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Objectives

At the end of this session, the students should be able to:

v" Understand the concept and importance of homeostasis.

v’ Review how body fluids are compartmentalized.

v Understand how the steady state is monitored.

v Review the compensatory responses to any change in the steady state.
v Review the disturbances of volumes of ECF and ICF.

Mind Map

1. Diarrhea

2. Water deprivation § Volume contraction

{ Homeostasis control mechanism ‘

3. Adrenal insufficiency

[
' Abnormal stasis |
of ICF And ECF | Regulation of bidy function |
Infusion of

" isomitic NaCl , { Homeostasis
‘ 1 Homeostasis and control |
|

Volume expansion ] -

|

(Homeosfasis 1 iExomeies ot omengmuts]

Regulation of m
» fluid exchange
Extracellular Edema ]

Edema

Intracellular Edema ]

2. High NaCl intake

3. SIADH
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Regulation of fluid exchange ( aall (8 J3) sudl Jols andaii dlac)

Mechansim of Movement

Passive Transport Active Transport

1. Simple Diffusion
2. Facilitated Diffusion
3. Osmosis

1. Primary Active Transport
2. Secondary Active Transport
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Osmotic concentration, formerly known as osmolarity, is the measure of solute

concentration defined the number of osmosis per liter.
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Osmosis (42 seaud) Aualill)

Net diffusion of water from region of
high water concentration to region of low water concentration
OR
Net diffusion of water from region of
low solutes concentration to region of high solutes concentration

Net diffusion = Transport in two directions (outside and inside the
cell)

You have to know that:
- The cell membrane is Selectively Permeable
- The cell highly permeable to water because it is very small molecule
- The cell impermeable to ions so they need to carrier protein to move
through
The cell membrane

Cell membrane is permeable of fat soluble because it is composed of lipids.
BUT there is an exception for WATER because it is too small molecule and
across through membrane by Osmosis. Other molecules like ions cannot
across through membrane because they are large.

- Small changes in concentration of solutes in the extracellular fluid can
cause tremendous change in cell volume
- Intracellular osmolarity = extracellular osmolarity =300 mosm/L
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Environment Water Solutes The effect on the cell

No swells or shrinks

The same outside and
. No change in insi
Isotonic g inside the cell
water Volume ’
0.9% of sodium chloride /\

Or 5% glocouse
Equal movement of water

into and out of cells

Shrink

¢

Net movement of
water out of cells

Less Water

Hypertonic | Outside

More Solutes Outside

Higher than 0.9% of
sodium chloride

sodium chloride

Swelling
Hypot on
More Water Less Solutes Outside
: Outside
Hypotonlc Lower than 0.9% of

Net movement of
water into cells
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Homeostasis

Homeostatic control mechanism

Homeostasis starts its mechanism when there is
a variable produces a change in the body

Components of

Control mechanisms

v v

Receptor Control center
. . . . Effector
Monitors the environment Determines the set point ]
. . . Provides the means to
and responds to changes at which the variable is ]
- . respond to the stimulus
(Stimuli) maintained
@ Inout: Control )
I:il’):rm ation ool @ al;tt:'::"ltz.\tion sent ( \
sent along along efferent N ..
afferent pathway to il e adsl) ol =)
pathway to COLE ) Ao ) g2
Receptors
Receptor (sensor) Effector = Sensors

@ Response of
effector feeds

back to influence D.AQJ Q\j}}d\ cuaiud Y
magnitude of T -
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o variable to - X
- = - homeostasis rar s
Variable (in homeostasis) ) Effectors

@ Stimulus:

Produces
change
in variable
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Regulation of body functions

Nervous system.
e Sensory input.

e Central nervous system. r N\
e Motor output. €
— Controlling all other systems >
Endocrine (Hormonal) system. ¢
e Endocrine gland. \ J

e Pancreas, thyroid
e.g. : insulin control glucose

level

Homeostatic imbalance
* Disturbance of homeostasis or the body’s normal equilibrium

Organism in
homeostasis

Homeostasis and control
¢+ Successful compensation.

 Homeostasis reestablished. E)r(’temal Inhternal
change change

¢+ Failure to compensate. \ /

e Pathophysiology. Internal change

¢ |llness. results in
loss of homeostasis
e Death. .

