secretion (STADH) i sometimesobsened S
for various reasons, including gy
isorders (eg., trauma), angd

8
Pulmonary disorders (e.g., tuberculosis).

133, What effct does STADH haye on fluid and electrolyte homeostasis? et

In this Syndrome, excess ADH is released into the systemic cil\:nl.\noﬂ(wd V]”mJ:g'
™US o longer Tesponds to normal changes in plasma osmolality. The rkv:u it
{534i0m5 Of ADH mainizi e kidneys in a constant state of watcr reabsorp
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perof elec s
nof:““.:!':‘,':" d decreased plasma oncotie pressure.
o

al consed
e fumetlOnl e form of diibetes termed diabetes |
o Clning ‘5' i to have excess urine flow and water m-:md:u':: i
" g relatively impermeable to water. Thus, individuals with g

05 e O pemanent SELE of water loss because of excess renal excretion of wat
i et s caing continual thirst and drinking, These individ-
s i nd i their normal water balance primarily through

o

uences of a lack of ADH release?,

e s in i
LRI, e caused by deficencies in cither hypothalamic of renal meca-

ot ""m(,yu_uxd e pidu is he lack of ADH seceton and efease fom the neuro-
ot | diabetes insipidus can ‘be treated easily with administration of ADH on
" isform of 28 s insipidus, the hypothalamopituitary axis secretes ADH

s, THiS i ic diabet
P i, In P lecting ducts do not respond appropriately to the presence
o L disal ic di i P
et

bules and <!
e treatment for nep!

SODIUM EXCRETION AND PLASMA VOLUME _ >

ReGULATION O

5 W0y thereg i
A . b importanti ' )
2 onafsodm MK BTG coion found in the ECF i sodium with s ac-
e e and bicarbonate). Togethe, hse ions comprise greatee
e Becauseplasma osmolary i ighly conrlld by ADH.
renal water handling, any changes in extracellular sodium lead to changes in
m;f::“mwy.,.g changes in plasma volume. .

o what s meant by sodium balance.
“ﬁﬂﬁ'&fﬂﬁm e requirement tha the intake and output of sodim (or any other
et ifan ndividual s ina stcady state For the body, dietary sodium intake
o ectonaf sodium plusany insensible Losss, swealing, ind fecal losses. Because
e ey dependent on behavio, and insensible losses generally are it small

1, the renal handling of sodium is the criticallink to

aissalyotunde tight physiologic contro
‘et body remais in @ steady state, If the normal adult human consumes §-10 g of

W, toremsin i balance, 8-10 g of NaCl must be excreted per day.

9. 6ond the kidneys normally handle sodium?

Q.:rlr;:::dh sodium through two basic mechanisms: filtration and reabsorption.

Pty ;(:ummnal‘ and physical factors alter both filtration and reabsorption to de-
ium excretion to maintain sodium balance.

[y um is normally in each tubular segment?
[ 0-70% o

b 0-25%

Gpdite 350
oy, 24%

ot g
ey D00 plon "
S Exing o e el sodium vary from normal values?
e o 10 Of the individual. When excess sodium must be
e excretion. In contrast, in cases of volume depletion

[
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lium reabsorption is i .
in which sodium must be conserved, sodium TPLioN S increageq N the indiy;
Tated nephron segments. g,

i lume dyy

O, e in lasma volume are sensed by the body at thrce maye si[g;ht%h"k
Change ssure baroreceplors on the venous side of the SYstemic cigey N’
L :f.’:ni::m ure baroreceplors on th arterial side of th systemig o< dion .

