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The lecturer

Prof. Zoran Tadi¢

Division of Animal Physiology

Department of Biology

Faculty of Science

Rooseveltov trg 6

telefon: (01) 6189 705

telefaks: (01) 4826 260

E-mail: ztadic@biol.pmf.hr

Personal web page (in croatian): https://zaf.biol.pmf.unizg.hr/Tadic/
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How did It get its name?

Physiology - gr. uoi¢ (phusis) = nature, origin +
grc. Aoyia (logia) = studies (of)

= the scientific study of functions & mechanisms
in a living system.

Jean Francois Fernel
(1497-1558)

M;ign by Zoran Tadi¢



How did it begin?



Air

Hippocrates
(cca. 460 - cca. 380)

Humors

Patroclus & Achilles soon after landing near Troy

Fire

Earth

Due to horrible disturbances in humors, Achilles
suffers from excruciating pain in heel (hence,

Mign by Zoran Tadi¢ "The Achilles Heel"). @



Aristotle and his view on the human body

e Description of cardiovascular system with the heart in
its center.

e Heart - the center of intellect and the blood-heating
furnace.

® Lungs - the ventilation & the cooling system for the
heart.

® How is blood flow between the arteries and the veins
accomplished?

Aristotle
(384-322 BCE)

Mign by Zoran Tadi¢



Galen's ""pneumatology’’ or Galenism

Pneuma

sychlcon)v BRAIN
Sensory \

perception,
mind, motion

Galen
(Claudius Galenus)
(cca. 130 - cca. 210)

/ Pneuma Life energy,
zooticon feelings, pulse,
blood motion
‘ \

LIVER

Pneuma
w naturalis j
BLOOD t ( K
x AIR
Blood /

production
lT and growth LUNGS

HEART k
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William Harvey and the start of modern physiology

William Harvey
(1578-1657)

“Exercitatio Anatomica de Motu
Cordis et Sanguinis in Animalibus”
(1628)

Mign by Zoran Tadi¢




Blood circulation, as described by William Harvey
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Homeostasis - the basis of physiological

regulation

Homeostasis = keeping the
internal environment constant

Walter B. énnon
(1871-1945)

External environment

37°C > HOMEOSTATIC
" Animal's MECHANISMS

" internal 39°C

) t
environmen 38°C‘j\jl

4°C
La I’ge eXte n al Small internal changes
changes

ign by Zoran Tadi¢



Homerostasis Is maintained using negative feedback

Disturbance Negative feedback
l Yo A
Controlled | Output S Error Inverting
system [ > | Sensor signal amplifier
Set point
Disturbance Positive feedback
l i o \ A
Controlled | Output Error

system g S@NSOF signal »-|  Amplifier

Mign by Zoran Tadi¢



Why is homeostasis important?

Body systems HomeOStas iS

maintain
homeostasis

Homeostasis is
essential for cell
survival

| Cells build
body systems

AR Design by Zoran Tadi¢



Technical (thermoregulatory) homeostasis

EVREEY R?—|sepa(t)irr‘13e' Thermostat
Walie  stops : (control center)
turns heater off
Stimulus:
Room Room
temperature temperature
drops is above
set point
Set point:
Room temperature 20°C
Stimulus:
Room Room
temperature temperature
rises is below
set point

Thermostat
(control center)
turns heater on

L4884 8818S

Response: "I
H{[ﬂ[m Heating \
»  starts \

Myﬁgsign by Zoran Tadi¢



Biological (thermoregulatory) homeostasis
: Response] Control center
Skin 1. |3|%od in brain activates
Sweat %i 5, vessels cooling )
gland —-&dilate mechanisms
2. Sweat is
produced i
Stimulus:
Body Body
temperature temperature
drops is above
set point
Set point:
Body temperature 37°C
Stimulus:
Body Body
temperature temperature
rises is below
set point
Response:
1. Blood vessels
%@ 2  constrict _Contr_ol cen_ter
__6__ 2 Person shivers in bra_ln activates
3. Metabolic rate warming
mechanisms

