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Course Description

Purpose:
Designed to bring to engineering students a general awareness of the
function of whole organisms, their component cells, organs, and organ
systems as well as the basic mechanisms leading to disease
Contents:

An overview of human physiology & Pathophysiology

Cellular physiology (pointers to subjects introduced in previous
modules, which are important prerequisites for understanding Physiology)

Circulatory and respiratory physiology

Physiology of the gastrointestinal system

Hormonal control — physiological modelling

Neural integration and control of body and behavior
Duration: 1 module — 20 X 2 hours
Time: starting 26 October 2020 see calendar




2uyypaupato Povcroroyiog:

Despopoulos and S. Silbernagl 2003, “Color
Atlas of Physiology”, Thieme 5th edition. [xon | Secusse
EAANviIKN petdepacn g 2n¢c ko], latpicéc Phy SlOlOgY
Exooceic Aitoa.

Alla ocvyypapupota oto EAANVIKG:

Vander MD, Sherman PhD, Luciano PhD, Teakéroviog
M. ®vcioroyia Tov AvOpmmov. EAL. Metdop. Exo.
[TaoyaAion 2001

2. Koeppen BM and Stanton BS, “Berne & Levy Apyég

dvcloroyiag”. EAAnvikn puetdeppacn. Exoocelc
[Tapiordvov, 2003.

3. W. Boron & E. Boulpaep: Medical Physiology. A cellular
and molecular approach. 2 EAAnvikn petdppaocn, Exo.
Llooyolion).

Pa
IIpogktacels maBo@uororoyioc:
S. Silbernagl/F. Lang: Color Atlas of Pathophysiology 2000. 406

pp, 180 illustrations, ISBN 0865778663 /3131165510 Georg
Thieme Verlag


http://www.thieme.com/SID2376405480233/ebooklibrary/flexibook/pubid326907041/show_pdf.html?/pdf/pubid326907041_1000.pdf
http://www.thieme.com/SID2373501518765/ebooklibrary/flexibook/pubid-950147506/show_pdf.html?/pdf/pubid-950147506_1000.pdf

Resources:
Textbook: (any one, but mandatory to own) :

Despopoulos and S. Silbernagl 2003, “Color Atlas of
Physiology”, Thieme 5" edition. Translated in all
major languages [xot EAAnvik petdopaon,
latpucéPhysiologyc Exddoeic Aitoal]

Exams will be based on material presented and
selected from any textbook of Physiology

|_ectures are not exhaustive.

«Some handouts will be given to you to help with
PATHOPHYSIOLOGY — only some elementary stuff.
«Attendance and active participation in lectures
(which demands a good command of English) are
mandatory for allowance to take part in the exams

send me questions at: gkkostop@upatras.gr

2 Color Atlas of

Physiology

Stefan Silbernagl
Agamemnon Despopoulos

& Thieme

EYXEIPIOIO
(UOIOAOYIag
ME EyXpwHO ATtAavta

Agamemnon Despopoulos
Stefan Silbernagl

larpikég exdooeig Aitoag



Suggested extra supplements:

1. S. Silbernagl/F. Lang: Color Atlas of Pathophysiology ... 05
2000. 406 pp, 180 illustrations, ISBN 0865778663 Pathophysiology

/ 3131165510 Georg Thieme Verlag

2. DU Silverthorn “Human Physiology; An integrated approach”

chapter. 1, 6 and 8-13, Pearson Education Int.2001, 185 pages.

3. “Brain Facts” 2009, a 74-page primer, published by the Society

for Neuroscience (USA) available at —
http://www.sfn.org/index.aspx?pagename=DbrainFacts =

4. Neuroscience: The Science of the Brian by BNA free download

5. (advanced — in library) “Essentials of neural science and behavior”
Appleton &Lange, 1995 / edited by Eric R. Kandel, James H.
Schwartz and Thomas M. Jessel / uetagpacuévo ota EAANvikd
"Nevpoemiotnun kot Xoumepipopd”, and tovg A. Kapapavaion, I X.

