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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 & H20 o b phar 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

5 *Prostaglandins

Hormones metabolized and excreted by the kidney
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9) Glucose Synthesis

Gluconeogenesis: synthesize glucose from precursors (€.g.
amino acids) during prolonged fasting
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Renal Blood Supply
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Nephron Tubular Segments
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Blood supply to tubule
Function
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Formation of urine
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Flow of urine from ureter into urinary bladder
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@ Filling of urinary bladder
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Self-Regenerative Reflex:
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Control by Higher Centers

Voluntary urination

> Pons wioiipL /y

Facilitatory & inhibitory

voluntary
contraction of

/f\f}’)}r“a Q)QOéJmﬁﬂozéj

. abdominal
» Cerebral corte ma/‘wlt/ volvepl v consions can Eryl "; Ehe Urine_ " prassire
Normally inhibits the External sphincter voi ol 7 T .
pressure in
bl:gfler ﬁ_}bjs Q‘SM’I% fn mOVr%?M[
Higher centersnormally exert final control of micturition The
Partial inhibition of micturition reflex, except when the bladder
micturition is desired. St .9 e, . andposterior
Prevent micturition, even if micturition reflex occurs, by » - =
| L . . g 7+ +th . (2
tonic contraction of external urinary sphincter until a  Fhe ’@@7)7&0% = Lo/ e Le LJ
convenient time presents itself. el i
Cortical centers can facilitate sacral micturition centersto /Q; L T
Initiate micturition reflex & inhibit external sphincter P Hime o
L he cortreal
sphincter benbdors
nicturition Le 0w jup 5, P2 g/éq - LAk F“M b (1) e {QU/}W{L@ Fhe.
refleX - - snpuloils 0 . f %) d/ ff;/ﬂ
jor— . O] U 124
S Ly eontrol of the external sphincter o e T R



The end




Glomerular Filtration, Renal Blood Flow, and Their Control
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| mportance of Glomerular Filtration

-+ Remove waste products
o * Waste products are poorly reabsorbed by the tubules ke creatinine  iarea
Lo, uvf G0 0y ol 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.




Avera§§ values for total renal plasma flow (RPF), glomerular filtration rate (GFR), tubular reabsorption
2

(REAB), and urine flow rate
rea b S0 '/Pt‘ orL 80% of the plasma
e RPF Afferent Efferent  thatenters the
» Glomerular filtrate composition is about the (625 mi/min)  arteriole arteriole  glomerulus is

not filtered —
and leaves through
the efferent arteriole,

same as plasma, except for large proteins
No blood cells

Ca & FA bound to protein— | [] in filtrate Giomerular
capillaries

Bowman's
capsule

%‘)%raf:‘m@ e ok cele cbive

2&";&, of ttfrl‘et GFR
. oy ST plasma thal - 458 mi/min)
, ) )Hﬂﬁéjjj (% ({W = enlersrthe
()= Cd F CQP ) sl A ored. | p excretion.
’ REAB
émdman 65/95” b (124 mi/min) Peritubular
o DL capillaries
RBCs 7 Crrdt l
Renal
55 the cmeerlration of the Filrate n bowmar @ vein
( ‘ ; Uri reti
C@/pscc/f Sanvie fhe CU“Q?W}/C%L’J“ within the na%mn) =

glgmerwlar mpx‘//am)&



l/er/y lmpﬁf/fﬁ”é e The 7[7(/11/)672/0/2/ J/ C&E?)//&ih{?j
pfeueﬂfm 4 the J1 Ge Bl 2]

\ J anl Capilllary Basement
1€)7L‘47L/é’dg;oo endothelium membrane
Pmﬁe ns | | i _

Glomerular capillary filtration barrier”

2\ Fenestrated endothelium—> ,

NI PECS/MO At o .;.
- g?res exclude blood cells and large plasma proteins @charges zh J
: . — - . other
bﬁiewgfﬂ"éc I o pmpndt Gt o Gy Db ot @J@ Sabstanses -
@ asemeént méembrane . ;. Iy ' -~ Pedicle
roteoglycan gel -excludes m%ljmf o ot respbive =\ i
—ve charge é@ /C)zf’s) Chayges seorolens within = (- /A 1/
@ Podocytes not continuous footlike processes (-ve charges)ne '  fins o i '
pthelrum —= o=y a) & _gls )y ondothelium g B i I
~ > Slit diaphragm pores  wwmar 11 LH ot 1 A —ve charge ; ! !
| . CQPSM/C’ Filtrat Slit pore Podocyte
J Excludes particles [Z] ve boasemerd rem b8, 007 /
Ve endy fe lreert ,}9 eles 7[//() S /La EZE/PCithelium
Filterability of Solutes Across Glomerular Barrier reou/s . .
a(ozpemﬂls Jym g- PM/S/JM/ < _I‘j(‘/)

ﬂ'A/}’ﬂ%‘ﬂﬂJJ zg ste e L @
aﬂ lavge proly ens ‘
(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

@° Shape (rigid or deformable)
¢ S .
7 (AN
ca v

. Molecular size (inverse relationship)




Filterability of Solutes Across Glomerular Barrier

Filterability of 1.0 means= substance isfiltered as freely as water; [plasmal

=[Bowman’s capsul €]

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 2 | y @ \Nater
1[',1 e f5% ~ Sodium
Glucose
) f/'”@ V‘eﬁé z\/@>
S £ Myoglobin
a5 Albumin
wolbe

Molecular Weight

18

23

180
5500
17,000
69,000

Fiiterability

1.0
1.0
1.0
1.0
075
0.005 very very b

5 nearly *Wé ot
]ﬂ/‘lfg}/éﬁl'



. . . é/gr/ vevy }mPor}amt)
Determinants of Glomerular Filtration Rate

v o Jlaries

- Afferent

arteriole

= Efferent
arteriole

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

Normal Values:
GFR = 125 ml/min or 180 L/day

25 £25 bl ‘,\
e Filtration fraction (GFR/Renal Plasma Flow) £ f hror \ L/
125/625=0.2 00 51 GFR | P
_/wlf—th, 5 *
N
GFR isdetermined by: fﬁfﬁswlﬁ Bowman's
(1) balance of hydrostatic & colloid osmotic forces acting capsule > revent
across capillary membrane @ pressure j hretion
(2) capillary filtration coefficient (Kf), product of permeabil (18 mm Hg)
and filtering surface area of capillaries
T TGUCR (P —Ps — g + T3)
P - Net filtration Glomerular Bowman's Glomerular
hydrostatic capsule oncotic /"
ressure z N _ cap _
%O mm Hg) pressure pressure pressure

(60 mm Hg) (18 mm Hg) (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; zb:w; SN, g




Glomerular Capillary Filtration Coefficient (K;)

SRy (T ry importants
normal p hl/g;‘g)(@jmJ E O OM > ole w
° T Kf—>TGFR n d/. Lins | S)

.‘l’ Kf_)lGFR The GFR is ma}ﬂ/\/ f@@/ﬂf@/ b\/ /)\/U/mggfab‘[ pVZJSSMl”@

*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)

PPPUSP the ﬁ:‘”r@%@ﬂ]