increases
Mign by Zoran Tadi¢



Physiology as one of the foundations of medicine

Sir, | can almost
feel and hear that
your body is in an

absolute balance. s % s Anatomy

Physiology

-

=t oo \ o
Kako sam sistematski iSao na pregled QMQM({

M;ign by Zoran Tadi¢



Physiology as a multilayered science

-~

Cellular level:
Muscle cell

Tissue Ievel: e L L § T T T ——
Cardiac muscle|

Organism level:
Multiple organ systems
functioning together

Heart )
€3 Environment

Ecophysiological level:
Physiological interaction of

Organ system level: | organism and environment

Circulatory system |

(L
W

esign by Zoran Tadic e |




The physiological systems 1

Metacarpals
1 ~
Carpals (B .
Radius Phalanges ﬁ

Ulna B
one
Humerus \jﬁ‘ 4
Clavicle T A L=
st Scapu|a — = E | -
ernum - AT
Ribs ot AR, - Larynx
Vertebra artiiage Hea”T Trachea
Pelvic girdle 7 1 Bronchus
Lung
Femur
Blood
Patella vessels
Tibia -
Fibula A
M tTtafsa'ls The circulatory system The respiratory system
pizlgﬁsiz (transports substances (exchanges CO, and O,
9 throughout body) between blood and air)

The skeletal system
(supports body and anchors muscles)

Mign by Zoran Tadi¢



The physmloglcal systems 2

Kidney
Stomach
~—— Large intestine
Ureter Urinary
Small intestine bladder
Urethra

Anus

The digestive system:
(breaks down the food and
absorbs the nutrients)

| Skeletal
»' muscles

The muscular system:

(moves the body) The urinary system:

(rids body of certain wastes)




The physiological systems 3

Hypothalamus
Pituitary gland

Parathyroid gl.
Thyroid gland

Adrenal gland
Pancreas

Ovary
(female)

Seminal vesicles
Prostate gl.

Testis T
(male)

._ .- e
d 5 <6

The endocrine system:

(secretes hormones that regulate body processes) The reproductive system:

(produces gametes and offspring)




The physiological systems 4

Tonsil
fhymes Brain
Spleen —
g’ -~ Sense organ (ear)
Appendix ST

Skin Spinal cord

Nerves

Nail )
Lymph nodes

Lymphatic
vessels

The integumentary system:
(protects body)

The nervous system:

(processes sensory information

The immune system: and controls responses)

(defends against disease)

N

V’ by Zoran Tadié



The nervous system



The control system #1: The nervous system
®)

Brain

Signal-receiving Cell body _— Spinal cord
extensions (soma) NS
(dendrites)

Nerve

esign by Zoran Tadic



Central nervous system

Sensory Motor output

reception S Patt q on muscles
. ensory Central atterne .
Stimulus - filtering processor nerve - Behaviour
activity

Past
experience

7/ Design by Zoran Tadi¢



The flow of information through nervous system:
An example

SENSORY INPUT |

Sensory
neuron

Interneuron

MOTOR OUTPUT

Motor Brain and spinal cord
neuron

Response (in skin : | |
P ( ) Peripheral nervous system Central nervous system
(PNS) (PNS)

ign by Zoran Tadi¢



The world of (various) neurons

Dendrites
Soma e w4
A ) Axon
v
g Insect neuron
Cell from —_—
coelenterate Bipolar cell from Motor neuron from
nerve net vertebrate retina vertebrate spinal cord
\/
[)
Soma W
Dendrites SONURN] L2
SIS
Dendrites “‘(i'#&.
> =N
A\
R Association
cell from
mammalian
thalamus
\
\J
Axon

M}ign by Zoran Tadi¢c  Purkinje cell from mammalian cerebellum



The structure and function of a neuron

Dendrites
N ~ ) s Incoming signals
—\ | 1t | L are received and
Ny A A V converted to a
\\\nx:___. o Wi “ T change in
Signal reception ) = membrang
~ e YR 4 e potential
”z A o —
----- -—-\_._,..- = ' J ‘P"-'-.H__.
1 —— . ¥
il ~ —— Axon hillock A change in
Signal integration membrane
potential
T ~ initiates action

Schwann cells of potentials

myelin sheath

“Direction of
action potentials

L 4
Action potentials

are conducted to
the axon terminals

Synapse

b

Neurotransmitter
release transmits a
signal to the target

Muscle Axon terminal cell

Mign by Zoran Tadi¢



The action potential - basic electric phenomenon of
the nervous system

50

30

10

=10

Depolarization
uoneziejoday

-30 -

Voltage (mV)

0 Threshold potential
7)) [pnern S S —

Resting potential
70 gp

Hyperpolarization

90

| ] | | | | |
<) Time (ms)
Depolarization to

threshold potential
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How Is an action potential generated?

