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Objectives:

by the end of this lecture you will be able to:

e Identify and describe the role of the Sensors and Effectors in the renal regulation of
body fluid volume & osmolality

e Describe the role of the kidney in regulation of body fluid volume & osmolality
e Understand the role of ADH in the reabsorption of water and urea

Identify the site and describe the influence of aldosterone on reabsorption of Na+ in the
late distal tubules.
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OVERVIEW

Renal Regulation of Body Fluids

By regulating the extracellular fluid

Osmolarity Volume

. l.
el oty Regulated by Na*

Will be discussed in ‘:
the next lecture <3 |
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Introduction
e Maintaining normal ECF volume and osmolarity is crucial for the well-being of
human beings.

e Normal ECF volume is important for maintenance of normal ABP which ensures
adequate tissue perfusion.

e Normal ECF osmolarity is crucial for maintenance of normal cell volume &
function.

e Two separate yet interrelated control systems regulate ECF volume & osmolarity.

e FECF volume is regulated through adjusting hody NaCl content.

e ECF osmolarity is regulated through adjusting body water content.
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Electrolyte Composition of Body Fluids
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ECF Volume

e The most abundant cation in ECF is Na*

e The most abundant anions in ECF are Cl- and HCO3"

e The body regulates ECF volume by monitoring and adjusting total body content of Na*
e ECF volume is closely linked to Na*balance.

e To understand ECF volume regulation one must understand Na' regulation.



Why is Na" Content the Main Why is it Important to
- Determinant of ECF Volume? | | | Regulate ECF Volume?
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e Na' and its associated anions are the
main osmotic constituents of ECF
volume.

[ M ECF volume ]

e When Na'salts move, water must follow. ; :
U O t Effective circulating
l volume
[ # |Na'] in ECF } '
L {
[ # ECF osmolarity }
M MAP

kidney and stimulate thirst
v

[ Increases ECF volume }

[ # H,0 reabsorption by }

This will have detrimental
. consequences on the body.
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Regulation of Volume & Osmolality

hypoosmotic urine }

dilute (~ 50 mOsm/kg)
large volume (up to 18 1./d)

Increases
Decreases

[ If water intake

hyperosmotic urine
concentrated (up to 1200
mOsm/kg) small volume (0.5 L/d)

e Renal water excretion mechanism(s) independent
of solute excretion mechanism(s).

e Allows water balance maintenance without
damaging solute homeostasis (e.g. Na+, K+).

___________________________________________________________________________________________________________________

Body water balance must be maintained. ONLYin male slides

[

e Kidneys concentrate or dilute urine.

e Toremain properly hydrated, water intake must equal water output. |
e Increases in plasma osmolality trigger thirst and release of antidiuretic hormone (ADHLZ !

___________________________________________________________________________________________________________________
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Water gain Water loss

22L/day | Food and drink

: e Amount ingested = amount eliminated

e Pathological losses:

o Vascular bleeding. 03uiey [omboton ) ine 15 Liday

o Vomiting. Glucose + 0y +CO, + H;0 + ATP
5 o Diarrhea. :

(Effectively pressure receptors)

[ Volume Sensors }

High pressure sensors, Carotid ! . .
Sinus, Aortic Sinus, Juxtaglomerular : ; Low pressure sensors, Cardiac Atria
’ ’ | (ANP), Pulmonary Vasculature.

i Apparatus of the Kidney.

—_———— e —



Volume sensor signals/Mediators:

GFR | }

|

|

|

|

|

|

| i

Neural - l
i ( Less Na+ ] :
: i [
! |
|

|

] |

i ; |
. . |
|

|

L filtered

More Na+
absorbed by PCT

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| [ If pressure decreases
|
|
|
|
|
|
|
|
|
|
|
|
|
|

**In the situation of decreased BP, RAAS
starts acting, to rise BP back to normal.

2) ANP:
e [rom atrial myocytes.
e Released by stretch of atrium
= 1 NaCl & water excretion.

1) Renin-angiotensin-aldosterone
system, RAAS. (| pressure)**:

Antagonist of renin-angiotensin:
1) Vasodilation of afferent arteriole,
vasoconstriction of efferent i.e. 1 GFR.
2) | Renin release.
) Direct | aldosterone release.
4) | Na+ reabsorption in CD.
) | ADH release.

[ Angiotensin II: }

B I

1) Aldosterone release by adrenal cortex
' 1 Na+ reabsorption in TAL, DT, CD ;

3
2) Vasoconstriction.

' 3) ADH release.

. 4) 1 Na+ reabsorption in PCT. !

........................................................... _ -
!_ .............................................. - SeCI‘eted by

1) Sympathetic stimulation.

2) | Perfusion pressure.
3) | Na+ reaching macula densa.
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Antidiuretic hormone (ADH)/Vasopressin

e [tis synthesized in neuroendocrine cells located within the supraoptic and
paraventricular nuclei of the hypothalamus.

e The synthesized hormone is packaged in granules that are transported down the axon

of the cell and stored in nerve terminals located in the neurohypophysis (posterior

pituitary).

