Lesson 2:
Homeostasi
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Objectives

Understand the concept and importance of homeostasis.

Understand how the steady state is monitored.

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

Identify and describe the compensatory responses to any change in the
steady state.

Define a feedback mechanism and describe its components.
Differentiate between positive and negative feedback mechanisms and
give examples for each in the body.

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

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



What is the Internal Environment?







The concept of Internal Environment
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The concept of Internal Environment
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External vs Internal Environment

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 A
atty acids \ HV —
Amino acids P L
Temperature<




External vs Internal Environment

In Multicellular organisms

In Unicellular organisms

“External environmen*”

Internal environment = External environment

“Internal environment”



HOMEOSTASIS:
e What is Homeostasis?

CLUE:
Homeo= sameness, similarity
stasis=standing




HOMEOSTASIS:

-It is the ability to maintain a relatively stable internal environment
in an ever-changing outside world.

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

-The process by which the body keeps the internal environment
constant despite changes in the external environments

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

-The internal environment must be kept constant in the face of an
ever changing external environment ‘



HOMEOSTASIS:

-Essentially all the functions of the body organs and tissues aimed
at keeping the internal environment at a nearly constant state
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HOMEOSTATIC CONTROL MECHANISMS:

e Variable->Change in the body (Stimuli).
e There are three interdependent components of
control mechanisms:

- Receptor: monitors the environments and responds to changes (stimuli).

- Control center: determines the set point at which the variable is maintained.

- Effector: provides the means to respond to the stimulus.




HOMEOSTATIC CONTROL MECHANISMS:
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HOMEOSTATIC CONTROL MECHANISMS:

* The body has thousands of control systems

 They function to restore balance when it is lost.
* Control systems operate:

o Within the organ itself

o Throughout the body : to control interrelations between
organs



HOMEOSTATIC CONTROL MECHANISMS:
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EVERY DAY ANALOGY ....




THE THERMOSTAT ANALOGY
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RESPONSE: [ 1111111 l
Room temperature 20° 30° 40°
drops 0
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restored Air conditioner oom::r:nds
turns on




HOMEOSTATIC CONTROL MECHANISMS:

* Control of homeostasis is constantly being challenged
by:

— Physical insults such as intense heat or lack of oxygen

— Changes in the internal environment such as a drop in blood
glucose due to lack of food

— Physiological stress such as demands of work or school

e Disruptions are mild if balance is quickly restored.



THE BODY'S INTERNAL ENVIRONMENT:

Interactions occur between compartments in the body

Nutrients ———» Digestive system ——» Unabsorbed
Salts matter
Water
Respiratory = » Organic waste
' system | Salts
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Internal Environment and Homeostasis
Total body water = 60 % BW

Body fluid compartments

Total body water
Volume =40 L
60% body weight

Extracellular fluid (ECF)
Volume=15L
20% body weight
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Internal environment

Plasma

Interstitial fluid

Extracellular fluid directly baths body cells
Internal environment = Extracellular fluid



Extracellular fluids?




Extracellular fluids

2. Plasma

1. Interstitial fluid

3. Fluid of special compartments: pericardial fluid,
pleural fluid, cerebrospinal fluid



THUS....HOMEOSTASIS:

e Maintenance of Relatively Constant Chemical/Physical Conditions
of the internal environment.

B Claude Bernard_ (1813-1878) France

...The internal environment remains relatively constant though
there are changes in the external environment



HOMEOSTASIS:

* Walter Bradford Cannon, (1871- 1945),
* The concept of Homeostasis

* stable ==rigidity, can vary within narrow limit (normal
physiological range)
* The golden gozl of every organ .

* t0o maintain homeostasis
* (concept of REGULATION)



Normal Physiological ranges

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

In fasting blood

PH 735745

Bicarbonate 24-28 mEq/L

02 content 17.2-22.0 ml/100 ml|
Total lipid 400-800 mg/100 ml

Glucose 75110 mg/100 ml



Homeostasis & Controls

Successful compensation

Homeostasis reestablished

Failure to compensate
Pathophysiology
lliness

Death

Organism in
homeostasis

rd TSy

External Internal
change change

N\ g

Internal change
results in
loss of homeostasis

.l

' Organism attempts
| to compensate

N

(Compensation fails Compensation succeedsJ

Y Y

[ lliness or disease Wellness j




Regulation of the Body Functions

* Regulation- the ability of an organism to maintain a
stable internal conditions in a constantly changing
environment

* Three types:

* 1. Chemical (hormonal) Regulation
* 2. Nervous Regulation
e 3. Autoregulation




Chemical (hormonal) Regulation

* a regulatory process performed by
hormone or active chemical substance in
blood or tissue.

