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Objectives

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

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

 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.




The Internal environment

Multicellular

* All body cells live in e
organisms

the same
environment > ECF.

external
environment

+——s5Kin
* The skin separates
this environment
from the outside extracellular = internal
fluid environment

world (external
environment).

ECF = 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
\ v L—
Amino acids < R Z
Temperature<

Glucose
Oxygen

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



The Internal environment

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

* The internal environment of the body (ECF)is
in a dynamic state of equilibrium
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“Homeostasis”

* The process by which the body keeps the internal
environment constant despite changes in the
external environment is known as
“Homeostasis”.

e Homeostasis means:

— Homeo- : sameness, similarity
— -stasis: standing

e Essentially all the functions of the body organs
and tissues aim at keeping the internal
environment at a nearly constant state.

(Guyton and Hall Textbook of Medical Physiology. 13t ed. Ch-1)



Homeostasis

Maintain

Is essential for
survival of



Control systems Protection
| Skin
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Body constituents are normally requlated within a range rather than a

fixed value;

Concentrations of Extracellular and Intracellular

Electrolytes in Adults

Extracellular

Intracellular
Concentration™

Electrolyte Concentration*
Sodium 135-148 mEq/L
Potassium 3.5-5.0 mEq/L
Chloride 98-106 mEq/L
Bicarbonate 24-31 mEq/L
Calcium 8.5-10.5 mg/dl
Phosphate / 2.5-4.5 mg/dl
phosphorus
Magnesium 1.8-2.7 mg/dl

10-14 mEq/L
140-150 mEq/L
3-4 mEq/L

7-10 mEq/L
<1mEq/L
4 mEq/kgt

40 mEq/kgt

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

analysis used.

fValues vary among various tissues and with nutritional status.



Control Mechanisms

* The body has thousands of control systems.
* They function to restore balance when it is lost.

e Control systems operate;
— Within the organ itself
— Throughout the body — to control interrelations between organs.

How is this achieved?

v

By feedback mechanisms
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Feedback Mechanisms

* | What is meant by

. | feedback?

\ | » Aloop system in

2| which the system
responds to
perturbation either
in the same direction
(positive feedback)
or in the opposite

1. Stimulus:

direction (negative ||/«

change in

,fEEdbaCk). variable




What are the components of a
feedback mechanism?

@ Input: Control
::r?{ ':I?:tri;n oenter @ ﬁlfl;fr‘:\ta:tion sent
afferent along efferent
pathway to pathway to
Receptor (sensor) Effector
@ Change
detected

by receptor

(6) Response of

@ T effector feeds
- Y7 back to
Produces "'ba,. influence
change fce magnitude of
in variable stimulus and
Variable (in homeostasis) returns variable

to homeostasis
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The Thermostat Analogy

Sensor/

control center:
Thermostat
turns heater off.

Stimulus:
Room
temperature

increases.

J

Response:
Heating stops.
Room
temperature
decreases.
Set point:
Room temperature
at 20°C
Room
temperature
increases.
Response:

Heating starts.

© 2011 Pearson Education, Inc.

Stimulus:
Room
temperature
decreases.

Sensor/

control center:
Thermostat
turns heater on.



Types of Feedback Mechanisms

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; E.g; _ _

* A high level of in CO:z in the * Innervesignaling, 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:2 in ECF down.

* Most of the control systems * Only few systems display
of the body act by negative positive feedback
feedback. mechanisms.. WHY?

(Guyton and Hall Textbook of Medical Physiology. 13t ed. Ch-1)



Temperature
Increases

Heating
turned on
and
temperature
Increases

Negative Feedback

(thermostat analogy)

Thermostat
detects increase

Desired Temperature

Thermostat
detects decrease

Heating
turned off
and
temperature
decreases

Temperature
Decreases



Examples of Negative Feedback
Mechanisms

Body temperature control

Body temperature Body temperature
decreases increases

X v\

Heating
mechanisms
activated

Cooling
mechanisms
activated

(shivering) (sweating)

@ @
Body temperature Body temperature
increases decreases




Blood pressure control

Sense receptors
detect change and cause

decreased heart rate
and increased
blood vessel
/ diameter —N
Blood pressure Blood pressure

increases above decreases toward
normal T ¢ normal

Deviation Return
from normal to normal
@ Mormal blood

Pressure / o
Return Deviation
to normal from normal

Blood pressure @ T i@ Blood pressure
increases toward

decreases below
normal normal

\ Sonse mcaptors /

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



Examples of Positive Feedback
Mechanisms

Childbirth

The baby pushes
against the cervix,
causing it to stretch.

Uterus

: Stretching of the
Oxytocin causes Cervix causes
the uterus to nerve impulses
contract. to be sent to
: the brain.
el
Umbilical
cord
. Can you find other
The brain stimulates | ..
the pituitary to release examples for a positive
oxytocin. feedback mechanism in
the body?




Disease is a state od disturbed
homeostasis

Organism in
homeostasis

- e

External Internal
change change

N\

Internal change
results in
loss of homeostasis

Organism attempts
to compensate

/\

[Compensation fails Compensation succeeds

Y \
[ lliness or disease Wellness J




Body Fluid Imbalance

Body Fluid
Imbalance
| I
Volume Osmolarity

occur together

R &
Volume Volume Hyper- Hypo-
expansion contraction osmolarity osmolarity
S N
Decrease output Increase output Excessive salt Loss of salts
(kidney failure, (diarrhea, intake (diuretics)
SIADH) vomiting,
diuretics) Loss of water Gain of water
Increase input more than more than
(Infusion of Decrease input solutes solutes (SIADH)
excessive IV (low intake)
fluids)




What are the feedback mechanisms
operating in Fluid balance control?

Stimuli = Dehydration  Salt

(1 Blood volu me)i i ingestion

Osmoreceptors in
hypothalamus

Posterior Thirst
pituitary
t ADH
Water retention  p.idkin
by kidneys 9
Negative feedback {Blood volume

responses 1Blood osmolality
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Why is there a negative

feedback from your biology
teacher?

She is teaching
HOMEOSTASIS this
week. What do you

expect?
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Thank you