Prevents water loss

Small protein hormone (only 9 amino acids)

Fast acting, short half life in circulation

1 Thirst

—_———— e —

Atrial Natriuretic Peptide (ANP)

e ANP promotes natriuresis (Na* excretion).
e Secreted by atrial myocytes in response to stretch

[ WECV H W ANP release H W Na' excretion }

Antidiuretic Hormone (ADH)

Increased
Osmoreceptors :> ADH release
stimulated Increased
thirst
HOMEOSTASIS Decreased
DISTURBED water loss
Increased Na~+ Increased

concentration in ECF watzain

Additional water

) dilutes ECF,
5\ HOMEOSTASIS Volime i ol

Water loss
RESTORED concentrates ECF,

volume reduced

N\

HOMEOSTASIS Increased urinary
DISTURBED water loss
Decreased Na* Decreased
concentration in ECF water gain

Decreased
ADH release 7

Osmoreceptors
inhibited | —| Decreased




i Na is the most important solute in the body. i ONLY in male slides

_________________________________________________

Main physiological factors
Hypothalamus

| (Paraventricular

Osmoreceptors neurons
Supraoptic \r\(
neurons &,

Optic

chiasm \ ‘ 7

*As the volume increase, Haemodynamic factors will By -

increase and vice versa.

§ o\ Vasomotor center
Anterior |

1) Osmolality &
' 2) Haemodynamic factors* i

(medulla oblongata)
lobe Baroreceptor
input

Vagus and
glossopharyngeal
nerves

y:

\=h

ADH

|

i 3) Nausea — stimulates
) Atrial natriuretic peptide (ANP) — inhibits.
. 5) Angiotensin II — Stimulates.

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

e Arough estimate of ECF osmolality can be obtained by doubling Plasma sodium
concentration.

e 145 mEq/l X2 =290 (Normal 285-295 mOsm/kg H20).
.. Sodium concentration gives best estimate of effective osmolality of ECF.

e In clinical situations glucose & urea concentrations (mmols) are also taken into
account, useful in cases of patients with diabetes mellitus or chronic renal failure.

e (non-absorbed glucose in kidney tubule can however prevent fluid absorption
generating an osmotic diuresis).

____________________________

e Osmoreceptors in hypothalamus, outside blood-brain

| barrier. ;

e 1 osmolality —» ADH release 5 W Errrow

[ : EL) : Hypothalamus
.__e__“SetPoint” ~ 280 - 285 mOsm/kgH20 ; f ﬂ N

§.3
*Increased PII:t'I‘I‘t’ary
permeability 9
S -
' Increase water i D

Thirst {eabsorption /

/ ________________________ H,0reab- |« STIMULUS:
sorption helps| _ Increase in blood
prevent further B osmolarity

narese, 1-2%

Collecting duct

0 1 1 1

270 290 310 Homeostasis: 8

Bloo
Plasma osmolality (mOsm/kg H,0) =) e mosm)




Blood volume

; 1 M
"« | Blood volume — ADH release |
« Less sensitive than osmolality 5 g
-« Need 5 - 15% | blood volume g §
. « As would be expected changes in blood
volume affect osmolality o FT T —T—. b e s e s
. » | Volume/BP — | set point steeper curve - Nt yaiaet! Plasma csmolaity (mOsmkg H;0)
Control of ADH secretion
Increase ADH Decrease ADH
T Plasma osmolarity | Plasma osmolarity
! Blood volume T Blood volume
! Blood pressure T Blood pressure
Nausea Regulation of ADH,
Hypoxia Duration: 6:21 mins *
Drugs: Drugs:
Morphine Alcohol
Increase Thirst Decrease Thirst
T Plasma osmolarity ! Plasma osmolarity
! Blood volume T Blood volume
! Blood pressure T Blood pressure
T Angiotensin II ! Angiotensin II
Dry mouth Gastric distention

ADH Renal Target

i o Collecting duct cells only permeable to water in presence of ADH.
« ADH causes 1 in urea permeability in inner medullary* CD. i
i « ADH stimulates reabsorption of NaCl by the thick ascending limb

' of Henle’s loop and by the DCT and cortical segment of CD. i


https://youtu.be/n_hgboKS4E8
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[ ! Plasma osmolallty] L: Plasma volume* ]

Regulation of Water Intake I

' .Blood pressure |
. « The hypothalamic thirst center is | 1 l
. stimulated: isaliva mg;;;m' | JG cells in kidney |
' - By a decline in plasma volume of g : : :
' - By increases in plasma osmolality of 1-2%. il
. - Via baroreceptor input, angiotensin II. |
' o Thirst is quenched as soon as we begin to ! Angiotensin Il
. drink water ] ]
E » Feedback signals that inhibit the thirst E i Hypothalamic
. centers include: i L
. — Moistening of the mucosa of the mouth § l
i . [ Sensation of thirst;
i and throat. ; person takes a ‘
! .. . . i drink
. - Activation of stomach and intestinal | ' I
. stretch receptors. | Vot Hoine
U VOO UV i mouth, throat;
stretches stomach,