* response slowly
* acts extensively
* lasts for a long time.

Target cell

Blood vessel T Target cell



Nervous Regulation

*a process in which body functions are
controlled by nerve system

e Pathway: nerve reflex

* Types: unconditioned reflex and
conditioned reflex

 Example: baroreceptor reflex of arterial
blood pressure

* Characteristics:
* response fast

* acts exactly or locally
* |[ast for a short time

Lower leg muscles

MakeAGIF.com



Autoregulation

* a tissue or an organ can directly respond to
environmental changes
* independent of nervous and hormonal control
* Characteristics

 Amplitude of the regulation is smaller than other two

types.
* Extension of the effects is smaller than other two types.

Flow
Excessive

vasoconstriction
Impaired
microcirculation
—————————————————— s wn u-o- —

Increasing risk of / Chronic hypertensive
hypoperfusion

150 200 250

Normotensive

MAP (mm Hg)



Regulation of the Body Functions

* The three regulations have coordinated and acts as one
system, “feedback control system”.

‘Feedback Mechanism
* What is meant by feedback?



Feedback Mechanism:

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



THE THERMOSTAT ANALOGY

RECEPTOR
Information
Normal Thermometer affects
condition
disturbed
STIMULUS:
Room temperature
rises
CONTROL CENTER
(Thermostat)
RESPONSE: [ 1111111 l
Room temperature 20° 30° 40°
drops 0
Normal H
condition EFFECTOR Sends
restored Air conditioner oom::r:nds
turns on




THE BLOOD GLUCOSE CONTROL

Insulin-secreting cells of ?é::v;\;’i/'} Most body cells take
pancreas stimulated to pI00G 070 up more glucose

release insulin
into the blood

High blood
I level
g;{ggf:}, b\;e \ Blood glucose level
declines to a set point;
::r;s"usllgf- “Z‘i,'f::;% Liver takes up stimulus for insulin release
4 glucose and stores diminishes and body
it as glycogen returns to homeostasis
Stimulus: 4
Rising blood Mo,
glucose level T e

Cﬂomoosush: Normal blood glucose level (about 90 mg/100 mID

Y/ Stimulus:
Blood glucosse Mary l Declining blood
level rises to set he. glucose level
point; stimulus
for glucagon
release Low blood glucose level
diminishes and detected by glucagon-
body returns to releasing cells of pancreas

homeostasis e

Liver breaks down

glycogen stores and Glucagon-releasing cells of

releases glucose to pancreas stimulated to release

the blood glucagon into the blood; target
: is the liver




Feedback Mechanism

. Stimulates osmoreceptors in anterior
.-**" hypothalamus

-
- il
- @
-

e
+ Thirst 1+ ADH secretion from posterior pituitary
g TR
A 4
1+ H.O 1+ H.O permeability of principal cells
drinking (late distal tubule and collecting duct)

4+ H2O reabsorption

@b

4 Urine osmolarity and + urine volume




Feedback Control

Negative feedback Positive feedback
The effector response of the The effector response is in the
system is in the opposite same direction of the stimulus
direction to the stimulus that that initiated the response.
initiated the response.
E.g; Eg; o
* A high level of in COz in the * Innerve signaling, entry of a
ECF will increase pulmonary small amount of Na+ into
ventilation, increasing the the cell will open more Na+
amount of CO2 expired channels causing more Na+
which will bring the level of to enter the cell.
CO:z in ECF down.
*  Most of the control systems * Only few systems display
of the body act by negative positive feedback

feedback. mechanisms.. WHY?




Negative feedback

*The feedback signals from controlled system
produces effect opposite to the action of the
control system.

*The opposite effect is mainly “inhibitory
action”.



Examples of negative feedback?

1.THE BLOOD GLUCOSE CONTROL




Examples of nega’rlve feedback (1)

Most body cells take
up more glucose

Insulin-secreting cells of
pancreas stimulated to
release insulin
into the blood

High blood
glucose level
detected by
insulin-secreting
cells of pancreas

Liver takes up

glucose and stores
it as glycogen

Stimulus:
Rising blood
glucose level

/
"'ba l‘%
e

t

Cﬂomoosush: Normal blood glucose level (about 90 mg/100 mID

Blood glucose level
declines to a set point;
stimulus for insulin release
diminishes and body
returns to homeostasis

Blood glucose
level rises to set
point; stimulus

'"'601.% l
e

Stimulus:
Declining blood
glucose level

for glucagon
release
diminishes and
body returns to
homeostasis

Liver breaks down

glycogen stores and
releases glucose to
the blood

D —

Low blood glucose level

detected by glucagon-
releasing cells of pancreas

Glucagon-releasing cells of
pancreas stimulated to release
glucagon into the blood; target
is the liver



