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1) Excretion of Metabolic Waste Products

 Urea (from protein metabolism)

e Uric acid (from nucleic acid) |
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o) Excretion of Foreign Chemicals and Drugs

 Pesticides

e Food additives
e Toxins

* Drugs
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'//Regulation of Arterial Pressure

“Excretion of Na & H20Q or rabar pror 4 Na § H20

*Secretion of hormones and vasoactive factors
* Renin-angiotensin system
 Prostaglandins arlerial pressure
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») Regulation of Acid-Base Balance

7)* Excrete acids (kidneys are the only means of excreting
sulfuric acid and phosphoric acid)
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Secretion, Metabolism, and Excretion of Hormones

Hormones produced 1n the kidney

¢« Erythropoietin

~ «Thrombopoietin

~ « 1,25 dihydroxycholecalciferol (Vitamin D)
1 ¢ Renin

g *Prostaglandins

Hormones metabolized and excreted by the kidney
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etc.) > meba)ylite by the /ﬁ‘d/m@
> in dm belic pt —= wnal failire—> <0
We QMMU a@'mgnﬂe% 6[0567 fff imgot/iﬂ



9) Glucose Synthesis

Gluconeogenesis: synthesize glucose from precursors (€.g.
amino acids) during prolonged fasting
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Arcuate arteries
and veins
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Nephron Tubular Segments

L9 <5"'}’L/LCYZL/U’622, z/miz’: 072 fkﬁ Km/ﬂ(ty»

800K-1M nephrons, | with ageing (adaptive response)

# r)gf)alfﬁ)’l—g_J!gUHD,q/J-\ _}SU(_SID Q\:LU)]

—

Nephron |

—

|

Renal corpuscle

Cllevale J; g e |

J\ (Sl';’ anastomosmg Glomerulus
capillaries

}

J Bowman capsule

|

Tubular portion |

%owrnaf) High HP 60 mm Hi l l a;%reﬂf and m%ﬂ f’LL
MPSMM Proximal convoluted tubule  Loop of Henle Distal convoluted tubule teviol &
1
I | 1 macu | a
(Descending limb) Hairpin bend Ascending limb G(E}’) 6¢
1 ls has an
l l l l o zrr):—a
Thick descending | Thin descending _Thin ascending Thick ascending | e n +he
segment segment segment segment
et aﬂﬂ[

Cﬁ Qé/ﬁ l//lJ ve. =
/eS?m(Se

ez

r——@aoula densa

the early parﬁ
of distal spuolited

‘l’UlﬂM,‘eJJ Oij‘ d}pj{ &4_)\

Distal t bule\

Ji ¢® Thin segment of

Loop of Henle:
Thick segment of
ascending limb

ascending limb

Descending limb —
ﬁgu//ﬂﬁ on of

I reab&»’obﬂn

/ Bowman's capsule

YL
0%, o ) o oL
Mﬁ(@& ov{ 5 ér‘g&mﬁ
e w\ YA m?
O ome NG
9 0\'(?@ VO P ma/f ; (770 Fhe
Proximal tubule Cortex 1egulat’! )
\ uglume the

/Connecting tubule “

: o withm
——Cortical —= 7"},

collecting tubule cortex

______________________ cE the
Kiclne
Medulla
lies 0'{{33?5 m Hﬁ&
medulla o

—Medullary 4, M@s
collecting tubule

two FOTVJDS "'P 7%&
Gllecting Ju bnles
L; wor b el

L? meclull oy

——Collecting duct



X we have Q}ypfsdf V)@P%Mﬁﬁ

Regional Differences in Nephron Structure: Cortical
& Juxtamedullary Nephrons ™

2)

Cortical

Efferent
arteriole

) Afferent
15 arteriole
O Juxtamedullary
Intggglr);ﬂar Features Cortical nephron Juxtamedullary nephron
vein Percentage ' 85% 15%
Situation of renal corpuscle | Outer cortex near the periphery ~ Inner cortex near medulla
Arcuate Lon

o| artery

c : Loop of Henle Hairpin bend penetrates only up to outer . i )

o vein —t

2 7one of medulla Hairpin bend penetrates up to the tip of papilla

§ 'ngar:gsaf Blood supply to tubule Peritubular capillaries Vasa recta
@ ol Fonchion Formation of wrine Mainly the concentration of urine and also
= | orma formation of urine
®
=

o Collecting X

9 duct |

4 \

c

=

Duct of ————

Bellini



Afferent Efferent ) e
arteriole arteriole we have Y ploces

sfart fram

o e [T
1. Filtration
2. Reabsorption Fenal blood] 7610(1/

3. Secretion 1o #)e 3]0 mevol)
4. E i .
xeretion ’ﬁ }’ ra tion L= e
to the bowman apsule

aﬁﬂf 1%/“5 i Fhe ffrgk
5£€P

Glomerular
capillaries

Basic Mechanisms of B°§‘£§3,'§
Urine Formation

éa?gétam ces are
ool to the Eudiiles

@#nal omfpai S Winary i

excre &fm/\ ﬂ

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion

@ sepstoances—> feabsm? i‘ian
Peritubular 10 $he pen 2?‘/‘ builar
capillaries (& pi llovy €S



@ ﬁ-//ém,féiam 106;/6 3 nolei 5?501‘%( g’@% ffsf ?rgcgss dﬁ 1[‘/78 Urine 7€6 fmaé,‘mq

moéﬁ 57[7 ‘Zke things ) Thin éthJGZS}’VL% 1 flltratlon——;%}’)/s )’14??@’15 L é})m 7%3 JE N Z,

|
1S ﬁ‘”jwfa/ Glomegraly &

glomerular capsule
&)a&zr} nudtiniond. suloé%anoes

ke gluase a s
#/9 o 6; / urea -blood pressure forces
1) a2/ i e S Chin 'Y 4! -
2l salks filteredd w o glucoss small molecules
the 9[0%’15)’(/”(/16 P amino from the

>y acids
" uric

o

and then 90 to  bowman glomerulus to the capsule

O hjb blo OJ ’]D’”L‘-’S%‘"E cwithin the Ca_? v larses
Lz ?Jrl’aiﬁcm (&
Filtrates:

acid
Cgrfpsu/)rf

@?roijfjmé a}f)ﬂ/ /@%Cs are /’lﬁé

: . glomerulus
lferet (very importat) - glucose, amino acids
Filtration : somewhat variable, not selective uric acid, urea
(except for protelns) aze):glges 20% of renal —
plasma flow ,fd 2) o %30 heos e
/%SCS ;/’Zoé 1[}/7/“56’6%”/ — (ﬁ [SQ/S/ %A)

@ﬂftﬂ@{ éabéﬁﬂces g9 T/?(NV] bg[dmdﬁ Cﬂf&a/ﬂ into Fubules and ferther PIrox<Sing fa/(ep/ﬁce_



<!
il

/’MZM& PCT P tabules BINET feabgy{ptmh %J_fipﬁ e
5 >t o pen'tu.bulaf@;”aﬁg&

2. Tubular Reiabsorptlon

E) — Otp)_si Utine ! g exa’éé‘fﬁz gi’ &S/
proximal "”d’bﬂ%o’/ @bmi +he /()‘dﬂf’y fun&f/'cr/l :

convoluted
tubule

%%&70 ﬂpeé 679 ffﬁﬁéﬁﬁpt/@” V-

-return of filtrates tubules

through diffusion and
active transport

@t A7 = G
3 highly variable and selective '
most electrolytes (e.g. Na", K", HCO;", CI"),
nutritional substances (e.g. glucose) are
almost completely reabsorbed
/ (s most waste products (e.g. urea, creatinine,

(Jo Les ENT , » - I uric acid, urates) poorly reabsorbed
Doty dpes AL wiant Eher .



Pllwed e L) 7 S gl L= %
3. Tubular Secretion .-, _ 0. ./ (D)
( p | 20 %o ot Ez‘/befea/

=
highly variable; important
for rapidly e:xcreting/_p acidls / prto
some waste products (c.g. PR
HY).

(0 substances Sas S (2)

fillber et |
alac Le 2 O =

6(?6)’67;0'7’1 ’
Cn variable

W} &EW

distal
convoluted

tubule “



Ciltereolall o) o waste O

' rodtuol
o Ao Fs E— P
3>eg/gbeo/ = Z 54 all the creatinine

Feabwpb w g Ls 6 - will be £ l}eve
&ecreti on.

Substance A

Renal Handling
of
Different Substances

> | C. Filtration, complete
reabsorption

)é’ﬁﬁ Lé_ﬂﬂ) Zyuj f%rmlm b}_f_qo_s uqu_
% gﬂ,_b CSOWZ-) on Substance C
L maé&/y oA andl

glucose

Wé%m LA_;{_)\AJDULMLD

s JJ

—_

amino acids & glucose

|| ) creatinine
A. Filtration only

7,

Y

Urine

Urine

nutritional substances

@lectrolytes (e.g. Na*& CI)

—

B. Filtration, partial <, bz ces PENERE }l’_

reabsorption Ly 74/ }ere 0{ - |
Substance B LgJ ) np2 Q‘-—h §9
i; Pcmé/‘al (b sw?f Jon
Ul (v o= #ee Loy
realbeor bed mosk
0’]0 them &5 the
o 50/ J-jp bﬁﬂ(/)
Y Su, fRP eI
Urine
/ excrehion i
q D. Filtration, secretlon , mare Han
‘ Feabswjp%l’dﬂ
Substance D
YE//LC’//@GZ (e Uﬁb
Sbstarce s
Jrépled P Tz
Sechelio ‘
Y B2
Urine J/)

organic acids and bases



\ﬁmw JJ Lﬂgfgf}}t Z/ N CJJ_pfﬁ’;[éw )L@jlp %MM Secteti or- Jy W; @
e - e - o 8
QEAQ’P rgabSO?b'ﬂ\J - 7@/7[/&50/1)\ )J/ U’T’@) db g/(/p ijlj P I’GQZQ(SU)?t/Gn _JJs ﬁ}}mﬁ/ﬁj} g/(\ip\) §) A [5)

g B 3
[ Plogfs OLib gLle B L) unne Sl Le pe2 &

(1) Glomerular filtration, tubular reabsorption, & tubular
secretion are regulated according to needs of body

wlume of Y &LM/JQJ Jci =

/4 VLR

Y) Changes in glomerular filtration and tubular reabsorptionﬁsually act in a
coordinated manner to produce the necessary changes in renal excretion.

