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Homeostasis (1+2)

Red: very important.

Green: only found in males’ slides.
Purple: only found in females’ slides.
Gray: notes.

Physiology Team 436 - Foundation block lecture 4

| Lecture: If work is intended for initial studying.
Review: If work is intended for revision.



Objectives

o Define and discuss the concept of homeostasis and its
importance to the living organism.

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

o Define a feedback mechanism and describe its components.

o Differentiate between positive and negative feedback
mechanisms and give examples for each in the body.

o Apply the knowledge gained in feedback mechanisms to
disturbances in the disturbances in ECF volume and osmolarity.

o Define Edema and state its various types.



Homeostasis

.« o Homeostasis :
Homeostasis is known as :-

Sameness ‘
standing
- The process by which the body keeps the , |
. . . Multicellular |
internal environment constant despite changes orait et
in the external environment .

/| |environment

+—skin—

Homeo: similar |
Stasis: state of equilibrium extracelllar = Intemal

fluid environment

- The internal environment of the body (ECF) isin a /OT_‘
dynamic state of equilibrium 0.5

Essentially all the
functions of the body
organs and tissues aim
at keeping the internal

environment at a
nearly constant state.

- All different body system operate in harmony to
provide homeostasis >




In order for the cell to function properly,

The internal environment need to
have the right amount/level of
these substances/variables.

(not too much and not too little)

Energy (ATP) — > Work

Chemical enzymes
|
reactions VA
\] \ L_____7
. I pH Z
Amino acids < -
>Temperature<

Glucose
Oxygen

ECF
(Mr. Ford’s class-Introduction to anatomy and physiology-youtube)



The Thermostat Analogy

Sensor/
control center:
Thermostat
Response turns heater off.
Heating stops.
Room Stimulus:
temperature Room
decreases. temperature
increases.
Set point:
Room temperature
at 20°C i
Stimulus:
Room Room
temperature temperature
increases. decreases.
Response:
Heating starts. Sensor/
control center:
Thermostat
turns heater on.

©2011 Pearson Education, Inc



Control System ( Teamwork 435)

. Nervous system 2. Endocrine system

» Controls the body » Regulates the activities

activities that requires , )
rapid responses that requires duration.

(speed) » Endocrine gland , Pancreas,
» Detects and initiates thyroid

reactions to changes in

external environment

> (sensory input ,central » e.g. parathyroid hormone
nervous system ,motor . .
out put) regulating calcium levels,
» e.g. regulation of blood insulin control glucose

pressure upon rising level.



Body constituents are normally regulated
within a range rather than a fixed value

Concentrations of Extracellular and Intracellular

Electrolytes in Adults

Extracellular Iintracellular
Electrolyte Concentration™ Concentration™
Sodium 135—-148 mEq/L 10-14 mEq/L
Potassium 3.5-5.0mEq/L 140—-150 mEq/L
Chloride 98-106 mEq/L 3—4 mEq/L
Bicarbonate 2431 mEq/L 7—10 mEq /L
Calcium 8.5-10.5 mg/dl <1 mEq/L
Phosphate / 2.5—4.5 mg /dl 4 mEq/kgt

phosphorus

Magnesium 1.82.7mg/dl 40 mEq/kgt

“Values may vary among laboratories, depending on the method of

analysis used.
Values vary among various tissues and with nutritional status.

Mentioned previously in lecture 3: Body Fluids.



Important Diagrams

Control systems Protection
I Skin
Immune system

Endocrine

Maintain

Internal

environment 670\
N,
Ly, eteb
odq Y
Cty

Is essential for
survival of




Homeostatic control mechanisms

» The body maintains homeostasis by using Corer
] t
homeostatic control system mec?,r;n::ms

» The body has thousand of control systems

Is

» They function to restore balance when it lost achieved

by
» Control systems operate: N

Feedback
- Within the organ itself mechanisms

- Throughout the body to control interrelation
between organs




Control Mechanism Component (Team
work 345 )

> Three independent components of control mechanisms :

