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Define Physiology.
Differentiate it from Anatomy

e Itis
z fbe branch of biology dealing with the

.~ functions and activities
| Tr‘ef"_f living organisms and their parts,

including all physical and
chemical processes.




Distinguish between Process &

Function
Process Function
* How do we breathe? * Why do we breathe?

* How does blood flow?  Why does blood flow?

e How do RBCs transport ¢ Why do RBC transport
02? 02?



Organization of the Body

Is the basic functional unit of all organisms.
Cells

v

Cells that are similar or function similarly are grouped
together to form

Tissues

v

Tissues are grouped together to form
Organs
Organs grouped together to form the Organ system.
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Organization of the Body

»Body has over 200 different cell types,
100 Trillion cells

» Cells can be put into four groups according to their
cell function.
* Neurons

* Muscle cells

* Epithelial cells

* Connective tissue cells



Major Tissue Types

» Based primarily on cell function
» Correspond to four major cell types

Four types of tissue

Muscle tissue Nervous tissue

FADAM.



Terminology

Tissues are composed of:
— Cells

— Extracellular matrix

Organs are composed of:

— Parenchyma (cells that perform main
function of organ)

— Stroma (supporting tissue)




Cellular Differentitation

Skin Cells Neuron Pigment
of Epidermis of Brain Cell Sperm Egg
J o o{g} -
o : y
W PR ’o) 0 ©
Ectoderm Germ
(External Layer) Cells

Human organism
includes 200
different cell
types all derived
from zygote

Mesoderm Endoderm
(Middle Layer) (Interior Layer)

- [

Cardiac  Skeletal Tubule Lung Cell Thyroid Pancreatic
Muscle Muscle Cell of the Cells Muscle (Alveolar Cell Cell
Cells Kidney (in Gut) Cell)




Cells arise in the body from progenitor or stem cells and become
specialized for one or more distinct functions such as

— contraction, nerve conduction, secretion, absorbtion, protection

This process of cell specialization is known as cell differentiation.

Structural (become very efficient for specialized function) or
morphological (change in shape) modifications during
differentiation are accompanied by biochemical changes (Ex;
formation of red blood cells requires the differentiating cells to
make specialized proteins for oxygen transport).

STEM CELL PROGENITOR CELL SPECIALIZED CELL

R e TR (e.g., neutrophil)
STEM CELL progenitor cell)
(e.g., hematopoletic /

stem cell) (
- SPECIALIZED CELL

\ v \
SPECIALIZED CELL

(e.g., red blood cell)




Vary in their shape and size

Various cell types: shape, size, intfracellular organizations, polarization — Functions
These three cells all belong to “Intestinal Epithelial Cell” groups
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_— Liver Hepatocyte
Small Intestine Pancreatic Acinar cell (Metabolism, protein production
(Absorptions) (Digestive enzyme production) Bile secretion etc)
Typical plant cell
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HIV (AIDS virus) @
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Light microscopes (down to 200 nm) |

Electron microscopes (down to 0.5 nm)|
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Cell structure closely relates function

* Muscle cells contain numerous
organelles providing energy
required for muscle
contraction.

* Nerve cells are long and thin to
carry impulses over distance.

Pictures adapted from www.imgarce.com
12



Why cells are different from each
other??

e Different shapes and sizes.
* Different functions?
* Different specialized proteins

— As well as these 'specialised’ proteins, almost all
your cells share a common set of 'housekeeping'’
proteins.



Epithelial Cells and Epithelium

Sheet-like layer of cells,

Functions of Epithelium

e Covering of external
surfaces

e Lining of internal surfaces
e Protection

e Absorption

e Sensation

e Secretion

—— Basement
membrane

~—— Basement
membrane

(c) Epithelial cells
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Two Main Kinds of Epithelium

Covering and lining epithelium
Covers outer surfaces of body and lines internal body passages

Glandular epithelium
Contains cells specialized for secretion



Connective Tissue

» Anchors and links structures of body
» Characterized by extracellular matrix
» Most diverse of the four Tissues

Fat

o

Cartilage-
forming

Adipose
tissue

Cell
nucleus

D Carilage

- ok | e \ (at the end of a bone)
Collagen .

fibers

& Fibrous connective

tissue (forming
a tendon)

Collagen [} 1 .
fiber M My 'y, VP Bone-
LA forming
Elastic <—<§- ”\ cells
ﬂ.“ Iy

fibers

A Loose connective
tissue (under
the skin)

Copyright © 2009 Pearson Education, Inc.