EQ@LJ z/qlJ~C{@ﬂ(JLJ\VLJ\%ﬂ Jy e ol stu‘ MJ Cﬁ{\i ol o excrelion J1adas @
Wiz/ OZ,KQ-ILC Jl.s

—_—

e abesibec Brr- Phered ~L=) s OV e 8
| G2 = G Y
@ S0 the [K;’o[ﬂ&y /445 e f‘mfﬁré@//)f ‘fzf_’/joo/azfmf/\/ MeohG IS mu whieh 1's /‘V)LLJ/J\)’)éJ‘C &in)w‘m

+he (&rolney Callg% GLWSO reﬂu/ﬁéidn ) _
— is amatchn \ - Lo o) s
<Z:A_7;)\_p CJ“/(—ZJ];”L]/&/, Z/ waSGYPJN'W‘)( {\]gl‘/)_faﬂ"\df‘ g_\_’QJJ +r£2:/f'p 650 Voffgf\, ﬂ Q j(l)/}?/ aZ/ﬁ J) C_/j _j’l/;g/ - _}A -



i ‘ )
Yensror j LgLC/\MSLU a7L€V f})g pprmdbé)/\ Of cLrhne \’; e\jacuatso“m [77C ihﬁ Sub&]tﬁ/)c’?s

@th'”M1cturlt10n ov the wurne
to QXPJJ the ur e

* Process by which Urinary Bladder empties, when it becomes filled —tension in

its walls > threshold level > micturition reflex =5 ¢ cheching o Pilling  Cos_poo Lad cao

TL&M S\WL H?VC’.S))T}&[JJ — “+he wal (/07[]})?6 b/@o/o/m" - -
- > & eve

m@ﬁt Jm?m/[]]ﬂ)’)t ﬁ’h/g/m M/Cﬁmﬁmn //eif/d)‘é)
* Contraction of detrusor muscle— fpressure in bladder to 40-60 mm Hg —1is a

major step in emptying the bladder

inva lun h@g
* Internal sphinger—mrevents emptying of bladder until pressure in bladder >

threshold level
* External sphincter— voluntary skeletal muscle, used to consciously prevent
. . SANAA
urination £d } ]
inn, j%)‘crn a/ - L,é‘\,} <{_/ /
/)),)J; Nt 7 S/SILEZW)'C pP (Jw(y/ WL& renal | 2 <
relaxaltion on The @ns&cisus coport D1 of afferent I O S g

9] Resistance

leve)
Q 5?&//2%”) j’/)fﬁuﬁ)emi (_ﬂé W Z/



s o
o Lol il From sacral
Innervation of urinary bladder ——— } 4 o

T - — o =eh SO 56@9’/}%” £s
| mainly stimulate Ureter
BT blood vessels/ sensation
S neve sy (o5 | o L r"ff‘i”.“fisilia_“i ______
ts +he bladdey - e | | — Body
o L G—F T » IL Sympathetics
Ls this s prainly ' = : ——————————————
dieoter o the B | —g— @l NS —
‘ Ul g [T s , :
e = T s3 | Parasympathetics |\ P Trigone
onlrsl - 7”% S4 Bladder neck
BV liamabers | o | (posterior urethra)

~ & )5 | ' External sphincter
) e < (o / sensory & motor nerve fibers

soneation of ~ fal)nes ~ Sensory: detect stretch in B wall
and! fo! Motor: PS (detrusor), skeletal motor fibers (external sphincter)

f/E, [ Q;a—/@f@)fb



Transport of urine to urinary bladder
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Flow of urine from ureter into urinary bladder
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@ Relaxation of external sphincter

}

@ Voiding of urine
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Self-Regenerative Reflex:

a single complete cycle of:
1.Progressive and Rapid increase of Pressure ~
Contraction of Activation of

i1.Sustained Pressure Urinary Stretch
i1.  Relaxation Bladder receptors
Fatigue
~ 11n sensory

’ impulses
/ﬂ}))b;'é/'ﬁﬂ Qigjjwtp Aé} JL@W? (J:Aﬁ«’\—é
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Control by Higher Centers

Voluntary urination

> Pons wioiipL /y

Facilitatory & inhibitory

» Cerebral corte iy ivolvepl sm  consions conlb vyl 4 Ehe

Normally inhibits the External sphincter

voluntary
contraction of
abdominal

/ﬁm}m ngoé)mﬁmﬁ
K/L/J.ﬂg_

vd/ J/Vy

Higher centers normally exert final control of micturition

* Partial inhibition of micturition reflex, except when
micturition is desired.

* Prevent micturition, even if micturition reflex occurs, by
tonic contraction of external urinary sphincter until a
convenient time presents itself.

* Cortical centers can facilitate sacral micturition centers to
initiate micturition reflex & inhibit external sphincter

Tpressure in

th .
blad(eier —1his @It tn movenenf

the bladder
neck

5’}3’5‘%0}]@ L& JTaV- I and posterior

%WM 0(% M/,‘yw/éz‘am

it he cortreal
Lol g spnincter i) 5918078
/ﬂ/'(ju}/{éldﬂ (< W )\*Tp) ?&Lﬂﬁbiﬂn \FJ, L AT rn,(,_gj]u [v7\/> (_U relaxation fac’/}fafﬁf;h&
= o
reflex
rovT (@S X mi
P o Ly contrsl of The external sphincfer o fum%/j g//%ﬁ



The end




Glomerular Filtration, Renal Blood Flow, and Their Control
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Importance of Glomerular Filtration

.-+ Remove waste products
o * Waste products are poorly reabsorbed by the tubules ke creatinine  aree
Lo, uif o 0y oy G
plasma volume= 3 L, GFR is abouiﬁ 80 L/da}/IJ—> entire plasma can be filtered
and processed about 60 times/day. This high GFR allows the kidneys to
precisely and rapidly control the volume and composition of the body fluids.




Averaﬁe values for total renal plasma flow (RPF), glomerular filtration rate (GFR), tubular reabsorption
(REAB), and urine flow rate

rea bsor t‘Jn— 80% of the plasma

Ce RPF Afferent Efferent that enters the
* Glomerular filtrate composition 1s about the (625 mli/min)  arteriole arteriole  glomerulus is

. not filtered ——
same as plasma, except for large proteins and leaves through
No blood cells

the efferent arteriole.
Ca & FA bound to protein— | [] in filtrate Glomerular
capillaries

Bowman's \
/:‘ capsule
. ~ ; sele ceive
1[)) %“Q%L’ ore 1 Wjﬁ 20% of the GFR
o = | that
| ar 5Jf (3 v S ontors the (125 ml/min)
_yy o, z/ C@P/ 1e — glomerulus \ N
(}7 —Z - kﬂ,; is filtered. exXCcre éfd)’b
by . ﬂ/ﬂ ) REAB (0
wman cap (124 ml/min) Peritubular
[9 capillaries
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Glomerular capillary filtration barrier”

2\ Fenestrated endothelium—> ,

pre vention o
ﬂ)haf/‘dg}o

the

very ,‘WLPO@Q”& in The function of cap)//ar/w

J1 e Blss2)
Capillary Basement
endothelium membrane

NO RBECs NO 2 Pr}iﬁ}e;’ms
- ggres exclude blood cells and large plasma proteins @charges @ |
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. Molecular size (inverse relationship) oy L
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(2> Electrical charge (-ve charged large molecules are filtered less easily than +ve charged molecules of equal

molecular size due to electrostatic repulsion, any defect— proteinuria/albuminuria
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Filterability of Solutes Across Glomerular Barrier

Filterability of 1.0 means= substance is filtered as freely as water; [plasma]

=[Bowman’s capsule]

Filterability of 0.75 =substance is filtered only 75% as rapidly as water.

Table 27-1 Filterability of Substances by

Glomerular Capillaries Based on Molecular Weight

Substance
ﬁfc Y @ \Nater
1[',1 e fadé ~ Sodium
Glucose
| S 'Eﬂ%ﬁf&ﬂé é//415§£5>
Son £ Myoglobin
7 Albumin

woke!

Molecular Weight

18

23

180
5500
17,000
69,000

Filterability

1.0
1.0
1.0
1.0

0.75

0.005 \Jevry very lo
5 nearly *Wé not

{wangéll



Determinants of Glomerular Filtration Rate

- Afferent

arteriole

Normal Values:

GFR = 125 ml/min or 180 L/day
125

. . . 625 \/@11@ .
* Filtration fraction (GFR/Renal Plasma Flow) £ Fodron -
125/625=02 1[0 ) GFR "
GFR is determined by:

(1) balance of hydrostatic & colloid osmotic forces acting
across capillary membrane @

(2) capillary filtration coefficient (Kf), product of permeabil
and filtering surface area of capillaries

MNE T GHK

Net filtration
pressure
(10 mm Hg)

[

pressure

Glomerular
hydrostatic colloid osmotic

(60 mm Hg)

v o Jlaries

(32 mm Hg)

(V{fry very /‘mpor)'a N t)

Glomerular

pressure

0

w:’jCM’ f
b,
o PR Bowman's
capsule >
pressure Z
(18 mm Hg)
(Pe —Ps — g + )
Glomerular Bowman's
_ hydrostatic _  capsule
~  pressure pressure
(60 mm Hg) (18 mm Hg)

—= Efferent

arteriole

re ueﬂt

hrodian

Glomerular
oncotic Jeotoid
pressure

(32 mm Hg)
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Filtration coefficient

Kf = GFR/Net filtration pressure

Normally, GFR=125 ml/min, Net filt. P= 10
Kf=125/10 :
=12.5 ml/min/ mm Hg

Very high compared to other body capillaries Kf (0.01)—rapid rate of
filtration P g 60 =) Eﬁ;«p; éb:w; Ay, T




Glomerular Capillary Filtration Coefficient (K;)

o gyl m Vo r%g/:?\

normal }th/g;‘g)(gg,ngt O OM > ole w
° T Kf—>TGFR n d/. Lins R 5)
| Kf - |GFR The GER is mainly reﬂu/dfpp/ b\/ /)W/mgﬁzb‘[ DIessULe

*Changes 1n Kf probably do not provide a primary mechanism for normal day-
to-day regulation of GFR.

*Disease that can reduc@ and GFR|
- chronic hypertension
- obesity/diabetes mellitus
- glomerulonephritis



Afferent
arteriole

Efferent
arteriole

Glomerular  Glomerular
hydrostatic colloid osmotic

pressure pressure
(60 mm Hg) (32 mm Hg)

Bowman’s Capsule hydrostatic Pressure (Pg)

PPP&SP the ﬁ:‘”r@%@ﬂ]

f

* Normally changes as a function of GFR, fizeny
not a physiological regulator of GFR o
e Tubular Obstructio G M

kidney stones— P
tubular necrosi/ aple ? lGFB

* Urinary tract obstruction —> hydronephrosis
Prostate hypegtrophy/ cancer

nay oW =
(ve Thvee



Increase in colloid osmotic pressure in plasma reduces GFR
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Factors Influencing Glomerular Capillary Oncotic/colloid Pressure (i)

-« Arterial Plasma Oncotic Pressure (11,)

T Ty — Mg~ |[GFR
0. » Filtration Fraction (FF)

TFF — 11— [GFR

FF = GFR/Renal plasma flow
GFR « Renal plasma flow

é .
pm}DobeMvL C 59%) ) ("’5@0/‘4 *




1t Po— 1 GFR . O 0w
Changes in P serve as the means for physiological regulation of GFR.

Afferent
arteriole

Efferent
arteriole

Glomerular  Glomerular
hydrostatic colloid osmotic
pressure pressure
(60 mm Hg) (32 mm Hg)

Factors affecting Glomerular Capillalp'y

hydrostatic Pressure (Pg)+ =/ ™
1-Arterial pressu roportional, buffered by

autoregulation (constant Pg) J—JL» E{NJX E=S Y
2- Afferent arteriolar resistance pe - Céjjﬂ\ e
== . . O L S f
3- Efferent arteriolar resistance | 50 VLN GS
J (,Q))ﬂ = (o e '
) Ation Bowman's
“WW capsule
pressure
(18 mm Hg)
Net filtration Glomerular Bowman's Glomerular
pressure _ hydrostatic _ capsule _oncotic
(10 mm Hg) pressure pressure pressure

(60 mm Hg) (18 mm Hg) (32 mm Hg)



t P;— 1 GFR

Factors affecting Glomerular Capillary
hydrostatic Pressure (Pg) :

2-TAfferent arteriolar resistance (Inverse) J & — LGFR ity
3 Efferent arteriolar resistance (Proportional) 77 ¢ i -

Cﬂ;ba[ QKK@CQL% -
Renal
efferent arteriolar constriction— |reduces renal blood flow l

T RE —)T FF & Mg — N >PG — net J,GFR
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Glomerular
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Figure 26-15 (X normal)



Table 27-2 Factors That Can Decrease the
Glomerular Filtration Rate

Physical
Determinants*
lK; = LGFR
TP — LGFR

Tre — LGFR

P — lGFR
LA; = P

lRE — lp(;

TRA — lPG

Physiological/Pathophysiological
Causes

Renal disease, diabetes mellitus,
hypertension

Urinary tract obstruction (e.g., kidney
stones)

| Renal blood flow, increased plasma
proteins

| Arterial pressure (has only a small
effect because of autoregulation)

1 Angiotensin Il (drugs that block
angiotensin Il formation)

T Sympathetic activity, vasoconstrictor
hormones (e.g., norepinephrine,
endothelin)



Renal blood flow

* High blood flow (1100 ml/min ~22% of cardiac output)

* High blood flow needed for high GFR Mo reabsapton ) e (T (G ]

The O7 Coﬂ%umpﬁ'am 1St Lrea s

* Oxygen and nutrients delivered to kidneys normally greatlyj -
. 71

exceeds their metabolic needs 4, wrnptnls oo 20,4 a5ile Gls U
07[7‘})? }(J'o/i’)?/é which is /‘m?amlaﬂ(l, n QCJLF\/? %Vﬂﬂspﬁ}/ﬁ

* A large fraction of renal oxygen consumption 1s related to reny

tubular Na reabsorption aosorplion I das 7
5 melratad by ofliv 3) ol N

Ty dné Port




Renal O2 consumption varies in proportion to renal tubular Na reabsorption
3.0~

N
o
]

N
o
]

Jrenal blood flow& GFR —less Na is
filtered —less Na is reabsorbed —less O2
consumed

-

—
o
1

Oxygen consumption
(ml/min/100 gm kidney weight)
o
1

O
o

Basal oxygen consumption

0 1 T T T
0 5 10 15 20

Sodium reabsorption
(mEg/min per 100 g kidney weight)




Determinants of Renal Blood Flow (RBF)

RBF = AP/R o vaseut=-

AP = difference between renal artery

pressure and renal vein pressure

renal artery P=systemic arterial pressure = 120 /30
renal vein P=3-4 mmHg (A T Kef

R = total renal vascular resistance
= sum of all resistances 1n kidney
vasculature (arteries, arterioles,
capillaries &veins)



Determinants of Renal Blood Flow (RBF)

Most of renal vascular resistance resides in:
(I+interlobular arteries
gafferent arterioles

efferent arterioles

7 resistance of any of vascular segments of kidneys — | RBF and vice versa if
renal artery & renal vein pressures remain constant.