}

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

kidney stones— P
tubular necrosi/ ple ? lGFB

* Urinary tract obstruction —> hydronephrosis
Prostate hypegtrophy/ cancer

nay oW =)
(ve Thver



Increase in colloid osmotic pressure in plasma reduces GFR

N Afferent Efferent
40 - ) ) /]\ [J pro L™ art:riile Glomerular  Glomerular art:riole
Flltrat|0n Q hydrostatic colloid osmotic
s \L 61 ]C R pressure pressure
T, 387 fraction ) i) EommEll f5Zmm )
o / ]/0
o = S Normal
om— : —
g 8 4 36 w')O{ ? f
o owman's
— e I 34 B Bcapsu|e
E Q E pressure
18 mmH
2.2 ¢ 32- femm e
QD é o g . %L&”
E E 30 - Flltratlon f ?mtEJW] - Glomerular Bowman's Glomerular
. Net filtration : :
= 5 fraction pocurs = e _ cipode _ areoe
O© 28 (10mmHg)  (aymmHg)  (18mmHg) (32 mm Hg)
( T
Afferent (ol -5  Efferent o b slo S
X a/t ]l o ‘ ~
end Distance along end filteeds ols O[ onloli C
2mmbS  glomerular capillary ~ s8mmHG P
F : . )
[plasma protein] tabout 20%, dueto filtration of T

plasma—concentrating glomerular proteins > lg < Cos |, (| U*jﬁ/ﬂi awy
- S o A

=5 flud 2, Sley, e




Factors Influencing Glomerular Capillary Oncotic/colloid Pressure (i)

-« Arterial Plasma Oncotic Pressure (11,)

T Ty — TTg—> |[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 Py 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 P) L E{NJ\ ER =
' ' J Y Cad)
2- Afferent arteriolar resistance pe - Céjjﬂ\ e
= '
3- Efferent arteriolar resistance | 180 = 2y LGS f
J (,Q))ﬂ = (o '
) Ation Bowman's
“WW capsule
pressure
(18 mm Hg)
Netfiltration ~ 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 (Py) :

2-TAfferent arteriolar resistance (Inverse) J & — LGFR
31 Efferent arteriolar resistance (Proportional) 77 ¢ —T6fR

Cﬂ;ba[ QKFGCQL%QJ/) JJ@

efferent arteriolar constriction— |reduces renal blood flow

T RE _)T FF & TCG—) TCG >PG — net J,GFR

512 Em}m’ff@m JJ Q,SWU
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C6 NN fation
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Effect of changes n
afferent arteriolar
or efferent arteriolar
resistance

Glomerular

1504 filtration 2000
c
o
T =
= -g 100 - 1400
P
s E
: S
= @
g § 60 - - 800
8 Renal blood
fl
0 . i S 200
0 1 2 3 4
Efferent arteriolar resistance
(X normal)
250 4 - 2000
[ et
-% 100+
= E s - 1400
PR Normal
o E
3 5 100+ "
% 0 Renal blood
g o Glomerular flow } 600
O 504 filtration
O rate
0 T T T 200
0 1 2 3 4

Afferent arteriolar resistance

Figure 26-15

(X normal)

Renal blood flow

Renal blood flow

(mi/min)

(ml/min)



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

Physical
Determinants*
lK: = LGFR
TPg — LGFR
Tre — LGFR

P — LGFR
IA; = 1P

lRE — JrPG

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 reabsaplon ) e (T (]

The O2 Coﬂ%umpﬁ'am 1St Lrea s

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

exceeds their metabolic needs 4, wrnptnls oo 20,4 asile ls U
”7[7‘})? }(1'0/09/6 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 dar 7
/s ety bedd b/ O‘Cﬁue @ Jf/\fa

Ty dné Port




Renal O2 consumption variesin proportion to renal tubular Na reabsor ption

Jrenal blood flow& GFR —less Nais
filtered —less Nais reabsorbed —less O2
consumed

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

3.0

e
o
]

N
o
]

—
(&)
1

—
o
1

©
o

Basal oxygen consumption

| | | I
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 (e 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 resistanceresidesin:
(Irinterlobular arteries

afferent arterioles

-efferent arterioles

1 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 ek s
Two mechanisms involved in renal autoregulation: - | . T

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



Myogenic response

Myogenic Mechanism Pressure dependent mec , angca fye
mooth muscle Afferent arteriole ;
by the detection in the CMV&% 07[ the ?W’V5MC) £ =
\ nal Bloo
Dressiit W thin the arferioles o
o ARBF = =/ Hydrostatic pressure against the
= walls of the aﬁe}mnt arbe?}?le /
a smod mMusoid
ACJDUVL Os Z‘/yu d/mtretch receptors in VSSM(? ﬁltaateVASOCONSTRICTION.
. . o M tflow of Ca from ECF into cells
(o A1dse as et polend !

€ \reF =|Pic= |6FR

e ) s
J

bom  ECE s CB/JS



Tubuloglomerular feedback

-~ Glomerular
55, || epithelium

Alferent
arneriole

elastic
(@ lamina

~~sensor

Z/ m venal fu bules

Lot part of clrebal fubule
betwee n a#ereﬂ[' avol ¢fent adBﬂ‘@]é’S
Macula densa of juxtaglomerular apparatus in the terminal

portion of thick ascending limb is sensitive toxthe NaCl in
the tubular fluid

ac£ as a Sensov
of (how much N&

e ] 1 ov Lo «  GFK sy s)
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Tubuloglomerular feedback

Increase in GFR Decrease in GFR

l

Increase in NaCl concentration
in renal tubule rwre Na o

l S Bllered

A

Macula densa &timu WﬁTubuloglomerular

l ard rleas  feedback

W,

Adenosine

l

Constriction of afferent arteriole 4 Br J

l

Decrease in glomerular blood flow

Decrease in GFR

Increase in GFR

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

1 reloa € d/"
J

prostaglandin (PGE2), bradykinin & renin

l

( Dilatation | of afferent arteriole

_ Constriction of efferent arteriole

Increase N glomerular blood flow




Renin-Angiotensin system

&F

Jo? "

e

Stimuli for renin secretion

Low blood pressure
. Low ECF volume

Plasma

. .
Y Go )

Angiotensinogen

(3) Sympathetic stimulation
(4) Low plasma sodium
l P Renin
:’ . >
g v
b Angiotensin |
Juxtaglomerular 9
apparatus
>
&E. aCk‘lVf
v
Angiotensin |l
Angiotensinases >
v
Angiotensin [l ——

v

Angiotensin [V —

Actions

Regulates GFR
Increases blood pressure

Increases ADH secretion

C% Increases water intake

]Oom’L 1 o very }m?d

Increases CRH and ACTH
secretion

—>

(1) Increase aldosterone (o :
e T | B S uyp
secretion —{w
2. Cause vasoconstriction No / Hod

/e /—embmh '



Tubuloglomerular feedback

%~ Factors increasing the sensitivity of tubuloglomerular feedback:
I. Adenosine
li. Thromboxane
lil. Prostaglandin E2

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

i. Prostaglandin 12

lii. 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.