3. Intrenal mechaniss (sl broreceplr and macul ey ion

141. Where are the low-pressure baroreceptors? 7

"y YIS e atria, g
« vascu

142

low-p c function? »
Because they ae oated n U [OW-Prsure side of the cirygy

etors respond 1o changesinfllness of centrl lling presure T

ent signals via the ‘ " i“‘“m“:h

stem. In this region of the brain, the signals from the Tow-pressure ang m;y':m“""‘" '::;

tors are i nd reflex ch: iy s

mediated. In genera, a change in venous volume of 5-10% 1o usually 'W:Ew""**m

pressure baroreceptors are activated. e

143. Where are the high-pressure baroreceptors?
Highpressure baroreceplos ae found i the aorte arch nd carotiq artery,

144. Fow do the high-pressure baroreceptors affect

These pL0rs respond to changes in arterial g
carfiovascular cotrol center, where changes in renal sympatrens activity and g °
pressn elase re regulaed. These baroreceptors are fastacing respond o s o
in arterial pressure. Despite the sensitivity of the arterial o

baroreceptors, much
volume occur inthe highly compliant venous circulation befors by

renal function?;
PRESSUTe with afferen;

yStemic arterial pressure
vated 5-10%. The high it -
‘volume as the low-pressure baroreceptors. e
145. What are the i hanisms th ges in pl

Intrarenal baroreceptor .

Macula densa

146. How do they function?

The intrarenal baroreceptor is a mechanism by which alterations in stretch of the et
arnteriole lead to changes in renin release. If increased intrarenal arterial pressure is mﬂ:
release is inhibited. Conversely, renin release is stimulated when there is doceased e

afferent arteriole, e
‘The macul I renin hanges in NaCl delivery. o™

creased NaCl deli i t, i j o

torel in. Wh hlori i increased, thesignal

taglomerular cells is to decrease renin release.

147. Explain how the siy
intrarenal

'3
ignals from the high-pressure and m-p“:"" h'm:ﬂw’
handling,

The int

T late
baroreceptors, and the macula densa are integrated to reg e
e
! i fullness of he g
isse
actin concert to regulate the renal handling of sodium. When volume is

4
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ered 10 u;e macula densa, the systems involyeq ;
ppressed or inactivated, depending on the desse L OPS<rVation
e volume (pressure) is judged to be low ang - LS5 of the
ac

ystems that favor the conservation of sodium *:- densa sodiug
and water

am is G

p,,;:d ’:ﬁ water ar¢ S

e s e
e

9’::; is Gerers™

K

are act

primarilyinvolved in sodium and plasma vol
e
ﬂﬁ‘s‘;‘;ﬂum nerves

ADH
Physical factors

fensi ,
p sin-angiotensin system? .
0. W ‘:'l’:;:w.\;i,. e is a cascade of biochemical reactions tha leas to ncrea
+? UL Ren
™ wb»los-f:;llymd p e erwhen Renin is . et
ol e e peptide procuced -
. a circulating polypeptide produced by the livr, into th o
?M"’ﬂlg‘:’:".‘mensin s then cleaved to angiotensin Ll by angiot; "mmye;:e;:,;;: de
;nxv 1 adotelial els in the Jung and th Kidney. By themselves enin,anio .
i 7], and angioten e
nu:}i“:,',';lumsan e i3 otet vasoconsucor, simulatos of iy The
"ﬂ,,fsu..mdnnmo(mmuu “sodium reabsorption. aldoste
b .
s imali that actvate (e fenin-anglotensin system.
xN::umﬂinunnl perfusion p "
 leads to renin release.

hi
""‘ﬂ"&;:mmarmcn tothe

active octapep

cells. .
’""?m:mm renal sympathetic nerves directly increases renin release.
Eenafesestimuli s activated ‘when the body needs to conserve or retain sodium.

ffects of the renin-angi renal function?
iotensin system is to decrease sodium and water excre-
reabsorption. Angiotensin [l is a

and increasing tubular sodium
‘and stimulation of the renin-angiotensin system also leads to in-
i i The

51 W

Theoveral effect f the
by deeacng fltered load
Jotatsysemic ASOCOTSIFICLO,

v egonysem i ctvated in conditions when sodium needs (o be conserved.

15 om o the renin-angiotensin system alter renal vascular function?

