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Objectives

e Understand the concept and importance of homeostasis.
e Understand how the steady state is monitored.

e Discuss the physiologic control mechanisms that enable
maintenance of the normal steady state of the body.

e |dentify and describe the compensatory responses to any
change in the steady state.

e Define the concept of the “internal environment” and state
its physiological importance and differentiate between the
external and internal environment.



Y Mechanisms for movement

Continues exchange of body fluids.
All the body system try to keep the inter environment table.

3 general mechanisms for Movement :

1. Simple diffusion (passive)

Non-carrier mediated transport down an electrochemical gradient.

2. Facilitated transport (passive)

Carrier mediated transport down an electrochemical gradient.

3. Active transport against electrochemical gradient and it Required energy.

% 0smosis

e (Osmosis (passive):means Net diffusion of water H,0 (across a
selectively permeable membrane.) from a region of high water concentration to region of low
water concentration. ( in the osmosis remember that what moves is the water ).

e 0Osmotic equilibrium: is maintained between intracellular and extracellular fluids:

1. Small changes in concentration of solutes!(like Na and K) in the extracellular fluid can cause
tremendous(huge) change in cell volume.

2. Intracellular osmolarity = extracellular osmolarity (=~ 300 mosm/L).

(The molecules number determines the osmolarity not the size of molecules)

- 2 requirements for osmosis:
» Must be difference in [solute] on the 2 sides of the membrane
= Membrane must be impermeable to the solute.

- Osmotically active solutes:
= Solutes that cannot pass freely through the membrane.

____________________________

r As blood flows through

I Lungs lungs, CO, is removed
51 and O, is added

tzotonic Hypeartonic
Conditions Conditions

;\\fmm";m \&i {'

Gastrointestinal ———
tract \

Hypotonic
Conditions

filtrate of nitrogenous cells
wastes, ion excesses,
|\ etc.

|

Nutrients . — o  mm o Em s Em s m s mm s s o= s 1
& l :
; . . |
Blood plasma Aé'::::' I I
1 o
Kidneys clear plasma Nutstents an . !
i p O, move into molecules membrane blocks solute 1 .
o |
| .
0 |

L

CO, and
metabol ic
wastes move

|

|

|

|

|

|

|

|

|

|

|

|

|

: Solute Selectively permeable
|

|

|

|

|

|

|

|

|

|

1 Direction of water movement
|



- What is the difference between osmolarity
and tonicity?

Osmolarity Tonicity
-is used to compare between the
-describes the concentration of one solution. osmolarities of two or more solutions
-Measure of one given solution. separated by a semipermeable membrane.

-Normal~300 mOsm/L.
285

If environment is: If solution is:

ypertonic Solution

= MORE SOLUTES : - (shrink) 0.9%
outside cell.

~  « MORE WATERIN | of
Hypertonic CELL.

= over time, cell - out is higher
loses water. than in

Net movement of
water out of cells

» LESS SOLUTES
outside cell. -(swelling) 0.9%
» LESS WATER IN

Hypotonic | CELL, more solutes | -inis higher

in cell. than out
» over time, cell 1
gains water. Swollen RBCs % water into cells
- (not swell or
shrink ) ) o Isotonic Solution
- 0.9% solution of NormalRBCﬂ
« same. sodium \:
Isotonic | = No change in cell ' chloride (CaCl) or
volume. 5% glucose . 3R
- same in and A

Equal movement of water
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TRANSPORT ACROSS EPITHELIAL MEMBRANES:

* In order for a molecule or ion to move from the external
environment into the blood, it must first pass through an
epithelial membrane.

» Absorption:
Transport of digestion products across the intestinal epithelium into the
blood.

* Reabsorption:
Transport of molecules out of the urinary filtrate back into the blood.

Moves material through the cytoplasm of the epithelial cells.

 Paracellular transport:
Diffusion and osmosis through the tiny spaces between epithelial cells.

MANAGEMENT OF DEHYDRATION:

» What are the different methods used for rehydration?
1- Volume replacement
2- Electrolyte replacement

» What are the substances used for rehydration?
Uses of Isotonic, Hypotonic and Hypertonic solution.
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Homeostasis:

*

Homeo= sameness, similarity
stasis=standing

Homeostasis is the ability to maintain a relatively stable internal

environment in an ever-changing outside world.

> Theinternal environment of the body (ECF)is in a dynamic state

of equilibrium.

homeostasis.

All different body systems operate in harmony to provide

The process by which the body keeps the internal environment

constant despite changes in the external environments.

ever changing external environment.

The internal environment must be kept constant in the face of an

Essentially all the functions of the body organs and tissue aim at

keeping the internal environment at a nearly constant state.

Control
center

@ Input:
Information
sent along
afferent
pathway to

Information sent
along efferent
pathway to

Homeostatic Control Mechanisms

@ Output:

Effector

@ Change
detected
by receptor

Blood pressure rise

®
/’77 b
1 alahce

@ Response of
effector feeds
back to influence
magnitude of
stimulus and
returns
variable to
homeostasis

(g

D




% Glucose and other solutions administered for nutritive purposes;

Who needs it?