v

Proximal Nacl Reabs. s

seepenpe———s Macula Densa NaCl

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
JGFR

Renin
MNa+ / Volume

Vasoconstriction

[RBF / GRF%‘}L | \‘@

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

severe haemorrhage)
and —eho on




490 = Rernol S ik eas oo L5(RPE aflernt 1 S oz 2., Lo ay)

losydile Glomeruh J
Hormonal regulation of GFR and RBF i%e[ (5 Qs @3
fac rors -
anshriction I\ panc
Constrict Efferent aﬂeriOIGW U’f C:/ FV/ Table 27-4 Hormones and Autacoids That Wke nific oxide
Powerfu o €. 4 .
: 1 .Mk M/{ T A Influence GFR o Pmsfaﬁanﬁ/mﬁ
Physiological conditions
low Na diet, volume depletion & | arterial P Hormone or Autacoid Effect on GFR
prevents | P; & GFR Norepinephrine d =
- - o onstrict Renal Blood Vessels
| flow in pentubular capillaries 1 Na Epinephrine 1 Little effect normally
reabsorption : L i
NO & PG Counteract the angiotensin II & Endothelin T
mediated vasoconstriction in afferent A. Angiotensin | & (prevents 1) ARE cicote rwnal Lo lure
ndothelial-derived nitric oxide > 1) Chronic uremia

T

Prostaglandins

 vasodilator
* Help in Na & H20 excretion

* vasodilator

. inMnt 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
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Basic Mechanisms
of
Urine Formation

sl owre Z’@Z /

J /s Ceel
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e, ks or
pid e 3 Exasicy G filhation
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Renal
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Urinary excretion N
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Glomerular filtration
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S0 O deabsopledt DS = Supstang e

FM“Y WL(JVME .. S A0 O o 2 I Qulas 7
s 497 b{fj 0 ¢ large quantities small quantities o
(P ) 5
Wé&” s (eang B ﬂnﬁw Wi @F; ‘ il
AFPQ mee&l " ’
Filtration, Reabsorption,/and Excretion.Rates of Different Substances by the Kidneys

Amount Filtered Amount Reabsorbed Amount Excreted % of Filtered Load Reabsorbed

Glucose (g/day) kol AU~ 180 180 0 B e 100
* Bicarbonate (mEg/day) 4320 4318 2 >99.9
# Sodium (mEg/day) 25,560 25,410 150 99.4
# Chloride (mEg/day) 19,440 19,260 180 99.1
+ Potassium (mEg/day) 756 664 92 87.8

Urea (g/day) 46.8 23.8 204 e d 23.4 574 50

Creatinine (g/day) 1.8 ) 0 1.5) 0

ol no \ o _
Al GHTPI o] GOIE N

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



Tubular reabsorption

i b e need AT becl
accovod
- Highly selective — Wﬁ 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
AT P-dependent

Primary active transporters in kidneys:
Na-K ATPase

H-ATPase

H-K ATPase

CaATPase



Primary Active Transport of Na*

Passive diffusion of Na (Carrier
proteins)

1-concentration gradient
difference

2- -70 mV intracellular potential
attracts positive Na

Peritubular
capillary

Interstitial
fluid

proximal

Tubular
epithelial cells

== —=
remmmm- Nar\ =

|

A

i
!
)

Tubular
lumen

3 Para/trans-cellular

7 S
_ = ’Na*' 140 mEq/L
+ 4- -%__—? a
! K+ 12mE ’g (=3 mv)

b =

— (70mV) €, Tight junction

= \ = Brush border

—=—Basal < ((luminal

il = channels \ & |membrane)

Basement Intercellular space
membrane
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e \l’J—)ag brug}) border driter
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o i mlerstibial ﬁ/u/va\—A/V\/—/VV\/\
By csLSé

this pump excrebs N |
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s @l enepgy diporcton g“ W 0, haled

Co-transport /‘\ C// /12(/1(5 /g

" S
Glucose CeJ J Cﬂ-c'd? A o
Nt Na /}( /QM?OJJ q_Nri—

which proo{ua?d by SihIance

passwefacmtated d|ffusQn

(50]140\/:0 cther
Su hstances Mechanisms of ® — G4 MLPWP’W Nt b
6 secondary active s/ K . N by e If v the
S W/thlﬁ?f l@ﬂb&(ﬁf}) W K? === = Amino acids Ami acidg"gd'/fJ
transport //)g/p/p é’h? (olls dstﬂ s s =

Y )VJJ/O/Q H/le cells

APuse E«/JW-
Na* v /f”) pf//:zé/ %ké//?

Na-H exchanger

Na™ alucwse @ émmsporl‘er

Is
Na' AMIVJac 5/5 LN ﬁmmgpové of Lhe Spbstanc n
in the éa}’)%dféd'v @ -70mV
K* g H

+

/é 2&3} %o

Cﬁ@ illaries
Counter- transport

altird of activ ﬁm”yjjri energy 01613%/%{%5) ’




/f% Z— MW/OW?(D)JJ)WJ d7”u} @/
onlo tubdlay Jumen by transp orter !
Pinocytosis No- H exchanger |
y )iS Pum\)?eéz a__ Qf#) ()7)) /’ngjg/?@_)(d—?) Lg’i/}ﬁ
oul d}&k the cell usivy the Na-Ka pump:
U« An Active Transport Mechanism for Reabsorption of Proteins

(2) * Inside the cell, protein is digested into amino acids— reabsorbed through
basolateral membrane into interstitial fluid. ,, pas' drffusion

PIHOCY%OJB —_> )] du{; /‘m/aﬂ/‘m 10n8 (A}"J_Lﬂ—)
| < Ush collmembrane

- Soals
o (fouy vese .
/Dm/}@m{ ({//@JC/ é )
S faesCla/t - -
4“5/ ohcp Lhe ?Vmét?/‘mé iVléfﬁ{ﬁ OLAE’ plls —> ﬂ

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

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

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

2 ol «) reached forall nephrons, further increases in tubular (& <~ &
main }l/ Us } Jé :
by ackiely Fan{ PO load are not reabsorbed and are excreted. ot rolron 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
aci &
P E s(e Examples: glucose, amino acids, phosphate, sulphate

ﬁmﬂﬁ)/ - 11



Glucose Transport Maximum

16 02 o0
e J1 3G ls e >
e 2 C G o ON} e A
. Normally No glucose in the urine -all filtered and all ea bsord "800 - /mp\3
glucose 1s reabsorbed in proximal tubule. I W (o Lo b6
Q.  700- (’)WJ‘ \ﬂ{\ Flltered fanaport
. : O~ load
When filtered load > Tm —urinary excretion of glucose 8E 600 - nl oA (v e m Xy “Zdum .
85 " g e R
. - t
Appearance of glucose in urine (at the threshold) occurs '§~§« 500 R e
before transport maximum is reached.!! Why? o= aan }@%, on
not all nephrons have the same transport maximum for g g Wg/ excrol,
glucose— some of nephrons begin to excrete glucose before & @ 300 - : of Slucose
. . @ o maximum / Reabsorption n
others have reached their transport maximum. o e
S  200- Normal Crme.
S ,
i se | /</£/L‘-&9 5.
The overall transport maximum for the kidneys which is e 100 - ol ocrotad wibhm Fhe
whine

normally about 375 mg/min, is reached when all nephrons
1 1 1 0 T T T T 1
have reached their maximal capacity to reabsorb glucose. 2. I : dJ S S, . SO T 4
. PR, Plasma glucose concentration
1 st i pephrons i ol G 5 U\SU (mg/100 ml)
glioce N (59 m”‘g? P no g lucose
@ C/j VD L 3 W?Ph v s CS’ excroted 12
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Reabsorption of Water and Solutes is Coupled to Na™ Reabsorption

]
lw o Pgrmwb& w y
2. . %LQ [/H/]_O[E?}/’ _9//U
o e e sk com prole]
coxima | tubules clont

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

* Proximal tubules are highly permeable to water]/PQ/mw@'”V 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@ b lor ]E}M,‘O/J1 Z:}) Yy
‘770 the WJOLUE IS alw%s i60 0SMOLiIC

BIEN Y-
b\;ﬁj:ﬁ )/u _ feaééda/obom J(C]/ZS
rabe  J i o yhler
ancl other

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

Reabsorption

* Cl reabsorption (paracellular pathway) occurs via
passive diffusion due to Na and water reabsorption

* Secondary active transport of chloride occurs a

along with active transport of Na

* Urea 1s reabsorbed passively in the different

segments of the nephron.