Autoregulation

Proper

Intrinsic ability of kidneys to regulate its own blood flow to maintain GFR

Autoregulation — constant RBF & GFR over P changes 80-170 mmHg
T e s
Two mechanisms involved in renal autoregulation: - | . T

(1) Myogenic response - 80
(2) Tubuloglomerular feedback



Myogenic response

O)'VP_E ca 53

Myogenic Mechanism Pressure dependent mec ,
Smooth muscle Afferent arteriole o l I
omerulus
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Tubuloglomerular feedback

S W P S asse—5—+— Glomerular
N S \ epithelium
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Afferent
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muscle )
fiber Distal membrane
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Macula densa of juxtaglomerular apparatus in the terminal
portion of thick ascending limb is sensitive toxthe NaCl in
the tubular fluid
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Tubuloglomerular feedback

Increase in GFR Decrease in GFR

|

Increase in NaCl concentration
in renal tubule rwre Na o

l S Bllered

A

Macula densa Shm WﬁTubuloglomerular

l ard rleae  feedback

W,

Adenosine

l

Constriction of afferent arteriole_g Bf J

|

Decrease in glomerular blood flow

Decrease Iin GFR

Increase in GFR

l A
Decrease NaCl concentration
in renal tubule 2lo U¥
l Q’ﬁ’wl\”ﬂ )
Macula densa Tubuloglomerular
feedback

l reloa s€ d/"
J

prostaglandin (PGE2), bradykinin & renin

l

( Dilatation | of afferent arteriole

_ Constriction of efferent arteriole

v

Increase N glomerular blood flow




Renin-Angiotensin system

il
deo¥
@ﬂf e .
~ MRS
Stimuli for renin secretion Plasma ‘ Actions
Low blood pressure
. Low ECF volume . :
(3) Sympathetic stimulation (@ oiensinggen % Regulates GFR
(4) Low plasma sodium ) Increases blood pressure
Increases water intake
b€ Renin Increases ADH secretion
: @' Increases CRH and ACTH
_ v secretion
4 Angiotensin |
Juxtaglomerular L A
apparatus
Fand 7 Vé@“[”/ o
> vy }VVL]M rra
/ ACE acbve form 1o ve leid o oleckroly 7es
Lungs Angiotensin Il of ]ﬂ !
Angiotensinases >| (1) Increase aldosterone (s s oD
Angiotensin ||| ——» secretion )
2. Cause vasoconstriction /\/*a / Hod
14 Vo Fenbior

Angiotensin [V ——



Tubuloglomerular feedback

*~ Factors increasing the sensitivity of tubuloglomerular feedback:
I. Adenosine
ii. Thromboxane
lii. Prostaglandin E2

Factors decreasing the sensitivity of tubuloglomerular feedback:
. Atrial natriuretic peptide

ii. Prostaglandin I2

iii. Cyclic AMP (cAMP)

iv. Nitrous oxide.



Other Factors That Influence GFR
regu[cuéaf fﬁ\@) o % i

 Fever, pyrogens: increase GFR

e Glucorticoids: increase GFR

» Aging: decreases GFR 10%/decade after 40 yrs
» Hyperglycemia: increases GFR (diabetes mellitus)

* Dietary protein: high protein increases GFR
low protein decreases GFR



Protein Ingestion

Amino Acids

T\ F!H\?Vwélar‘ 07i a . &

Tubular Amino Acid Reabs.
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l (macula densa feedback)
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Control of GFR and RBF

Control over P, & 14

e Neurohormonal

* Local (autacoids, Intrinsic)

[



Neurohormonal regulation of GFR and RBF

Strong Sympathetic stimulation —> Tyc —s J RBF
JOFR

““Na+ /Volume
“Vasoconstriction

[ REF / GRF%{J \\@

* In healthy person, sympathetic have little influence on RBF.
* Sympathetic 1s important in acute disturbances (e.g. defense reaction, brain ischemia, or

severe haemorrhage)
and eho on




490 = Rernol S ik eas oo L5(RPE aflerent 1 d= gz 2., lo )

it Glomerul J
Hormonal regulation of GFR and RBF dher  Jod av @y
1@{5 tars ’
anshriction I\ panc

Constrict Efferent arteriolew%ﬂ;f;/ — Table 27-4 Hormones and Autacoids That ke nitfic OYiOé\”—

: : MWMM/{ T FR Influence GFR 274 Pmsfaﬁanc/;ms
Physiological conditions
low Na diet, volume depletion & | arterial P Hormone or Autacoid Effect on GFR
prevents | P; & GFR Norepinephrine l =

flow i itubul illaries 1 N _ _ onstrict Renal Blood Vessels
i OW Ih peritubuiar capitiaties 1 Xa Epinephrine " Little effect normally
eabsorption - Hirae
NO & PG Counteract the angiotensin II & Endothelin ! Toxgemia .
mediated vasoconstriction in afferent A. Angiotensin | < (prevents 1) ARE cicete rmnal Lo lure
ndothelial-derived nitric oxide > T Chronic uremia

1

Prostaglandins

* vasodilator
* Help in Na & H20 excretion

* vasodilator

* important only when there are
other disturbances that are already tending to lower GFR
* Inhibited by NSAIDs




Renal Tubular Reabsorption and
Secretion-1

UnitV
Chapter 28

Dr Iman Aolymat



UMNe ﬁoxfmab(m ’—”d’/{c}f’s
several 5%;0@66

Afferent Efferent
arteriole arteriole

1. Filtration _ g

2. Reabsorption sbarls %f "
Glomerular 3. Secretion ‘ .

4. Excretion 67 1CJ 1 hfa tl or)

BaSIC Mechanlsms capillaries

J/ o the Lawman
Of Bowman's CJLPSUV ¢
. . capsule
Urine Formation
(eq bﬂ) v Pb ’ Peritubular
/ capillaries
Cecyvoloion®
4 Re_nal
vein
% e XCV vliom
Urinary excretion /Ibl/j (:60
) Excretion = Filtration — Reabsorption + Secretion ¢ / Vz .
L . - aA
b wonled 7 s, T e 0
Uhes - - T i

(PP



° ° - ‘ @( //(9 Zé///}/l o 7/ , H . '
Glomerular filtration crees (o=
e i S C

waﬂ?oé)ﬁmm
/ &/ éj d,_@ OW
Py

. o
 Filtration = GFR x Plasma concentration o Johi w (2 )ﬂ)
L pabio” 2
* Assuming that substance 1s not bound to plasma proteins betwer? L’ Lo’ !
Lo oo 80 P bbb ’95)
thak Eillored ithn T
/5 1 [e

st / ly st

Vﬂ/ - st jf
e oLl Blpatio Y s



ble 28-1

Glucose (g/day)

;a

Ko O é&ﬂpfwi | 5}@4 R Substing (e >
i b 50 Oslr 2 JI oles 7 '
V\ large quantities small quantities =~

A

F|Itrat|on Reabsorptlon and Excretion Rates of Different Substances by the Kidneys

* Bicarbonate (mEg/day)
£ Sodium (mEg/day)

# Chloride (mEqg/day)
» Potassium (mEqg/day)

Urea (g/day)

Creatinine (g/day)

Amount Filtered Amount Reabsorbed Amount Excreted % of Filtered Load Reabsorbed

. - e Lecsly

Pleeol QL™ 180 180 ol W28 100
4320 4318 2 >99.9
25,560 25,410 150 99.4
19,440 19,260 180 99.1
756 664 92 87.8

46.8 23.4 2010 1ol 23.4 eég/é(% 50

1.8 ) 0 1 i 0

ol no \
][E/’J (b rohor , ) -
oo Uine), & % W

Changes in tubular reabsorption and glomerular filtration are closely coordinated to avoid large fluctuations in
excretion



Tubular reabsorption

i b0 e need T becl
accovod
- Highly selective — d“ﬁ the substene

* Glucose and amino acids are completely reabsorbed

* Electrolytes are mostly reabsorbed but dependent on body needs
* Urea & creatinine poor absorption

* Tubular reabsorption includes passive and active mechanisms
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ACTIVE TRANSPORT

* Moved against electrochemical gradient
* ATP-dependent

* Primary active transporters in kidneys:

¢ Na-K ATPase
-« H-ATPase
- o H-K ATPase

e Ca ATPase



Primary Active Transport of Na*

Passive diffusion of Na (Carrier
proteins)

1-concentration gradient
difference

2- -70 mV 1ntracellular potential
attracts positive Na

Peritubular
capillary

Interstitial
fluid

proximal

Tubular

|
|
epithelial cells |
|

trafiltritlof é

Tubular
lumen

4_ - Para/trans cellular
Na+ 140 mEq/L
@ K* 24“’-]‘3‘1 (=3 mv)
—— K+ =
(=70 mV) Tight junction
({H}
\ Brush border
Basal (luminal
channels membrane)

|
Basement

membrane

Intercellular space
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(U« An Active Transport Mechanism for Reabsorption of Proteins

(z) + Inside the cell, protein is digested into amino acids— reabsorbed through
basolateral membrane into interstitial fluid. b, pas' diffusion:

PIHOC}M[Q&& — > J) dus /‘m/%/‘m 1ons (A}"J_Lﬂ—)
e \ “ Ooh cellmembrane
[D(,:} OZ\U\ Vpé)[ab é/ Q)L %\g N
/Dro IV
meide Che clls

\ ((_/é@] 5/\/7@55/0‘/7 .
MC/ once the Pm%e/ ns

Y

10



. L We have ‘ILF@}’UPOJ//IC’}” Pro?:em on fhe 8/‘7%8}/ éj‘d@
Transport Maximum .../, . they have  caPacity  Guss

Some substances have a maximum rate of tubular transport _
due to saturation of carriers, limited ATP, etc. 7% S des g ;”]JT
iy load ~ &22 €

, . . Lol
» Transport Maximum: Once the transport maximum is rsb<plo r2= &

2 ol <) reached for all nephrons, further increases in tubular (& <~ &
main }l/ Us } ( :
by ackiely Fan PO load are not reabsorbed and are excreted. ot polrgn S BAE

subston®  Threshold 1s the tubular load at which transport maximum 1s
| Bnes Casy) o/L 5. exceeded in some nephrons. This 1s not exactly the same

fmm%w}% ~_ as the transport maximum of the whole kidney because

I “#(" some nephrons have lower transport max’s than others.