1. People who can not take adequate(enough)amount of food.
How to give it for them?

2. Drip Slowly.

Where to prepare it?

3. Prepared in isotonic solution.

4. \Water is excreted.

Y Homeostatic Control Mechanisms

The variable produces a change in the body.
The three interdependent components of control mechanisms are:

> Receptor ->monitors the environments and responds to changes (stimuli).
> (ontrol center —> determines the set point at which the variable is maintained.
> Effector —> provides the means to respond to the stimulus.

% _Regulation of body functions;

1.Nervous system.
e sensory input.
e central nervous system(CNS).
e motor output.

2. Hormonal system of regulation

endocrine gland .pancreas ,thyroid
e.g. insulin control glucose level.

Feedback

Negative Feedback
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Extra information:

Feedback Mechanism:

What is meant by feedback?

A loop system in which the system responds to perturbation either in the same
direction (positive direction) or in the opposite direction (negative feedback).

negative feedback

The effector response of the system is in the
opposite direction to the stimulus that
initiated the response.

E.g;
e Ahigh level of in CO, In the ECF will
increase pulmonary ventilation, increasing

the amount of CO, expired which will

Positive feedback

The effector response is in the same direction
to the stimulus that initiated the response.

(A le gy 3l OS2 3l i)

E.g;

e In nerve signaling, entry of a small
amount of Na+ into the cell will open

more Na+ channels

Only few system display positive
feedback.

e Most of the control systems of the body
act by negative feedback.
1
; NEGATIVE FEEDBACK
: ------ _@__ e = Hypothalamus @-----@ --------------------
i
e |e
1
i -------------- Anterior pituitary «a%---"@nn-eg Long
] ‘ loops
! ®

Endocrine gland
(e.g., testis)

(

]
ek

Hormone
(e.g., testosterone)
- =

1@

~
Target tissue |
{e.qg.. muscle)

- e € A B S S S S -

1 POSITIVE FEEDEACK

I Hypothalamus

l@

Anterior pituitary

|-

=
-

Endocrine gland
(e.g.. ovary)

l®

=

3

; Hormone e}

4 (e.g.,. estradiol)

1 =

' >

|

; c e :
T arget tissue [

1 =

L e e e e ekt e e e e ek et e —— 3



DRINK H,O
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Disturbance of homeostasis or the body'’s

normal equilibrium.

The homeostasis then will produce a reaction

that will either be:

1. Successful compensation;

e Homeostasis reestablished

(Wellness)

2. Failure to compensate Pathophysiology;

e lliness
e Death

Control of Oxytocin Secretion

Copyright © The McGraw-Hill Companies. Inc. Permission required for reproduction of display.

+ Stretch of the uterus and
the uterine cervix

+ Mechanical stimulation
of the nipples of the
breasts

o\

Hypothalamic n N\
neuron Y )
& - ‘ -

Hypothalamohypophysial

@ Streteh of the uterus and the uterine
cervix or stimulation of the breasts' nipples
increases action potentials in axons of
oxytocin-secreting neurons.

eAction potentials are conducted by sensory
neurons from the uterus and breast to
the spinal cord and up ascending
tracts to the hypothalamus.

QActlon potentials are conducted by axons of
oxytocin-secreting neurons in the
hypothalamohypophysial tract to the

alamoh tract \
posterior pituitary, where they o
increase oxytocin secretion, 4
Posterior pituitary
OOxytocin enters the circulation, increasing

contractions of the uterus and milk

ejection from the lactating breast. Oxytocin —

T o
@ o
\
Increased | Mik released "
utering ——==

: from breast
contraction
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rd

External

change change
Internal change

results in
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to compensate
Ccmpensatlon fails Compensation succeeds

\ \

( lliness or disease

Wellness J




v Volumes and Osmolarities of ECF and ICF in
Abnormal states;

> some factors can Cause the change:

e Dehydration.

e Intravenous infusion (IV).

e Abnormal sweating .
Etc..

> (Changes in Volume :

e \/olume contraction (removing).
e \/olume expansion (adding).

e In normal state osmolarity is always the same for ICF & ECF.

\/olume contraction | Volume expansion
(Removing) (Adding)

. . 1- Isotonic solution
1- Isotonic solution .
(Infusion of

(Diarrhea) otonieNaCh
2- hypqtonlc - hypotonic
solution _
(Water solution
deprivation) (SIADH)

3- hypertonic
solution

(Adrenal
insufficiency)

3- hypertonic
solution
(High NaCl intake)



v Volume Contraction( decrease in the ECF
volume] :

1. Loss of Iso-osmotic fluid e.g.
Diarrhea;
Diarrhea
e Decrease the volume in ECF.

2. Loss of hypotonic solution e.g.
Water deprivation
Water deprivation _
' @ Increase the Osmolarity in both ECF :

e Decrease the arterial pressure. and ICF.
e osmolarity of fluid lost = , ® Decrease the volume in both ECF
osmolarity of ECF. ! and ICF _
' @ (Osmolarity and volume will change . ;
Diarrhea Water deprivation
e
Hyperosmotoc
dehydration

(= "t mm o mm o mm o mm s Em o Em o Em o o mm s mm s mm r mm d mm d mm o Em o Em o Em o Em o oEm s oEm s \

: 3. Loss of hypertonic solution
! e.g. Adrenal insufficiency |
: Adrenal insufficiency :
: i.e. Aldosterone deficiency. :
' e Decrease the Sodium (Na+)in !
| the ECF !
. e Decrease the osmolarity in both
: e Decrease the ECF volume :
! e Increase the ICF volume !