[Taraodmovro ko X. Kallapn, Havemomuiaxkeg Exodoeig Kprng

1997)
In translation:
1. Vander MD, Sherman PhD, Luciano PhD, Teakémoviog M. dvcioroyio 1
00 AvBpamov. EAL. Metdop. Exd. [Taoyarion 2001 olitEianer g
2. Berne RM and Levy MN Apyéc Dvcioroyioc. EAAnvikn petdppaoct. Ilov
Exdoceic Kpntng kep. 1-3, oel. 3-52
3. W. Boron & E. Boulpaep: Medical Physiology. A cellular and molecular
approach. 2e EAAnvikn petdopoon, Exo. Ilooyaiion).
Very brief: Laurie Kelly McCorry : Essentials of human Physiology for
Pharmacy, Second Edition (also electronic) p.: 362, 2004, Routledge, USA

POWEVO CywDped

MaBoguoioloyiag


http://www.thieme.com/SID2373501518765/ebooklibrary/flexibook/pubid-950147506/show_pdf.html?/pdf/pubid-950147506_1000.pdf

Course procedures - To ov0OIKOGTIKG

H g€graotén VAN ivon amd 10 TEPLEYOUEVO TOL PBiAiov TV
Despopoulos and Silbernagl kot 611 onueiwoeic cog dobovv e
ektommon N o€ e-class (1waitepa yio ) ITabopuoioroyia),

00T YOOUEVOL KOl 07TO TIC TAPAOOCELS TOL Oo avapTdvTal 6To e-class

O1 TaPaOOGELS OEV ECOVTAOVV T OL0UKTEN/ ECETAGTEN VAT, AL GOG
BonBovv va TV KoToVONGETE KO VO OVOLYVOPIGETE TTOl0L ETVOIL
TOL CNUOVTIKOTEPQ GNUELX TNG.

H mopaxkorovOnon kot evepyOdc GLUUETOYT) GTO LAOM LA ATOTEAODV
TPoVTOOECT) GLUUETOYNG OTIC ECETAGELC

Emkowovia:
I'poppateio Pvcroroyiog: 2610-969155
I Kmotomoviog  gkkostop@upatras.gr
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* Definition of Physiology

 Definition of Pathophysiology

 Elements of an organism

« Homeostasis — define disease

 Control systems and body communication
 Energy balance

e Methods In physiology

e What is life?




* Physiologists are interested in function and
integration

ie how things work together at various levels of
organisation = whole organism

- When studying parts of organisms (even single
molecules) a physiologist will seek to establish the
relevance of any information derived to the function
of the whole body




Physiology =
*The study of the functions of a living organism

and 1ts component parts. .Includes chemical and
physical processes.

Formalized by 16th century as the study of the
vital functions of the human body. .Now includes

study of plants and animals.

«Cannot be fully separated from anatomy, the

study of structure. .(Form follows function..) Also
prerequisites: biology & biochemistry



Physiology — An Integrative Science

» Few unanswered questions remain about how the human body
works at the systems level — most involve nervous control.
*Bulk of research is at cellular and molecular level.

*Must look at links between cells, tissues, and organs to fully
understand functions.. — integration

Function Versus Process

*Teleological approach (function) — Why does something exist or
occur?

*Mechanistic approach (processes) — How does something occur?
*Use the pumping of blood by the heart or why there are
differences In skin color between Caucasians and Africans.to show
the difference between a teleological approach to physiology and a
mechanistic approach.



The mechanist view of life, the view taken by
physiologists, holds that all phenomena, no matter
how complex, can ultimately be described in terms ot
physical and chemical laws.

In contrast, vitalism is the view that some “vital force”
beyond physics and chemistry is required to explain
life.

The mechanist view has predominated in the
twentieth century because virtually all information
gathered from observation and experiment has agreed
with it.
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1. Cells 4 levels of organization

Cells are the basic structural units of all plants and animals.
All organisms are composed of one or more cells.

Cells are the smallest functioning units of life.

All cells come from preexisting cells.

Cells maintain homeostasis.