!

m&l%_mum
i &
P E s(e Examples: glucose, amino acids, phosphate, sulphate

ﬁmﬂﬁ)/ - 11



Glucose Transport Maximum >

\ e < \
. Normally No glucose in the urine -all filtered and all rea sor bﬁogéo _ /WQ\B
. . . c )
glucose 1s reabsorbed in proximal tubule. 0 W (s ot .6
Q700 - CWJ‘ \ﬂ{\ Flltered banspart
: : Q ~ load
When filtered load > Tm —urinary excretion of glucose 8€ o004 n ‘Wns?bm e max)'mum
g%} \(‘m SO ﬁ::b JJ O»LQ} C/ap/"/u
L o t
Appearance of glucose in urine (at the threshold) occurs }'é % 500 g e
before transport maximum is reached.!! Why? . 400 }@%, on
. (] =
not all nephrons have the same transport maximum for % S e A
glucose— some of nephrons begin to excrete glucose before f ® 300 -+ rTan)r(‘iSrrl?l?:] Reabsord{t%o%/wa&
others have reached their transport maximum. @ © P N the
S 5004 Normal W’/‘ne-
Q ,
T e J/QC/L‘.A_Q 5.
The overall transport maximum for the kidneys which is © 100 - ocrobad wlhm Fhe
normally about 375 mg/min, is reached when all nephrons Lrime
. . . O
have reached their maximal capacity to reabsorb glucose. .. I P P P s ey

GJ Plasma glucose concentration

[ _N LL,O-Q ’f}rﬁm_g’j‘)m’é JJ Oﬁpbrm J OD—EV (b/uﬁ’ 6 U\Q/ no l(/(COStZ (mg/100 mI)
gluee 7 apacity s / A 12
f VD LY ngh(dﬂ5 excrete



| excre bigh v - a

|5 +r&m£?§fk mmum Y S o (b |
M r ) coiiall
s) ) v
4 odas Ld o il

ey (Tf’omﬁ
LB,’&;J ca?ac@ N Gl L dl m?hmm It G P



Reabsorption of Water and Solutes is Coupled to Na™ Reabsorption

]
lw o Pgrmwb& o -J
2. . %LQ [/H/]_O[E?}/’ _9//U
o e e ok com prolc]
coxima | tubufes cAont

* H2O 1s absorbed by osmosis through tight junctions /~ |, wntrdl on

* Proximal tubules are highly permeable to water]/PQ/mw@'“W to water
* H20 osmosis drag other solutes (Na, Cl, K, Ca & Mg) mainly in
proximal T. Distally less permeable membrane & less surface area—

less solvent drag & osmosis

L

S. it J) W@ twbulor ]E}M,‘O/J1 Z:}) Yoy
‘770 the WJOLUE IS alwogys 60 0SMOLiIC

S g au¥
b\;ﬁj:ﬁ )/u _ feaéém/obom J(C]/ZS
rabe S T yhler
ancl other

Solm}‘ﬂ
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Reabsorption of Water and Solutes is Coupled to Na*
Reabsorption

Na* reabsorption
* Cl reabsorption (paracellular pathway) occurs via
. . . . Qﬂj/\)
passive diffusion due to Na and water reabsorption osmolas L// &J% fotis

* Secondary active transport of chloride occurs a H,0 reabSOfpﬂon

along with active transport of Na
: : : : Y
* Urea 1s reabsorbed passively in the different |
fth h Lumen Lumiralic Luminal
segments o1 the nephron. * negative uminal CI * .
o . . potential concentration concentration
* Creatinine 1s large molecule and is essentially
impermeant to the tubular l Jv UM&CSJ
' water
membrane—almost none 1s reabsorbed _ Paccive O Passive urea
Late Proximal Tubule :
Lumen [ \ reabsorption reabsorption
+4mV
2 Cl- H* k' mainly b/ @M
L)z/t VJ&L‘) gV
Na* J
Na* o %z-. . y

H,O



Transport Characteristics of Proximal Tubule (PT)
)anﬁ(_b@%

csyve tran gPOYt

Noes 5
d{ Su‘bgﬁ mbgt £

five arcl P

oxkensive AL

Proximal tubules have a high capacity for active &
passive reabsorption—7 mitochondria & extensive brush |
border on luminal side, extensive basal channels —1 SA X ¢

-

‘

Na+ CI- , HCO3™, K,
H20 glucose amino acids

d\; rafe of rmbﬂ@bw dA@IW{J
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Transport Characteristics of Proximal Tubule (PT)

/ OCCLL ) VY
(Lo a/&éé’//g so the wb&s@ﬁam oza 50)%\85 o) M/mtﬁ’f /S _j

h/‘ﬂb)\/ WWM@ME) n the same vofe /o the tubular [umen 1S 150 05MabIC
£ and mogH/ the Samf OSWM}&TIW
. reabsorb 65% of filtered Na, Cl, HCO3, & K 5 4

o To plasma

* Na is mainly reabsorbed by primary transport \h Vg »

* In 172 of PT— Na, GLU& AA — COTRANSPORT N

e In2" % of PT — low GLU& AA &{ high ClI}—>mainly
Cl reabsorption by diffusion through intercellular j.

* Reabsorb all filtered glucose and amino acids
* Secrete organic acids, bases, & H" into lumen.

« H" secretion binds HCO3 — H2CO3—H20 +CO2 are excrebed in
* Secretion of drugs (penicillin and salicylatesﬁ,t(){s,bile salts , ureat oxlate and

catcholamines are secreted by the proximal tubule.
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Changes in Concentration in Proximal Tubule
5.0 G’ULCO£€+ aA.a — @’MJ 9 [j ﬁﬁ)/

|_Creatinine ) Loard the /}lp?j
%‘sfaé 6)4_&/ OJQ PT

2.0

1.0

0.5+ =1.0 concentration of substance in tubular fluid =

concentration in plasma—High H20 permeability
___. <1 substance is reabsorbed> H20

>1.0substance is reabsorbed < H20 or is secreted
J7 into the tubules. -

Cyeo GiNine
~
\\NGIucose s

0.2-

0.1+

Cem}ﬂ/q%l‘oh @ﬁ

base lne =l —= con

0.054
Lobile same &S

Tubular fluid/plasma concentration

245
Amino acids sopsbanrce m

0.01 1 T T T 1
0 20 40 60 80 100

% Total proximal tubule length

P/aéW‘
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Transport characteristics of loop of Henle _shohly  madkratel)

Ho0 PQYMQ@) ] t/ /\Pgrmeab,ﬁ P@,Wﬂéﬂtb]@
rn D) < h'ﬂy\ P\\ / \ Thin ilzésci}:jng /@ Solu ]:65
7Y loop of Henle
3 functionally segments: \\Q/’ 20%
1+ thin descending e |V o
5. thi d; } thin epithelium e wale
Qt 1 ascending no brush borders mr;
@_thlck ascending few mitochondria ~"
minimal levels of metabolic activity | |
!

highly permeable to H20
moderately permeable to most solutes \

\
)Y
— N (\ 5 =
- \\\ | &77n) /5
C “K\\, M\ AV ,‘,n:”“/‘g“s““‘ /) 7
| ~ N ) YYml jezz=
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Ascending segment of the ascending loop of Henle is
virtually impermeable to water 1



Transport characteristics of loop of Henle

N
Thick ascending ~ 25% of filtered load —» rec bsorbed 7
loop of Henle Lh;ck g scﬂﬂd j
SNz  Reabsorption of N |
N N Nar, CI, K, P ooy en |
7 \\ : E;H |-|co3 7Mg++ Na*, Cl', K+, HCO3',
S \Hypo SR Ca™, Mg™"
;/Jdosmotlc ) N
; L * Secretion of H
o H+
e , * not permeable to H,O

fz0 JZEM\TG—\/M 3
inSidp the mb% ps
e el Gy
e c@mﬁ’ﬂ& 1S h}/w 051
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Transport characteristics of loop of Henle

NaCl & K transport in thick _Henal Tubular Tubular
ascending loop of Henle depends on  fuid cells (18 mv)
Na+-K+ATPase . i -Z{;ﬁz:g‘r?i --------- Mg?s. Cat+
In the epithelial cell basolateral - @ 2, 30
membranes ; uﬁ Na+ m aj ag of these
Pump — | intracellular Na— mSJO/é’
favorable gradient for movement of . J
d 1 <-==---C :
Na from tubular fluid into cell. S K <—< iie
iffusion” o7 8 ~€ K+
Movement of Na is mediated ~«-Z2REE TNmmmmmm iz
primarily by a 1-Na, 2-Cl, 1-K co-
transporter -
L Ol e Uoo o | S

Na-H counter-transport mechamsm(v Wbm M 4, & wbl-  eEthactynic acid

e Bumetanide
el



Early Distal Tubule

+ Functionally similar to/thick ascending loop

» Not permeable to water (called/diluting segment)

 Active reabsorption of Na*, CI-, K™, Mg™

*Early part contains macula densa (part of juxtaglomerular

complex)& provides feedback control of GFR and RBF.

*The next part of the distal tubule 1s highly convoluted

—reabsorbs most of ions& impermeable to water and urea.
nentabitc § Gle) aass Lo los) sle -

ylﬂwﬁ‘ﬂ@




Early Distal Tubules

/QM\\F Early distal tubule ~ 59, of filtered load
\ ) o~ ( N
A% | // A NaCl reabsorbed

J’ " =

4/ /
D™ 252

10 B ” Nar, CI, Ca, M9> * not permeable to H,O

* not very permeable to
urea
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-, active Franspork
Early Distal Tubule port ]

Renal Tubular
interstitial Tubular lumen
fluid cells (-10mV)
® @)

Jm;j - Mo - C

Na*
K Zz Nat s ]chz n;P@ l”)'ed’“

ClI~

diffuses

“passive! y |
,mfo ﬂﬂ/ Thiazide diuretics:
C&LP V/ 6) 23



Late Distal Tubules and Collecting Tubules.

J

eary

Late Distal Tubules and Collecting Tubules have similar functional characteristics

Late distal tubule
and collecting tubule

fmbgd(pmk“ Jy -

o water

 permeablility
to H,O depends on ADH
* not very permeable to

-

anci a//'m/eb‘c hormone
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achiur @

|- Principal Cells[Reabsorb Na and Secrete Kj)

* Depend on activity of Na+-K+ATPase pump basolateral o
membrane. Low intracellular Na—Na diffusion in+ high ntortil L Tubular \J umen

) i ) fluid cells (-50 mV)
intracellular K —K diffusion OUT
* The principal cells are the primary sites of action of the /K]:___»
@(_Sparlng (11111'61:1083_\9 in )/)f)p/r&. the excretianr a]a k—F @ Na* <-_:|_:---N +
* Aldosterone antagonists inhibit stimulatory effects of K © Q
aldosterone on Na reabsorption and K secretion. ~-ZF---or ) >
. . . . /
* Na channel blockers inhibit the entry of Na into Na Aldosterane antagoniee | [Nt chiannel lockars |
channels of — | Na that can be transported across the * Eplerenone * Triamterene

basolateral membranes by the Na+-K+ATPase pump.




fluid

/- Intercalated Cells @ecrete H and Reabsorb HCO3 & 19 Renal L e \J T

Type A intercalated cells cccrete H ancl reabso b B3

COpmmmpmmm== > COQIHZO @ H
* H secretion is mediated by a H-ATPase [regod )< _
2

o

* H is generated in this cell by the action of CA on H20 and CO2 to o -
form H2CO3—dissociates into H & HCO3. o o, s

* H secreted into the tubular lumen, and for each H secreted, HCO3 angoil. == .. K+
becomes available for reabsorption across the basolateral membrane.

