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s, PhysiologyaiiomiAncient Greek (physis), meaning "nature,

erigint, and (-/og/a)) meaning "stlidy of", is the scientific study,
oipueuehNniving systems.This includes howior NS p—

I aIfS)/SLEMS, organs,i;djsyzand_ bio-molecules carry out the
siiEmicalior physical functionsithat exist in a living| system.

2 rltrnzis] ;'y'siology IS the science off the mechanical,
slVSiEelRaiEiBIoChEMICal functions of hNumans, their
IIUEIISAEGUAE CEllS off which they are composed.

—
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=) fﬁ.‘cipal level of focus of physiology is at the level of
= Organs and systems within systems. Much of the foundation of
~knowledge in human physiology was provided by animal

~ experimentation.

‘o Physiology. is closely related to anatomy; anatomy is the study
of form, and physiology is the study of function. Due to the
frequent connection between form and function, physiology.

and anatomy are intrinsically linked and are studied in tandem
as part of a medical curriculum.



http://en.wikipedia.org/wiki/Ancient_Greek_language
http://en.wikipedia.org/wiki/Organs
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Anatomy

>

CITr]g_study of; human,'mfﬁologr
dates back to at least 4200 BC and
trie e of clidodereitas g
known as the father of medicine.

QThe critical thinking of Aristotle and
nis emphasis on the relationship
petween structure and function markeds
the beginning of physiology in Ancient
Greece. '



http://en.wikipedia.org/wiki/Hippocrates
http://en.wikipedia.org/wiki/Aristotle
http://en.wikipedia.org/wiki/Ancient_Greece
http://en.wikipedia.org/wiki/Ancient_Greece
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http://en.wikipedia.org/wiki/Galen
http://en.wikipedia.org/wiki/Jean_Fernel



http://en.wikipedia.org/wiki/Vitruvian_Man
http://en.wikipedia.org/wiki/Leonardo_da_Vinci
//upload.wikimedia.org/wikipedia/commons/2/22/Da_Vinci_Vitruve_Luc_Viatour.jpg

Jezlr) Fe d'FFrench physician, intreduced™
DIERE il hyS|eI gg n-152-5j"'

2 I} tr)e _I)rn csr URAPRYSIC pgicalsknoewledgehegan tos
JCCJHJJL] ata rapld rate, in particular with the 1838
el r)r)e,n:]nr"* elithe Cell'theory of Matthias Schleiden
GIUSIIIED] oK Schwann. It radically stated that

Orgali ms are made up of units called cells.

;: clz ide Bernard's (1813—1878) further discoveries

- ,uTtlmater led to his concept of milieu interieur
“(internal environment), which would later be taken up
and championed as "homeostasis” by American
physiologist Walter Cannon (1871—1945).



http://en.wikipedia.org/wiki/Jean_Fernel
http://en.wikipedia.org/wiki/Cell_theory
http://en.wikipedia.org/wiki/Matthias_Jakob_Schleiden
http://en.wikipedia.org/wiki/Theodor_Schwann
http://en.wikipedia.org/wiki/Claude_Bernard
http://en.wikipedia.org/wiki/Milieu_interieur
http://en.wikipedia.org/wiki/Homeostasis
http://en.wikipedia.org/wiki/Walter_Cannon

20 ,n' Mry, bioclegistsialso became . interested
MMEWAGrganisms other than human bein netio
Avanu,m» PAWNING the fields of Ve
onysioloel V. and ecophysioloay. Major figuresiin these
figlds iricltde” SrltieSerlrrlic=Nigiserl 2l Gddre]
Bartnolonmaiy, VoSt recently;, evolltionary phvsmloqy
JelS Js‘CJI ea distinct subdi suplme