2. TISSuUes — Collections of cells that carry out related functions.

3. Organs

If you disassembled organs into tissues and sorted the tissues into
piles based on their basic functions, there would only be 4 categories:
Epithelium

«Connective Tissue
*Muscle Tissue

*Neural (Nervous) Tissue

o4, Systems



Service Functions

* Cardiovascular system

* Respiratory system

* Digestive system

* Renal system

* Reproductive system

* Musculo-skeletal system
* Nervous system

* Endocrine system

° Immune system




Cardiovascular system
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Digestive system

Renal system
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* Musculo-skeletal system

* Nervous system

* Endocrine system

° Immune system
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Service Functions

* Cardiovascular system

* Respiratory system

* Digestive system

* Renal system

* Reproductive system

* Musculo-skeletal system
* Nervous system

* Endocrine system

* Immune system

Any system missing?




Functions of Organ Systems

Integumentary - protection and temperature control.

Skeletal - support, protection, mineral storage, blood formation.
Muscular - locomotion, support, heat production.

Nervous - responding to stimuli and coordinating the activities of
other organ systems, cognition, planning, consciousness, socializing
Endocrine - directing long-term changes in the activities of other
organ systems.

Cardiovascular - internal transportation.

Lymphatic - defense against infection & disease.

Respiratory - delivery air to where gas exchange occurs.

Digestive - processing of food and absorption of nutrients, minerals,
vitamins, and water.

Urinary - elimination of excess water, salts, and waste products.
Reproductive - production of sex cells & hormones.



If an alient animal fell on earth... what would 1t look like?

Integumentary system
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..a hint of integration?
Organisms are made up of systems, which are made up of organs



Cardiovascular

External
to Internal
environment




=

& W cen boundary °

Secretory granules

N

4 'f‘t\-\.\ w -

RS SRS | A

' Jo o= "
oL ‘-i__’-‘.}'i * T A e

als o

[ &L o

Wray g oo




WA A
A A ?u«..ﬁfd




E. Endocvtosis and exocytosis as a means of cell locomotion (Explanation see tex



Physiology Is quantified by BIOMETRICS

Your eyes will convert the
information on this page

into electrical signals that
will transmit to your brain.

Your heart will beat 70 times,
pumping 5 liters of blood to
your lungs and another

5 liters to the rest of your
body.

Your kidneys will produce
1 ml of urine.

Your digestive system will
be processing your last meal
for transfer into your
bloodstream.

—

During the minute that it will take you to read this page:

Your brain will send chemical
messengers through your
nerves to control your body.

A |

You will breathe in and out
about 12 times.

Your cells will consume 250 ml
of oxygen and produce 200 ml
of carbon dioxide.

You will use about 2 calories
of energy.

T T e e

S. Stavrianeas, Ph.D.

IInyn: http://www.willamette.edu/~stas/physiology/handowtsde 2




Evolution of Physiological Systems

As life crawled from the sea on land, adaptations
evolved to cope with changes In the external
environment.

Water conservation — skin, lungs, kidneys.

Fertilization and fetal development.

Skeletons to support body weight.

[_ocomotion increased the need for better brains.
Why?

Raising kids rather than laying eggs led to the
development of what?



... S0 much about Physiology in general. ..

...More specifically ...

... Physiology tries to answer 3 principal
guestions:

* mechanisms maintaining homeostasis
/[ ofintercellular communication
* Energy management in a body.



Osnato-kiewowa oty Povocloroyio

1.0 ILOLOGTOGT). Awnpnon TOV TOPOUETPMOV TOV
£0MTEPIKOV TEPIPAAALOVTOC EVIOC 6TEVOV 0plmv. Ta cueTriuaTo
GTO COUO LOG GLVEPYALOVTUL WOTE VO TPOGTATEVOVY TNV
OLLOLOGTUGCT) OTTO EGMOTEPIKES KU ECMTEPIKEC TPOKANGELC

2. Emkowovia: (0o TO EVOOKLTTAPLO Kol OLOLUEUPPAVIKO
EMIMENO UEYPL EKEIVO TOV 0pyavicUoV) Etvar Cotikng onuaciog
otV 6LVOEST] Kol OAOKANP®GT TOV AELTOVPYLOV KOL GTNV
ouorootact. Kuttapa extkotvovouy pe dAlo KOTTOPA, 16TOVC
Ko Opyovol

3. (AlopeptopaTomTOINGT TOL COUATOC KO TOV
KLTTApPOoL Kat) Pon evépyerog Kot

OLUTI| PN ON TG HACHS

35



Internal Versus External Environment
Most cells in the human body are not in contact with the

external environment.