- “

Monitor the Determine the set Provide the means to
environments and point at which the respond to the
responds to changes variable is maintained stimulus

(stimuli)

Aol g il e CadS) ?“;“Lﬁdﬂkfm ﬁﬂ\dﬂd;ﬁ
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Homeostatic Control Mechanisms

Control
center

@ Input:
Information
sent along

(@ output:

alon

Information sen
t

glefferent |

pathway to

Receptor (sensor)

Effector

@ Change
detected
by receptor

Stimulus:
Produces
change

in variable

/,
T n;b.,.,,anc
e

Variable (in homeostasis)

&

»

/
")ba /al)c
e

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



Feedback mechanisms

Feedback mechanisms mean :
Loop system in which the system responds to changes

/ N
/ Positive feedback \ / Negative feedback \

* original stimulus reversed
(resulting action in the
opposite direction of
stimulus)

* most feedback system in the
body are negative

* If stimulus increases,
homeostatic control system
activated to cause a decrease

* Resulting action on the same
direction of the stimulus

e |f stimulus increases
,homeostasis control system
activated to cause increase in

, in the stimulus and vice
kthe stimulus / k /
versa.
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The Internal environment

» the internal environment of the body is the extracellular
fluid and all body cells live in this environment

» It separated from the external environment by the skin

» The internal environment must be kept constant in the
face of an ever changing external environment.

cell
function

e " ououn |

|
o2 Fatty acids
) ) Waste(Urea,CO-2)
Glucose AmMmino acids
Work(ATP)
(reaction) lons




What are the components of a feedback

mechanism?

Nervous
system

Control center :
determines the set point
at which the variable is
maintained. el Bas3 5
PPN ?“;j‘ L€_| Qg ‘S;J\

p

The three
interdependent
components
of control
mechanisms

>

L/

SRR
| Sensors NN -
Information center @ Output:
sent along Information sent
afferent along efferent
to pathway to
Receptor : monitors o—
the environments and
responds to changes => Receptor (sensor) Effector <_
(stimuli) : Effector %
Sl
@ Change
detected
by receptor
(® Response of
- effector feeds
® Stimulus: back to
m' 1 \ influence
magnitude of
in variable | _ stimulus and
[ returns variable
to homeostasis

The variable produces a
change in the body

Effector oe sl &,
o il Aansl 0 )
provides the means
to respond to the
stimulus. il
fagi s all gl i 5all
35al Ll e Jaal
Lyl A

Muscles and
glands



Type of feedback mechanisms (Girls’ slides &

teamwork435)

~

Feedback

S—

feedback
N

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

* Most of the control
systems of the body act

by negative feedback.

High Make temperature
temperature | OWER

15

/J\
feedback
N

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

* Only few systems
display positive
feedback.

Make temperature HIGHER

Ja
Jhne 58
o Sl



- A type of homeostatic control system that Not common. WHY?
maintains the variable within a normal

range. (e Qi ay ) il .

- Variable maintained within a normal level, balance JL el ¥ e
its set point *fluctuates around the set homeostasis-) Gy ¥ o
point. * Mostly causes vicious circle.

- - If stimulus increases, homeostatic control
system activated to cause a decrease in the
stimulusgesa Sall

Ex) A high level of in CO2 in the ECF will  Ex) In nerve signaling, entry of a small
increase pulmonary ventilation, increasing the amount of Na+ into the cell will open more
amount of CO2 expired which will bring the Na+ channels causing more Na+ to enter

level of CO2 in ECF down. the cell.

