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Red: very important.

Green: Doctor’s notes.
Pink: formulas.

Yellow: numbers.

Gray: notes and explanation.

Physiology Team 436 — Renal Block Lecture 5

| For further understanding please check our “Extra Notes” file which contains extra explanation for reference books.



Objectives

<Define tubular reabsorption, tubular secretion, transcellular and paracellular transport.
<“|dentify and describe mechanisms of tubular transport

“Describe tubular reabsorption of sodium and water

<Revise tubulo-glomerular feedback and describe its physiological importance
<«|dentify and describe mechanism involved in Glucose reabsorption

<Study glucose titration curve in terms of renal threshold, tubular transport maximum, splay, excretion
and filtration

“|dentify the tubular site and describe how Amino Acids, HCO5", PO, and Urea are reabsorbed



Tubular Reabsorption

» Transported substances move through three membranes :
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Ca?*, Mg?*, K*, and some Na* can be reabsorbed via paracellular pathway. * ..
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Peritubular fluid

Apical Tubule Basolateral | Capillary
membrane epithelial cell membrane / endothelial cell
+ paracellular means that the pathway is between cells.

* Transcellular means through cell.
» Paracellular:

- Passive diffusion — Down gradient- Cross tight
junction.

* Transcellular:

Ll Active Transportation of solutes Cross a cell.



Tubular Reabsorption

Creatinine

Tubular reabsorption
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Examples :
« ADH Reabsorb water (retention of water). There is also a secondary active reabsorption
+ Aldosterone tends to promote Na™ and water retention, and lower plasma which move particles by atp from another
K™ concentration. pump in glucose Example



Sodium Reabsorption: Primary Active Transport
Sodium nallareas of the nephron

» Nat reabsorption is almost always by active (Needs energy) transport
» Na+ enters the tubule cells at the luminal membrane.

Is actively transported out of the

tubules by a Na+-K+ ATPase pump

Other important solutes are linked either directly or indirectly to reabsorption of Na*.

Peritubular
Lumen Tubular cell Interstitial fluid capillary

2 lefy_slon

Exchanges the sodium with potassium Na*'——= e Na
3 Na+ out, 2 K+ in ?r?annel Active transport

Basolateral
Na*— K* ATPase
carrier

-+
== Na" - Na*
Lateral space Diffusion

In the basolateral membrane of the Tubular cells

© Brooks/Cole - Thomson Learning



Mechanisms of Tubular Absorptlon & secretlon

Channel Carrier proteins
protei
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needs a carrier)
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Proximal Convoluted Tubule Reabsorption (PCT):

Early Stage We will be looking at the reabsorption and secretion mechanisms of each part of the nephron

»  The epithelium is leaky, and it’s permeable to ions & water.

»  70% of Na+, Cl-, K+ & water is absorbed passively (with/follows Na+). Sodium will pull water with it

Sodium leaves the pump through the symporters. Na+ Reabsorption (transcellular):

Early PCT Na+ absorbed:
)  exchanged with H+,

but HCO3- reabsorbed Na+/K+-
. . ATPase
2)  with organic substances :
important

glucose, amino acids, lactate, Pi

Symport: (or
Exchange: Na+/H+ exchanger cotransporters) are:
(the transporter) takes up Na+ - Na+ - glucose
or H+.Which eventually Causes

reabsorption of HCO3- - Na+ - amino acid

- Na+ - Pi

- Na+ - lactate



Glucose Reabsorption

>

From tubular lumen to tubular cell: Sodium co-transporter
(Carrier-mediated secondary active transport). Uphill transport of
glucose driven by electro-chemical gradient of sodium, which is
maintained by Na-K pump presents in basolateral cell membrane. (Na

is downhill) So, it needs glucose and a carrier and it’s an active transport

From tubular cell to peritubular capillary: Facilitated diffusion
(Carrier-mediated passive transport) (the glucose don't forget ©)

So, it’s a passive transport but with carrier

-Carrier mediated = needs protein
-So it’s an active process and needs protein
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Koeppen & Stanton: Beme and Levy Physiology, th Edition,

| Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. Al rights reserved




Tubular Handling of Glucose (Lecture 3: Renal Clearance)

CIF plasma [glucose] =
- mg/dl
i mg/dl will be Filtered

mg/dl Reabsorbed
mg/dl Excreted

. ________

Tubular Transport Maximum of Glucose

» Kidney does regulate some substances by means of the T__ mechanism e.g sulphate
and phosphate ions.

» Also subject to PTH regulation for phosphate, [ PTH | reabsorption ].

*PTH = parathyroid hormone

9



PCT Na+ Reabsorption: Late stage

Late = related to Cl-, the reason isn’t important.

» Late Proximal Convoluted Tubule:
» Na+ Reabsorbed mainly with Cl- ;Why ?
» - Due to different transport mechanisms in late PCT.

» = Lack of organic molecules

Differentiae between the early and the late:
- This one is with ClI- .
- May be Transcellular or Paracellular .

Conc. Of cl will favor the reabsorption into blood.