Muscle cells and Muscle Tissue

» Specialized to contract

» Can be voluntary or involuntary
» Examples of contraction

* Flexing of forearm

* Pumping of blood

* Mixing of food in the stomach

Skeletal muscle tissue
(Involuntary control) {Voluntary control)




Neurons and Nervous Tissue

» Transmit signals for communication

> Have branches to receive or transmit

* Receive information from receptors
* Transmit information to muscles or glands

»Some neurons process information

» Neurons and glial cells (support)



Organ System

> Tissues contain similar functional cells

» Organs
 Composed of at least two tissue types
* Perform specific functions

» Organ System
* Collection of organs
* Perform particular task
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Integumentary System

Hair

Skin and

associated
glands

' — Fingernails

Toenails

COMPONENTS
* The integument (skin)

e structures derived from it

(hair, nails, oil sweat glands).

FUNCTIONS

Protects the body
regulates body temperature
eliminates wastes

receives certain stimuli (touch,
temperature, pain).



Movement
Systems

Support and




Skeletal System

Bone
Cartilage

Joint

COMPONENTS

Bones
Cartilage

Ligaments (which steady the bones
at the joints).

FUNCTIONS

support & protect the body
Assist with body movement

Provides areas for muscle
attachment

Produces blood cells
(hematopoiesis),

stores minerals & lipids.



Muscular System

COMPONENTS

e Skeletal muscles of the
s body and their tendinous
fuecio attachments.

* Smooth & Cardiac

FUNCTIONS

e Effects body movements
* Maintains posture

e produces body heat.
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Integratlon and Coordination Systems
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Nervous System

COMPONENTS

Brain

Spinal
cord

Nerve

Brain
spinal cord
nerves

sensory organs such as
the eye and the ear

FUNCTIONS

Detects and responds to
changes in internal &
external environments

enables reasoning &
memory

regulates body activities.



Endocrine System

Pineal . _
gland \%
Hypothalamus —{ && 3¢

Pituitary

FF] -
gland ;g:‘rgld
Thyroid
e Aldrec;\al

. glan
Parathyroid Posterior
glands View Pancreas

(female)

COMPONENTS
* The hormone producing
Glands & tissues.

FUNCTIONS

e Controls and integrates
body functions via
hormones secreted into

the bloodstream.
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Transport
Systems




Cardiovascular System

COMPONENTS
* Blood

* Heart

* Blood vessels
FUNCTIONS

* Transports respiratory gases,
nutrients, wastes, and hormones;

* helps regulate body temperature
* acid—base balance

* protects against disease & fluid
loss




Lymphatic System & Immunity

Phaljyngeal COMPONENTS
tonsil .
. * |lymphatic vessels
Palatine
tonsil * Lym ph

Lingual

_ —Thymus e lymph nodes
tonsil

Thoracic :
e ¢« other lymphatic organs

L Soloen (spleen, thymus, tonsils)
, & '\  Immune cells (T,B,WBC)

Red bone ' (7 JAmvia ":".‘ Lymph
marrow / ' '

" node
%‘ FUNCTIONS

Lymphatic® Removes foreign substances
YHRaH from the blood and lymph

e combats disease
* maintains tissue fluid balance

* absorbs dietary fats from the
digestive tract.
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Absorption and Excretion Systems
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Digestive System

Mouth COMPONENTS

Pharynx

Salivary
gland
Esophagus

* The body organs that
render ingested foods

Stomach

i e absorbable.
Gallbladder (behind stomach)
Small intestine
Large =— Rectum
intestine : '~ Anus F U N CTl O N S

* Mechanically and
chemically breaks down
foods for cellular use

* eliminates undigested
wastes.