. m’:{‘;‘xfzmﬂmm&s‘rmal vascular resistance. In the human kidney, this peptide appears

et et arerole preferenially at normal circulating levels. ‘After hemorrhage of

el ke 0 hypovalemia or lowering of renal perfusion pressure, elevated levels of
well as the p fferent arte-

Hlaingioa decrease in GFR and RBF.

 Dip g
rninangiotensiy .
uA"‘,‘T”'“ ti-angitensin system influence tubular sodium transport?”
e o e ag tubule sodium in 11 also
;‘:’_mw ‘::m land 10 increase aldosterone secretio aldosterone then has po-
reabsorption and potassium secretion in the distal portions of the
! m&""i’m.m#
i .‘_""‘“‘w Produced
i o in the z0na glomerulosa of the adrenal gland. In response t

i increay N
w sed extacellular potassium levels, the synthesis of aldosterone
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its release into the. blood are increased. Of the two stimulj fo al
i

e Mular potassium are the 0t potent. oy, -
155. How does aldosterone afect rensl function? “,

: CTEaSe Sogiyy,
sum excretion without affecting renal hemodynamics (GFR o™ €X
B eron acion occrsa the level of the comnecting tubule and o Bl;:‘;‘:am\
teroid hormone binds 0 cytoplasmic feceptors. This binding leag in'clecu.,g
oo of sadium channes o (b Tbula” MembTanes (0 incggg S8 s ey
Shange fo potassum, which s secreted into the tubular lumep, um "“ﬁ%“;‘é

'y
o ',
156. What is meant by physical factors, and how 8
‘handling? " "
: tic and gpeqy,
illaries and renal intersitial space. M
i s i,
3 f ECF volume, plasn is dilugeq g
sure decreases), and glomerular and peritubular capillary hydrogygge . (P,
capillary pressure the driving force for yigpy U1 inuec
' tion; f Waion, S5 .
i et
2. The increase in capillary hydrostatic pressure and decrease iy I gl
iions clevated hydro d reduced oncors prr ST
inthe peritubular and vasa recta capillaries and tend to reduce the “)_'nn%w:
the tubules. Feabsorpiion gy

"\

do physical factors gy,
‘ect

tion of

157. Explain how renal sympathetic nerves affect sodium handiing,

. " and higp.
cepors, enal sympatheic neves are Stimulated. The renal sympathrr L E P
conditions of hypovolemia and serve to retain sodium. Renal symp..,m“‘ w?"" gty
Sodium retention by three mechanisms: laio e

* Increasing renin release
158. What is atrial natriuretic factor? /

A pepide found in the atria and great veins that i released in response 1o incras st
stretch (increased ECF volume); also known as atrial natriuretic peptide.

159. What does atrial natriuretic factor do to affect renal function?
When atrial ratriuretic factor is released, it increases sodium and water excreion by

leased in conditions of iia and acts to increase sodi

160. Wh: i

-
increased renal pe pr .
and walcr excretion owing o an intrinsic property of the kidney. The increased sodio ot
ter excretion serves to decrease ECF volume and leads to 8 nomnlnuﬂmdﬂ“:w,
Conversely, when arterial pressure is decreased, the pressure-natriuretic gy
lower operating point, and the kidney tends to decrease sodium and water €xcreio®
extracellular volume and retumn arterial pressure to control levels.

2

161. Whatls the p o %“‘,
This intrinsic feedback mechanism of the kidney is hypothesized bY

of the primary regulators of ECF volume and arterial blood pressure-
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rporrin® 50 mechansn that cap
renal
Anti . sodium
nariretc o Antdiure
boxane uretic
Endothelin
[l
g ula
m&;ygmns ¢ ::drfxmffvhsm-volmq
i 00 , hormonal intrinsic mechanisms that .
T P i O s el s s .
ereased,output lags beind intake, and ECF space *
isex-

T w:"ff}:‘m odiums
A on st ot s
S BCF I pressure oarorcceptors, which inhibis s -
4 om0 ympshedc aciviy ad vio-
o A reles
o i