Organism attempts
to compensate
as of aal) J sy Homeostasis-l il ) ciaa 13)

3 A o s 1 Gl akdiy Al 13 Gl by 1 @mpensation fails Compensation succeeds]
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Examples of Homeostasis

Insulin-secreting cells of A RO Most body cells take
pancreas stimulated to e Oﬂgﬁﬁg up more glucose
release insulin

into the blood

High blood
glucose level
detected by

W
&% JsSsid)
or—

Blood glucose level
declines to a set point;

insulin-secreting Liver takes up i H i
stimulus for insulin release
cells /ot pancreas glucose and stores diminishes and body
itas glycogen returns to homeostasis
Stimulus: 4
Rising blood ""a;.
glucose level T e

((Homeostasis: Normal blood glucose level (about 90 mg/100 mi) )

y/ Stimulus:
Blood glucose "'ba/a l Declining blood
level rises to set Nce glucose level
point; stimulus
for glucagon
release Low blood glucose level
diminishes and detected by glucagon-
body returns to releasing cells of pancreas
homeostasis LT

[ 2

. e Liver breaks down
(6 Sa (aldas) glycogen stores and Glucagon-releasing cells of
358 | releases glucose to pancreas stimulated to release
D) 953J the blood glucagon into the blood; target
is the liver

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings
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If high blood glucose level was detected by the insulin-secreting cells of pancreas the cells will

stimulate the release of insulin into the blood to get the blood to (Homeostasis)
. v

Gsap Al g3 35S 9ls (A G gSMa) Jgad sl adiia aall (A S gladl (g gisa SIS 1)
(Homeostasis)duanhll 43llad aally 558 slall (s ginsa 32SY ¢y gals glal

If low blood glucose level was detected by the glucagon-releasing cells of pancreas, the cells
will stimulate breaking of stored glycogen from the liver to release glucose into the blood to
get the blood to (Homeostasis)

. J
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Copyright @ 2010 by Saunders, an imprint of Elsavier Inc. All ights reserved. ’ " "
Copyright © 2010 by Saunders, an imprint of Elsavier Inc. All rights reserved.
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When the body loses fluids, and there was no water drinking. The body will activate ADH that
works on decreasing the volume of urine and orders to reabsorb the water.

N/
J \\

ADH-) (1548 S8 (s Il i pas paad ) iy Latic
BmS 4y o) z A0 3 (Antidiuretic Hormone)

When the body gains fluid. The body will disable the work of ADH, because of that the volume
of urine will increase.

\. 7




HOMEOSTASIS

MED STUDENTS 433

4

Physiology

Volumes and Osmolarities of ECF and ICF In Abnormal States

Volume contraction (decrease in the ECF volume):

Why does osmolarity decrease even the water moved from ICF to ECF?
1- For example, if we have Na osmolarity of 300 in ECF
2- Then Adrenal insufficiency occurs. The Na osmolarity changed to 100 in ECF.
3- After the movement of water from ECF to ICF osmolarity become 200
So, 300 > 200

- Osmolarity of fluid lost =~ osmolarity of ECF
(Loss of isosmotic fluid).

- No change in osmolarity.

- | volume in ECF and no changes in ICF.

- | arterial pressure.

2. Water deprivation :

- Lose High concentration of Water and
small concentration NaCl (Hyposmotic fluid).
- 1 Osmolarity in both ECF and ICF.

- | Volume in both ECF and ICF.

ECF.

/

e Decreasing in osmolarity will be
equal. So, the osmolarity will be the
same but the volume will change.

e The arterial pressure will decrease
because the decreasing in volume of

Decreasing in osmolarity because the
osmolarity of ECF increased due to lose
high amount of water and small
amount of NaCl (for example by
excessive sweating). So, that leads to
water movement from ICF to ECF.

.

3. Adrenal insufficiency :

- Aldosterone deficiency.

- | Nain the ECF.

- | Osmolarity in both ECF and ICF.

- | volume of ECFand T volume of ICF.