Respiratory System

COMPONENTS

Nasalcaiy o The body organs concerned

oraleaily  with movement of

A D o respiratory gases (02 and

Bronchus —55 A o/ | yleynx CO2) to and from the

Lung/,‘)“« 3 | pulmonary blood (the blood
within the lungs).

Larynx

Trachea

FUNCTIONS

e Supplies oxygen to the
blood

 eliminates carbon dioxide

* also helps to regulate acid—
R base balance.




A
44\

|
)

Urinary System

COMPONENTS
* The organs that operate to remove

Kidney

wastes from the blood and to
eliminate urine from the body.

Ureter  EUNCTIONS

Urinary
bladder

Urethra ©

Removes various wastes from the
blood

regulates the chemical
composition, volume, and
electrolyte balance of the blood;

helps maintain the acid—base
balance of the body.
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Reproduction System

Mammary
gland
(in breast)

Seminal

Uterine vesicle

tube

Ovary Ductus
deferens

Prostate
gland

Uterus Testis

Vagina Epididymis Penis

COMPONENTS; The body organs that produce, store, and transport
reproductive cells (gametes, or sperm and ova).
FUNCTIONS; Reproduce the organism, produce sex hormones.



Organ Systems

e Protection, Support, and Movement
o Integumentary System
o Skeletal System
o Muscular System
e Internal Communications & Integration
o Nervous System
o Endocrine System
e Fluid Transport
o Circulatory System
o Lymphatic System
e Defense
o Immune (Lymphatic System)
e Input and Output
o Respiratory System
o Urinary System
o Digestive System
e Reproduction
o Reproductive System



HOMEOSTASIS

“...itis all about a balancing act...”



What is Homeostasis?

The maintenance of a
constant environment

in the body is called



Homeostasis is the maintenance of a
relatively stable internal environment

What iS the Cell Interstitial fluid
‘internal’

environment? | Blood

vessel

rning

B Diacrma
Flasma

=within the cell

=outside the cell
1) Plasma = in the blood vessel
2) Interstial = around the cell
(in tissue)

© 2001 Brooks/Cole - Thomson Lea

Extracellular fluid



Examples of Physiological conditions
requiring homeostasis:

Body cells work best if they . T
have the correct: f(-» = (pump [— )\

02 and CO2 levels in the |
body

* energy requirement &

e glucose level in blood

 water /ion balance

([ J H
p Circulating plasma Interstitial fluid
(20% of extracellular fluid) (80% of extracellular fluid)

* temperature



Homeostasis is made up of many other systemes.

EXTERNAL ENVIRONMENT (@) @

/ Foods, salts, and water

"““-
where g
organism g
lives =
N
b
)
)
) Circulatory
= system
’
’
1> "
. C\ Urinary
fluid /s;lstem
surrounding
cells

Organic waste products, salts, and water Unabsorbed matter

LIFE 8e, Flgure 40.1 LIFE: THE SCIENCE OF BIOLOGY, Eighth Edition © 2007 Sinauer Associates, Inc. and W. H. Freeman & Co.

work together to keep the body in a stable internal environment



Organ
Systems
Interrelation
ships

* All cells depend on organ
systems to meet their
survival needs.

* Organ systems work

cooperatively to perform
necessary life functions

Digestive system

Takes in nutrients, breaks them
down., and eliminates unabsorbed
matter (feces)|

Respiratory system
Takes in oxygen and
eliminates carbon dioxide

jv(, co,

Food 0,

l Cardiovascular system
Via the blood, distributes oxygen
and nutrients to all body cells and
delivers wastes and carbon
dioxide to disposal organs

Urinary
system
Eliminates
nitrogenous
wastes and
excess ions

Nutrients

Interstitial fluid

between blood and cells
via the interstitial fluid

( ' Nutrients and wastes pass
¢
(]

v

Integumentary system
Feces Protects the body as a whole

g Urine
from the external environment



Homeostasis: Components

@ Input: Control
Isr:::{ r:lztri:;n oenter @ Ict):flct)e:\ta:tion sent
afferent along efferent
pathway to pathway to
Receptor (sensor) Effector
@ Change
detected

by receptor

(5) Response of

’ effector feeds
@/ stimulus: ""b back to
Produces Q"’h influence
9hanqe Ca magnitude of
in variable stimulus and