% Volume Expansion;

1. Adding (infusion) of | 2. High NaCl intake
isotonic NaCl Hyperosmotic volume _
| expansion 5
Isomotic expansion 1. Let's say you ate a lot of salt
| (NaCl). i

i 2. You will have an increase in
. osmolarity in both ECF & ICF. !
e Increasein ECFvolume. | | 3. Decrease in the volume of
| ICF. ;
4. Increase in the volume of ECF :

. No change in osmolarity. i (to maintain stability).

Osmolanty

3. Adding hypotonic solution e.g.!
' Syndrome of inappropriate
' antidiuretic hormone (SIADH)
' e Increase in volume

e Decrease of osmolarity




Osmolarity

NORMAL STATE
NORMAL STATE
§ \CF ECE ICF ECF
‘l
Volume
VOLUME CONTRACTION [ VOLUME eommﬂou]
Diarrhea Water deprivation Adrenal insufficiency Diarthes
] | ] 7 i —
i = i : :
ICF ECF | . IcF  ECF | 4 ICF ECF |
‘i | e | e
) ‘ ]
R e S s e . e e e e -
Liters Liters Liters
VOLUME EXPANSION [ EXPANSION ]
Infusion of High
isotonic NaCl NaCl intake SIADH Infusion of High
__________________ NaCl intake
: [ 4 E ) a1
5 i ; i i g
ICF ECF || ! ICF ECF || ICF ECF |} 13 5 ;
1 ! 1 -
i ; ] : 11 1
\ H 1 ) H ¥
i ] Syt e 3 |1 ‘5
Liters Liters Liters 3 ya
Lters

% Effect of adding saline solution to
the ECF;

Volume expansion
Adding

. Extracellular flid

A. Add Isotonic NaCl

w
P

3- Adding hypotonic
solution e.g. Syndrome of
inappropriate antidiuretic
hormone (SIADH)

1- Adding of isotonic NaCl.! 2- High NaCl intake

g

Infusion of

Osmolarity
8
1

(=]
L

T 9] T T T T T T Liers
10 20 30 40
Volume (liters)

C. Add Hypotonic NaCl f- eating salt.
= No change in
osmolarity. - osmolarity in both.
= Isomotic ‘ « volume of ICF . . ' Volume
expansion

4 - volume of ECF . - l osmolarity

« hyperosmotic volume expansion,

1 in ECF volume. :

Volume contraction
Removing

Loss of iso-osmatic fluid Loss of hypertonic sol

e.g. Diarrhea

' Loss of hypotonic solution

; e.g. water deprivation e.g. adrenal insufficiency

Hypo-comet
ypo-osmotic
Hyperosmotic dehydration
i.e. Aldoste:
. osmolarity of fluid lost = osmolarity of ECF dehydration d:ﬂ don:y -
! Osmolarity and volume will change .
(loss of isosmotic fluid), : " s h. * inthe ECF
Wolume in ECF ' 4 DA o osmo;my in I;dh
1«1 Volume in both ECF and ICF. jln!ﬂvolm.
*MI prossure.

4 in ICF volume.



Y Edema: .z

A helpful video

Edema is: excessive fluid in the tissues which leads swelling. i.e the presence of
abnormally large amounts of fluid in the intercellular tissue spaces of the body.

In most cases, edema occurs mainly in the ECF, but it can involve ICF as well .
Normally, fluid is constantly moving in & out of the interstitial space to allow ECF
to distribute between plasma and IF (Through capillary walls).

More common clinically excessive
capillary fluid filtration.

= o o o

k} g Edema (swelling) of
/ \ the ankles and feet
NTFF Sy



https://youtu.be/Uht81R0f2E8
https://youtu.be/N3CIRpW15SM

Y MCOs

Test yourself

Q1:The molecules ....

...... determines the osmolarity

A- size B-molecular C-volatility D-number
weight
Q2:SIADH causes 1-.......... In osmolarity, and 2-........... In volume

A- 1-Increase
2-Decrease In

B- 1-No change
2-Increase in ECF

C-1-Increase
2-Decrease in the

D-1-Decrease
2-Increase in

ECF&ICF volume of ICF ECF&ICF
Increase in the
volume of ECF
Q3:Aldosterone deficiency is an example of
A- Loss of B-Loss of isotonic | C-Loss of D-Adding

hypertonic solution

solution

hypotonic solution

hypotonic solution

Q4: Which of the following has the highest percentage in average water output

A-feces

B-sweat

C-urine

D-insensible loss

Y SAQ

J)-7 V¥V-& d-¢ d-L

Q1: Describe what happens to the body physiologically when there's

excess water intake

Decrease in ADH secretion which leads to decrease water
absorption, then increase in water excretion by kidney
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