L] °Tg IE ghest honor awarded In physmlogy
= ~'- Nobel Prize in Physiology or

edlcme, awarded since 1901 by the
R_yal Swedish Academy of Sciences.
> The Nobel Prize in Physiology or Medicine 2016 was

awarded to Yoshinori Ohsumi "for his discoveries of
mechanisms for autophagy”.
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http://en.wikipedia.org/wiki/Knut_Schmidt-Nielsen
http://en.wikipedia.org/wiki/George_Bartholomew_(biologist)
http://en.wikipedia.org/wiki/George_Bartholomew_(biologist)
http://en.wikipedia.org/wiki/Evolutionary_physiology
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine
http://en.wikipedia.org/wiki/Royal_Swedish_Academy_of_Sciences

mbr SPrizein Physioloqgy or Medggn

PAIEANGDE) Prize in Physielogy. or M?d'l?ﬁﬁiﬂl4 Was
WIVIGEH) one half awarded to' John O'Keefe, the other.
JJI Jolgelzie mmmdﬁdvar-dd-lvleser———d
“For tr12ir \discoveries or cells that constitute a

,/JJ/r/ij /s g system n the brain’”.

‘ﬁ

e 2 13 Nobel Prize in Physiology or Medicine

UL :awarded jointly to James E. Rothman, Randy W.
Hekman and Thomas C. Stidhof “for their

= dlscoverles of machinery regulatmg vesicle traffic, a

-major transport system in our cells”

> The Nobel Prize in Physiology or Medicine 2004
was awarded jointly to Richard Axel and Linda B. Buck
“for thelr discoveries of odorant rece pLors and the
organization of the olfactory system


http://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine

NoBelPriZenn Physiology orMedicine
ey ovel Prizen. Physiolog y.aW 7998’
Westaaraed jointly tONROLEr: I FUrcigott, Lou/s J.

VGIEIONEa e M UIEa: O LIl GISCOVEES
coricerrlirlel rliiglone) leleh )

SIgHalng THoIeCUIE
oG/ OV E5CUIEN: SY/StEN
CeNVopel Prize in Physiology or Medicine 1981 Roger W.
BIETI/aI0)311I5 aISCOVEres corncerning the functional
BIEGE)/2al/0/1 Of the cerebral hemispheres”
SsSlieiNobel Prize in Physiology or Medicine 1981 - David
S Hubel and. Torsten N. Wiesel "for their discoveries

_'vf"_,_- B

"f?f‘:ca/zc:e_m/ng /nformation processing in the visual system”
> The Nobel Prize in Physiology or Medicine 1936
= Sir Henry Hallett Dale and Otto Loewi

“for their discoveries relating to chemical transmission of
nerve impulses™
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http://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine
https://www.nobelprize.org/nobel_prizes/medicine/laureates/1936/
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J‘JJJIJJJ’J dmeostasis«s-derived from the
SIEER NOMEO oF "constant”, and stasis or
”Ju_)lé” and means remalnmg stable or

ram,nr 19 the same.
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,,_.J:f el uman body manages a multitude of highly
“complex interactions to maintain balance or return
*'systems to functioning within a normal range.

> These interactions within the body facilitate
compensatory changes supportive of physical and
psychological functioning.

> This process is essential to the survival of the person
and to our species.
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giiEse ind V|dual cell functions are coordinated by
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mJL!F E regulatory systems operating in cells,

’{_:3—— ues ‘0rgans, and organ systems.

--—-.'Essentlally all of the organs and tissues of the body

- perform functions that help maintain the
constituents of the extracellular fluid relatively
constant.



Human homeostas
= "’E'

5 The liver, tiesddnays, e ez i OOtz S s e
autonorrie Ot Secn); and the'endocrine
Ve HElprmaintain' homeostasis.

IRENIVEr IS responsible for metabolizing toxic
b bialiGes and maintaining carbohydrate metabolism.

=SHe Kic neys are responsible for regulating blood water
—Bvels, re-absorption of substances into the blood,
mamtenance of salt levels in the blood, control of

~ blood pressure, regulation of blood DH and excretion
of urea and other wastes.

® An inability to maintain homeostasis may lead to
death or a disease, a condition known as fiomeostatic
Imbalance.

-"‘
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Princ ples of control and.
i€gulation;in the humanllﬁ{

ShlilElman body. has; theusands, of control
S)SUEMS L hat are essential for homeostasis.

o [uye) r/f es systems. or requiation:

DJ,)@ ied - if between the output and input of
s 2rsystem has no connection.

= f osed where information from the output
~of a system is returned to the input of the
same system:

»>negative feedback loop
»positive feedback loop




Principles of control'and regulationin
' —

— the'human body*

A newﬂv: ecdbackdoopaisiatype ofiselisiegulating.