» 10 NHE = Na-H+ Exchanger , Don’t forget we are talking about the Cl-



Urea Reabsorption

Normal plasma level of urea 2.5-6.5 mM/L (|5-39 mg/IOOmI). A MANDLING OF UREA ALONG NEPHRON

Juriamoduliary

» Mechanism of urea reabsorption: <ot
PCT
* About 40-70% of filtered load of urea is reabsorbed in (areasof & : Superficial
reabsorption): ?oq, % ’ ¢ napheon
- Second half of PCT. :
bt

- Medullary CT and CD (ADH dependent).

* Due to water reabsorption in the first half of PCT, the conc. of
urea is increased in the second half and urea is reabsorbed by

simple diffusion (downhill).

ol ) Al A sean Y (5ol Laa Liysall S 55 e 3l elall 338 (passive diffusion)

Il VERY IMPORTANT  CD= collecting duct



It’s not important

water reabsorption The percentages in all of them are important

Tubular fluid | J Blood

PCT cells permeable to water. :

PCT Passively reabsorbs 67% of filtered water.

Osmolality lali
287 Osr72183allty

Transtubular Passive (osmosis)
due to osmotic active substances that are absorbed, e.g. Na+, glucose, HCO3-, Cl-

=>  tubule osmolality. Wetar | k
T intracellular space osmolality. | |

Koeppen & Stanton: Bemne and Levy Physiology, 6th Edition
i by Mosby, an imprint of Elsevier, Inc.

* Solvent drag: K+, Ca2+, carried with water & hence reabsorbed

* The accumulation of fluid and solutes within the lateral intercellular space increases hydrostatic pressure in this

Not important
but read it

compartment

* The increased hydrostatic pressure forces fluid and solutes into the capillaries. Thus, water reabsorption follows
solutes.

The proximal tubule reabsorption is isosmotic



Protein Reabsorption

Peptide hormones, small proteins & amino acids are
reabsorbed in PCT.

If the reabsorption exceeds it’s capacity
we will find protein in the urine,same
with glucose. Both are abnormal.

Has a maximum capacity: (T Max)
if too much protein is filtered = Proteinuria.

Peptide hormones, small proteins & amino acids undergo
Endocytosis into the PCT, either intact or after being
partially degraded by enzymes. Protein enters the cell by endocytosis
Once protein is inside (engulfed) the cell, enzymes digest

them into amino acids, which leave the cell to the blood.

Tubular
cells

Interstitial
fluid

Co-transport

e Glucose

Na'
-70 mV

OO

G- Amino acids

Na*
@ 70mv
K+ A

Tubular
lumen

Glucose
E Na*

Na*
E Amino acids

ENa,
H+

Counter-transport

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



Organic Ion / Cation Secretion

. . . . Harmful substances, the body gets
Organic lon/Cation Secretion in PCT rid of them. Ve




HCO,; Reabsorption

The renal tubules are poorly- permeable to HCO; . However, it

is

still reabsorbed but in the form of CO, (to which the tubules are

highly permeable)
This occurs through the following steps:

H* is formed inside the cells
then secreted into the

tubular fluid

H* Combines with HCO; in
the tubular fluid forming

H,CO;

By activity of

in

the Tubular cells, H,CO,
dissociates into CO, & H,O

CO, Diffuses into the cells
Where it combines with
H,O (By activity of
intracellular C.A), Forming

HCO;
into the interstitial fluid
(then to the blood)
into the tubular
fluid to help more
reabsorption of HCO;

H,CO; which dissociates
into HCO;” & H*

It gets in through the
reaction , never gets in

directly

H+ out in exchange of Na+

Tubules are highly
preamble to CO2 > H+
ions are formed inside the
cells >secreted in the
tubular fluid through NHE
pump > H+ combines
with CO?2 to form
H2CQO3 in the tubular
fluid > CA disassociate
H2CO3 into CO2 and
H+ > CO2 diffuse into
the cell where combines
with water and it keep
repeating > CO?2 gets out
the cell by passive
diffusing into the
interstitial fluid (blood)
H+ is secreted through
the pump tubular lumen.

» 15 Bicarbonate is the only molecule doesn’t get reabsorbed as it self must be converted



HCO,;- Reabsorption, Cont..

- Low levels of Pco2 = decreased the levels of
Factors Affecting HCO;- Reabsorption: reabsorption.Vice versa

- High Pco2 = investigate the lungs
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Plasma [K™]

Plasma [CI]

Plasma Aldosterone




A IEUING OF UREA LONG NEPHRON A HANDLING OF PHOSPHATE ALONG NEPHRON A HANDLING OF GLUCOSE ALONG NEPHRON B EARLY PROXIMAL TUBULE (S1)

Il |

Tubule lumen Interstitial space

€ THIN DESCENDING LIWA (IDLH)

For individuals on a
low-P; diet, P,
excretion is minimal.

B PROXIMAL TUBULE

€ INNERMEDULLARY COLLECTING DUCT (IMCO}

Boron & Boulpaep: Medical Physiology, 2nd Edition. Boron & Boulpap: Medical Physiology, 2nd Edition.

Boron & Boulpaep: Medical Physiology, 2nd Edition.
Copyright © 2009 by Saunders, an imprint of Elseie, Inc. Al rights resaved, Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved. Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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