Key: intestine

<= Increases, stimulates l

<~ Reduces, inhibits ;”‘““ absorbed ‘

~ from Gl tract

] Initial stimulus
L_| Physiological response
! Result

!

| Plasma osmolality

(*"Minor stimulus)

i 1. Angiotensin II receptors are found on the zona glomerulosa cells of the adrenal cortex.

i secretion.

o Activation of these receptors leads to an immediate and rapid increase in aldosterone

i o Aldosterone acts on the distal tubule and collecting duct to cause sodium retention.
. « This is likely to be an important mechanism for determining long-term sodium balance.

i 2. Vascular actions

« Angiotensin II is one of the most potent vasoconstrictors known.
. » Constriction of vascular smooth muscle leads to a prompt rise in blood pressure.
i o [t plays an important role in maintaining vascular tone and blood pressure in volume

depleted states, for example haemorrhage and fluid depletion.
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The Renin-Angiotensin-Aldosterone System (RAAS)

L | Effective circulating volume LABP
A 1 [NaCl] at macula
> Angiotensin II J:D Adrenal /
A “ ‘j) ( T, N 1 renal perfusion
Ei > \\ retention counteracts L eeaE
Hypothalamus : decreased effective
circulating volume.
2 ¥
A\
{} Aldosterone
Thirst and AVP
( X
——=[ Renin
U
Angiotensinogen
Liver

: | Na* excretion ||
{ H,0 excretion J'—

Its role is thought to be especially important during stressful conditions, e.g.
hemorrhage.

L)) [ '

[ Angiotensin II: J Video of RAAS Duration
//\ 5:14 mins »
[ Direct J [ Indirect }
- I |
M Na* i M Renal Vascular . Stimulate |
Reabsorption ; Resistance 5 Renin Release

11
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Sodium Balance

" RDA* = 1.5-2.3 g/day

under normal

Gl loss } Minor pathways
conditions

' o« Actual content in western diet =
- 7g/day ;
i *Recommended dietary allowance

i

|

|

|
i ! | i . .
! Dietary intake; ; | . Kidney (most important).

! | b

|

|

|

|

|

|
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Sodium Distribution in the Body

J

ECF ICF Bones
(65%) (5-10%) (25-30%)

|

e The kidney is the main route for the body to rid itself of excess Na* i
The signal that triggers enhanced Na" excretion by the kidney is actually the ECF l
volume specifically the effective circulating volume. | i

e Effective circulating volume (ECV) = a functional blood volume that reflects the i |
extent of tissue perfusion in specific regions, as evidenced by the pressure in their I
blood vessels. i
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e Usually changes in ECV parallels those of ECF volume.
|
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Regulation of ECF Volume (ECV)

( N T 4 N\
M ECV WECV
- l J | G l J
. N ! 4 . N
M Na' Excretion by | WNa' Excretion by
Kidneys | kidneys
o l J : o l J
W ECF volume : M ECF volume

[ Change in ECV (ECF volume) }

I
Affects ECV sensors
Baroreceptors

This generates 4 distinct
Hormonal/Neural Pathways

{ RAAS MSympatheﬁc NSM ADH M ANP }

..................................................................................................................................................

e Although, under physiologic conditions, the body regulates plasma volume & plasma
osmolarity independently.

e Severe derangements in fluid & electrolyte balance may challenge the system by
presenting two conflicting changes in osmolarity and volume.

e In general, the body defends volume at the expense of osmolarity. 13

..................................................................................................................................................



Sumimary

Volume oonmlonl
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1 UnasV = JGFR X Pye = TR

Koeppen & Stanton: Beme and Levy Physiology, 6th Edi
Copyriqht @ 2008 by Mosby, an imprint of Elsevier, Inc. Alddltsnse'vad

Brain.

14
UtV = TGFR X Pyye = IR

Koeppen & sutmnmmuwmobwwemm
Copyright © 2008 by Mosby, an imprint of Eisevier, Inc. Al rights reserved



Quiz

1- Patient with decreased blood pressure, this will stimulate his renal sympathetic, which
lead to?

A. Increase Na filtered.

B. Decrease aldosterone secretion.

C. Decrease Na reabsorption.
D. Decrease GFR.

2- Decreased blood volume will:
A. Stimulate ADH release.

B. Suppress ADH release.

C. Less ADH release.

D. Both A & C

3- When the atrium stretched the atrial natriuretic peptide (ANP) will released from
atrial myocytes, which will lead to increase of NaCl & water excretion, what’s the
expected action to happen?

A. Vasodilation of both afferent and efferent. Arterioles.

B. Vasoconstriction of afferent arteriole, vasoconstriction of efferent.

C. Vasodilation of afferent arteriole, vasoconstriction of efferent.

D. Vasodilation of efferent arteriole, vasoconstriction of afferent.

4- The ADH is synthesized in:

A. Posterior pituitary.

B. Anterior pituitary.

C. Cells located within the supraoptic and
paraventricular nuclei of the hypothalamus.
D. Neurohypophysis.

O- increase thirst occurs due to:
A. Decrease plasma osmolarity.
B. Increase plasma osmolarity.
C. Increase blood volume.

D. Increase blood pressure.

15
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