\/Jzem WhEre increased output /rom the system

Irir J.)JL‘:)J‘ ture production by the system. In other

Wores é system controls how much product it

f1] .msb shutting down manufacturing when levels of

—out BUt or the amount of accumulated product gets too

= 1|§h"

e Negative feedback systems are responsible for many
types of hormone regulation in the human body since
they are good at maintaining relatively constant levels
of output.
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Scheme of negative feedback loop
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ieearee of effectiveness with which trol ..
YSUEN alntalns ‘constant conditi determined

X 'hs iniof the negative feedback.

IENFEINS calculated according to the following
forslUERs 5. -

f

EEii=C rrectlon/Error
_J SJ ontrol systems, such as those that regulate

90! ‘y:t'emperature have feedback gains as high as —
33 ~Which simply means that the degree of correction

s 33 times greater than the remaining error.
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N EoNo) of adrenal cortex hormones secretion

TR

Hypothalamic - Pituitary - Adrenal Axis

Stress

= )i Hypothalamus

_H & Pituitary Gland

a;]lABTH
f i Adrenal Cortex
Il

c;‘mStimuIation
& Inhibition

Negative Feedback

l s Decreased immune function E
ACTH= Adrenocorticotrophic Hormone GOl ~ st gragn st REEKY MEDICS ="

CRH = Corticotrophic Releasing Hormone
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entrol of thyroid hormones secretion
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Nerve impulses from Brain stimulates
cervix transmitted pituitary gland to
secrete oxytocin

Headof baby ~ = = ‘B Oxytocin carried
pushes against JL - 7 ) . in bloodstream
cervix - = : IS to uterus

Oxytocin stimulates
uterine contractions
and pushes baby
towards cervix




_ Positi
Cycles and D es C |I'* 1'1‘-"
o A systapiigk)e exhlmosltlve feedback responds toe

2 Derturoztlon Wittl crlzlricles trleit el elffiy tplel S
geriur'_)“" and! therefore leads to instability rather
tras 3 hty

SSOIREX A Dle severe hemorrhage may lower blood
r)re\ Slire to such a low level that blood flow to the

~— _—_-

e

= Heart is insufficient to maintain normal cardiac

= PUmping; as a result, blood pressure falls even

- lower, further diminishing blood flow to the heart
and causing still more weakness of the heart. Each
cycle of this feedback leads to more of the same,

which is a positive feedback or a vicious cycle.



Plasma Membrane Structural Components

Glycoprotein
Carbolévdrate

Hydrophilic  Side Chain

~—— Hydrophobic -~
= = Region

“—- Hydrophobic
“5  Region

Hydrophilic
Region

Transmembrane
Protein
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*Cell' membrane structure

Copyrighl © Thes McGraw-Hill Companies, b, Peyon ssio s recuired (o reproduction o display.

Fluid Mosaic Model

Transmembrane
Extracellular fluid protem Glycoprotein
Carbohyd rate
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cytoskeleton



'Cell membrane structlire ™

Extraceliular envitonment

(ated
channel

Cytoptasm

Copynght © 2001 Borgamin Cummings, an mpant of Addison Wealey Longman, Inc
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Gtions 0f Dro!e!E“transport of Iens and molecules SEerve'as
CAINESIEGERLONS; fior hormones & other subs; NEES; 57 Self-identity

—

IIEIKETSAGE to cell adhesion; attachment to'internal cytoskeleton.

Copyright © Tl MoGraw-Hill Conpanies, ba. Perin ssion recuinsd (ur regrododtion or display.

Functions of Plasma Membrane Proteins
Outside |

S P |
" Plasma
| membrane

| Inside G‘/\O
R ——

Transporter Enzyme Cell surface receptor

Cell surface identity Cell adhesion Attachment to the
marker cytoskeleton



assive transport: Diffusion - 'the movementiofia
SUbStdancefrom an area of high concentration'to anjarea
DIMOWER concentration’(@concentration gradient).