« Creatinineislarge molecule and is essentially

Impermeant to the tubular
membrane—amost none is reabsorbed

2CI

Na*

Lumen

* negative
potential

Late Proximal Tubule

Lumen
+4mV

Na*
cr
H,0

-

\

Na*
B

%_.

Na* reabsorption

osmlaﬁkfjJ @J%L JoLhs f/w-jd—

H,O reabsorption

v |

. Luminal
Luminal C! * Utea

concentration concentration

I T

waler
Passive Cl- Passive urea

reabsorption reabsorption

L?mam b/ @h/ﬁ
L)z/m&bdm
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Transport Characteristics of Proximal Tubule (PT)

- _@«(b@%
s
. bran sPOYt d{ waf}_ﬂh
\ csyve Irere | bl e
extens&ive MWLIUQ &MO{ ?”L { 65@’ ‘77[ AJ N ?mx} ma/ﬂ v
* Proximal tubules have a high capacity for active & L Q’ Proximal tubule
passive reabsorption—1 mitochondria & extensive brush | l N T
. . . : ' +, Cl-, HCO4, K+,
border on luminal side, extensive basal channels —1 SA /g @;mw, amino 39
- (LJ “:7 — " _lsosmotic i _;“.‘

‘ d\; Vr\ﬁ/é@ 070 {m—by)?bm Sh 7 ; H*, organic acids, bases
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Transport Characteristics of Proximal Tubule (PT)

/ OCC vy
(o a/déff’/_’—é so the /mbsmfp%cm o;ﬂ 5{) ~8§ A M/ﬂutﬁ’f /S j

h/ﬂbh/ pg/medb/f’ n the same rofe J s be tubular lumen (s 180 05mablc
5 nd mostly the game oSO Jarty
. reabsorb 65% of filtered Na, Cl, HCO3, & K 65% o plasma
 Na 1s mainly reabsorbed by primary transport | q,, proil il

» In 1%t % of PT— Na, GLU& AA — COTRANSPORT

° nd 1 |
In 27 %5 of PT — low GLU& AA &{ Etig)—ﬁnamly @W g,uggs:gggm a{,}

Cl reabsorption by diffusion through intercellular j.

' Isosmotlc

;H organic acads bases

o

* Reabsorb all filtered glucose and amino acids
* Secrete organic acids, bases, & H" into lumen. ) @—' ==
+ H* secretion binds HCO3 — H2CO3—»H20 +C02 - ar exciebal m

* Secretion of drugs (penicillin and salicylatesﬁ,t(){s,bile salts , ureat oxlate and
catcholamines are secreted by the proximal tubule.

16



5.0+

2.0+

1.0

0.5+

0.2+

0.1+

Tubular fluid/plasma concentration

Changes in Concentration in Proximal Tubule

Ao + a.a — @WJQ L] A

bowavd the /J/L??ﬁ
4/‘52,‘@/(/ 6)4.&/ ‘JJQ PT

Creatinine

=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
I into the tubules. T

” Cyea tf\ﬂiﬂ@
~
~o 9Iucose e o

baéﬁ “M 3/ — C,O)’\CSVJ(L_\/OLJLJ oh &

7z
Lobule same &S

Amino acids Sowbstance m

p/aéWL//’b'

!
20 40 60 80 100
% Total proximal tubule length

17



Transport characteristics of loop of Henle _hghly  mederalely

H0 ngmewj L/ Pgrmeabjﬁ PQYW)MLIQ]@
g b H

rn P) i< h J P\ Thin descending &) < lutes
’1 loop qf Henle

3 functionally segments: oo
1- thin descending o oy
. : thin epithelium * +o wate \ Y
@ thin ascendl ng } no brush borders . TS
@_thick ascending few mitochondria ™
minimal levels of metabolic activity

Thick ascending
g._; Ioop of Henle
N 25% ==
| FE Na*, CI, K
highly permeable to H20 (=@ T
moderately permeable to most solutes o & OZ'%%‘LC

Ascending segment of the ascending loop of Henle is
virtually impermeable to water 1



Transport characteristics of loop of Henle

@ TT'CK i ~ 25% of filtered load —» recb50" becl 17
oopof Henle [,h;(;k ﬁs@ﬂnd j
-3 -  Reabsorption of 0o p oS Henle:
Ca, HCOy, > Na , Cl-, K*, HCOy,

\E
NS At E . Secretlon of H
N | H+ J

* not permeable to H,O

20 J) Ll o <
nSidp the mb% s

s def O Lo

the c@mﬁ’ﬂfkg h}/w 051
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Transport characteristics of loop of Henle

NaCl & K transport 1n thick Ao = Tibiiar
ascending loop of Henle depends on ~ fluid s (0
Na+-K+ATPase Lmmmmm e Pomoalbier o o B
In th% epithelial cell basolateral 0 & 5 ER
memorancs 6l Na+ [,/—\/0\ Nagmaﬁ;geﬁa
Pump — | intracellular Na— K insicle -] HKI» paranas
favorable gradient for movement of . NaJ
Na from tubular fluid into cell. <-g===C~ K o :
déog%imﬂ ) A\\ = >_ iz(?l ©
Movement of Na 1s mediated <-Teeme- 4 MNmmmmma It
primarily by a 1-Na, 2-Cl, 1-K co-
transporter

. <«— » Furosemide
), WJ > » Ethacrynic acid
* Bumetanide

77
Na-H counter-transport mechanism' ) 1ar - S
cell

K/}‘,J, (a 2) }M ld 39 S Q\g’% Loop diuretics



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 1 Gle) aass oo los) sle -

ﬁ\ﬂwﬁ‘ﬂ@




Early Distal Tubules

Q/

Early distal tubule

~ 5% of filtered load
NaCll reabsorbed

ﬂa*. c, Ca*, Mg> * not permeable to H,O

i

* not very permeable to
urea

22



-, acbive transmork
Early Distal Tubule port ]

Renal -~ Tubular
interstitial Tubular lumen
fluid cells - (-10mV)
|

Nea- Cl

T :IZN8+ ol fransporer
» ~—cr

aS(SJV@/V o
,m@ n/ Thiazide diuretics:

«// @’ 23




Late Distal Tubules and@Collecting Tubules.

eary

Late Distal Tubules and Collecting Tubules have similar functional characteristics

Late distal tubule

Q» : [ Prin%?pc:alc Ou‘eétTQ -  permeablility
4 e to H,O depends on ADH
* not very permeable to
vr:;

urca

—_

anci a//‘web‘c })mfm&ﬂé
) o] (5 I8~

Type A L
intercalated cells

amabibty ) 50 7 el e 2 e
reabssipfion 2 Jr- af Fubudes o
of walber
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achiur @

|- Principal Cells[Reabsorb Na and Secrete Kj

* Depend on activity of Na+-K+ATPase pump basolateral
. . . . . Renal Tubular
membrane. Low intracellular Na—Na diffusion in+ high  intesstital Tubular jumen