\_

N

Adrenal is a gland that secretes
Aldosterone and it reabsorbs Na to
bring it back to ECF. When insufficiency
happened in adrenal gland. The amount
of Aldosterone will decrease and leads
to a low amount of Na in ECF. According

\that water is moved from ECF to ICF. )
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Volume expansion (increase in the ECF volume):

-

1. Infusion of isotonic NaCl.

- Isosmotic expansion.

- No change in osmolarity.

- 7 Volume in ECF and no changes in ICF.

4 )

Happened only if adding an osmotic
NaCl fluid that does not effect on the
osmolarity of ECF. The volume will
increase and ICF will remain the same.

2. High NaCl intake.

- T eating salt.

- Hypersomotic expansion.

- T Osmolarity in both ECF and ICF.
- T volume of ECF | volume of ICF.

3. Syndrome of inappropriate antidiuretic
hormone (SIADH):

- | Osmolarity in both ECF and ICF.

- T Volume in both ECF and ICF.

\_

Increasing in osmolarity of ECF due to
the High amount of NaCl. So, net
movement of water will occur from ICF
to ECF.

3lal 48 pal o) giad) 138 Al B Aaadlall aal )
(el &9 gand) 3 g2 ol

SIADH function is water reabsorption. If
there is an excessive secretion of this
hormone the water will go back to ECF.
So, That will result in increasing of ECF
volume and decreasing of osmolarity
And ICF volume increase and osmolarity

\will decrease too. )
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Summry of Volumes and Osmolarities of ECF and ICF In Abnormal States

osmolarity osmolarity

Volume Conctraction

Volume Expansion
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Edema

Edema: is excessive
fluid in the tissues
|

Intracellular Extracellular

= Edema occures mainly in the ECF compartment.



http://upload.wikimedia.org/wikipedia/commons/b/b2/Oedema.jpg
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Extracellular edema

Common clinical cause is excessive
capillary fluid filtration e.g. heart failure.

Vein Artery

For example: if there is a problem in the heart then
Pressure of the capillaries increase then the fluid filter
and inter the tissue e.g. heart failure.
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Intracellular edema

Inflammation Membrane

of tissues permeabilitv

Na inside the
cell

—

Inflammation of tissues caused imbalance in cell
membrane. So, when Na molecules enter the cell. Water
molecules will across too.
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Summary

e Homeostasis is the ability to maintain a relatively stable internal environm
ent in an Ever-changing outside world.

e The internal environment of the body (ECF)
is in a dynamic state of equilibrium.

e All different body systems operate in harmony to provide homeostasis.

e Some factors like dehydration can cause changing in the volume and
osmolarity of ECF AND ICF.

e Edema is excessive fluid in the tissues and it can be ECF or ICF edema.

Related videos:

Homeostasis 1, Physiological Principles
https://www.youtube.com/watch?feature=related&v=5HS66q OA8g&app=desktop

Homeostasis
https://www.youtube.com/watch?v=0kxsviCkS40&desktop=&app=desktop



https://www.youtube.com/watch?feature=related&v=5HS66q_OA8g&app=desktop
https://www.youtube.com/watch?feature=related&v=5HS66q_OA8g&app=desktop
https://www.youtube.com/watch?v=0kxsviCkS40&desktop=&app=desktop
https://www.youtube.com/watch?v=0kxsviCkS40&desktop=&app=desktop
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Multiple Choice Questions

Q1: which of the following determine the set point of maintain the body?
A- Stimulus
B- Control Center
C- Effector
D- Receptor
Answeris:B
Q2: Decrease in the ECF volume takes place in?
A- Volume expansion
B- Edema
C- Volume contraction
D- SIADH
Answer is: C
Q3: Which of these is an example of volume expansion ?
A- Adrenal insufficiency
B- Diarrhea
C- SIADH
D- Water deprivation
Answeris: C

Q4: Which of the following statement is true?
A- Edema occurs mainly in ECF compartments
B- Edema occurs mainly in ICF compartments
C- Hyperosmotic fluid contains small NaCl
D- Hyperosmotic fluid contains large Water
Answer is : A

Q5: Infusion of isotonic NaCl causes?

A- Increase in ICF osmolarity

B- Increase in ECF osmolarity

C- Increase in ICF volume

D- Increase in ECF volume

Answeris:D




