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Renal Tubular reabsorption and secretion
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Reabsorption and Secretion by the
Renal Tubules




Tubular Reabsorption Is Selective and
Quantitatively Large

Amaount Filtered Amount Reabsorbed Amount Excreted % of Filterad Load Reabsorbed

(rlucose (g/day) 150 130 I 110
Bicarbonate {mEq/day) 4320 4318 2 >00.9
Sodium (mEqg/day) 25356) 25410 Sl w4

Chloride (mEq/day) 19,440 19,260 il 0.1
Potassium (mEg/day) T e )2 LR
Urea (g/day) 46.8 234 23+ Al
Creatimine (g/day) 1.3 i A 1

Filtration load = GFR x Plasma concentration




e Tubular Reabsorption Includes Passive and
Active Mechanisms




Two routes for reabsorption of filtered
water and solutes

, FILTRATION
Peritubular Tubular +

capillary cells
' Lumen

P— Pa— Paracellular -1
Bulk path

flow« hTranscellular -2
path

@ Active
Passive
= (diﬁusionESOlmes

] ~§¢— Osmosis <€ H,0

REABSORPTION EXCRETION

Y
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e Active Transport

e Primary Active Transport Through the
Tubular Membrane Is Linked to Hydrolysis
of ATP




Basic mechanism for active transport of Na*
through the tubular epithelial cell

Peritubular Tubular Tubular
capillary epithelial cells lumen

(=70 mV/) /Tlght junction

Brush border
— Basal (luminal
| channels membrane)
Interstitial Basement Intercellular space
fluid membrane
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Mechanisms of secondary active transport
for glucose and amino acids

nterstitia
fluid

Co-transport _—

Glucose
=t = Glucose E
Na*
Nat
—70 mV
:Q -
Amino acids

Amino acids

Secondary Active Nat -
. - —~70 mV
Secretion into the K+ H+H

Tubules

Counter- transport
y( and Hall Te x‘tb k Med al Physiology, 12th Editio
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e Pinocytosis—An Active Transport
Mechanism for Reabsorption of Proteins

e Transport Maximum for Substances That Are

Actively Reabsorbed




Relations among the filtered load,
reabsorption and excretion of glucose

Filtered
load

Excretion
>/ 375 mg/min
: |
300 125 mg/min Transport

maximum Reabsorption
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e Substances That Are Actively Transported
but Do Not Exhibit a Transport Maximum

- gradient-time transport

e Passive Water Reabsorption by Osmosis Is
Coupled Mainly to Sodium Reabsorption

e Reabsorption of Chloride, Urea, and Other
Solutes by Passive Diffusion




Mechanisms by which water, Cl-, and urea
reabsorption are coupled with Na* reabsorption
Na* reabsorption

|

H.O reabsorption

Voo '

Lumen Luminal

Luminal Ci- *

. urea
concentration

concentration

Voo |

Passive Cl- Passive urea
reabsorption reabsorption

‘ Secondary Active transport of Cl- \

* negative
potential




Reabsorption and Secretion Along Different
Parts of the Nephron

e Proximal Tubular Reabsorption (65%)

1- Proximal Tubules Have a High Capacity for
Active and Passive Reabsorption

- First half of PT
- Second half of PT

2- Secretion of Organic Acids and Bases by the
Proximal Tubule




Characteristics of proximal tubule in solute
reabsorption and secretion

Proximal tubule

N

a*, Cl-, HCO,, K, \
H,0, glucose, amino acids -

w7

/\H‘, organic acids, basesl
bile salts, oxalate, urate,
catecholamines and PAH
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Changes in concentration of tubular solutes
along PT relative to plasma

=
o
-
«©
-
c
o
(=
=
o
o
@
=
w
=
Q.
—
=
32
=
-
s
>
£
—

Amino acids

1 1 1 1 1
20 40 60 80 100
% Total proximal tubule length

© Elsevier. Guyton & Hall: Textbook of Medical Physiclogy 11e - www.studentconsult.co




Solute and Water Transport in the
_oop of Henle

OUTER ZONE ———

Thick ascending limb

|

Thin descending limb Thin ascending limb

Very high Py

Very low P
Very low Pggtes v :

Very high Py, and P,
Moderate P qa

INNER ZONE

NaCl

Urea

(Modified from Brenner BM, Coe FL, Rector FC Jr: Renal Physiology in Health and Disease.
Philadelphia, WB Saunders, 1987, p 39.)