Voltage-gated Na* ..

channels begin to close

quickly, voltage-gated

_ K* channels begin to
open

Voltage-
gated Na*
} 4 channels

Voltage-gated |
Na* channels
begin to
openi

remain
closed but
"recuperate”
for the next
cycle

Voltage (mV)

Voltage-gated Na* and
K* channels are closed

All voltage-
gated K" are
closed and the
next cycle can
begin

Initial

depolarization

Mign by Zoran Tadi¢
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How 1Is Information transferred to another neuron?

tSyna}ptiIC f Dendrite of
erminal o receiving neuron
sending neuron

~ </

Synaptic
vesicles

Neurotransmitter
Receptor \

Synaptic
{ (089" |@o |f\
® @

terminal /] e
>/ Vesicle fuses

/ o with plasma o Neurotransmi

/ is released
|.-“' membrane l J Ul _ | | i
I'\I L /\( __4 \ ] 'rll | \ II: 'll -
. ~ 2 \o A . k. y
Synaptic \\h @ gﬁ“‘\iiﬂ o |
cleft I T ST /%eg % °° © 1on channel opens © 10on channel closes.
~: e and triggers or Neurotransmitter is
’ ‘E ©) Neurotransmitter inhibits a new either broken
Receiving , binds to the action potential down, as shown, or
" on ChannelsNeurotransmltter receptor transported back

into the sending

neuron
M&ign by Zoran Tadi¢



Multiple synaptic inputs of the neuron

| Dendrites

Synaptic
terminals

\ Synaptic X 5000

terminals

— vf"‘\f by Zoran Tadi¢



Human nervous system

Brain —— .
gap— | Peripheral
= ' nervtous
, system
Spinal cord y |
L N Nerves
7 N

AR esign by Zoran Tadi¢



Functional division of the peripheral nervous system

PERIPHERAL NERVOUS SYSTEM

Motor system Autonomic nervous system
(voluntary) (involuntary)
Parasympathetic Sympathetic
division division

Control of skeletal muscle "Rest or digest" "Fight or flight"

Mgsign by Zoran Tadi¢



Autonomic nervous system (ANS)

Homeostasis = yin + yang in balance =
two opposite but interconneted forces =
sympathetic i parasympathetic in balance

=

yinyang

Parasympathetic part of the ANS Sympathetic part of the ANS
controls "rest or digest" body response controls "fight or flight" body
response



Parts of the brain

Cerebrum Cerebral cortex
Performs Outer layer of the cerebrum: involved in
sophisticated memory, learning, speech, emotions,
integration formulates complex behavioural responses

Pituitary gland

Receives and
integrates auditory
data; coordinates
visual reflexes;
sends sensory data
to higher brain
centers

Consists of
midbrain, pons
and medulla
oblongata;
regulates vital

Spinal cord

functions such as
breathing; serves
as sensory and
motor filter for
other parts of the
brain —

Controls breathing

Controls breathing,
circulation,
swallowing, digestion

V by Zoran Tadié



Cerebral hemispheres, lobes and cortex

Brain is divided in
Lobes are larger two hemispheres
areas of cerebral

cortex -/

\
\

\
\

arietal

| L

~ Occipital

| Temporal £

ign by Zoran Tadi¢



Cerebral lobes. . .

Parietal

Frontal Occipital

Temporal 4

In fact, there are two more (insular
and limbic) but you cannot see
them, as they're inside

e

V’ by Zoran Tadi¢




...and how to remember them

Parietal lobe
(joints)

Frontal lobe
(fingers)

Occcipital lobe
(wrist)

Temporal lobe
(thumb)

/A Design by Zoran Tadi¢



Functional areas of the left cerebral hemisphere

" e
X ) "*‘
ol & 4
& )
V « SO (\ i
I 4 N ’
5 : - taste
7 ) enirnﬂ 3 A A\ [ | } il Ws.i; <
ming, 4 | o e # y.o g
ot f{g v (=)
ol i\
A __,,/. P -
rocesS'" /]
% v B mﬂﬂ |
| N
d
?K | et @{"
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Human language - a higher brain function

Motor cortex

Vocalization Angular gyrus

Visual cortex Karl Wernicke
(1848-1904)

Paul Broca
(1824-1880)

Broca's area
Wernicke's area

Area for Primary auditory cortex
vocatization of

motor cortex

Mign by Zoran Tadi¢



Repeating of the
heard word

Motor
cortex

Broca's Angular

y. :.I}.:‘ e *
Vocalization N/ COHBX :
; B S——
Auditory cortex - \ call
\ Y
Wernicke's area \ \.