Variable (in homeostasis) returns variable

N to homeostasis
I,

b !

g

Ne,
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Homeostasis: Components
Receptors

* They are sensors which detect stimuli
* Receptors include

v’ Thermoreceptors SMELL
v Chemoreceptors g = Hearin L e

v Baroreceptors ’Q ‘ ‘




Integrating Centre
Control Center

An endocrine gland Brain or spinal cord

Pineal gland

Hypothalamus
Thyroid gland

Parathyroid glands

Adrenal gland

Thymus gland % ,
Pancreas// i

t




Effectors

» Responsible for body responses
e o Muscles (smooth, striated, and cardiac)

* ¢ Glands iriceps

muscle

> ||‘ Nty N {
~ \-_ _-«" '\__/
spinal cord

Effector
muscle contracts
(response)




Signals

* Input signal- from
a receptor to an
Integrating center
(afferent)

m

Sensory receptor

Integration

e Qutput signal- from an
Integrating center to
Brain and spinal cord

an effector (efferent) — g n 4

Peripheral nervous Central nervous
system (PNS) system (CNS)

* Signals are chemicals
or neuronal



What is Feedback?

* Feedback refers to responses made after a
change has been detected

FEEDBACK

5 W T T T T T T s

TN

A

INPUT |

The signal sent by the effector is called feedback



FEEDBACK SYSTEMS

1- Negative feedback mechanisms:

Causes the variable to change in a direction opposite to that

of the initial change.
A

\4

or

A

2- Positive feedback mechanisms:

—_—

\4

Causes the variable to accelerate the change in the same
direction that the initial disturbance.

v \A4 \A A4

or

A

—_—

AA

AAA




Examples of Negative Feedback
Control:

02 and CO2 levels in the body
hormone levels, e.g. thyroxine
sex hormones

metabolic levels e.g. glucose
water balance

the regulation of pH

body temperature



Temp Regulation: Negative feedback

result: body

coordinating centre: W =g e
hypothalamus turns \ - o decreases;
on cooling systems T hypothalamus
regulator: skin blood vessels turns off
dilate; increased blood flow to = cooling
skin; heat exudes from skin ‘ systems

regulator: sweat glands
initiate sweating; evaporation
of sweat causes cooling

Homeostasis:

Body
temperature




Blood sugar
regulation:
Negative feedback

LawBlood ugnasooan
Receptorsw (

Control center

Effector

GIUij Qiin

W I !..-v
blood sugar

GZD




In negative feedback
(feedback inhibition)

»the initial stimulus provokes a response
which tends to reduce the magnitude of the

Stimulus
» as conditions return to their optimum, the

corrective processes can be switched off

Set point @x 6/ @\ @/ @\ 1Normal
(average @J range




Why is negative feedback very
common in the body?

increases the stability of systems

Set point S

NN

(average




Positive feedback:

e adisturbance leads to events which increase
the disturbance even further

* rare in biological systems
WHY rare?

lead to:
v' an unstable situation
v’ extreme states



Examples of Positive Feedback
Control:

1. Blood clotting Blood Clot

ACti Vated p I ate I et Red blood cell \llaerg:gn b;ood
releases chemicals ‘

More platelets are
activated

A blood clot forms




Examples of Positive Feedback Control

@Hypothalamus sends efferent
impulses to posterior pituitary,
where oxytocin is stored

@ Posterior pituitary releases
/ oxytocin to blood; oxytocin
s targets mother’s uterine

- muscle

2. Child birth
Oxytocin stimulates

—@ Uterus responds
by contracting more
vigorously

—@ Baby moves
deeper into
mother’s birth

muscular contractions

of the uterus

More oxytocin is released ol

@ Afferent , y

impulses to Y
hypothalamus ,___, Y
@ Pressoreceptors

b Positive feedback
mechanism continues
to cycle until interrupted
by birth of baby
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