AEOISIONWRICH tHE rate of: diffilision depends:

; Diffusion

~ e
v

- C J[]_ ration gradient
i e meability of membrane
= 5’ stance

> surface area

> temperature

i\' conccn?nat&a fl;.m cmcmtr—'c;m;n

@ solute

Solute transport is from the left to the right;
movement of the solutes is due to the concentratio
gradient (dC/dx).

g T, ‘
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e
Eacilitated diffusion - diffusion throughtcariier,
PIGLEIISIWItNIN cell membranes.

USSR reuuired ur e reducion o Jisplay.

gl & T NoCraw-riil Conpernes, b, Fe

Facilitated Diffusion

.- Qutside of cell F] &
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Inside of cell




Osmosis - diffilision of water through a selectively

PERHIEALIEIMEMBDrane. ﬂ( ——
OSIBUEHPRESSUTE always moeyes, water towara AYPErtonic side
(12 sicla co)y talnlng the least amount off water) off amembrane.

th?he MeGaaw-Hill Comnpanies, b, Perin ssion recuiressd [ur reprodoction o display.

Osmotic Pressure

Urea Semipermeable Water
molecule membrane molecules

Copyriy




Isotonic
Amount of water transported
into the cell equal to
the amount of water
transported out from
the cell

HOL—

Solute concentration
nside the call s Equal
1o the solution

ouiside the ced

Water moves
into the cell

Hypertonic

The cells shrink
Water is transported
out from the cell
H,0
Solute concentration
inside the cell is LOWER
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COpyngm © The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

Hyperosmotic Isosmotic Hypoosmotic
solution solution solution

Shriveled cells Normal cells  Cells swell and
eventually burst

. . . e

Human red blood cells

o)

Cell body shrinks Flacc1d cell Normal turgld cell
from cell wall

Plant cells




Cc-pyn’gh@hc McGraw Hill Companics, Ing. Pcrmission rzquited for reproduction or display.

Table 54.1 The Ionic Composition of Cytoplasm and

Extracellular Fluid (ECF)
Concentration Concentration Equilibrium
in Cytoplasm  in ECF Potential
[on (mM) (mM) Rato  (mV)
Na* 15 150 10:1 +00)
K* [50 ) [:30 90
G5 7 [10 5:1 ~70



A small number of sodium (Na*) ions continually leak
into the cell. This makes the membrane potential
more positive, weakening the electrical restraint on
the movement of potassium (K*) ions. A small
number of ions now leak out of the cell.

Semipermeable
membrane

As Na* ions accumulate in the cytosol, they are pumped
outward in exchange for potassium ions by the Na*/K*
pump. The result is a low concentration of Na* ions
inside the cell. Some Na* ions in the cytosol cause the
membrane potential to be more positive than the
equilibrium membrane potential for K*.

Na*

Na*/K* pump @

Cytosol Extracellular fluid

© 2012 Pearson Education, Inc.

Cytosol Extracellular fluid




AGHiVEe trianspert: - transport proteins within the
membrane must use metabolic energy (fromiATR)
ONTOVe Substancesieither to theinsideror outside”
PIRtENEMbrane. :

UM pUmp

Inside
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ENIHENSOUIUm=-potassium pumpmy_gteb%gkﬂi' .
geWRNnto ADP in EFHer to pump sodium three
10)F1S O ';" 6lali s |memﬂ\7hﬂe‘“
WPUINPS tWo potassium ions into the cell. The
APIphiosphorylates (adds a phosphate to) the
fIEmbrane protein as it binds to the sodium
=and breaks down, and it dephosphorylates the
= protein as it binds with the potassium. Cellular
- respiration must occur to add the phosphate

back to ADP, thus restoring the ATP.




EXTRACELLULAR [Na*] high
FLUID [K*] low

i
W

il e

W ™

: [Na*] low
cyToPLASM N [K*] high

€) Cytoplasmic Na* binds to
the sodium-potassium pump.

€) Phosphorylation causes
the protein to change its
conformation, expelling Na*
to the outside.

@ Na* binding stimulates
phosphorylation by ATP.

'

-
S
—

—

@) Extracellular K* binds  Loss of the phosphate () K* is released and Na*
sites are receptive again;

restores the protein’s

to the protein, triggering
original conformation.

release of the phosphate
group.