Renal Tubular
interstitial _ TypeB B
fluid intercalated cell

- - CO
Type B intercalated cells c<creLion f HCOs

* Functions i1s opposite to those of type A cells (in alkalosis) 75
e HCO3 to lumen very imporbank in mebabslic distpunce cades

* H reabsorption via H-ATPase in allalos /D >
sy Gecob

Intercalated cells can also Ee’absorb or secrete K7

fype Sy e y
arcl the Gynclion




Late distal tubule & cortical collecting tubule —

Functional characteristics:

(1) impermeable to urea, some reabsorption
of urea occurs in the medullary collecting ducts.
2. reabsorb Na— controlled by hormones, especially
aldosterone.
3.secrete K from peritubular capillary to lumen
controlled by aldosterone
4. play a key role in acid-base regulation - infs lime?
-type A intercalated cells — secrete H by activ{H—ATPaseﬂ
mechanism in(acidosis) 0 lumen
-type B intercalated cells secrete HCO3 and actively
reabsorb H In alkalosis
5. controlling the degree of dilution or concentration of
the urine —permeability to water is controlled by
concentration O@DH/Vasopressin%
1 ADH — 1 permeability = rea
|ADH — | permeability s waler 6Egys 1 ofurine

Lhe tbiLlhes
Ls dilubing the wnne

SOrPkl\d')/) s Cpl’\(/el/)h”

LP3 L =, C/ﬁ Lop (Ll

type A

ADH

——

Na

O

H-ATPa
H

HCO3

type

B

Na
H

N
(
SE

—

J
— /r)epéz ))a

Y

=

e

mr.

X_ "\ &y

N~
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Transport characteristics of medullary collecting ducts

Reabsorb <10% of filtered H20 & Na. Lol urme i éj /f « Medullary
ﬁ mtput [ sncen Lafion collecting duct
The final site for processing the urine. o uvine)

Play an extremely important role in determining the final urine
output of water and solutes.

Its permeability to water is controlled by the level of ADH.

DT

permeable to urea-—urea 1s reabsorbed into medullary interstitium
helping to[raise the osmolalitﬂin this region of the kidneys and
contributing to the kidneys’ overall ability to form a concentrated
urine.

—_—
-

Secretes H against a large concentration gradient— plays a key role
in regulating acid-base balance.
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concentrations of substances in the renal tubules

* Concentrations of solutes in different parts of the
tubule depend on relative reabsorption of the solutes

compared to water

e [f water 1s reabsorbed to a greater extent than the
solute, the solute will become more concentrated in

the tubule (e.g. creatinine, inulin)

\N\/\_/\/N

e [f water 1s reabsorbed to a lesser extent than the

solute, the solute will become less concentrated in
2 ypsult o(/‘]u,L“‘f&[

the tubule (e.g. glucose, amino acids) |
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Changes 1n 5 ' |
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AL S |
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S, e Bt A
\ 6 '
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Proximal i Loop of i Distal iCoIIectingi
tubule Henle tubule tubule

more water is reabsorbed than solute

S
1

more solute is reabsorbed than water
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The End



Renal Tubular Reabsorption and
Secretion-11
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Regulation of Tubular Reabsorption

Regulation 1s required to maintain a precise balance between tubular

o Glomerulotubular Balance

reabsorption and glomerular filtration. ) o ST o

Mbgo@i/m ar Filfralion

o
- * Peritubular Physical Forces e
* Hormones o the amounk oF the
 Sympathetic Nervous System excrebion

- * Arterial Pressure (pressure natriuresis)

 Osmotic factors.



Glomerulotubular Balance .
' mean. TN

* Intrinsic ability of tubules to T reabsorption rate in

response to 1 tubular load if GFR1 to[l 50 ml/min:)
J) O/M;é ’C'J'\D _,C\J) . _/"‘C/;J[F—
nitirSic abilifyp 1 pabSelion 27 = .
3¢ In pl[jxiljllgl tubu +re¢alg€gorpt10 1 from 81 ml/mng;bSlggﬁon
o wO7Smlming Yo ooty f Ho0 and elechilyles Al
To bl el & T
y,* To less extent in[Loop of Henle, I .

Tubular Load o |

5.+ The mechanisms for glomerulotubular balance can bl . dular ) > e

occur independently of hormones. . S C oud
mhyj —> Lo oth Jj et OLLe 8. EADEI IO L=
?W{ aléio %gﬂ\“ﬂ —> mamlyin Pl 7;7;652 i;:‘%ir%ulaw/f’é . fmduﬂk a]ﬁ §) (e \Q)9 [c ¢
"o * It helps to prevent overloading of the distal tubular e excrt A
S0P segments when[GFR] ing:rea_se  digeus € Ui
T\ o (R By /1/4/?, o LA > = ;')/’é’/é&/ Jo =T )
painly i sl oo b b ;

P“;ﬁ””%% PmE e—ﬁ\f@d&%rﬁ’oﬂw{ﬂﬁ dﬁ%ﬂﬁbﬁ% W i vake A



Peritubular Capillary Reabsorption

I g
3. Hﬁe Rihsoipk arl on poritil ulggscgfé bm{m

absorption across the @p/4"/

peritubular capillaries

Rrifubular reabéorf}foﬂJ ;

)?J// V| fgrces Iy -

G Blhato 3 & T T, Gpr O

the diHer

* Hydrostatic and colloid osmotic forces govern the rate o re

hueeﬂ the

* Normal rate of peritubular capillary reabsorption 1s about 124 ml/min.

is low

andl )

Tubular
cells

ool on
fhe

Tubule
lumer

bowman 3} & (= . 2
QJJ_)J\J (5(_)_9‘961)]

--H2C

- = Nat

L ’3 bowmﬂ”J’f
—
e — )
<+~ -<--
@
\J

] . [T Peritubular Interstitial
a. Hydrostatic P. in capillary (Pc)opposes|-13 capillary fluid
b. Hydrostatic P In interstitium (Pif) favors 6 >
c. Colloid osmotic P in capillary (wc) favors 32 ) ‘s_n@,_,g
d. Colloid osmotic P in intrst. (mif) opposes -15 13 mm H_g> o (it
\ - 15 mm Hg
QJ'HWJE 'Vf)/(m Net reab. P 10 mmHg 32 MINEREN - ik
coerficht
A J flow 4 H,O
Reabsorption = Kf x Net reabsorptive P tWhich Favers 10 mm Hg Na&*
=124 x 10 the rgabéa?ﬁﬁn Net reabsorption
=124 % the substaiees PIEsstre
ml/min Bom IF roko The per; JiLb wlar

(apjl)a\/j



% hyrpstatic @ within the perifubular capilary is low —= because b is opposing the
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Determinants of Peritubular Capillary Reabsorption

Reax bso r’Ption = "(,9 X Net reabse rjofi\/e P
T Ky : TReabsorption
T T Pe > $ Reabsorption
o) ES awd £ l

@abo rjpbm :

T Llc = T Reabsorption
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Determinants of Peritubular Capillary Hydrostatic Pressure ~ “/7

P depends on BP, and resistance
of aff. & eff. Arterioles Glomerular Peritubular

Capillary Capillary

Ra Re

Arterial
Pressure

TArterial Pressure = T Pc— l Reabs.
1 Ra -} Pc — 1 Reabs.
T Re - l Pc — TRea‘os.



Determinants of Peritubular Capillary Colloid Osmotic Pressure

IT depends: on [plasma protein]
& filtration fraction

A

‘It~ = TReabsorption
" [plasma protein] = 1w > TReabsorption
" FF> T = TReabsorption

A

A

Peritubular Interstitial
capillary fluid

. SN
alm >

Filt. Fract. = GFR/RPF <Py

P 6 mm Hg
13 mm Hg _
——  Tf
T, € 15 mm Hg
32 mm Hg

7



In general, forces that increase peritubular
capillary reabsorption also increase
reabsorption from the renal tubules.

Conversely, hemodynamic changes that
inhibit peritubular capillary reabsorption
also 1nhibit tubular reabsorption of water
and solutes (s such is Thydlp Sobic pressirt

d collom/ OSMBEIC pa/@_SSLLN

(4] dilution of the proteins — 3

Tuolume

more solutes & H20 «—
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capillary fluid
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ﬁ too muwch Na inthe Urine
Pressure diuresis and pressure natriuresis

L;e)(cesh/e LUQ&@V 77 Hze wrine

1 BP - kidneys(excrete large amounts of H20 & Na,

Even a slight increase in blood pressure doubles the water excretion.

diuresis & natriuresis> |[ECFV & blood volume—> brings the arterial blood
pressure back to normal level.

factor that contributes to the pressure natriuresis and pressure

diuresis:

1-Impaired autoregulation & 1 GFR
2- 1 Pcin vasa recta—>P;—> prevent Na & H20 reabsorbtion+ backleak

3- | Angiotensin || T




Hormonal control of tubular reabsorption



Aldosterone actions on late distal, cortical and medullary collecting tubules

Principal Cells Tubular Lumen
Aldosterone :
Secreted by adrenal cortex
Acts on the distal tubule and collecting ducts
7Na Cl , H20 reabs.
Mainly acts on principal calls of cortical coll. tubule
increases K+ & H™ secretion.

Na*

11



Control of Aldosterone Secretion

Factors that increase aldosterone secretion
' » Angiotensin II

e Increased K* = (= aldsstzon J) a2 9
. K e 2
3 * adrenocorticotrophic hormone (ACTH)

(permissive role) s 7, b abloshm o
"ot Le O UL 15

N

Factors that decrease aldosterone secretion
- o Atrial natriuretic factor (ANF)
2« Increased Na" concentration (osmolality)



Abnormal Aldosterone Production

* Excess aldosterone (Primary aldosteronism
Conn’s syndrome) -/Na™ retention,
hypokalemia, alkalosis, hypertension

» Aldosterone deficiency - Addison’s disease
Na* wasting, hyperkalemia, hypotension

13



Angiotensin II Increases Na™ and Water Reabsorption
*low blood pressure and/or low ECFV

*Stimulates aldosterone secretion "
: : . | o oark o wle
» Directly increases Na* reabsorption #<& " " st 1

(proximal, loop, distal, collecting tubules)

. Constricts[efferent arteriole@
- decreases peritubular capillary hydrostatic pressure
- increases filtration fraction, which increases
peritubular colloid osmotic pressure)

% Nd - reab so r?ff'f?ﬂ




Angiotensin II increases renal tubular
sodium reabsorption

Renal Tubular
interstitial Tubular lumen 4
fluid cells N Lo ot
— &\_C va
e Na/h 4.
o aChive erchonger
LYY
v P Na* Na*
A} @ @(’
K* H+
AT,

IAng I AT, Ang I l

iLs yece PJ‘O r

_ ] .

3 ﬂﬁh\/@lﬂ Nat @ aitther acls o

No-pws < HCO; s WWE
Hanspor —~__/ of on IF PA
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Effect of Angiotensin 11 on
Peritubular Capillary Dynamics

Glomerular Peritubular
Ra Capillary Re Capillary

Arterial
Pressure

Y Ang 11 . Y Rer— L’B? (peritubular

- -

= 1 renal blood flow

—_—
R

-~ & -

cap. press.)

—'_l FF—
Y [Ic—

e SIC
) Qijl,é—‘;
@@SOFPJH e
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Ang II constriction of efferent arterioles causes Na™ and water retention and maintains
excretion of waste products

Na* depletion

t Ang 11

A 4

T Resistance efferent arterioles

e

T Glom. cap. press 1 Renal blood flow 1 Peritub. Cap. Press.
Prevents decrease T Filt. Fraction
in GFR and

retention of \

waste products T Na* and H,O Reabs.