@ 2004, 2000, 1666, 1601, 1986, 1681, 1976, Elsevier Ino. All rights reserved.




The properties of thin descending and thick
ascending segments of the loop of henle

Thin descending
loop of Henle

Thick ascending
icop of Henle

/’ Na+*, CI-, K+, N

Ca**, HCO, . Mg** />
L o777 L

Hypo-

osmotic
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Mechanisms of sodium, chloride, and potassium
transport in the thick ascending loop of henle

ena
interstitial Tubular
cells

Paracellular

Loop diuretics
* Furosemide
* Ethacrynic acid

The effect of ADH on NKCC? * Bumetanide
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5% NaCl

Distal Tubule

Early distal tubule

7~ Na*, CI-, Ca**, Mg** >




Mechanisms of sodium chloride transport in
the early distal tubule (5%)

Renal Tubular
interstitial Tubular lumen
fluid celis (~10mV)

Thiazide diuretics:
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Transport characteristics of the late distal
tubule and collecting tubule

Late distal tubule
and collecting tubule,
W Principal dat O

cells
y

/ /. '/,
1/" ." [ i —— N

J | | "’, " \'~
VikS (+ADH) H;,O’

Intercalated
calis

The effect of ADH on LDT and CCT?




Principal Cells Reabsorb Sodium and
Secrete Potassium (LDT & CCD)

ena
interstitial Tubular
fluid cells

Aldosterone antagonists Na' channel blockers
* Spironolactone * Amiloride
« Eplerenone * Triamterene
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Henal i ) Tubular
intarstitial ~ Typa A lumen
Fluid | infercalated ocall

Type A and type B Tvﬂ .
intercalated cells of Fow <
the collecting tubule

e Kt

Hznal Tubular
interstitial _ Type B lumien
Fluid | intercalated call

COgm= ==t == === 0O + HpO

(ate ™ '
A “o>= H+ 4+ HOOg —— — HCOS—
H* ————— L/
(aTP) '
e -~ H +

~——CI-




Transport characteristics of the
medullary collecting duct

Medullary
collecting duct
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The effect of ADH on IMCD?




Changes in concentration of different substances at
different points of tubular system relative to plasma
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e Tubular Fluid /Plasma Inulin Concentration
Ratio Can Be Used to Measure Water
Reabsorption by the Renal Tubules




Regulation of Tubular
Reabsorption

e 1- Glomerulotubular Balance—The Ability of
the Tubules to Increase Reabsorption Rate In
Response to Increased Tubular Load




2- Peritubular Capillary and Renal
Interstitial Fluid Physical Forces

e Normal Values for Physical Forces and
Reabsorption Rate (124 ml/min)

Reabsorption = K, X Net reabsorptive force




Summary of the hydrostatic and colloid osmotic
forces that determine fluid reabsorption in
peritubular capillaries

pressure
J
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e Regulation of Peritubular Capillary Physical

Forces
- The peritubular capillary hydrostatic pressure
- colloid osmotic pressures of the peritubular capillaries

- Changes in the peritubular capillary K




Factors That Can Influence Peritubular
Capillary Reabsorption

TP. = L Reabsorption
« |l R E. —rT:F
= -I- F_"T :F
t Arterial Pressore — 1 P
T Reabsarption
Ma — T
FF — TT[
i = | Reabsorption

1

L
T‘l.'
L
L
K

1




‘ e Renal Interstitial Hydrostatic and Colloid \

Osmotic Pressures




Proximal tubular and peritubular capillary
reabsorption under normal condition (top) and
decreased peritubular capillary reabsorption (bottom)

m




—ffect of Arterial Pressure on Urine Output—
The Pressure-Natriuresis and Diuresis Mechanisms

1. Increased arterial pressure —!1GFR — 1 urine output

2. Increased arterial pressure — tperitubular hyd. Pressurg
—|tubular reabsorption

3. Increased arterial pressure — |Ang Il formation &
Aldosterone — | reabsorption

4. Increased arterial pressure — internalization of sodium
transporter proteins from the apical membranes to the
cytoplasm — | reabsorption




3- Hormonal Control of Tubular
Reabsorption

Hormane Site of Action Effects

Aldosterone Collecting tubule and duct T NaCl, HzO reabsorption, T K* secretion
Angiotensin [1 Prosamal tubule, thick ascending loop of Henle/distal T MNaCl, H.O reabsorption. T H* secretion
tubule, collecting tubule