Extracellular fluid (ECF) — body fluid that surrounds the
cells and makes up one-third of the body’s total volume.
Intracellular fluid — inside cells. Contains bulk of body’s
water.

ECF serves as interface between external environment and

cells. Maintained within a narrow range of values.



External environment

Material enters
and leaves
the body

Intracellular
fluid of
most cells

Extracellular fluid:
The internal environment

Protective ce®



Homeostasis iIs ...

* ... the process of maintaining the composition of the
Internal body compartments within fairly strict limits (ion
concentrations, pH, osmolarity, temperature etc)

* ... requires regulatory mechanisms to defend against
changes in external environment and changes due to
activity

* Cellular homeostasis - ... of the intracellular fluid
composition

* Organismal homeostasis - ... of the extracellular fluid
composition

« Cardiac muscle cell contraction = electrical signals = changes in
intracellular and extracellular [Na'], [K*] and [Ca?*]

* |f extracellular [K*] too high = depolarisation = contraction =
fibrillation (bag of worms, TaxuapuBuia) => risk of death

CONCLUSION: Extracellular [K*] must be kept within narrow range



Positive feedback

* Negative feedback - error signal = reduce deviation
from reference point

» Positive feedback - error signal = increase deviation
from reference point (vicious circle)

error  + disturbance \+
signal

controlled
effector variable

\— sensor 4/
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Internal Person working outside
orexternal ———  Receptor ~  Afferent on a hot, dry day

Loses body water
by evaporation

{

Body fluids become
more concentrated

Endocrine
integrating
center

Nervous system

integrating
center t
| Internal receptors

sense change in
internal concentration

y | : {

Thirst pathways
Efferent Efferent stlmpulated y

signal signal |

Person seeks out
and drinks water
'

Appropriate Addition of water to
internal environment
decreases its concentration

response

Theory Practice



Homeostasis
The maintenance of a relatively constant internal
environment.
opoioc (same) + otdoig (a standing).
absence of homeostasis = disease!
Word created in 1929 by Walter B. Cannon.




Input

To maintain constant level,

Organism in
homeostasis

AN

(External change) Gnternal malfunctioa

N >

Internal change
results in
loss of homeostasis

output must equal input 1

Output

Response attempts
to compensate

PN

@ompensatlon fails Compensation suoceeds

| |

(Illness or disease Weliness )




Body
Systems

maintain >

HOMEOSTASIS

Homeostasis = maintenance of vital parameters
of extracellular fluid within set limits



Components of an homeostatic system:
receptors, control center, executors

executors
INnCcrease
Integrationof | <T@
information. receptors - Normal
Center of control 4_" variation .
and feedback Socoflb coccccccocce

executors
dicrease



Responses to stimuli:

Brain
* local (paracrine and
autoctocrine
 reflexive via remote
centers (neural, endocrine)
Blood vessel
LOCAL
CHANGE .’
[ LOCAL J<—
RESPONSE
4

gl

REFLEX
RESPONSE

at a distant site)

{controlled by cells

Response
,( < )f declded here

Systemic
change
sensed here

Blood vessel

Blood
vessel




Receptors

|

Cell membrane or ,
cytoplasmic receptor f
proteins stlmull into electrical signals

= — Chemoreceptor (pH, gases, chemicals)
— Osmoreceptor (osmolarity)
(ﬁi‘\ — Thermoreceptor (temperature)

—» Baroreceptor (pressure)

“

— Proprioceptor (body position)

— — Other mechanoreceptors
\ (pain, vibration, touch)




TR
Penguins gather close to each other to face the cold.... We ?