Vocalization of the
written word

5 v./ by Zoran Tadi¢



Brain activity during various phases of word
recognition and vocalization (MRI scan)

B vax

Hearing Visualization

Min

Vocalization Formation

M;ign by Zoran Tadi¢



Egas Moniz
(1874-1955)

A

“for his discovery of the
therapeutic value of leucotomy
in certain psychoses”

/ Railroad
s/ spike

Phinas Gage
(1823-1860)

Mign by Zoran Tadi¢



Hemispheres are not functionally symmetrical!

Left hand

Language center

Roger W ‘Sperry (Broca's area)

(1913-1994)

The Nobel Prize for physiology
or medicine in 1981 Writing

Touch
analysis

« - . . N =
ncerning th - -- .
for his discoveries conce s e Auditory cortex|" ﬁ'_j" | Auditory cortex

° ° ° ° i p— |

functional specialization of the (right ear) | (\ £ ﬁ) ¢ (left ear)
e y
cerebral hemispheres* EE Spatial
General interpretative center \a”r?élj aalézaa;tlgir;
(language and mathemathics) y
isual cortex

Visual cortex
Mign by Zoran Tadi¢ (right visual field)

—

left visual field)



Sensory transduction: An example

Receptor
h-e (1] Membrane of
Sugar Sugar ° S %2 /sensory receptor cell
2., molecule molecule
Te;)stg EGZ Sensory |
u receptor :
N /cellsp SlgnaI i
transduction
Nuclei (2]
\\A Qb pathway on
' o channels
([ | 7/ Sensory ©
@ |/ receptor ®
cell /I- 7
L on
Sensory neuron E
potential
\_' @0 00
,g Du n f Y
Neurotransmitters -é":sf '
' )
Sensory neuron — .«

Action potential (to brain -
M“Ugsign by Zoran Tadi¢ ) 4/?/



Somatosensory receptors in human skin

Light Pain Hair
touch T\

Epidermis —

Dermis —

o Nerve to CNS Hair Siaine
AT Design by Zoran Tadi¢ movement pressure




Somatosensory and motor cortical maps

Somatosensory cortex < Motor cortex
— — 3‘ ——
- mPOTEZ LR CTSE S 2
f‘f‘.’.adao%’.{:’r% ~ 4.® F33 = IS
2033825 0« % & &
/4%?% >y 9 Toesl . | K3 _9&&
S D0 2% Genitals | Toes N
& | U
- 4 4/.#@ 26 Fingers Fingers {{\" ot Y :
T g 2 \
\ Lips e
Vocalization Lips |
I Lower lip Izat / P . y
-1 Teeth, gums, and jaw Salivationr_ N ~
lTongU;. (&0& Mastication s T Jaw, |
s ‘(.""a“‘\l ‘Oé'o ( Wa ngUe
\? o> e / 5
o W, \

Ny -
Y

Mign by Zoran Tadi¢



Somatosensory and motor hommunculi

Somatosensory hommunculus Motor hommunculus

Mign by Zoran Tadi¢



The same applies to the animals!

Star-nosed mole

R

\\)

/ )

Shrew

>
—

Mign by Zoran Tadi¢




Light path to the retina

Sclera (white _ ermm——— Pigmented layer
of the eye) s : (behind retina)

. Retina (contains
photoreceptors)

Cornea
(transparent)

Iris (colored
part of the eye)

- Pupil

Lens

Fluid

N e Blind spot
(no photoreceptors)

A~ esign by Zoran Tadi¢



How does the lens focus light?