*ECF= Extra Cellular Fluid

https://youtu.be/SRgHeHQ9ud0'4 a3 o5 7 a0 * Other examples of positive feedback:
* Other examples of negative feedback: v" blood clotting cascade.

v' withdrawal reflex in response to injury. v’ uterine contractions of labor.

v" changing breathing rate in response to increased
carbon dioxide.
v’ parathyroid hormone release in response to

decreased calcium. teamwork435
16



Examples of Negative Feedback Mechanisms

Negative Feedback

(thermostat analogy)

Thermostat
detects increase Heating
Temperature turned off
Increases and
temperature
Desired Temperature decreases
Heating
turned on Temperature
and Decreases
temperature Thermostat
increases

detects decrease

Blood pressure control

Sense receptors
detect change and cause
decreased heart rate
and increased
blood vessel

/ diameter \

Blood pressure Blood pressure

increases above decreases toward
normal T l normal

Return
to normal

Deviation
from normal

@ Normal blood
Return Preseure st Deviation

to normal from normal

l@ Blood pressure

Blood pressure @ T
increases toward decreases below

normal normal

\ Sense receptors /

detect change and cause
increased heart rate
and decreased
blood vessel diameter



Examples of Negative Feedback Mechanisms

Body temperature

Body temperature
reases

Nncreases

Body temperature Body temperature
increases decreases

Ate too

(2)

Sensor:

much salty
food

Hypothala
mus

ADH
Kocp

water

(kidney)

)

Increase

Osmolarity )

Decrease

Osmolarity



Examples of Negative Feedback Mechanisms
(Note)

Most body cells take

Insulin-secreting cells of
up more glucose

pancreas stimulated to
release insulin
into the blood

|
SRR JsSsladl
Lo e ’\

High blood
|
gamoss 'g‘;" Blood glucose level
insulin-secreting Liver takes up iy b it i
cells of pancreas glucose and stores diminishes and body
it as glycogen returns to homeostasis
Stimulus: I/
Rising blood Mt
glucose level T "ce
C Normal blood glucose level (about 90 mg/100 mD
Stimulus:
Blood glucose lh’%,' l Declining blood
level rises to set ce glucose level
point; stimulus
for glucagon
release Low blood glucose level
diminishes and detected by glucagon-
body returns to releasing cells of pancreas

homeostasis T

A 3 P
\\._"?**";p
Liver breaks down

& Ssa alads) glycogen stores and Glucagon-releasing cells of
- ‘ releases glucose to pancreas stimulated to release
T 9-‘5-‘ the blood glucagon into the blood; target
: is the liver

2 DS slall (5 s .céb‘ 1l st midie adll L8 558 ghall (5 i IS 13
WA G Gl sui¥ 58 s aall ol 53 58S b N o SR Jy g
(6 sia BaleY Gl S0 | 35Sl (5 i 8ol ¢5alSolall ¢y 5a

' Agngelall 4ilal oy 5 S sla Larplal allal ol




Examples of Positive Feedback Mechanisms

(note)
Childbirth

The baby pushes

against the cervix,

causing it to stretch.

Uterus . p—
4 Stretching of the

Oxytocin causes cervix causes
the uterus to nerve impulses
contract. to be sent to

the brain.

The brain stimulates
the pituitary to release
oxytocin.

20

48 )5S
Contractions to
push baby out
dar ) S aLls (S
ax ) il Jakall

agalail oaal) g laall jisy
A U5 p Judl
Oxytocin
A 551

Contractions
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Homeostatic Imbalance

Disturbance of homeostasis or the body’s
normal equilibrium.

21



Disease is a state of disturbed

homeostasis

Successful compensation

» Homeostasis
reestablished

Failure to compensate

» Pathophysiology

22

Organism in
homeostasis

e

External
change

AN

N

Internal
change

Internal change
results in

loss of homeostasis

\

to compensate

[Orgamsm attempts

/\

[Compensation fails

Compensation succeedsJ

\i

\

[ lliness or disease

Wellness j




Volumes and osmolarity of ECF and ICF in
abnormal state

Dehydration Intravenous infusion (1V) Abnormal sweating

WA

o ‘:,w A \ | )
I'm thirsty ’ @

Factors can cause
the change in the
volume of ECF
and ICF

23



Body Fluid Imbalance

L

Body Fluid Imbalance

&

A

Volume

change

Osmolarity

Commonly both
occur together

Volume
expansion

Volume
contraction

2|4

Decrease output
(kidney failure,
SIADH)

Increase input
(Infusion of
excessive |V

(fluids

Increase output
( vomiting,
diarrhea,
diuretics )