MULTIPLE HOMEOSTATIC MECHANISMS CONTROL
BODY TEMPERATURE

smooth muscle
in arterioles

Thermoreceptors
in hypothalamus

(detect blaood
temperature)

Thermoreceptors
In =kin

(detect external
temperature)

h J

Thermaregulatory Centre
in Hypothalamus

¥

vasodilation
and constriction

swaat alands errectar pili skeletal Adrenal and
d muscles in skin muscles thyroid glands
L L. > L.
. . TPONOG
s eat 20 hal_'lr; stEnt Shiv ering metabolic rate




How IS homeostasis achieved?

* Desired concentration range for each chemical
constituent of body = regulatory mechanisms

eg Blood [glucose] = 4-5 mmol.I*
if [glucose] >> 5 mmol.I"t = T insulin secretion

= [glucose]
if [glucose] << 4 mmol.I't = { insulin secretion

= T [glucose]
le [insulin],,,q4 Changes to maintain [glucose],yqq

* Regulation termed - NEGATIVE FEEDBACK

» Control system designed to maintain level of given
variable (concentration, temperature, pressure) within
defined range following disturbance



glycogen
00000000
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If sugar increase
too much,
insuline converts
part of glucose to
glycogen

R

Blood glucose



glycogen
00000000 If glucose is
decreased too
much, glucagon
converts part of
glycogen to
glucose

o« o 4% 0

Blood glucose
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glycagon
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Blood glucose

(U

Without insuline
blood glucose
levels increase in
dangerous levels

() ‘



Diabetes
Some people do not produce enough insulin

When they eat their blood glucose levels cannot
be decreased

This condition Is called diabetes.

Diabetic patients may need to have insulin
Injected In their blood. They have to control
their diet.



Glucose
concentration

Insulin is produced and
glucose levels return to
normal

Glucose levels increase
after a meal

normal

I time
meal




Insulin is not produced

Glucose levels increase and the levels of glucose
after a meal remain high

Glucose

concentration

Diabetes

I time

Meal
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Negative feedback: controlling glucose blood levels

Insulin-secreting '
cells of pancreas AT.Y-’

stimulated to ,. ~ .L_‘
release insulin into
the blood M°51 body cells take

up more glucose

Bleod glucose
lavel declines

10 a set point;
stimulus for

High blocd Li tak : _
giucose level g;:zmr ;.:; Fs>tores :;‘.sl‘f"'_‘ Leleased
detectaed by it as glycogen iminishes an
insulin-secreting gody tc(tum.s 1o
cells of pancreas omeostasis
Stimulus:
Rising bicod Homooﬂaolo. Normal bloed glucose lcwl\ Stimulus:
glucoss level (sbout 50 mg/100 mli) Declining blood
: glucose level
Low blood
glucose level
Blood glucose gz‘med ?ry ina
level rises to s&1 cd°39°'ls 3 panu.dmeas
point; stimulus for
glucagon release _ )
diminishes and Liver breaks down >
body returns 10 glycogen stores and
homecstasis releases glucose to Glucagon-releasing

into the blood;
target is the liver

the bloocd cells of pancreas
stimulated 1o
, release glucagon




blood glucose concentration (mog 100cm ™)

HOMEOSTASIS OF GLUCOSE

140- Delayed correction leads to oscilation
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1004 —
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/o - : c - “point
- - > Ty @
% = % £ ]
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0 ! ] ! "
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Negative feedback loop

Negative feedback loop requires:

Sensor specific to variable needing to be controlled
Comparator reference point for sensor to compare against

Effector If sensor # comparator = Error Sighal =
restore variable to desired level
Disturbance
Error *
signal
el | EffECLOr | mp

Controlled
variable

Comparator
(reference point)

Sensor

Adapted from Pocock & Richards Fig 1.1a




Limitations of negative feedback

* Negative feedback control initiated after variable has
been disturbed

« Amount of correction to be applied assessed by
magnitude of error signal = incomplete correction