Watching the near object
Muscle contracted

Ligaments slacken
Retina

Light from a
near object

Watching the far object
Muscle relaxed

Ligaments pull on lens

Light from a
distant object

7S by Zoran Tadi¢



Photoreceptors in human retina

Synaptic
terminals  Cell body Membraneous disks

* \ containing visual pigments

_.:— rt . 2
o —_—— N —— P g .
; !. - %
%

.-__II. %

A7 Design by Zoran Tadié



Photoreceptor arrangement in retina

Retina

Neurons Photoreceptors

Optic
nerve
fibers

and € g
1 . i
- ) . - " A "
g < N P Ui
f J 9 J 5
— J (4 -
o / |
¥ : ¥ b el
f e
4 5 R B P
i SRR o 1 i
-— - i
i 4 '

To brain

5 v./ by Zoran Tadi¢



Shape of Shape of
normal normal
eyeball eyeball
Point of .
focus in Point of
front of focus

behind
retina

retina

. Pointof | corrective 7
Corrective focus on lens
retina \ Point of
E ) focus on
. — =\ retina
~ IIII"\ ll'-,l . .:r\\
\ .I‘\
A
Myopic eye (eyeball too long) Hyperopic eye (eyeball too short)

/ Design by Zoran Tadi¢



Pathway of sound to the ear

Middle ear Inner ear

Hammer

-y /_
C7 /114 Auditory
~ canal

Eardrum Anvil Stirrup Cochlea

esign by Zoran Tadi¢



The structure and function of cochlea
The Nobel Prize for physiology or medicine in 1961

“for his discoveries of the physical mechanism of
<)\ stimulation within the cochlea”

.‘E \
m_ﬁi{ Bone
- e “\*
Cochlea yF Q . Fluid Gyorgy Békeésy

Auditory nerve (1899-1972)

Overlying (tectorial) membrane
Cross section | _

'\'J
through cochlea | 4 Hair cells

._f.{:.w‘-\ » %
Sensory " .
neurons .

s

To auditory nerve and brain

Basilar membrane
Mign by Zoran Tadi¢



Sound characteristics and their coding bycochlea

INTENSITY OF SOUND

Low amplitude = soft sound

o | Amplitude
=
4/\1
o
Time ——

A less intense sound pfoduces smaller waves
in the inner ear fluid, which results in fewer
action potentials being sent to the brain.

Low frequency = low pitch

®| One cycle
(:/SJ/V\/\/\
(7))
()
[ O
o

Time ——

Low-frequency sounds cause hair cells deep in
the inner ear to vibrate. Action potentials

generated in this region of the ear are perceived
as low sounds.

High amplitude = loud sound
o[ Amplitude )
o |
o “
Time — )

A more intense sound produces larger waves
in the inner ear fluid, which results in more
action potentials being sent to the brain.

THE PITCH OF SOUND

High frequency = high pitch

®1 Onecycle
=
@ Yl
D_ 1
N F)
Time —— \ .

High-frequency sounds cause hair cells at the
entrance of the inner ear to vibrate. Action
potentials generated in this region of the ear are
perceived as high sounds.

Mign by Zoran Tadi¢




The muscular system



Skeletal muscles are arranged in antagonistic pairs

5::\'”a Tendon
Biceps
contracted
s
/’ '_./J" - /
Triceps relaxed rd

Tendon

esign by Zoran Tadi¢



Muscle

_ The contraction system
- of a skeletal muscle

.-‘”.-F : r
_/’
ad
T

Nuclei
Bundle of muscle fibers

Single muscle fiber (cell)

Myofibril

Light Dark Light
balnd balnd balnd

e
5




The sliding filaments: actin and myosin

Sarcomere

| Thick filaments (myosin)

— e —
e ] —> Thin filaments (actin)
—_— - —
— IS
Contracting muscle =y —— ____________________________________ e
— L —
—J N —
| |
Contracted muscle m—) — I —— ¢e—
| |
— | I, | —

Sarcomeres shorten, but filaments do not!!!
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The relationship between motor nerves and muscles

Spinal
cord

Motor unit 1

Motor neuron

Motor neuron £
aXOn _\{" "

cell body

Synaptic terminals~ 4 _
: Nuclei

Muscle fibers (cells)
Muscle

Tendon

esign by Zoran Tadi¢ ~




The endocrine system



The human endocrine system

Hypothalamus:
Multiple hormones from the
hypothalamus directly control the
pituitary gland

_- Thyroid gland:
Thyroid hormone: Stimulates
and maintains metabolic

Pituitary gland: processes

Anterior pituitary

Releases numerous hormones
that affect the activity of other
endocrine glands and cells of the
body; examples include:

* Human growth hormone
(HGH): Stimulates growth and
metabolic functions

* Thyroid stimulating
hormone(TSH): Stimulates the
thyroid to produce thyroid
hormone

* Adrenocorticotropic hormone
(ACTH): Stimulates the adrenal
glands to produce stress
hormones