17



Angiotensin II blockade decreases Na™ reabsorption
and blood pressure [ vainly vsed m by ey sion

* ACE 1hibitors (captopril, benazipril, ramipril)
* Ang II antagonists (losartan, candesartin, irbesartan)
* Renin inhibitors (aliskirin)

* C
* C

ecrease aldosterone
irectly inhibit Na™ reabsorption

* C

ecrease efferent arteriolar resistance

¥

Natriuresis and Diuresis + l Blood Pressure



Antidiuretic Hormone (ADH)

* Secreted by posterior pituitary
* Increases H,O permeability and reabsorption in

distal and collecting tubules
 Allows differential control of [HzO and solute excretion]

 Important controller of extracellular fluid osmolarity )
I

| \4
Solures SO d rgabgorffrldﬂ
_ ‘ SV Coe >
\ an o\ (os ) e M dilute 2 = _
wrine oncentalidn <. U\j/ § i i e

ADH I 2



Feedback Control of Extracellular Fluid Osmolarity by ADH

- - Y Extracell. Osm (dehydration)
@ (osmoreceptors-
l [hypothalamus]
‘ ADH secretion
l (posterior pituitary)

Y Tubular H,O permeability

mam?)/ aézé SrL-
l (distal, collecting)

Y H,O Reabsorption
l (distal, collecting)

l H,O Excretion



Mechanism of action of ADH in distal and collecting tubules

Renal Tubular
interstitiaIL Tubular \J lumen
fluid cells
Binds V2 receptors—>form cyclic AMP
—increase aquaporin-2 on luminal, AQP3,4 on
. AQP-3 H20
basolateral wakev channels __ AQP-4
t0 verlgorphion 31 e AR, 2272 ~—H,0
- When ADH decreased—>AQP back to < CAMP*E[:::;'Q
cytoplasm L e
Cjw L ) ATP Z AQP-2
m\ > > et Proteln
20 HZ0 f@ﬂbf&fpff‘m? Phosphorylatlor/
3
[Z\quaporln -2 (AQP-2)

Ty

21



Abnormalities of ADH

* Inappropriate ADH syndrome (excess ADH)
- decreased plasma osmolarity, hyponatremia

e ’N 7(/%
pwbleminthe ohgy of production —s pasterior pifu faj B &fj{;gm L ;DH

* “Central” Diabetes insipidus (insufficient ADH) o 040” L have
- water loss (diluted urine), increased plasma osmolarity, sp#
hypernatremia, excess thirst v
[Desmopressm t@ PN Tl <lo Qﬂfv o2 K water easilly
Q// U/ /oféef/
Vﬂ%ﬂbz ADH _ J\Np @ V[
/ //J C—= , S AP C7/ ZUSH
JERA T 1 g T T W) O ¢ rine

Dol &
(4N J 5™ * Uing 22



o0 o ca )11 15 %yh
Abnormalities of ADH 77 77

failure of countercurrent mechanism to form a
hyperosmotic renal medullary interstitium/ failure of the
distal and collecting tubules and collecting ducts to
respond to ADH.

* Failure of kidneys to respond to ADH:
“nephrogenic” diabetes msipidus

Lot Bep Ly fom Bl O ADH @
N o))
- impaired loop NaCl reabs. (loop diuretics)
- drug induced renal damage: lithium, analgesics
- malnutrition (decreased urea concentration)

- kidney disease: pyelonephritis, hydronephrosis,
chronic renal failure



Atrial natriuretic peptide@lcreases Na* excretimj

* Secreted by cardiac atria in response to stretch
(increased blood volume)
* Directly inhibits Na™ reabsorption (mainly from collecting ducts)
* Inhibits renin release and aldosterone formation
* Increases GFR
* Helps to minimize blood volume expansion




T Blood volume (=) «---mmmmeeeems
l I
— aca» —
1 Renin release 1 aldosterone T GFR

|

1 Ang II

N

1 Renal Na™ and H,O reabsorption

\ |

T Na* and H,O excretion -

25



Parathyroid hormone[increases renal Ca™ reabsorption]

» Released by parathyroids 1n response to
decreased extracellular Ca™

functionze Increases Ca™ reabsorption by kidneys

* Increases Mg reabsorption by kidneys

* Decreases phosphate reabsorption

» Helps to increase extracellular Ca™



Table 28-3 Hormones That Regulate Tubular Reabsorption

Hormone Site of Action Effects
\‘Aldosterone Collecting tubule and duct T NaCl, H,O reabsorption, T K* secretion, T H* secretion
Q.Angiotensin Il Proximal tubule, thick ascending loop of T NaCl, H,O reabsorption, T H* secretion

Henle/distal tubule, collecting tubule
3.Antidiuretic hormone Distal tubule/collecting tubule and duct T H,O reabsorption
lﬁAtriaI natriuretic peptide  Distal tubule/collecting tubule and duct ! NaCl reabsorption

£.Parathyroid hormone Proximal tubule, thick ascending loop of | PO, reabsorption, T Ca™ reabsorption
Henle/distal tubule

27



Sympathetic nervous system@ncreases Na* reabsorptiorﬂ

.« Directly stimulates Na" reabsorption

2.« Stimulates renin release

3. Decreases GFR and renal blood flow
(only a high levels of sympathetic o

Stlmu1at10n) 1 hemo YVZ/\@@
é]/loc;k



Questions?
The End



Urine Concentration and Dilution;
Regulation of Extracellular Fluid Osmolarity
and Sodium Concentration

Chapter 29
Unit V

Dr Iman Aolymat



s mainly dircted Eo fby
Control of Extracellular Osmolarity (NaCl Concentration)

Q/JJx:EU &)
Osmolarity is determined by amount of solute (mainly NaCl)/ ECFV 1, J\/,,, 2
l ANO f a rJt/

ECF osmolarity & [NaCl] are regulated b)[amount of extracellular watea

lregulated by.

(1) fluid intake
(2) renal water excretion

.

e fégwmflfd < ’ '_IA_‘E_Ht ] == ADH -Thirst Osmoreceptor System
b * Thirs

Mechanism:
1 extracellular osmolarity (NaCl)
bl - stimulates~ADH release~> 1
act on @m[ b Yion H,O reabsorption, and stimulates
(0] and 1 B20 red 'SOPthII‘St

intake of water
from fubular ( )

i o]c
lumen nip 5/[7& Mgf mulal"'o” the mmka
wl ‘0
2 and o 7 Hpanlel



Concentration and Dilution of the Urine

» Kidneys excrete excess water by forming dilute
urine wine ) concentrakor o @) 2 5), lore a0,
ol v

« Maximal urine concentration (H20 deficit) f)fgg‘)m
=1200- 1400 mOsm/L o+———
o Ho0 Lo 1 0315 Coss sles
levels 1n the Loof}/
 Minimal urine concentration (high___

H20)
=50-70 mOsm /L

<5c) the wvime 1S o/;‘)a}e&(/)



Drink 1.0 L H,0 O

800 * U§
rine

difint_change:

Urinary solute
excretion
(mOsm/min)
o
(0]

1

* kidneys can excrete diluted/concentrated urine without major

23
& E 1 | osmolarity
1 . @ 400 - I Pl
Water diuresis §<g —\/ SEaarty
- S | @L B
In a human 0 1 peprbion  opllped
. . ko) 6 I ’
after ingestion Pe.]
. gg |
of 1 liter of 5o |
water. > o |
1.2 - : the [Sdlu.}'fs_’/] LUJ‘H’)M Hﬂe urhe
|
l
|
changes in rates of excretion of solutes such as Na & K 0 .
_ 0 60 120 180
: 3 Juo Time (minutes)
o gl o ) -
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logs waler
- 1 foo pauch Solles ,Joo much electrolytes Foo much solts, and

Formation of a Concentrated Urine when

H,0 NaCl

NaCl H,O Urea

d

~€&— Medulla —|— COrtex m——

(b) Presence of ADH

y i [ Small volume of |
_ [@mm the 49% ar/le[ec{—rcly)ﬂ arz- reob S, Mechanism - concsnsaed e
2« Continue electrolyte reabsorption - Increased ADH release which increases water
3. e Increase water reabsorption permeability in distal and collecting "
‘ tubules s s oter reabsuption 2o less water within
8 mainly loy the work ok ADH on the () » High osmolarity of renal medulla  the cllecf ny
distal part of convulated Tubule and (3 + Countercurrent flow of tubular fluid O{Lbﬁt
Col) )Zf
MeCiing oluck 8o cwneentmty/
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Obligatory Urine Volume i

) — - %
. : S U}‘Z fo/
minimum volume of water reglired o excrete the Uryankee! f ecrete » fi)yd;‘solk/e Hhose

Salks @ 0[/‘530[\/@0/ H’)g&e «§a}ﬁ N2 wafmf . . “hin heby Un re u]rg@{
The minimum urine volume 1n which the excreted éub%m&%

solute can be dissolved and excreted
Fecd urine

very @”C@n}r@

Example:
If the max. urine osmolarity is 1200 mOsm/L,

and 600 mOsm of solute must be excreted

each o b . o T s
day to maintain electrolyte balance, the — °%= @Y W=

ORI

oblIgat@yruidne vo IHrgeL}%ay Tr &
1200 mOsm/L ' She avera)

| T
the gmount of salks nesd b0 be ecretel 500 _ 0.5 L/C/“/
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Relationship between urine osmolarity and specific gravity

Estimation of [urine solute]

Turine solute]=> 1Gravity 1400 7
urine specific gravity increases linearly with increasing 1200 T
urine osmolarity
1000 T

Urine specific gravity is a measure of weight of solutes in a
given volume of urine (ranges from 1.002-1.028 g/ml) Urine il

l Osmolarity 800

. . O L
Determined by number and size of solute (mQsmyL) 600 -
Osmolarity is determined by the number of solute M the ECI[ v
molecules in a given volume. mainl Y 400
Relationship between specific gravity & osmolarity is 200
altered when there are significant amounts of glucose,
- ] | | |

radiocontrast media & antibiotics.
— — 'y within Hie;g_?cﬁ 1.010 1.020 1.030 1.040
A 6&:9J\/C7/ Z/ Urine Specific Gravity (grams/ml)



Hyperosmotic renal medulla is mediated by the special anatomical
arrangement of the loops of Henle & the vasa recta.

T
Vasa JJ (JJM/

recta

lOOfP OQ J}ﬁ

henle
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Factors That Contribute to Buildup of Solute in Renal Medulla - H20
Countercurrent Multiplier
Collecting d ct\

QLN 300 /7 (= \

: 300\_//4 o0 100
« Active transport of Na*, Cl, K* and other ions from & = 100 100
thick ascending loop of Henle into medullary et W0 <~ i<y !
interstitium ;04— Naci 4= to0
» Active transport of ions from medullary collecting o4 wact—] |
ducts into interstitium s does ot el of energy outer 0y M ok
« Passive diffusion of urea from medullary collecting g ™ ——
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== Active transport
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fluid
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Table 29-1 Summary of Tubule Characteristics—Urine Concentration

Permeability

Active NaCl Transport H,O NaCl Urea
Proximal tubule ++ ++ + +
Thin descending limb 0 +- + +
Thin ascending limb 0 0 + +
Thick ascending limb ++ 0 0 0
Distal tubule + +ADH 0 0
Cortical collecting tubule + +ADH 0 0
Inner medullary collecting duct + +ADH 0 +ADH

NaCl H,0 NaCl

Q@ - 2
o) =
© [e]
o O
o : 4
Q S
© (0]
m o 70
= @00 T
E
o & S g 2
8 H,O T NaCl §
N =
T 600 600 50 ¢
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e Net Effects of Countercurrent Multiplier

More solute than water is added to the renal medulla.

1.e solutes are “trapped” in the renal medulla
| 2) Fluid in the ascending loop is diluted
[3.)Most of the water reabsorption occurs in the cortex G po s

(i.e. in the proximal tubule and in the distal NH
convoluted tubule) rather than in the medulla/ i meclulia
(4)Horizontal gradient of solute concentration established
by the active pumping of NaCl 1s “multiplied”
by countercurrent flow of fluid. o
L;a/wﬁ =

hvper g s |arity
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by ADH — this absor b ‘Aﬁr’ge amounts of water are reabsorbed into the cortex
(ADH action), rather than into the renal medulla, helps to

NaCl H,O Urea H,0  NaCl R
Q;( A A 300 / Q/
r—2
‘ /300 100 300 - Diffusion of only small amounts of water into medullary
NaCl interstitium—> high medullary interstitial fluid osmolarity
x
Q
& The reabsorbed water absorbed to medullary interstitium

Is carried away by the vasa recta into the venous blood.