. . ) fluid cells (~50 mV)
intracellular K —K diffusion OUT - f
* The principal cells are the primary sites of action of the e
@(_Sparlng (1111retlcsj_\9 N )/)f)plr{é— the exarehdm Cﬂa k_F a+ *-;---N ,
* Aldosterone antagonists inhibit stimulatory effects of K O T@
aldosterone on Na reabsorption and K secretion. <=22--=Cj ) )
* Na channel blockers inhibit the entry of Na into Na Aldosterone antagonists | Na* channel blockers |
 Spironolactone * Amiloride
channels of — | Na that can be transported across the * Eplerenone *Triamterene

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

25



/- Intercalated Cells @ecrete H and Reabsorb HCO3 & 19

Type A intercalated cells cccrete H ancl reabso b B3

* H secretion 1s mediated by a H-ATPase

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

 H secreted into the tubular lumen, and for each H secreted, HCO3
becomes available for reabsorption across the basolateral membrane.

: - 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 alkalos /D >
s ) Gecob

| ntercalated cells can also(reabsorb or secreteg

Jycep
d% the /ﬁubcffm-

Renal ! Tubular
nierstitial - Type A Riman
Nuid intarcalated call

CO-' ......... CO;- + H»)O H
M —"U

[ HeCOg) 8 @
[}:30! + H 5 — 1

uy oo
aC sy .
N
JWT”“(P“’L-'-E--- K* K-
reapsd VPZIM h
Renal Tubular
nierstital ~ TypeB i
fluid intarcalated call
COp===po==== » CO i Hz0
1
a 1o
o P exc (Qot(l
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0P3 Les) (5 /gy (Lo X
Late distal tubule & cortical collecting tubule — - - -

ADH
N
—p—

H-ATPase

Functional characteristics.

(1] impermeable to urea, some reabsorption
of urea occurs in the medullary collecting ducts.
2. reabsorb Na— controlled by hormones, especialy
aldosterone.
3. secrete K from peritubular capillary to lumen
controlled by aldosterone
4. play akey rolein acid-base regulation .k Lume?
-type A intercalated cells — secrete H by active H-ATPase
mechanism in(acidosis) o 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 of /ADH/vasopress n%
+ ADH —> 1 permeability_ 1 i beopbion —= concenr
|ADH — | permeability—~ waler sbgys 1 ofurine

Lhe fubules
Ls dilubing the wine

typeA

H

Na O

a

N
=
Ji
m— el
H
27
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type B
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Transport characteristics of medullary collecting ducts

Reabsorb <10% of filtered H20 & Na. Lol urne J éﬁ /f % Med‘ullary
R > mtpmf [ ncenakion collecting duct

The final site for processing the urine. o uvine)

Play an extremely important role in determining the final urine Jed
output of water and solutes. (L8

|
Its permeability to water is controlled by the level of ADH. } "\.‘ S5 >z

. 1)7_ \

permeable to urea-—urea 1s reabsorbed into medullary interstitium —>-J\ N

helping to[raise the 0smolalit)]in 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
W ypsult o o(/‘]u,L“‘f&[

the tubule (e.g. glucose, amino acids) |



~ T d
g sl e
o (2
Of\l&ﬁ/Q u)()t\\’ﬂ( \\wﬂﬂ( O{%
YA\
mD(@ 3\
(/UV{@W 100.0 W i : |é§’ A
- | I " |
0.0 - l : v~
i PAH ! S
Changes in s | ' ‘ .
, s [10.0- .
concentrations of 2| |/ A : i
: e (o) : ‘
substances inthe  §| 5/ c | ; |
- ] | | |
renal tubules § o doand | K4 o]
< = | 1 |
bﬁé&}; \\vﬁ {: " f i - ;
o) = ‘
(et \O&d?b\e‘( é :h i i
Fws F R
@V\d 0 | |
RS ' : |
Lo : | |
Proximal ! Loop of : Distal :Collecting:

tubule

Henle

tubule tubule

more water isreabsorbed than solute

S
1

mor e soluteis reabsor bed 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. ) oS o

amzogo@;/m ar Filfralion

5
- * Peritubular Physical Forces ool o s FE
* Hormones o the amounk oF the
 Sympathetic Nervous System excrebion

- * Arterial Pressure (pressure natriuresis)

 Osmotic factors.



Glomerulotubular Balance .
| q UJH) N e i dnf& \ESBIJQ it %CZS H’)f? Cfblf)éj
' mean. TN

* Intrinsic ability of tubules to T reabsorption rate in

response to T tubular load 1f GFR? to[l 50 ml/mm:)

‘zﬁ;«J _ A

/W}'W}SJC ab + /frggb&'rj?h o I T
In pf ximal tubulé feabsorption/ from 81 ml/min_ Tubular
Reabsorption

S
to 97.5 mlmin| ., ooty of HoO and elecinlyles géta
LkD _p/[\/\_)\J QJJG\J (FJ

y. s To less extent 1n[L00p of Henlej |

Tubular Load 2.

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

occur 1ndependently of hormones. . ubeorbion C oad
j —> J} Caa_g QCL.J_,C- @ 2 0 T
?}d g0 gnly. ——> M lyin PCT ﬁ%éi ;ﬁifwwlm fmm bl e e (o
e % /Tt helps to prevent overloadlng of the distal tubular A
H",S 7 (/{//% BXCWLL

mﬁ)_
g1 segments when GFR|1n rease -
ﬂ’g/m\/ N7 G’I/:P /U _/l/wn[pJ [‘//J/ )? /’Lo)/gc/ Ox/ J d”p Qﬂjt)

_ ) ) Lo d}j}
pogmal part . Peahsuphot e displpart b fllake S ed J? :



Rriubwlay reabsorptior ({dej Ny Brees Iy -

6 Blabn J1 o B T T S O

3. +he vaihs b ular capill oty ool on
the dlﬁjﬂ@@m inu}eﬁrj:}ig p re&SMf{’, betweerd The
» Hydrostatic and colloid osmotic forces govern the rate of reabsorption across the. @p/4"/

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

Peritubular Capillary Reabsorption

) R 1S low Peritubular Interstitial Tubular Tubule
a. Hydrostatic P. in capillary (Pc)opposes|-13 capillary fluid cells lumer
b. Hydrostatic P In interstitium (Pif) favors 6 (= —> b%ﬁﬁ go?;l‘;f -
c. Colloid osmotic P in capillary (nc) favors 32 | e mF;, Ha B b
d. Colloid osmotic P in intrst. (wif) opposes -15 13mmHg | o o
e 15 i Hg i
% -
1@1’13@{@& Net reab. P 10 mmHg 32 mEESEI 5.k
coEl /f\ Q} flow HZO - - - 4--"-H2C
Reabsorption = Kf x Net reabsorptive P tWhich Favors 10 mm Hg Na*@ ~<€--~~-Na'
=12.4x 10 the rwbéﬁ*’ﬁk’\m Net reabsorption -
=124 o the substages
ml/min Lom IF robo +he pevi ubutlar

C&tpf”ﬂ\/j ,



% hydrpstatic @ within the perifubular capilary is low —= because L is opposing the