Posterior pituitary

* Oxytocin: Stimulates
contraction of uterus and
mammary gland cells

* Antidiuretic hormone (ADH):
Promotes retention of water by
kidneys

Adrenal glands:

Adrenal medulla
Epinephrine and
norepinephrine: Raise blood
glucose level; increase
metabolic activites; constrict
certain blood vessels

Adrenal cortex

Numerous hormones, including
Cortisol: Promotes glucose
synthesis

Pancreas:

Insulin: Lowers blood glucose
level

Glucagon: Raises blood
glucose level

Ovaries (in females):
Estrogens: Stimulate uterine
lining growth; promote

Testes (in males):
Androgens: Support sperm
formation; promote development
and maintenance of male

secondary sex characteristics _ Progesteror
M;Sign by Zoran Tadi¢ - .

female secondary sex
characteristics

development and maintenance of

Progesterone: Promotes uterine



Mechanism of
action of water-
soluble hormones

7 X/ Design by Zoran Tadic¢



Mechanism of
action of lipid-
soluble hormones

7 X/ Design by Zoran Tadi¢



The master axis: Hypothalamus and pituitary gland

Hypothalamus

Posterior pituitary

Anterior pituitary
Bone

V’ by Zoran Tadi¢



How does hypothalamus control pituitary gland?

3
o
—
c
o
:
©
(S
S
o
(T
c

Mign by Zoran Tadi¢

Hypothalamus

Information from nerves about internal
conditions and the external
environment is received by the
hypothalamus.

Pituitary gland

The hypothalamus sends signals to
the anterior lobe of the pituitary gland.

Hormones

The pituitary gland secretes
hormones that affect body functions.




Hypothalamus

Anti d i u reti C h O rm O n e (recieves information when

tissues are dehydrated)

and osmoregulation l

Anterior pituitary

Blood vessel

Kidneys

(ADH increases water
reabsorption, decreases urine
output, and prevents dehydration.)

Mign by Zoran Tadi¢



Growth hormone (HGH) secretion during childhood

Gigantism

Normal
height

5' [
Pituitary

dwarfism

Height (feet)

AAT Dosign by Zoran Tadic Levels of HGH during childhood



Function of the thyroid
gland

Anterior pituitary
(directed by the
hypothalamus)

TSH (Thyroid-
stimulating hormone)

l

Thyroid
gland

Thyroid hormone

'

Affects metabolic rate, blood pressure,

Mﬂ;sign by Zoran Tadié heart rate, and tolerance to cold




Regulation of glucose In the blood

Pancreas releases
insulin into the blood

Stimulus:
Rising blood glucose level
(for example, after eating a
carbohydrate-rich meal)

Blood glucose level rises to
set point; stimulus for
glucagon release diminishes

Mign by Zoran Tadi¢

Body cells*# [ 1/is
take up mor
glucose

Liver ta .

up glucose
and stores it
as glycogen

Glucose level

Homeostasis:
Normal blood glucose level

Glucose level

Liver breaks dow
glycogen and
releases glucose
into the blood

Blood glucose level falls to a
set point; stimulus for insulin
release diminishes

Stimulus:
Declining blood glucose level
(for example, after skipping a
meal)

Pancreas releases
glucagon into the blood




How does adrenal gland regulate stress response?

Nerve signals ‘;;.-
/ Nerve
" |
4 Adrenal Spinal —
Kidney cortex cord

‘[ <— Nerve cell

,»~— Adrenal
« m" medulla

C..
..

Epinephrine and ..":

norepinephrini/'

Short-term stress response

e Glycogen broken down to glucose, increased
blood glucose.

® Increased blood pressure, pulse, and breath
rate.

e Change in blood flow pattern, leading to
increased alertness and decreased digestion.

Mgsign by Zoran Tadi¢

-~— Hypothalamus

L Releasing hormone

Anterior pituitary

-~ Blood vessels
Adrenocorticotropic . ' < Adrenal
hormone (ACTH) oy cortex

Long-term stress response

® Proteins and fats broken down and converted

to glucose, leading to increased blood
glucose.

® Immune system may be supressed.