, which leads © ,:limrnml natriuretc peptide
ot e L apsysemic 40 pressure, which sifs th presure atrive

dight ,vzv-"l higher Jevel of pressure Astrivretic

e angionsivaldoserone axis by inrarenal mechanisms
B oncert o manain & Gomsncy of e by )
n-:;; o s sodm. contrast 10 the changes that plous mpsiid
g 1 X% L nerves,renn-ngioenin, g prrimieg
e resis)are AL sodium in condi y
oo in which the ECF i decresed
e e feted in disease states? /
ow sre % nitions: 17 response (0 hz;nnrrhlg& shock, severe vomiting, o svere
€ s toconserve SO0 O watrare actvated i the oral physicogc
gt B2 BT volume of decTen arterial pressure.
di et ailure,th inability of the beart o focton ad:

i ouput and mean el pressr “The fallin blood
O enis, he enin-angioiensin ysem, Vasopresin
ﬂnﬂ aldosterone synthesis. These combined conditions: lead toretention of fluid and wa-
e cally exaee o eart condition by inressing he preood oa the diseased

% | isalonotuncommon © opserve patients in whichan abrormality in one of the con-

ydems lads 0 aleratons it e sodium (and water) handing and the consequential
s onbody fuids. In Hyposldosteronism, n Which insufficient aldosterone is produced by
i andlrge amounts f S04 7 exereted, leading o decreased ECF volune,
esion, i, et untrested, ciEulsoY shock and death.

5ASE BALANCE AND EXCRET

|ON OF POTASSIUM

1€ Wiy regoltion f plasma K concentration important?
mm‘(i"h""“ of plasma K* concentration is critical 10 the overall function of the body be-
etk orenion difference across cell membranes can dramatically infloence he st
—— wﬁemm fall el This resting membrane potential s pariclarly imporiant f
mofskeltal and cardiac muscle and function of nerve cells.

- W
‘*50:.;1&& a range for plasma K * concentration?

9. o,

dos e .
The kidney participate in the control of K* balance?

ey ang
enl cores ek nconcertasthe primary rgans et EEU plasmaK*
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K* excretion. CCOMplinheg
e Atk whichreguates renal ubular K hanan,.:""'

156

1
|

control of
e et

sldosteron

168, Don? ively long:tes
retion? ssidered a relatively long. T Controlfer op |

X Rsrnestosdbe amsoe e OF the isal e ot ey,
'+ excretion. Aldaﬂfo ng-term controfler of Na* and K l.’“'m"““"uhx.:“"‘ﬂu iy
guct. Iisarelatively ;M and translation of new protein, ""‘"dhitq

jich activales transcr
- dosterone affect K excretion and K balancey,
mhy which aldosterone functions is 10 activae gy, bty i
i asolairal el erzyme ot any ncresse e sy,
ulark® i :

L

phavie hortterm OF long-ermm contro gyep
e

ow does l

16, ','m ‘mechanism

ATPase. Stiulation - The increpeng

e of K* from inside the cell into the tubular lumen through

e romoes ovrll K* excrtion. mis e s nndeut;me Compc o S
thereby aldosterone is often feferred (o as the plagyy g o,

serone, and for this reason K oty

iniga i
icd guek'p,

" the secretion of al
Jasma K+ concentration affect t} Idosteroney,
"“'mf'um..a.. of K* in the plasma n“Ay;e the most potent Controller of

ion fr na glomerul s are highly jng, tenceq '”""on,
x‘?’f conceniation. Anlevaton of plasa K from 451055 mE vide :{""u
Red, Plasmak + belo, m'ﬂn..