BPin 6 Il e CJ Qabsor?%mn
(Y Zw@i@ ; J_lz-

 Gles e Porikbidar hdstdic B A1 0o o SE

reabéo@tion

s on the sther hand the ool osmotic  Pressir y > fouors ) .
eabsorption ) osdas B e =
[in ifs divectior ]

%in  inferskibium
L the B P wibhin the 1F—s i low and this Povors the reabéd/pbm

2. while collom/ 05MOtic preééuﬂ — 6)9)905% the rea bsa?}ram — 15



Determinants of Peritubular Capillary Reabsorption

Rebso r’Ption = Kp X Net reabse rjofi\/e P
T Ky : TReabsorption
T T Pe > $ Reabsorption
o) S ad £ l

@ab<o rjpbm :

T Llc = T Reabsorption



. tomnic : loocd P ) ’ g P -
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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
. (. >
Filt. Fract. = GFR/RPF < Pj
P, A 6 mm Hg
13 mm Hg o
o 4 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

Suchis T hyg{}/‘ﬁ ghatic pressitl®

d collom/ OSMBEIC pmssw@

T bm(/k [eak <— d? gO\U“Y&

(] dilution of trl\e proteins — 3

lu
- Tolume

more solutes & H20 «—

N —

Peritubular Interstitial

ill fluid
L alsw tcraase Bhe % N
. Iq! \____/
(Zn )asor?t' < _
1) [ J Z, g v
rees inCrea Se zm p mm Hg
realocovplion ﬂfa‘m%“m" £) 13 mm H? n_
Peritubular ) Interstitial Tubular Lumen _E mr'rf'n H
capillary fluid cells 0 g, — 9
I n 32 mm Hg e
PC —] ‘
T, o~/
| v S F
%@abggrpjllm” <b
Net D
reabsorption P Z |
<.b--- 4----- <-q--- | /
. o
= e o e e e Backleak s //\_i
lumen—"
T))
Decreased reabsorption J | // Z/
o prck =
’ Pc"'* ] ]ﬁ/a M)
as ==
w -
Decreased ne 7\
Jl dﬂg-‘-?—“;w'pm. - 4--‘--- ﬂ
A & ey o
w . J Jah
| | TPIF@ @ [ppp—— Increased\@O/{ 7%5)_
_ "\ backleak Subsrances
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IMp
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ﬁ too muwch Na inthe Urine
Pressure diuresis and pressure natriuresis

L;e)(cesh/e WQ&@V e 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 Pc in vasa recta—>P;~> prevent Na & H20 reabsorbtion+ backleak

3- | Angiotensin I o




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* = (= aldssizon J) as> 9
. L K e 2Rt
3 * adrenocorticotrophic hormone (ACTH)

(permissive role) s 7, b abloshm o
" et 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

eStimulates aldosterone secretion "
: : . | o mark 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 L T“b‘l"'ar lumen 1
. fluid S M]L,\uake Na
L Noa/K Y. |
o aCfiver exchonger
pumy
Na* Na*
® ®
K* H+

Ang Il AT, : Ang Il l
f Ls V@CQPJ\OV
_ | .
3 ﬂﬁh\/@Lg Na* @ atther acls o
No-heos & “—HCo, fubilar Lume’
]megport” \J or on 17 th
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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.)

—'__[_ FF—
Y [Ic—

e (.
) 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 1mhibitors (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 ) Js J (2 b&Of?DZ/L (g
_ ‘ NSV Cove 2
\ on o e o ) lrine M ALt Joel & ,
wrine (oncentalid” <. 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

20



Mechanism of action of ADH in distal and collecting tubules

intl?;:t?tlial Tubular T.ﬁﬁiiﬁr
fluid & cells
Binds V2 receptors—>form cyclic AMP b4
—increase aquaporin-2 on luminal, AQP3,4 on ( )
% AQP-3 <«<—H,0
basolateral wakev Channels -~ AQP-4 2
too vebeorhion 31 e A | ~—f—H,0
- When ADH decreased=>AQP back to cAMP-»iirg:iig
cytoplasm 2 ° 4
z ATP
oW G 3 ¥ AQP-2
Protein =

Y, HZ& ffﬂ/j)fﬂpz/fﬂﬁﬂ AVP 5D V2 Phosphorylation

! odl
hn«v”b

o
[unaporin-Z}AQP-Q)

| i
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Abnormalities of ADH

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

e ’N 7(/%
pwbleminthe ohgy of production —s pasterior pifu faj B &fj{;gm 0/} ;DH

* “Central” Diabetes insipidus (insufficient ADH) o 040” L have
- water loss (diluted urine), increased plasma osmolarity, sp#
hypernatremia, excess thirst v
[Desmopressm t@ SN 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 mch dilud 24 W) O ¢ Lrine

Dol &
(4N J 5™ * Uing 22



o0 o ca )1l |5 %yh
Abnormalities of ADH 77 77

: : . failure of countercurrent mechanismto form a
* Failure of kidneys to respond to ADH: hyperosmotic renal medullary interstitium/ failure of the

“nephrogenic” diabetes insipidus distal and collecting tubules and collecting ducts to
s 63@ JRLRS aimfoﬂ ADA s respond to 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

23



Atrial natriuretic peptide@lcreases Na* excretim]

* 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 (=) «---mmmeeeevs
l I
_ a»——
1 Renin release 1 aldosterone T GFR

|

1 Ang II

N

1 Renal Na™ and H,O reabsorption

\ |

T Na* and H,O excretion ol
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Parathyroid hormone[increases renal Ca™ reabsorption]

» Released by parathyroids in response to
decreased extracellular Ca™

functionzs 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 NacCl, H,0 reabsorption, T K* secretion, T H* secretion
9. Angiotensin | 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

{. Atrial 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 iby
Control of Extracdlular 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)[amou nt of extracellular Watea

lregulated by.

(1) fluid intake
(2) renal water excretion

ﬁégwéﬂﬂld< ’ '_IA_‘EZ ] == ADH -Thirst Osmoreceptor System
« Thir
\
M echanism:
1 extracellular osmolarity (NaCl)
IL(A,bLLJ‘? G/’;QWADH release> 1
act ov @m[ it Lign H,O reabsorption, and stimulates
(0] and I H20 1ed P hirs

intake of water
%m ﬁfbbw ar ( )

)M"” 010
liumen Nt Wt £ mulal"'ﬁ” the nhake
KSM/ /ﬂ rnd}/\_
@ QVW( this ¥ }:Er(b}’/l/”“lﬂf
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Concentration and Dilution of the Urine

» Kidneys excrete excess water by forming dilute
urine wine N concentraliol Jo o) 2.3, (oie 840,
« Maximal urine concentration (H20 deficit) f)g};f)"’ ok
= 1200 - 1400 mOsm / L —
o) Ho0 Lo o OBRPLEQ)S_J\@D
lovels 11 The bodly
» Minimal urine concentration (high__

H20)
=50-70mOsm /L

<5c) the wrime 1S o/;‘)a}e&(/)
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Drink 1.0 L H,0
2= 800: * U?me
N 3§ w0 | o
Water diuress I i e e
IN a human 04 1 reyeebion M o
. . 8 61 I
after ingestion fz ] |
of 1 liter of <2 |
water. > o

[Solu.}'f_éj quH’)M 1—}79 urhe
d dnt _change

121

Urinary solute
excretion
(mOsm/min)
o
()