The circulatory system



The diversity of the circulatory systems

CIRCULATORY SYSTEM DIVERSITY

Open circulatory system Closed circulatory system
Circulating fluid is pumped through Circulating fluid is pumped within a closed
open-ended tubes, allowing interstitial set of tubes, keeping blood distinct from
fluid to flow out among cells. the interstitial fluid surrounding cells
Single circulation system Double circulation system
Vessels (tubes Blood ?Iows through the heart in Blood flows through the heart in
carrying fluid) a single circuit. two circuits: pulmonary and systemic
Heart

) : Interstitial fluid

L ‘_](pij_r]n pr‘ " Capillaries

Circulating fluid
(interstitial fluid)

Molluscs, arthropods Bony fishes, rays, sharks Amphibia, epti,birds, mamals
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Systemic and pulmonary circuits: different roles

B 0,-rich blood
. O,-depleted blood

Pulmonary circuit: In organisms with Systemic circuit: The systemic circuit

double circulation, the pulmonary circuit transports blood between the heart and the rest
transports blood between the heart and lungs. of the body.
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Blood flow through
circulatory system

Superior vena cava -

Capillaries of head, chest and arms

Pulmonary artery Pulmonary artery

Capillaries of right lung Capillaries of eft lung

B0, -rich blood
O,-depleted
.blood

Pulmonary vein Pulmonary vein

Right atrium Left atrium

Right ventricle Left ventricle

Inferior vena cava

Capillaries of abdominal region and legs
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Blood flow through human heart

B 0,-rich blood \
. O,-depleted From \ {

blood

Right lung |

Right atrium

Valves

T Right Left
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The Card | acC CyC|e @ Atria contract. Blood is

forced into ventricles.

o Heart is
relaxed.
Blood
flows in.

y._

© ventricles contract.
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nd artificial pacemaker

Natural

"n I" b

Wire leading to Heart Artificial pacemaker
heart pacemaker

Electrical

impulses Left atrium

Right atrium

Right ventricle Left

ventricle

The heart’s natural pacemaker. The pacemaker An artificial pacemaker. A small electronic device
is located in the right atrium. Electrical impulses spread surgically implanted into cardiac muscle or (as shown
through the heart, first to the atria (shown in yellow here) the chest cavity and connected to the heart's
arrows), then to the ventricles (purple arrows). pacemaker by a wire can help maintain proper electrical

_ rhythms in a defective heart.
ign by Zoran Tadié



Blood vessels: arteries and veins

From heart To heart
Epithelium Valve

</l
~ Epithelium
) ) ~— smooth
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<~ Connective
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Gas, nutrient and waste exchange between tissues
and blood

Capillaries. Blood flowing through the circulatory
system eventually reaches capillaries, the small vessels
where exchange with cells actually takes place.
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Diffusion of
CO, and
Diffusion of O, ', wastes out
© and nutrients o oOf tissue
N o © < outofcapillary © o cellsand
"Om, and into tissue into capillary
" cells

Interstitial fluid

L
o,
7

Chemical exchange. Within the capillary beds, there
is local exchange of molecules between the blood and
interstitial fluid, which bathes the cells of tissues.



The respiratory system



The diversity of respiratory organs

Skin
(entire body surface)

Leech

THE DIVERSITY OF RESPIRATORY ORGANS

Gills
(extensions of body surface)

Tracheae
(branching body tubes)

Tracheae
(internal
tubes)

)

Stinkbug

Lungs
(localized internal organs)

Respiratory
surface
(skin)
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Respiratory
surface

(gills)

Capillary

Respiratory No capillaries
surface

(tracheae)

N\

»
Respiratory
surface
(lung)

Capillary
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Gas exchange in humans

O, =

Breathing

Circulatory system

Transport of gasses by E
the circulatory system

Mitochondria

Exchange of gasses
with body cells '
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Human respiratory system

Pharynx

To From

Esoph
sophagus heart heart

Nasal cavity ‘
Left lung
O,-rich
blood

blood
Larynx (voice box) .

Trachea (windpipe)
Right lung
Bronchus

Bronchiole

Alveoli

Blood
capillaries

Human respiratory system Structure of the alveoli
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The breathing cycle

X Air inhaled
Rib cage o
expands as Rib cage gets Air exhaled
rib muscles smaller as rib

contract muscles relax

Lung

Diaphragm
relaxes
(moves up)

Diaphragm
contracts
(moves down)

Inhalation _ Exhalation
(Air pressure is higher in (Air pressure is onver In
atmosphere than in lungs) atmosphere than in lungs)
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Gas transport and *\ f
exchange in the body

Alveolus

Alveolar
capillaries

CO,-rich, O,-
depleted blood

CO,-depleted,
O,-rich blood

Interstitial
fluid @ @ 8

# Design by Zoran Tadi¢ Tissue cells




Neural centers that control breathing

Brain

o Stimulus:

CO, levels in the
blood rise as a
result of exercise

Breathing control centers

e Breathing control
centers in the

brain monitor the
rising CO, levels
in the blood

.....
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The urinary system



Kidneys - Important osmoregulatory organs

Renal artery i )
(red) and renal _
vein (blue) Branch of P
- renal artery _ E ollecting
Kidney duct

Ureter

Branch of ' L
, renal vein
Urinary
bladder I|
Ureter 1y
Urethra I
To ureter
Kidney Blood supply
(cutaway view) to a nephron

Urinary system
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Diuresis - the formation of urine

Filtration » Reapsorption Secretion ’

Renal artery =)
Renal vein ¢—

Capillaries

Tubule

Excretion

Urine
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Composition of human urine

0,1% Uric acid
0,15% Creatinine
0,25% Potassium
0,25% Phosphate
0,25% Sulphate
0,5% Sodium
1% Chloride
3,5% Urea

94% Water
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The digestive system



Four stages of digestion

Inside body

o Digestion

Mechanical

digestion O O eApsorption
@

o Ingestion

ﬁ
) @
& Chemical
v digestion by Small
ﬂ enzymes molecules
Food Food in
mouth

Undigested
material
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Diversity of animal diets

Herbivore Carnivore Omnivore
(mainly eats plants and/or algae) (mainly eats animals) (regularly eats animals as well as plants)

T . =]

1
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Human digestive system

ALIMENTARY CANAL

ACCESSORY ORGANS

Mouth (oral cavity)
Tongue

Pharynx

Salivary glands

ool E = Esophagus

Liver
Gallbladder

Stomach

Pancreas

Small intestine

Colon of the large intestine
Appendix

Rectum

Anus




Overview of digestive processes in humans

Mouth

Ingestion:
Food into mouth

Stomach

7— Small intestine

Apsorption:
Nutrients and water
in small intestine

Water in large

intestine +— Large intestine

Elimination:
Feces formed in
large intestine and
eliminated through

anus Feces

Anus
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Human teeth _

Incisors
Canine

Premolars
" — Teeth

_ Molars

Wisdom tooth

Tongue

Opening of a salivary gland duct
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Epiglottis controls pharynx during swallowing

BREATHING SWALLOWING

Epiglottis u
P9 P Epiglottis down
Pharynx

Adam's apple ———

Trach I d
Air flowing into open rachea close

trachea (windpipe)

Esophagus closed Food flowing

into esophagus
When you’re not swallowing food or drink, air travels When the food reaches the back of the mouth, a
freely through the trachea (black arrows).The swallowing reflex is triggered. The top of the trachea
esophagus is closed. rises against the epiglottis, closing the air passage,

while the esophagus opens. Food travels down the

_ ' esophagus (green arrow).
ign by Zoran Tadi¢



Peristalsis of esophagus

e Ik Esophaegal sphincter (closed)

k

G

Food ball (bolus)

Relaxed muscles

Contracted muscles

Relaxed muscles

gy
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Human stomach

|
 Stomach lining secretes
. gastric juice (acid, enzyme

Esophagus
phag molecules, and mucus)

Sphincters control y,
the flow into and fil
out of the stomach (i

Accordion-like
folds allow the
stomach to
expand.

Small intestine =
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If you think you're too fat, you can always do this!

Esophagus Small stomach pouch

Staples

New attachment

Bypassed portion of stomach

Tube through which
food is bypassed

Small intestine
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Digestion in duodenum

Liver

Stomach

Gallbladder

Intestinal enzymes

Duodenum of

small intestine
Pancreas
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Small intestine - the place of nutrient apsorption

Nutrient
apsorption

Nutrient
apsorption
Microvilli I

tﬁﬂi’ﬁﬁ@ﬂ -?thLﬂJWLn,?M i ]:1 AL

Epithelial
cells

\ Interior of
Muscle _— N intestine  Bjoog
layers capillaries
N P Lymphatic
Villi wl e e vessel
‘m‘r o 2 - . o
\3 'Irl i~ g J o ‘.'. 4 Ly

Interior of Epithelial cells

intestine and
blood capillary
Intestinal wall
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Large intestine - the place of water apsorption

Small intestine

-' | End of small
intestine

Rectum

Anus

Nutrient
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THE END (of the kangaroo)