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

the cycle repeats.




e ﬁ:’" -
Injcotransport, one process (the Na-K pump), is couplediwith

moyementof a molecule of sugar(glucose) ot the cell,
whilexallowing sodium to enterthrough the protein.

N

Copyright © Tlas MoGraw-Hill Companies, ke, Parnn ssion revuired (or reprododtion or display.

Cotransport
Outside of cell

OO+ Sugar
Na O

’ Coupled
Na-K transport
w pum_f LA proteln ML

| o
J 3 S
i, ” '. e

LN

A\
K*l;’

Inside of cell
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Endocytosis - An active Process ofitaking in something tArotgh

d CEIINTIEMbrane, WhICh USES ENErgy (ATP Pacacos IS —cell
eating. -

Copyright © Thas MoGraw-Hill Connpanies, k. Perin ssion revuinsd (ur regrodoction or display.

Endocytosis — Phagocytosis

Plasma
me mbrane

Cytoplasm



——

Copyright © Thes MoGaaw-Hill Connpanies, k. Peyin ssioo recuinesd [ur regprodoction or display.

Endocytosis — Pinocytosis

Plasma membrane




S
S HEIp to attach molecules to the membrane
-'._ NG them 1R o

Copyright © Thas MG aw-Hill Conmpanies, b, Pevin ssioo revuinsd [ur reprodouction or display.

Receptor-Mediated Endocytosis

Coated fito,,—Target molecule
o}

: E i Receptor u

Coated vesicle

protein
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BeykC IS - the opposite of endocyto SiS, IS also
Jn deLVe process.

-

Copyright © Thas MoGaaw-Hill Connpanies, ke, Perin ssion recuinsd ([ur regrodoction or display.

Exocytosis

Plasma  Secreto ™Y
ry_. 2 ‘. .‘

- membrane product o

" Secretory
vesicle

Cytoplasm




WEEElISiare organized ™o form tissues, and tissues areerganised

LONOENIGNEans: lissues are formed by an agdgredation’ ofiikes
eeliSiealiying out a like ftnction. Cells are linked together by
celljtinctions and are sUpported by a matrix which they
WIEINSEIVESISECIELE: e

IEIGElINURCtions are basicaly: of three types, tight,
gSmosomal, and gap.

J

1
o

e
o —
| —

s

Gap Junction Desmosome Tight Junction



[Histelegist ngthe tissues accordlng to their
oflysies Eatures, physiologists tend to classi .tlssues
dEOIUINGROhEIF functiony Ihere arefeufmajor types DEs o
UISSUESTE]: |theI|aI connective; neural; and

I.I'JJ.)S.JJJJ"; Jmem— , . —
J JJHJHJ’ of Epithelial Tissue Propetrties

----

Or JJr zed in sheets. Provides covering: Lines
;.surface hollow organs, cavities and
S I0Es. Provides tissues for secretory glands.

“>Matrix is minimal in ammount, forming the
‘basement membrane of the sheets of
epithelial cells.

»Cells are polarized with a 'surface' and
‘basement’ side.
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SHAONSOWING &l enterocyte, asmall intestine epjtiielial cell;
VIESCICE) SIEIENDOUNG DYAtIGHL JURGHORS, GEPIGIEaDY the yelowW™
OVEISHIAIENIUStration. INOtENtHENTIICroVIll WilCH IACTEasE the

20300y Zlrgz) Z) ) b z) rltjrlelrelo]el

W & ——
Unstired Layer
O (‘?‘u

Brush Borde



s luminal membrane -
pse and galactose are transported by sodium-glu transport
L).through the apical_memberu’b—

Iy active one. B —_—
IS transported by T5 - facilitated diffusion.

Lumen ¢ Epithelium ” Interstitial
SGLT1 =i

| Galactose O v

gy B N
Glucose @ &5&— __ , Gjlucose @
]
Na"" =

S

Absorption of
monosaccharides is driven
by gradients generated by
basolateral transporters.

> Transport across basolateral membrane

v Glucose, galactose and frucrose are transported by GLUT2.

The reabsorbed substances in intersticial space increase osmotic pressure ->
water flows to it -> increase of hydrostatic pressure -> reabsorption through
capillary walls.
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