L

* kidneys can excrete diluted/concentrated urine without major

O-n———- e e e e i w

changes in rates of excretion of solutes such as Na & K 0 -
- 60 120 180
‘ : : Time (minutes)
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Formation of a Concentrated Urine when
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(b) Presence of ADH
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Relationship between urine osmolarity and specific gravity

S

un‘ng

Estimation of [urine solute]

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

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

l Osmolarity 800
Determined by humber and size of solute (mCsm/L) 600
Osmolarity is determined by the number of solute i he ECIFV
moleculesin a given volume. main ?y 400
Relationship between specific gravity & osmolarity is 200 7
altered when there are significant amounts of glucose,

B 1 ] ! !

radiocontrast media & antibiotics.
— — 'y within H“f; E_?Cﬁ 1010 1.020 1.030 1.040
) S o r~ (o & Urine Specific Gravity (grams/ml)



Hyperosmotic renal medullais 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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FactorsThat Contribute to Buildup of Solutein Renal Medulla - H20
Countercurrent Multiplier
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Table 29-1 Summary of Tubule Characteristics—Urine Concentration

Active NaCl Transport

Proximal tubule T
Thin descending limb 0
Thin ascending limb 0
Thick ascending limb ++
Distal tubule -

Cortical collecting tubule -
Inner medullary collecting duct +

NaCl

A
o - B
o] -
o
o / o

o e

@ °
e BN 1
o M 4 9 =
2 HO TNaCl 3
O @
N =
T &0 600 50 l

H:O

+ADH
+ADH
+ADH

Permeability
Nacl

=

= = = e = S R

Urea

O o o 4+ 4+ 4+

+ADH
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More solute than water is added to the rena 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 oo o i

(i.e. inthe proximal tubule and in the distal NH
convoluted tubule) rather than in the medulla’ /n rmedlalia
(4)Horizonta gradient of solute concentration established
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O{Wb col | ecting duct. I L?’/vé Ly o) dﬂfﬁ 7
e 50 ; : ' Cg q. edullar { - S~ ' .
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The Vasa Recta Preserve Hyperosmolarity of Renal M edulla

» VVasa recta blood flow is low (only 1-2 % of total | iy "ot
renal blood flow) minimizing washout of solutes E\ @ e
from the medullary interstitium. B B e

o -
 The vasarectaserve as countercurrent exchangers. Solute ~;‘~~.. o % . -
Plasma flowing down the descending limb of the vasa 800 _
recta becomes more hyperosmotic because of diffusion of " T>no o> sove
water out of the blood and diffusion of solutes from the | | |
renal interstitial fluid into the blood. N 0
In the ascending limb of the vasarecta, solutes diffuse descenolmy UG lood P 1 s Al ¢
back into theinterdtitial fluid and water diffuses back into ﬁ}s b
the vasa recta. Ko W” @ 31 ) (oo
L arge amounts of solutes would be lost from the renal e oo GY
medulla without the U shape of the vasa recta capillaries. wbsoptimf =

cle : Jumen ard at
i 2 L solufes Touimpl The
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Summary of water reabsorption and
osmolarity in different parts of the tubule

Tubular part H20 Resbsorption (%) Osmolarity

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

Desc. loop 15 increases

Asc. loop 0 decreases

Early dista 0 decreases

Late dista and coll. ADH dependent ADH dependent

tubules

Medullary coll. ducts ADH dependent ADH dependent




Changesin osmolarity of the tubular fluid

, . - r !
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@w\m} Control of Extracellular Osmolarity
r .
m\‘““\?f i (NaCl Concentration)
0" )
[Plasma sodium] is normally regulated within close limits(l 40 - 145] mEq/L, Avg 142 mEq/L.
Osmolarity averages about 300 mOsm/L -

- lﬁm&f N Sy lte
0
Plasma sodium concentration is used to estimate plasma osmolarity (most abundant ion)

Posm = 2 X [P, MMOI/L] + [Pyiycoses mmMOI/L] + [Pyrea, mmol/L]



Control of Extracellular Osmolarity (NaCl Concentration)

ADH -Thirg Ogmnoreceptor System



ADH Jlaifk;\g
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Water deficit ([0(1) water \/OJUYM)

|

4 Extracetular osmolarity
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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 osmol arity

» Decreased blood volume (cardiopulmonary refl €X@5) ‘
($HE8Bsed blood pressure (arterial barorecepiors)
DRHREFRIAS); -

- input from cerebra cortex (e.g.

fear)
P arinary - 05 - angiotensin |
et - nausea
Elow - nicotine

I urinabron: - morphine



FactorsThat Decrease ADH Secretion

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



ADH isconsiderably more sensitiveto small changesin
osmolarity than to similar percentage changesin blood
volume

| asmo osm(})m)}/ Jl/.,@ /(A/a
J‘}H‘DH i ee-fr 7 by )%

by 1/s



Thirst in controlling extracellular fluid osmolarity and sodium
concentration

‘ : thalamu s
stymala® [ *J blood volume g i hyporane
nivek laemi Thirst Center
bt (Hypovolaemia)

J

Ptaf | 2 % Angiotensin I

ok

o

Thirst
sensation

L

V'

2 + ‘1 plasma osmolarity
(Hypertonicity)

When Na concentration increases only

Increased water intake
about2’)mEg/L abovenormal, the thirst
mechanism is activated, causing a desire

todrink water. Thisiscalled the

threshold for drinking. dilute ECF & | osmolarity




Stimuli for Thirst

"o |ncreased osmolarity
2.« Decreased blood volume
(cardiopulmonary reflexes)
2.+ Decreased blood pressure
(arterial baroreceptors)
¢+ Increased angiotenan ||
5. Other gimuli:
- dryness of mouth & and mucous membranes of the
esophagus



FactorsThat Decrease Thir st

-« Decreased ogmolarity
9.« Increased blood volume
(cardiopulmonary reflexes)
3. Increased blood presaure
(arterial baroreceptors)
y. » Decreased angiotenan ||
5. Other simuli:
-Gadric digention



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 B2 o

- P ‘ . . e
LJLW/ Cf/‘;éﬁ/ff’ W}j/ (/3 @U Qe o/p)mmm



Clearance Technique

€ \ _
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 rkal Clarance of Solufes

osmolar clearance (C,4,,)= total clearance of solutes from the blood
= Volume of plasma cleared of solutes each minute

Cosm = Uosm X V where:

Uosm {urine osmolarita
osm \Y = urine flow rate

P = plasma osmolarity



example

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

IS 1 ml/min. Calculate the volume of plasma cleared of solutes each minute?
ov Ca}a/t)&?[‘e

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

urine osmolarity = 600 mOsm /L ' Cosm = osm Clegyanee
urine flow rate = 1 ml/min Posm @/ he 54 MB) )

Lol — b Cour= 600 X 1/1000

e - 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,p) =rate of solute-free water excretion
Is calculated as the difference between water excretion (urine flow rate) and osmolar clearance

U N
CHZO:V—Cosm:V—( osm )
Posm
If: Uosm < Posm, CHzf(;j‘F indicating water 1s being removed and
excre fecl =V
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

g o Tt g2

Z’ ° - For a substance that is freely filtered, but not reabsorbed or secreted
3 U?) (inulin, '?° I-iothalamate, creatinine), renal clearance is equal to GFR G, csloy 3
ne Ry S L) sl
: W section _
ul "~ U 7 % Piouga = 1 mg/ml § Cleg rance ) OZJ'Q_;