600 600 600 600
’ *
47 NCN 1o ,ea.
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H,0 NaCl A",o
Urea 4
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e Urea Is passively reabsorbed in proximal tubule 7 ~___Urea___ (/
(~ 50% of filtered load is reabsorbed)*:/ £ roman @FMS ;

« In the presence of ADH, water is reabsorbéd ‘i " i“mm _Cottex | 7| __fre — N -
distal and collecting tubules, concentrating ,,,, cliis  50%remaining -t | | it remaining = |
urea in these parts of the nephron Outer H0 -1 N IR 4

» The inner medullary collecting tubule is highly B s ) m— !
permeable to urea, which diffuses into the imer :" 5‘\“366"'
medullary interstitium \ S\ )

g-+ ADH increases urea permeability of medullary MM TR0
collecting tubule by activating urea e Urea ___-=~

transporters (UT-A) Ut Al )1 medullary Urea from medullary tubules  diffuses into the
Ut Agj@ Al C&’\fﬂ thin loop of Henle and then passes through the 20 remaining
o L distal tubules, and it finally passes back into the

collecting duct. _ —
) U S e delis 7

! ”_p ; s - @q o ” )
" Sl O )75')“ G O 2 ; iuo{frct/nd mainly tn tnnsr med“lary park
o Henle A PV R ' 5
Mbﬁ/“” J“fd&d-} & s e diffision s st Do
% e ~
cysre remm@mnW/jﬂ/J e P — B @‘g}o
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The Vasa Recta Preserve Hyperosmolarity of Renal Medulla

Vasa recta Interstitium

* Vasa recta blood flow is low (only 1-2 % of total el mOsmiL
renal blood flow) minimizing washout of solutes 20 e %0
from the medullary interstitium. e \::0\‘ 4,0~ Teogl > solue

[
- The vasa recta serve as countercurrent exchangers: Solute ~;‘~~>~ - ——';0'&» .
Plasma flowing down the descending limb of the vasa 800
recta becomes more hyperosmotic because of diffusion of "N\ T>to-flg>saue
water out of the blood and diffusion of solutes from the -

—
renal interstitial fluid into the blood. \_ 100 / 1200

In the ascending limb of the vasa recta, solutes diffuse descenolfﬂﬂ SIges bloocl Fbu o= el x

back into the interstitial fluid and water diffuses back into f;))s b

the vasa recta. Kal W w ” ﬂﬂ s

Large amounts of solutes would be lost from the renal sl o2 WY

medulla without the U shape of the vasa recta capillaries. ;ng%&%ﬁ Fhe ]Jmen and at
asgerdhyy b D10 Y1 2 %19% ! the camp Fime e logs water

o5 \éﬂ&p ¥ tferstitum Jy 1) ﬁ&u Solules i Ay Ceo? PRI cap j
f

0(1 JM,ELGVL dl‘ fz0 d%'! R /MQC/M”WJ/ Ji OWJ C@()/ CSJ/ S0 —> Cor)cen}rozl-e

insile H/Le_ lerstifium
l Su lostances 1 this
Jow Veclhm . o



Summary of water reabsorption and
osmolarity in different parts of the tubule

Tubular part H20 Reabsorption (%) Osmolarity

Proximal Tubule 65 (water channel Isosmotic
aquaporin 1 (AQP-1))

Desc. loop 15 increases

Asc. loop 0 decreases

Early distal 0 decreases

Late distal and coll. ADH dependent ADH dependent

tubules

Medullary coll. ducts ADH dependent ADH dependent




Changes in osmolarity of the tubular fluid

- - r |
1 o S o . Bl U\JA) Lé\ﬂ
D both permeable bo water dlutonz2 402 ° @gﬁ[ﬂ = “
- o
angl &olukes ?U«J\Lﬁéff& 5 mainly the medullary
w dégrsncle Jﬁ 02ml PVt under +he
1200 - A cHect of ADH
= .
= £ 3| = > - E”‘('—ﬁp")
5 900 ~ g % § ‘=; Mot anaa/)}mhan
£ o|l2| 5|3/ BB |
E c s | O Q 2 «f the wrine
S 5 | - = = o
= -1 5 -— s ° °
R I P e S
o 460 is0 asmabic /im . smolar /
125 ml 44 N |_ el
200 +
S
103 | m 20 mi
Proximal | Loop of Henle Distal Collecting Urine
tubule tubule tubule

% duct
0)/' } “}’W/L



@w\M Control of Extracellular Osmolarity
r i
m\\““\?f i (NaCl Concentration)
Wiyt
[Plasma sodium] is normally regulated within close limits(l 40 - 145] mEq/L, Avg 142 mEq/L.
Osmolarity averages about 300 mOsm/L o

- lasma 0 Syl
: o How : :
Plasma sodium concentration is used to estimate plasma osmolarity (most abundant ion)

Posm = 2 X [P -, mmMOl/L] + [Pyycose, MMOI/L] + [Pyres, mmol/L]



Control of Extracellular Osmolarity (NaCl Concentration)

ADH -Thirst Osmoreceptor System
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Secrel: on
a ;45/ Syﬂ}he SiS

ﬁoamorece@srs Sy o A 5 ‘ADH | st
and = ﬁ mainly <V
U ;('i : \‘»/’/7:[‘ ¥ .
-+ bayo receplors - &) brain
A Scuf)mm? CiC puyont Pituitary

ADH synthesis in the
magnocellular neurons Somonte
of hypothalamus,
release by the posterior obs

-

L — Baroreceptors Po S 7L€)”/'d v

0 t [ AN L/ s 11j0
smorecep frs \ ‘ 90 e
Cardiopulmonary

K \ receptors 2% ]u/‘}m/y

/\ Paraventricular
QS neuron

pituitary, and action on e and then goes
the kidneys 'k Clrcula oo
J
: e fhen o
AV3V region also controls osmolarity and ADH e 4
secretion ‘ el Fubufos
' % Koty

Urine:
decreased flow
and concentrated



Water deficit ([0(1) water \/OJUW)E)

!

f Extracellular osmolarity

Y

l@smoreoeptors shrinka@

Osmoreceptor— | X |
idiureti postoror saryy | Docanse There
antidiuretic hormone =i R
(ADH) feedback l betumn osmorecehs
mechanism for regulating } Plasma ADH arol posterior
P)‘ﬂ'w‘a‘a\/y
extracellular ]

H,0 permeability in
f distal tubules,
collecting ducts

!

f H,0 reabsorption

fluid osmolarity.

*HQOexcreted R le sS (,UaJE’Y [N
AYIme

S0 conentra ool
uvine -



ADH control of extracellular fluid sodium concentration and osmolarity

lextracellular fluid osmolarity

!
| ADH is formed

l

| renal tubules permeability for water

!

| water reabsorption

l

Tvolume of diluted urine

!

concentrates body fluids and returns plasma osmolarity toward normal




Stimuli for ADH Secretion

* Increased osmolarity

* Decreased blood volume (cardiopulmonary refl ﬁxes)
(§He&Ssed blood pressure (arterial barrecepiors)
DHBTEFERIRISH -

- input from cerebral cortex (e.g.

fear)
o 055 - angiotensin Il
Turinary - nausea
Elow - nicotine

I urinabron: - morphine



Factors That Decrease ADH Secretion

— ¢ Decreased osmolarity
— ¢ Increased blood volume (cardiopulmonary reflexes)
—— < Increased blood pressure (arterial baroreceptors)
* Other factors :
. - alcohol
.- clonidine (antihypertensive drug)
_ - haloperidol (antipsychotic)



ADH is considerably more sensitive to small changes in
osmolarity than to similar percentage changes in blood
volume

_ | asmor osmolarity Ji e s
S . —
jJ) ADR i =2fs T by 1%

by 1/s



Thirst in controlling extracellular fluid osmolarity and sodium
concentration

51&/‘{7)%]&}2 |- ?Q¢ bIOOd volume . in }'))/jpoﬂ’lﬂ)&lm(/l_g
tnivel H | . Thirst Center
ol (Hypovolaemia)
J
Pobal | 2 % Angiotensin Il Thirst
o sensation

.
oo 2 » /M plasma osmolarity

(Hypertonicity)

l

When Na concentration increases only

Increased water intake
about2 ' mEq/L above normal, the thirst
mechanism is activated, causing a desire

to drink water. This is called the

threshold for drinking. dilute ECF & | osmolarity




Stimuli for Thirst

"o Increased osmolarity
2.« Decreased blood volume
(cardiopulmonary reflexes)
2.+ Decreased blood pressure
(arterial baroreceptors)
v+ Increased angiotensin 11
5. Other stimuli:
- dryness of mouth & and mucous membranes of the
esophagus



Factors That Decrease Thirst

-« Decreased osmolarity
9. * Increased blood volume
(cardiopulmonary reflexes)
3« Increased blood pressure
(arterial baroreceptors)
y. » Decreased angiotensin I
5« Other stimult:
-Gastric distention



The end



Renal Clearence

Unit V
Chapter 28

Dr Iman Aolymat



Clearance

 “Clearance” describes the rate at which substances
are removed (cleared) from the plasma.

* Renal clearance of a substance 1s the volume of
plasma completely cleared of a substance
per min by the kidneys.

- ’ (\ —_—
wglume St o2 o

- P ‘ - . e
W @/74@& W}j/ (/3 @U Qe o/p)mmm



Clearance Technique

C \ -
Cov 0N e — urine excrebion rale

gsxPs= S X V

= Us x V = urine excretion rate

Ps Plasma conc

Where : (Cs = clearance of substance S
Ps = plasma conc. of substance S

Us = urine conc. of substance S
V =urine flow rate



Osmolar Clearance rtal Clarance of Solufes

osmolar clearance (C,,,)= total clearance of solutes from the blood
= Volume of plasma cleared of solutes each minute

Cosm = Uosm X V where:
P

Uosm {urine osmolaritﬂ
osm \Y = urine flow rate

P = plasma osmolarity



example

If plasma osmolarity 1s 300 mOsm/L, urine osmolarity 1s 600 mOsm/L, and urine flow rate

i1s 1 ml/min. Calculate the volume of plasma cleared of solutes each minute?
or calcula [e

plasma osmolarity = 300 mOsm / L U v The O0SMo lar
— X

urine osmolarity = 600 mOsm /L ' Cosm = osm Clegyane&
urine flow rate = 1 ml/min Posm G/ e 54 M@) i

L>ml = b Cosm= 600 x 1/1000

i —— L 300
[000
=0.002 L/min

=2 ml of plasma are being cleared of solute each minute



“Free” Water Clearance (Cy, )

Free-water clearance (Cy,) =rate of solute-free water excretion
is calculated as the difference between water excretion (urine flow rate) and osmolar clearance

(U.... x V)
CHzO =V -Com=V- —
Posm
If: Uosm < Posm, CHzf(;j‘F indicating water 1s being removed and
excre fecl b/
If: Uosm > Posm, CHzS indicating water conservation Hoe K]‘o/we&ﬁ

Lot a0 bocw s
_W/@%Kﬁ



Question

Given the following data, calculate “free water” clearance :
urine flow rate = 6.0 ml/min
urine osmolarity = 150 mOsm /L

> Is free water clearance 1n this
plasma osmolarity = 300 mOsm / L

example positive or negative ?