Examples of negative feedback (2)

blood Negative Feedback
Sty Control — Example

., receptors
cancels / (in aortic and
carotid sinuses)

blood requlator
pressure falls center in brain

arterial /

walls relax




Examples of negative feedback

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
& | @ Normal blood
Pressure o
Return Deviation

to normal from normal

Return
to normal

Deviation
from normal

Blood pressure @ T L@ Blood pressure
increases toward

decreases below
normal normal

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



Examples of negative feedback (3)




Examples of negative feedback (3)

Heat released from body by
1. Blood vessels dilating

2. Sweating
o LIQe
Blood
temperature Skin
decreases
“Too
hot™
oc> :2
Signals Signals to
via blood skin via nerves
ac>
Control “Too
center cold”
Blood -
temperature Skin
increases

Heat conserved by
1. Blood vessels constricting
2. No sweating

(b) Control of body temperature



Examples of negative feedback?

1.BLOOD GLUCOSE CONTROL
2.BLOOD PRESSURE CONTROL
3.BODY TEMPERATURE CONTROL

Stimulus triggers response to counteract further change in the same
direction.

Negative-feedback mechanisms prevent small changes from
becoming too large.






Maintenance of the homeostasis
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Positive feedback

The feedback signal or output from the
controlled system increases the action of
the control system



Examples of positive feedback?




Examples of positive feedback (1)
p—

Nerve impulses from Brain stimulates
cervix transmitted pituitary gland to
to brain secrete oxytocin

Head of baby
pushes against
cervix

Oxytocin carried
in bloodstream
to uterus

Oxytocin stimulates
uterine contractions
and pushes baby
towards cervix



Examples of positive feedback (2)

1. Suckling triggers sensory nerve impulses in areola

Positive
Feedback

Prutary Gland
2. Pituitary glands
release oxytocin

4. Milk released from
nipple pores

3. Milk producing cells send milk
to lactiferous ducts.




Examples of positive feedback

(@ Break or tear in
blood vessel
wall

e Feedback cycle
3( initiated

@ Released @ Clotting occurs
chemicals as platelets
attract more adhere to site
platelets and release

chemicals

Feedback cycle
ends

@ Clotting proceeds
until break is

Copynght © 2004 Pearson Education, Inc., publishing as Benjamin Cummings



Examples of negative feedback?

1.CHILDBIRTH
2.LACTATION
3.BLOOD CLOTH FORMATION






PROS:

* Enhance the action of original stimulus or amplify or
reinforce change

e promote an activity to finish

<




CONS:

* Vicious circle - can lead to instability or even death

Trauma Triad of Death

Blood clotting
problem
(coagulopathy)

Increased lactic
acid in blood

Decreased
coagulation

Low body Acidic blood
temperature (acidosis)
(hypothermia) Decreased
heart

performance



Control Systems in the Human Body

e Feedback Control

* Feedback: (feedback signal) from
returns to affect or modify the
action of the

e Feedback control mechanism consists of two
forms:

* Negative feedback control.
* Positive feedback control



Control Systems in the Human Body

 Feedback Control
e Feedforward control



Feed-forward control

* Concept: Direct effect of stimulus on
the control system before the action of
feedback signal occurs.

* Disturb signal or interfere signal.

* Example: Shivering before diving into
the cold water




Feed-forward control

* Significance of Feedback-forward :
e adaptive feedback control.

* makes the human body to foresee and
adapt the environment promptly and
exactly

* (prepare the body for the change).



Feed-forward control example










HOMEOSTATIC IMBALANCE:

It is the disturbance of homeostasis or
the body's normal equilibrium.

It basically produces a change in the
normal condition of the internal
environment.

The homeostasis then will produce a reaction
that will either be:

% Successful compensation:

- Homeostasis reestablished.

% Failure to compensate:

- Pathophysiology.

- Illness.

- Death.

Organism in
[ homeostasis ]

i ™

External Internal
change change

oy

Internal change
results in
loss of homeostasis

Orgamsm attempts
to compensate

/\

[Compensatlon fails

Compensatlon succeeds

[ lliness or dlsease

Wellness




QUIZ!

m B) Negative feedback C) positive feedback
A) Positive feedback B) negative feedback C)A&B D) non of these

-_

A) External environment B) internal environment C) intracellular environment D)A&C




Discussion time

Describe a tome when homeostasis
was disrupted in your body

which organ systems do you think were
affected?
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