Lod (}W of these substane

B)
]C Amount filtered = Amount excreted
* Tnuln inudin
P il fro b 0N excre Le OZ Urai ¥
GFR =
(‘H (/(/V) ng Pinutin
GFR = 125 mi/min
125 :
x| _ 125 w) Jmin
I Y
A4 Ujotin = 125 mg/ml

K V = 1 ml/min



Creatinine clearance and plasma creatinine concentration can be used to

estimate GFR — prodluced by Hhe body
wuly A os W EM}&' Cf') 5 las

» cleared from the body fluids almost entirely by glomerular filtration Juck
v+ not require intravenousinfusion - <o it s lesS mvasie (pecanse 115 a mrmﬂ;aayzmid)w
disade 1S not aperfect marker of GFR because a small amount of it is secreted by Drogess 1

the tubules %ﬁamount of creatinine excreted > amount filtered | J rhe mgyj

. adlight error in measuring plasma creatinine .
e o QH@/@O%JJ O O
Hibule ) (9 (3lo( load Le G e— (< excroteck

-
. J M/ng @9 ﬁecmﬁﬂpd/:p‘ . , < .o
Cfogbinine =1 =270 = m/ AR ) L oV W@j@ U LS
., excroted] > amount Filfe RS . » ijop//ﬁ 58 f/g)

e 5 A== C)/ﬂ%/ql/u
Clloaber)) S ot = ooroled



4 = _
1 Ccreabim‘we})l do GFK )y,
s 1| the plasmo
8 ST 5, %
Plasma creatinine & 7\ T /o iﬂfﬁ qjj,fﬂ
can be used to = o Cm@m;mﬁ WY &
‘ e
estimate changes ~ £8 e pled -
in GFR ?E’ R hach 15 ol O b
Bv ’ ) Kp/ﬁ g/ #UJVLO
g 4 fnJ;C@bt? | ! on
£ s rma T OA(
i Pt Ksrmal

25 50 75 100 125 150

Glomerular filtration rate
(ml/min)



Use of Clearance to Estimate%)enal Plasma Flow &crelign O {ilfered ) &

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

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 2o

Circwlgtion

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

Cx = renal plasma flow

Renal plasma flow
Upa x V

Ppan

Renal venous
PAH =

DAH——B | S V)ot |00 /0 C/)eamﬁ/ ﬁmm
0.001 mg/ml

)”_D} nsvmad Y

Upax = 5.85 mg/mi
V = 1 mli/min



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

pPAH = 0.01 mgf'ml |:D
Qr}fn\ﬂL \/ehou\s

APAH B VPAH

Epan =
APAH
= 0.01 —0.001 =09 Renal plasma flow
0.01 . -

(S 02 GO0
mp Jal -
normally, Epspy = 0.9 nona))/ s s
1.e., PAH 1s 90% extracted extrackol PAH=
and 10 % Upss = 585 mgim
venous =1 = 27 V= 1 mimin

Circylabion



Filtration fraction is calculated from GFR divided by RPF

RPF =PAH clearance
GFR =inulin clearance

J—

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

~~———



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) < thefiltered load of
the substance (GFR x Ps), then some of the substance must have been reabsor bed 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 plustubular secretion.



Calculation of Tubular Reabsorption

Reabsorption = Filtration - Excretion

Filt s = GFR x Ps
Excrets=Usx V



Urineflow rate= 1 ml/min
Urine concentration of sodium (Uy,) = 70 mEg/L
= 70 1 Eg/ml
Plasma sodium concentration = 140 mEg/L
= 140 u Eg/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 Pyga
=100 mi/min x 140 p Eg/ml = [14,00(%1 Eg/min.

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

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



Acid-Base Regulation

Chapter 31
Unit vV

Dr Iman Aolymat



| ntroduction

Multiple acid-base buffering mechanisms are nvolved in

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

(13blood
[2+cells
[3rlungs
(4)kidneys



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

Ci' H* “H“ (o]

+

crr C©I° S L4
Cl- Cl
-+

oy M

_,,'l-.l* Ch

Strong acids dissociate rapidly
and release large amounts of H*
in solution

H,CO - '
2—-3 % A strong base is one that reacts rapidly

and strongly with H+ = quickly removing
H+ from a solution.
Exampleis OH- + H+ - H20

| # weak base e.g HCO3- because it binds
| with H+ much more weakly than does
OH-.

Most acids and bases in ECF that are
Involved in normal acid-base
regulation are weak acids and bases

Weak acids dissociate incompletely — ' ) Mﬂ;"
and less strongly releasing small HCO:; Ji g H>d==

amounts of H* b 555
in solution (Je=, ‘



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

« Acidosis= excess addition of H+

id
buslo ug) of B 5:thin The boa(j 1Q)bt



ol
m@tkmh

« EigntV
s B0 |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 AcidonE 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 (mEqg/L)

4.0 x107
45107

4.5 107

1% 10 to 4 X 107
3x 10%to 1x 10
160

WIU\ Wg
el w2

\1'6
L oo
b \QQCW/L&@ DQ x\e 0 9%
‘ijfﬂbJ&LiO{)\C — UOO\&P‘ Al )
0
( d PYOOJUIC&
e meka]oa]f[ ﬂCh\/{z an

Intracellular pH usually is< plasma

7.40 because the metabolism of the cells produces acid
7.35 especially (H2CO3).
Lo Hypoxia of and poor blood flow to tissues - acid
6.0-7.4 accumulation and |intracellular pH.
4580 % 4 2y dolick w1 bloed supply j
0.8

\IQ‘()/ e \fy

@CI\dJ‘C‘



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 bo 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

pbale

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

@ Kidneys MOS‘E eﬂﬂ‘ecfeml 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 :-
- Aweak acid (H2CO3).
- Its conjugated base (NaHCOQO3).

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 a[ -
weal - Y
4 ch H,CO, < H+ & HCO5-

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

NaHCO3 < Na* & HCO4



he Bicarbonate Buffer System
Putting it all together;

C02 + Hzo (':> H2C03 (iH‘ + HCO{

Wea K +
QC/'O/ Na
Adding ACID (HCI)  (ucl @%; cr) o>
— +HCO; — H,CO; — coz+/Hzo L
UGr\/ \d n 9
STorg o anW@Mma
0
. ey Hfﬂﬂ )(Wje‘
Adding base (NaOH) wed A \/0{ [0
=" sbeng base _ Seol il

+
NaOH



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 PCo

pH = pK + log

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



he Henderson-Hasselbalch Equation

00, + B0 HO0, &= H +HOO;

(o
// [//
it W B [HCO3™] - )
WD N3 pH = pK 4+ log pK = dissociation constant= 6.1
e N@&wb 0.03X PCO2 |  0.03 = solubility of COz
W g
@“% oY Wha} do we understand from this equation?
)

Regulated by kidneys

1. pHa @ Regulated by lungs Each element of the buffer
system is regulated

+ 11 HCOs~ will 11 pH 5 vo.p s
- MM PCO2will [JpH 5 I Gy



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 (VLQ)"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 punHer
- Wrkhin b}ocp/ C/\Vca)a%‘zm

= IS Léj - J
ba(gﬂ(@Mﬁ SV 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.