nd alues, gLy,

171. Do any other ions in the plasma affect plasma K+2
“The level of acidosis and plasma acidification can have o
ereion of K* by the kidney. Duri ? ot
fuenesthe plasma K- concentration. Both H- and K-+ are roaively mﬂmg',':m ha
il oo el hus, in he prsence of excss 1, the endeny o o P
cell and K- todiffuseoutofcelsto maintain lectronetrality. =

ronounced inflepg o

172. How does acidosis affect plasma K*+?
Acuteacidosis tends 10 decrease Na*, K*-ATPase and decrease the K+ [—
i i ion. Chronic meaboi
dosis, however, induces hy ia, which st e
o increase potassium secretion and excretion,

by which the Kidney regulates acid-base baase?
Renal regulation of acid-base occurs via H* excretion and HCO,~ reabsorption. Connid

cither H* excretion orthe buffering capacity for H-* with HCO; ™ has the net efectof ool
the overallstate of extracellular fiuid H* concentration,

174. What are the nephron segm

Excretion of fixed acid (H*

. calated cells of the distal tubule

limb, H ion secretion oceurs o
lated cell i

ents responsible for regulating H* excretion?
) occurs in the proximal tubule, thick ascending limb. i o2+
and collecting duct. In the proximal tuble and thick a3

" (e lumenal membrane inexchange for Na* on T 1

et H*. These proto

ol
" PUMPs secrete H* into the tubular lumen of the dista tubule 3
ing duct and assist in

acidifying the urine,
175. How does HCO, - reab L he urine acidi o
" inder porms
somspe0val o HCO, from the tubular uid is extremely impontant ¥
tionsin which e,

#6€38 acid must be excreted from the body. The near complcte 3F
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| ~ 15 necess in acid-base regulation. Th
0 i - ortant in aci . 1he reab
el B remely TP

€ :ve in the proximal tubuk?, thick ascendji
sYs;IcJﬂd‘is highly eg::t:iuct and under normal circumstanceg
Jar colleC

i
clls Of he
50

g_ﬂf;lC03“ buffer
ng limb of Henle3 Tom the tupy.

sand interca) t
99.9% of the filteregd load g r:a::

i ?
- peabsorbed in the PCT._ a
76, HOW is H(I"O“’él:;gfrlane of the PCT is relatively impermeable to g -
1 ymenal M

: \ ions. Ther.
sabsorbed in the form of CO,. H* ion, whufh is‘ secretedBin exchange ii?rﬁaﬂz |
0~ M8 20 - 1o form CO, and water, and this reaction IS catalyzed by the presence of
H bincs with 3 the PCT brush border membranes.. CO, diffuses down jts concentration
como” ase ;Il eIl because the lumenal membrane is permeable to this molecyle (similar
g et 01O 'dl;fhecc ¢ll, the CO, combines with water, again catalyze
Inst

d by the presence of jp.
hydrase forming H* and HCO; ™, From the inside of the cell, the HCO,+
onic an ’

its concentration gradient into the blood and effectively complete the re- -

dosis increase the secretion of H* from the interstitial spaces into the
L] 051
How does act K

177,

upular lumen? ased plasma HY concentration is removed from the blood in a substrate-
- 10sis OF iNCTE
Acidosis of 1nC

lasma H* concentration increases, the supply of s.ubs.trate to the various
specific manner. A§ P Esn;(jdneys also is increased. Therefore, H * secretion in the PCT and co}-
tansport prOCESSES u;;debecause of elevated substrate availability to the specific transporters in
lecting duct 1§ mcrea

those sites.

. i uses to excrete H* ions and acidify the

I8 What are the other mechanisms that the kidney ._

ine? i _ - +, case of NH,,
m:)lher mechanisms include the excretion of PO, ™, .504. ,andN H3:I\:)Hfismh:);-h;umne anfi
aidosis increases ammoniagenesis through the deamination and me;i. idiffuses into the tubu- -
gamate, This deamination process in the PCT creates excess NH, Y Ic ed in the tubu-

ines wi * jon to form NH,*. The NH, ™ is then trapped | :

krhmen and combines with filtered H 4 % es an excellent carrier
lthumen and cannot diffuse back into the cell. Thus, the ammonia e¢0m
Wexcess H* into the excreted urine.
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