Antidiuretic hormone T H, O reabsorptic
Atrial natriuretic pe Jista follect _
Parathyroid hormone Prosaimal tubule, thick ascending loc

Henle/distal tubule

n
[aln]

) F;lil:'ll'l. T Ca*™ r-:.-'ul'r-'.-:'-rpti-.'-n




e Aldosterone Increases Sodium Reabsorption ano
Increases Potassium Secretion (Principal cells)




Angiotensin Il Increases Sodium and
Water Reabsorption (the body’s most powerful sodiums

retaining hormone)

e Angiotensin Il stimulates aldosterone secretion
e Angiotensin Il constricts the efferent arterioles

e Angiotensin Il directly stimulates sodium
reabsorption in the PT, the loops of Henle, DT,
and CT




Direct effect of Angiotensin Il

ena

interstitial Tubular
fluid | cells
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ADH Increases Water Reabsorption

enal
interstitial

cAMP = Protein
Kinase
A

}

Protein %
Phc:@orvylatior/

L =

Aquaporin-é (AQP-2)

II: Guyton and Hall Textbook of Medical Physiology, 12th Edition
opyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.



e Atrial Natriuretic Peptide Decreases Sodium
and Water Reabsorption (CD)

e Parathyroid Hormone Increases Calcium
Reabsorption (DT)

e Sympathetic Nervous System Activation

Increases Sodium Reabsorption

(decrease GFR, increase Na* reabsorption & increase renin
release)




Use of Clearance Methods to Quantify
Kidney Function

Term Equation

1 v
Clearance rate (5) O, = L IPK
T-lllullil ® W

Glomerular filtration rate (GFR) GFR = P
inulin

Clearance ratio Clearance ratio=

inula
Uppy 2V

Pran

e _ Cpan _ (Upan = V/Pran)
Renal plasma Aow (RPF) RPF= o~ Fom— Vorr) Po
_ Upsn % Van
Pean — Vean
RPF

Renal blood Aow (RBF) EBF=———— ml/min
|-Hematocnt

Effective renal plasma flow (ERPF) ERPF=Cpyy=

Excretion rate Excretion rate = LT, = W mgmin, mmolmin, or mEg/min

Reabsorption rate Reabsorption rate = Fltered load — Excretion rate mg'min, mmol'min, or mEg‘min

= (GFR % P,) - (1], V)

Secretion rate Secreton rate = Excretion rate — Filtered load mig'min., mmol/min, or mEg'min




Measurement of GFR from the renal
clearance of inulin

P =1 mg/mi

inulin

Amount filtered = Amount excreted

GFR x P, =U

1257 (a) inulin

xV

GER = Umulm x V

inulin

GFR = 125 mi/min

Y

U = 125 mg/mi

inulin

V=1 mimin
on & Hall: Textbook of Medical Physiology 11e - www.studentconsult.co




PAH Clearance Can Be Used to Estimate Renal
Plasma Flow

Renal delivery = Urinary excretion

Upap X V°

RPF % Pppy = Uppapy X V° ~ RPF =

Poan




e Creatinine Clearance and Plasma Creatinine
Concentration Can Be Used to Estimate
GFR




Effect of reducing GFR by 50 per cent on serum Cr and on
Cr excretion rate when the production rate of Cr remains
constant

GFR (ml/min)
o @ B
j

Serum creatinine
concentration (mg/dl)

Positive balance
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Approximate relationship between GFR and
plasma creatinine concentration under steady-
state conditions
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Measurement of renal plasma flow from the
renal clearance of PAH

Ppan = 0.01 mg/mi (@

Renal plasma flow
Upapy XV

PF‘AH

;» Renal venous

PAH =
0.001 mg/ml

UDAH = 5.85 mg."ml
V=1mi/min
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e Filtration Fraction Is Calculated from GFR
Divided by Renal Plasma Flow

e Calculation of Tubular Reabsorption or
Secretion from Renal Clearances

e Comparisons of Inulin Clearance with
Clearances of Different Solutes




Comparisons of Inulin Clearance with
Clearances of Different Solutes

Substance Clearance Rate [ml/min})

Crlucose I

Socdmm 1.5

Chlonide 1.3
0

Potassiam 1200
Phosphate 2500
Inulin 125.0
Creatimine 14000
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Thanks for your attention {




Intercalated Cells Avidly Secrete Hydrogen
and Reabsorb Bicarbonate and Potassium lons