* Qvercorrection = oscillations in controlled variable

* Disadvantages overcome by multiple regulatory
mechanisms

eg regulation of blood [glucose]
insulin = 4 [glucose], o

glucagon = T [glucose],,,.
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Homeostasis

1. is a dynamic balance

2. ... Inspite of a multitude of stimuli

3. ... Maintained by (usualy) negative (and
rarely positive) feedback



Negative feedback  Positive feedback

Initial stimulus Initial stimulus

o | | @

External factor
which

terminates the

cycle ‘




Temperature (°C)

Negative feedback

32 T

Negative feedback turns
response loop off

Response loo
turns on

28 -

Time —

Setpoint of function

> Normal range of function




Negative feedback: Changes in blood pressure are being monitored by
baroreceptors in the large arteries and through a control by the NS appropriate
changes try to reverse these changes and maintain homeostasis

CENTRAL
NERVOUS
SYSTEM
SENSORY MOTOR
DIVISION DIVISION
®
M|l )
Afferent Efferent
neuron neuron
Baroreceptors Heart
(monitor blood pressure) (changes in heart rate

help regulate
blood pressure)



Negative feedback =
control mechanism in which a change in a monitored parameter
evokes a response which counteracts that change

@ input:
Iinformation i?ntt?r'
sent along
afferent

pathway to

@) Change
detected

by receplor

Output
Information sent
along efferent
pathway to

(&) Response of
effector feeds
back to influence
magnitude of
stimulus and
returns variable to
homeostasis

() Stimulus: /
Produces /\’h%"%
change
in variable Variable
/ (in homeostasis)

L

N
'”'b,,q',}\
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Positive feedback

Rarely used in homeostasis

because they are
catastrophic, unless they
have a limit.

Baby drops lower in
uterus to initiate labor

|

ervical stretc

stimulates

Pushbaby = 5>
against cervix == 7. '~

Oxytocin
release

Positive feedback loop /
causes

Uterine «—

contractions

|

livery of baby’
.stops the cycle







Disease

The failure to maintain homeostatic conditions.
Can be due to: pathogens or parasites, inherited
disorders, loss of normal regulatory control
mechanisms, degenerative changes, trauma,
toxins, environmental hazards, nutritional
factors.

Pathology - the study of disease.
Pathophysiology - the study of the functional
changes caused by disease..




Themes In Physiology
Homeostasis
Integration of body systems.
Cell-to-cell communication and
coordination.
Movement of substances and information
across cell membranes.
Compartmentation of the body and cell.
Energy flow.
Mass balance and mass flow.



Control Pathways
Three components: stimulus or change In
conditions, evaluation of the change and initiating a
response, and the response.
|_ocal control — paracrine or autocrine response.

Reflex control pathway — respond to changes that
are more widespread or systemic In nature.
Nervous system

Endocrine system
Cytokines



Reflex Pathways

Response loop — input signal, integration of the
signal, and output signal. Integrating center
compares incoming (afferent) signal from sensor
(receptor) to setpoint and alters outgoing (efferent)
signal to effector accordingly. Receptors have
threshold which must be exceeded to set reflex In
motion.

Feedback loop — modifies response loop.
Homeostatic if negative. Positive feedback loops
are not homeostatic.



Feed forward Control
Allows body to predict that a change is about to
OCcCuUr.
Response loop starts In anticipation of change, e.g.
seeing, smelling, or thinking about food.
Circadian rhythms — evolutionary response to 24-hr
day and to seasons.



Control Systems

Specificity — direct contact between nervous system and
target cells. Endocrine more general so multiple

tissues can respond simultaneously.

Nature of Signal — electrical and chemical for nervous
system. Chemical for endocrine.

Speed — Fast for nervous reflexes (120 m/s). Slow for
endocrine, min to hr.

Duration of Action — Shorter for nervous control than for
endocrine. Neurotransmitters removed rapidly. Depend on
multiple repeating signals.

Coding for Stimulus Intensity — depends of frequency of
signal for nervous control. Depends on amount of hormone
for endocrine control.



Control Pathway Patterns

(1) Nervous — neurotransmitter to target.