Decrease input
(low intake)

change

Hyper-
osmolarity

A

Hypo-
osmolarity

Excessive salt
intake

Loss of water
more than
solutes

Loss of salts
(diuretics)

Gain of water
more than
solutes (SIADH)




Disturbances in Fluid Balance

Woater/fluid intake Woater/fluid output
» Intake is variable » Burns
» Exercise
» Depends on: » Hot weather.
Climate » Diarrhea
Habits » Vomiting
Physical activity. » Blood loss
» Diabetes

25



Volume contraction (Decrease in the ECF volume )

/I . Diarrhea: \

2, Osmolarity of fluid lost = Osmolarity of ECF (loss of

isosmotic fluid).

- ¢vo|ume in ECF.

\- ¢arterial pressure. /
/2. Woater deprivation: \

- Water and NaCl

-T Osmolarity in both ECF and ICF

l, Volume in both ECF and ICF

-~

3. Adrenal
insufficiency:

- Aldosterone
deficiency.

\

\L- Hyposmotic fluid ( small NaCl large water ) /
6

-

Na in the ECF.

Osmolarity in
both.

~

in ECF volume.

in ICF volume.

/




Volume Expansion

/I. Infusion of isotonic

NaCl.
- 1‘ECF volume.

- No change in osmolarity.
- Isomotic expansion .

-

o

v

ﬁ High NaCl intake.

- T eating salt.

- T Osmolarity in both.
- l, volume of ICF.

- 1‘ volume of ECF .

- hyperosmotic volume
expansion.

~

4 A

3- Syndrome of
inappropriate antidiurtic
hormone (SIADH).

-T Volume

-\1, Osmolarity

v

" v




Body Fluid Volume

Total body water volume =
40 L, 60% body weight

Extracellular fluid volume =
15 L, 20% body weight

Intracellular fluid volume =
25 L, 40% body weight




(Girls’ slides)

NORMAL STATE

ICF ECF

Osmolarity

Volume

VOLUME CONTRACTION

Diarrhea

Osmolaity

Liters

Copyright © 2010 by Saunders, an imprint of Elsevier inc. All nghts reserved.



Effect of adding saline solution to the ECF

[ WNTRACELLULAR FLUID
[C] eXTRACELLULAR FLUID




Revision (teamwork 345)

ECF

ICF

Volume

Osmolarity

Volume

Osmolarity

Volume contraction
(Removing)

Isotonic solution
(Diarrhea)

|

Hypotonic solution
(Dehydration)

|

Hypertonic solution
(Adrenal
insufficiency)

— | —

«— |—

Volume expansion

Isotonic solution
(Infusion of isotonic
NacCl)

Hypotonic solution
(SIADH)

Hypertonic solution
(High NaCl intake)

31




Oedema (Edema)

Oedema:

It is an Excessive fluid in
the body tissues.

- Can be Extracellular or
Intracellular.

- It occurs mainly in the ECF
compartments.

- The common clinical cause is
Excessive capillary fluid
filtration.

32




Types Of Oedema




34

(Boys’ slides)

Decreased Cardiac Output
1

! ! !

T Sympathetic T Renin-angiotensin T Antidiuretic
nervous system system hormone
1 A l
T Caur}amy T 'é:n Vasoleonst}l:ion }Cin:ulalng volume
Maintain E l \ 4
Slood E : 5 Vummm to

T | ; (T pretoad)

S |5 =

and pulmo:
0 Loy
> T Strok -




What are the feedback mechanisms operating
in Fluid balance control?

Stimuli Dehydration  Salt
(i Blood volume) ingestion

Osmoreceptors in
hypothalamus

Posterior Thirst
pituitary
t ADH
Water retention Drinkin
by kidneys 9
Negative feedback tBlood volume

responses +Blood osmolality

35
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Videos

Homeostatic Control Mechanisms :
Homeostasis Positive Feedback Control of Labor Pregnancy:

Homeostasis and Feedback Mechanism:
https://m.youtube.com/watch?v=_obg]2zc3ZU
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