CH,0 = v - JosmxV =6.0-(150x6)
Posm
300
=6.0-3.0

= (+)3.0 ml / min (positive)
Waler is being Clea rech




(1)
Use of Clearance to Measure GFR

@/d\lq sech0B10 )5 reabSgtion 8 L/ pp2 b &

Z’ ° - For a substance that is freely filtered, but not reabsorbed or secreted
N & @J?) (itlin, s Mte, creatinine), renal clearance is equal to GFR 0 sloy s
> ol
: W iection _
u V| ﬂﬂ @ - T % Pinuiin = 1 mg/ml C(@@ V@J/)C& "\] O_”,LLQ-;
3, u\/"} KJSU”*” D'F these substane
G)FR ° = G‘IFR
Amount filtered = Amount excreted
jnu}]ﬂ—% an amouﬂt O]C GFR X Pinuiin = Uinuiin X V
P]‘ ] }Vﬁ b‘ on excre ie OZ Uinulin X \%
N N GFR = IDinulin
(n (NNt
GFR = 125 ml/min
I
25 X | _ 195 ml Jmin |
| Y

A Uinulin =125 mg/ml
K V =1 ml/min



Creatinine clearance and plasma creatinine concentration can be used to

estimate GFR produﬁ’@/ by the body

, ) IU‘SJ) éLQS
inulin JIQ/ Y g\ﬂ} —

* cleared from the body fluids almost entirely by glomerular filtration | L ch
adv- e not require intravenous infusion > o it s lesS iuashe (~pease it 15 a normAl P

disad® is not a perfect marker of GFR because a small amount of it is secreted by C;];;;S;@f ol
the tubules %ﬁamount of creatinine excreted > amount filtered] f//}/;g lﬁag})
* aslight error in measuring plasma creatinine - J
o o Ll o 17 o
mw}%)) (9 _@@PJ{ load Les e 1S e)@mff’d'
o) -

— - - S 5€CV87LJ\W
Crealin™ ) e S5 od 6 9 ) et v Wk oLls
Yok excroled > amsunt filte — TN WW;“/A? %Z/ >
S Creal TV e . -
Clloraba!y) S sl 1= cecretd
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Use of Clearance to Estimate%)enal Plasma Flow &crelign 0 {ilfered ) &

Yo o Lo oo b
Theoretically, if a substance 1s completely cleared from —— LS fﬂ'@/ Slo>
the plasma, its clearance rate would equal renal plasma flow (RPF) ' RYPf < -

Paraminohippuric acid (PAH) is 90% filtered and secreted Ppan = 0.01 mg/ml
and is almost completely cleared from the renal plasma J

lenous  J1 Se 700 240 G2

Circulgtion

amount of substance delivered to kidneys in blood= amount excreted in urine
(RPF x Ps) = (Us xV )
RPF = Us xV/ Ps=Cs

Cx = renal plasma flow

Renal plasma flow
_ Upau x'V

Ppan

Renal venous
PAH =
0.001 mg/ml

DAH——B | S V)ot |00 7o C/)eama/ ﬁmm

)”_D} a5 ma ‘VV

Upan = 5.85 mg/ml
V =1 ml/min



To calculate actual RPF , one must correct for incomplete
extraction of PAH

PpAH = 0.01 mg/mI
Qrffn‘al Vengsus

EP AL = APAH - VPAH
APAH
— 001 — 0001 — 09 Renal plasma flow
0.01 N S
Lasyv P = C;’@ﬁ
P/QH _JJ CUJ Renal venous
normally, Epyiy = 0.9 normally 0 % PAH =

. . 0.001 mg/ml
1.e., PAH 1s 90% extracted exfrackol

amd /d % UpA.H = 5.85 mg/ml

_ V =1 ml/min
veno s 1 = =

Circylabion



Filtration fraction is calculated from GFR divided by RPF

RPF =PAH clearance
GFR =inulin clearance

If the RPF is 650 ml/min and the GFR is 125 ml/min, the filtration fraction (FF) is
calculated as
FF = GFR/RPF = 125/650 = 0.19

~~———



&3
Calculation of Tubular Reabsorption

If the rates of glomerular filtration and renal excretion of a substance are known, one can
calculate whether there is a net reabsorption or a net secretion of that substance by the renal
tubules.

if the rate of excretion of the substance (Us X V) < the filtered load of
the substance (GFR X Ps), then some of the substance must have been reabsorbed from the
renal tubules.

if the excretion rate of the substance > filtered load, then the rate of excretion= sum of the
rate of glomerular filtration plus tubular secretion.



Calculation of Tubular Reabsorption

Reabsorption = Filtration - Excretion

Filt s = GFR x Ps
Excrets=Usx V



Urine flow rate = 1 ml/min

Urine concentration of sodium (Uy, ) = 70 mEq/L
= 70 4 Eq/ml

Plasma sodium concentration = 140 mEq/L

= 140 pu Eq/ml

GFR (inulin clearance) = 100 ml/min

Calculate

1-Filtered sodium load

2- Urinary sodium excretion

3- Tubular reabsorption

Answer
1-filtered sodium load= GFR X Py,
=100 ml/min X 140 p Eq/ml = @4,00% Eq/min.

2-Urinary sodium excretion =Uy;, X urine flow rate=70 x1 =70 M
Eqg/min.

3- tubular reabsorption of Na= filtered load - urinary excretion
14,000 u Eq/min — 70 W Eq/min = 13,930 1 Eq/min.



Acid-Base Regulation

Chapter 31
Unit V

Dr Iman Aolymat



Introduction

Multiple acid-base buffering mechanisms are nvolved in

maintaining normal H+ concentrations in both the extracellular
and intracellular fluid:

(I3blood
[2icells

[31lungs
(4lkidneys



Acid-Base Fundamentals

- An Acid = a molecule that can release H* in a solution.
- H2CO3 (carbonic acid) _.. weaK aciol
+ HCI (hydrochloric acid) > strong acid

- A base = a molecule that accepts H* in a solution.
- Bicarbonate ions (HCO3).
- Hydrogen phosphate (HPO,2)
- Proteins in body function as@beeause some of amino

acids that make up proteins have net negative charges that
readily accept H+.



Strong vs weak Acid/Base

HCI H,CO _ .
i % A strong base is one that reacts rapidly

and strongly with H+ = quickly removing

H+ from a solution.
Example is OH- + H+ - H20

# weak base e.g HCO3- because it binds

i with H+ much more weakly than does

CI - cr |
i- H* IH* | .j
-+ | 1. . .
¢k Ch H B 2 Most acids and bases in ECF that are
Cr- gt involved in normal acid-base
+ . .
| il i H* | regulation are weak acids and bases
~* Iz
i . e on izt o2 =
Strong acids dissociate rapidly Weak acids dissociate incompletely —> 077’7 %y
. - =
and release large amounts of H* and less strongly releasing small Negq I 72 HTEE
in solution amounts of H+

e o2
in solution (Jee! )



+ Alkalosis= excess removal of H+ from the body fluids

P)w‘d

£ Acidosis= excess addition of H+

builel up of B 5:thin The boa(j



w‘i@“mhd

« EigntV
s 00 |H*] & the pH
|
- H+] is precisely regulated at 0.00004 mEg/L (important for
enzyme functions)
- H* ion concentrations are expressed as pH.

- pH = - Log [H*]
- If the [H*] increase — pH will decrease (more acidic)
- If the [H*] decrease — pH will increase (more alkaline)

Normally pH= 7.2-7.44

pH>8

pH < 6.8 Acidosie Alkalosis
— |« pH=7.2-7.4 >
Death Death




Table 31-1 pH and H* Concentration

of Body Fluids

Extracellular fluid
Arterial blood
Venous blood
Interstitial fluid

Intracellular fluid

Urine

Gastric HCI

H* Concentration (mEq/L)

4.5x 107
1x10°to 4 x 107
3x10%to1x 107
160

JJ\ et
(pm d Agﬂ“x

lic
/@bo
\ecost g V?QLCO -

) ¢ n
Hji baLLLIO{J‘C 0.t ll0
move

nd prooilet

pH o babali ach e a

Intracellular pH usually is< plasma

7.40 because the metabolism of the cells produces acid
7.35 especially (H2CO3).
7.35 : : :
Hypoxia of and poor blood flow to tissues = acid
6.0-7.4 accumulation and |intracellular pH.
4580 %1 oy defict w1 blood supply
0.8
ey /v VA y
ULCI\O! 10



Acid Production by the Body

. The body produces large amounts of acids on daily basis
as by products of metabolism.
- Metabolism of dietary proteins.
- Anaerobic metabolism of carbs and fat.

- Acids in the body are of two kinds:
(1) Volatile (COz) whiCh converts fo carbonic als
(2] Non-volatile “fixed” (sulfuric acid, lactic acid)

ol



The Body’s Detense Against Changes in [H*]

@ BOdy fluid buffers. Stvong ac/‘a/ s weallev acl

Works within seconds (bind acid/base). SILVO@ base —> wefl for L
/(( o @/«\ W

pbasle

Change
@ Lungs s The cza‘o//fLy o~ basic
Works within minutes (eliminate CO2). C@m?om%
b&éclfe fe (D2

@ Kidneys MOS‘E e;ﬂﬂ‘ecfemf and /‘mporaLGm& ane

——» Works within hours-days (EXCRETE ACID/BASE).
The most powerful of the three.



Chemical Buffer Systems in the Body

- There are 3 chemical buffers in the body;
1) The Bicarbonate buffer system.
[2) The phosphate buffer system.
(3] Proteins.

- They are the 1st line of defence against changes in pH i.e.
[H*], act within seconds.
[\9“}{@ b)(ﬂ}/b@ﬂéll“e

- Some are more powerful extracellularly and others are
more powerful intracellularly.

LQ | Ke PmbemS



The Bicarbonate Buffer System

- The main[éCF buffer systemJ

- Composed of: 2 mm})omnfs 2
- Aweak acid (H2CO3).
- Its conjugated base (NaHCO3).

1. H,CO;forms in the body by the reaction of CO, & H,0 ‘
L secrered fym ungs @ lueg I

Carbonic anhydrase

C02 + Hzo — > H2CO3
42./H2C03 ionizes weakly to form small amounts of H* &
HCO; 0 k d -
weal - Y
4 GW{ H,CO, < H+ & HCO5-

3. The second component is NaHCO:s which dissociates to
form Na+ & HCO;-

NaHCO3 < Na* & HCO-



he Bicarbonate Buffer System

Putting it all together;

CO, +H,0 ——H,CO; «— H" +HCO;
H_J
Weg K +
QC/'O/ Na+

Adding ACID (HCI)  (Hc @%+ cr)

—_———

U@r\/

STron g \Neavs

a‘;‘d

Adding base (NaOH)
—  Sbong pase

cO, +H,O0 —H,CO; ——
_|_
NaOH

o)
+HCO;” - H,CO; — CO, +H,0

%
e o

eaker Fha !

_ Spol iUl

+H"



The Henderson-Hasselbalch Eguation

What is the HHE?

- It is an equation that enables the calculation ofLH of a solution.

What is it?
HCO3~

0.03 X PCo2

pH = pK + log

K = dissociation constant, pK @
0.03 = solubility of CO2



he Henderson-Hasselbalch Equation

1.

pHa

00, + HO =22 HCO, —— H +HOO;

pH = pK + log

[HCO3™]
pK = dissociation constant= 6.1

0.03 X PCO2 0.03 = solubility of CO2

+ 11 HCOs will 11 pH = Qv

. $1 PCO2 will || pH

—
M
‘
J

ok Wha} do we understand from this equation?

@ Regulated by kidneys
@ Regulated by lungs Each element of the buffer
system is regulated

Q9 A~
Oo Wt



Other Buffering Systems

Lhe phosphate buffer:
- Plays a major role in buffering intracellular & renal tubular
fluid.

- Composed of;
- H,PO,4 (dihydrogen phosphate/ACID)
- HPO42 (Hydrogen phosphate/BASE)

W M)"V))\/ V] J‘J/J/LmC@Hu)m @mpaw}mejf&
- Contributes to buffering inside cells-> H+ /HCO3- H@//Hf BE

diffusion to the cell.

«E.g. Hb. very eflicid puHer
- Wrkhin b}ocp/ C/\Vca)a%‘zm

= IS Léj - J
ba(gﬂ(@Mﬁ 0w Qﬂ;j O~ '



Summary of Body’s Buffering Systems

- Buffer systems do not work independently in body fluids
but actually work together.

- Achange in the balance in one buffer system, changes
the balance of the other systems.

5 o ]

- Buffers do not reverse the pH change, they only limit it.

/

- Buffers do not correct changes in [H*] or [HCO3], they
only limit the effect of change on body pH until their
concentration is properly adjusted by either the lungs or
the kidney.