(2) Nervous — neurohormone to target.

(3) Combined — neurotransmitter to endocrine cell then
hormone to target.

(4) Combined — neurohormone to endocrine cell then
hormone to target.

(5) Combined — neurohormone to endocrine cell then
hormone to endocrine cell then hormone to target.

(6) Endocrine — hormone to target.
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There are two basic types of physiological
signals:

 electrical

« chemical

There are three ways of inter-cellular
communication:

1. Direct transfer through gap junctions

2. Local chemical communication (paracrine
messages from neuromodulators, cytocines,
ecosanoids etc.)

3. Communication from distance
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Four classes of membrane receptors
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An agonist may activate two types of receptors
with two different actions

Vessel dilates
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1.4. Methods

Scientific Methods In Physiology
. What are the steps?

 Observation

» Hypothesis

e EXxperimentation
 Replication of results
e Theory



Method (= pets + 0560)

= follow someone on the road,

= examining a subject with some principles and rules of procedure

= the scientific way of research = the proper and logical way of achieving a
goal

e.g. EEG, MEG, ECG

A method includes various

TeChnlqueS (< téyvn < TiKTO)

= a particular set of processes with which we face a specific
problem in the framework of a general methodology and under
specific circumstances

e.g. epidermal, epicortical, intracranial, extra- or intracellular
recording of brain generated electrical potentials — evoked

potentials, 3D visualization of EEG current sources in the
framework of EEG METHOD



EXperimentation
Independent variable — controlled by experimenter.
Dependent variable — responds to independent variable,

l.e. gives experimental results.
Control group — same as experimental group except that

manipulated variable i1s not manipulated. Purpose?




Experimental Design

Crossover study — each subject acts as both experimental and
control group.

Blind study — subjects are not informed.

Double-blind study — subjects and experimenter are not informed.
Double-blind crossover study — same group for experiment and
control, but double-blind.

Placebo effect — changes that occur because subjects are
participating in the experiment.

Ethical Issues. I.e. when humans are used as experimental subjects




The standard features of a graph include units and labels

on the axes, a key, and a figure legend.

Dependent variable (units)
I

— 1 unit

® Group A
X Group B

Legend —

Independent variable: (units)
_{Descrlh-es the information represented

__ by the graph)



Line graph.The x-axis frequently represents time; the points
represent individual observations. The points may be connected
by lines, in which case the slope of the line between two points
shows the rate at which the variable changed.

Males o Y
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@ i
= e ® i 4
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20 =
/ ---- o
-
10
-
| | | | I |
0 1 2 3 4 5 6 T
Day

Male and female mice were fed a standard diet
and weighed daily.



Food intake (g/day)

Bar graph.Each bar shows a fixed number or amount of a
variable. The bars are lined up side by side along one axis so
that they can be easily compared with one another. Scientific
bar graphs traditionally have the bars running vertically.

15 20 30

Temperature ( °C)
Canaries were acclimated to the temperatures

shown, and their food intake was monitored
for three weeks.

N W A OO N O
|




Scatter plot.Each point represents one member of a test
population. The individual points of a scatter plot are never
connected by lines, but a best fit line may be estimated to

show a trend in the data, or better yet, the line may be calculated
by a mathematical equation.

% Body fat

10

Increase in lean muscle mass (kg)

Male college students participated
in a ten-week weight training class.



©® Energy Flow and Law of Mass Balance

All living processes require nput Pé'ﬂ%’bﬂ‘t)gtes

constant input of energy

Where from? — - —

How is it stored? S iput must equalnput
How Is It used to do work?

1 ° 5 ° Output
E nergy Major routes for output?

—( T

Total amount of substance in body = intake + production - output

What substances are maintained through law of mass balance?



- A. Activation energy (E,)
Energy required A

TOr TRACTION = b o o

to occur (P,)

Chemical potential

P et -./

MNo
reaction

Catalyzed
activation energy
Energy level EcuctA E. =P -P.
of educt (P,) ==---| e t—e? -~ - - - B N\ oo
Free enthalpy
AGO=P,- P,
=
lovel 1 ProductB
Energy leve
of product (N Ry === —— oo N Q0O

Transitional state F

Uncatalyzed
activation energy

-

Reaction pathway

(Partly after |. Koolman and K.-H. Réhm )




— C. Aerobic ATP production

High-energy substrates:

Fats and
carbohydrates

!

Krebs
cycle
I = MNADH
|
o
':"_2_ Respiratory chain
l €« — c—— €
H_.f' H* "'l"'+
d HJ
W W . , —
H™ gradient
C{jz HED' l
End products L - > ATP

fcme mlates T 2R

7y

The free energy liberated upon
hydrolysis of ATP is used to
drive hundreds of reactions
within the body, including the
active transmembrane
transport of various substances,
protein synthesis, and muscle
contraction. According to the
laws of thermodynamics, the
expenditure of energy in all of
these reactions leads to
increased order in living cells
and, thus, in the organism as a
whole. Life is therefore
characterized by the
continuous reduction of
entropy associated with a
corresponding increase in
entropy in the immediate
environment and, ultimately, in
the universe.



Biochemical reactions are dependent on energy

Reaction pathway



Somatic Factors

Diet

Sex & Age

Body Size
Health
Circadian Status

Training/Adaptation

N I

/

Nature of Work

Intensity
Duration

Technique
Position
Rhythm
Schedule

Service Functions

1. Fuel
a) intake
b) storage
c) mobilisation

2.0xygen Uptake
a) pulmonary ventilation
b) cardiac output
C) oxygen extraction

3. Control Systems

Psychic Factors

Attitude
Arousal
Motivation

\

Energy Yielding Processes

Physical Performance / Survival

Environment

Altitude

High Pressure
Cold

Hot

Humidity
Gravity




Energy Yielding Processes

1. Fuel
a) intake
b) storage
c) mobilisation

2.0xygen Uptake

a) pulmonary ventilation
b) cardiac output

C) oxygen extraction

The ability of muscles to transform chemical energy to
mechanical energy depends on the capacity of

Integrative physiological systems to deliver fuel and
oxygen to the muscle cells.



Energy Metabolism in Cells

Carbohydrate =  Sugars
Fat =  Fatty acids =  ATP
Protein =  Amino acid

ATP + H,0 < ADP + P, + H*+

Anaerobic metabolism
Glycolysis
glucose = glucose-6-phosphate — 2 pyruvate + 2 ATP
- Reactions take place in cytoplasm
* In absence of O, yields 2 ATP molecules/glucose

Aerobic metabolism

Oxidative phosphorylation

- Reactions take place in mitochondria in presence of O,
* Formation of H,O from H* (Krebs cycle) and O, = ATP
- Yields 38 ATP molecules/glucose



1. Establishment of an H* gradient 2. H* gradient drives ATP synthesis and carriers
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Having studied the mechanisms of survival ... let US
define life

At the beach you spot a starfish.
How would you discover whether it is dead or alive?

—

* Responsiveness — alive organisms respond to changes In
their environment

« Adaptability — Alive organisms have the ability to
undergo long term changes in order to adapt to their
environment. \



What is life?

LIFE Is the property or capacity distinguishing
alive organisms from dead ones and from inert
matter and which iIs expressed with
endogenous functions, like...

* metabolism

e reproduction

 development
 responsiveness to stimuli
 adaptation to the environment

118



But ... 1t 1s not always so easy to define life
1.€. a car fulfills many of these requirements ...

* It responds to orders from the wheel and the
brake

* It moves
* It consumes gasoline and transforms it to energy:.

Is a virus alive?

119



The discovery of electrical excitability of tissues from a dead animal,
produced the wrong impression than a live human can be created by
assembling together all dead body parts and subjecting them to a
strong electric shock. It was a fake news which lead to great social
concerns , What was the moral issue?

-

BT (I ﬁ

A (VANISED CORPSE

Look, it’s moving. It’s alive, it’s alive, it’s alive. It’s moving
It’s alive, it’s alive, it’s alive, it’s alive, it’s alive!
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