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GENERAL & CELLULAR PHYSIOLOGY Active space -----

Homeostasis 00:00:10

Cloude pernord : Coined the term miliew interiew (nternal environmend).
Walter Cannon : Coined the term homeostosis.

mMaintenance of homeostosis

Control s53+ems

{

Negodive feedback | Positive ‘\;eedback\ | | Feed-forward |
INncreose %l\owid by decrease : Increase $o\\owt3d by increase ﬂn’dcipo&orj changes :
£g, Baroreceptor reflex. €0 CLAPS * No stimulus.
C\o’c{'\ng. * example :
Co en’crﬂ into sarcoplasmic - Th‘mH'\ng oabout
reticulum. exercising —» Tees 1 me
LH surge. = 600\5 temperature.
Action potential.
Povrturition.
Shock.

Assessment of eflectiveness of negodive Leedbock :

_ Covrrection
error left after feedbock

* error lett () —» Not o good control system.

gain

* 0 error let —» gain is 'm%m%g (Role of kidneys in regulating &P).

Cell Membrane 00:09:00

Carbohydrate

ilntegral membrane Lipid anchored protein
protein

Lipid bilayer

Peripheral protein
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2 - Physiology

membrane Lipids g
Phosphol'\p\ds :

. Phospha’cidﬂlchol\ne/ Lecithin/ Dipalmitoyl phosphatidyicholine (oeee) :
Present in surfoctont.

* Sphingomyelin : Present in nerve surfactant.

- Lecithin - sph‘mgomge\'\n rotio :

L .
a 2 8 — Adequate fetal lung moturity,

Phosphatidyiserine P :

- Inner surfoce of cell membrane.

-1¢ expressed outside : eod-me signol —» Cell undergoes apoptosis.

PhosPhahdﬂhnos‘\’col : Second messenger.

* Cardiolipin : Mitochondrio of heart.

6\\5col'\p'\o\s :

Tﬂpes Site

S'\Sn\?\cance

Cerebrosides | CNS

e\anqhos‘\des QT

&M-1 gangliosides : Receptors for cholera toxin —> Fragment @.

Skerols : Cholesterol (Flu'\d\’cg buffer) —» maintains membrane S}\u‘\d\’%.

Charocterigtics of Sé\uud'\kg B

it

Increased Sluidity Decreased Sluidity
eflect on health Good Boad
Type of fotty acids unsoduroted (gssentiod Soduroded (Trang)
* Linoleic acid. ® Stearic acid.
* Linolenic acid. * Palmitic acid.
* Arachidonic acid, (Abundant in junk $oodD.
examples * Omego-3 Fatty acids : Abundant in fish.

00000

membrane Proteins :

Tronsmembrane pro’ce'ms :

Cystic Qbrosis fransmembrane conductance requlotor (CFTR) :

® Chloride chonnel.

* mutodion : C/gs’dc fbrosis.
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Per'\pherod pro’ceins :

General & Cellular Physiology - 3

cell Protein Diseases due to mutodions
RBC Spectrin elliptocytosis
®iconcave dis® | Ankyrin Spherocytosis
Skeletal muscle | Dystrophin | Duchenne muscular Dystrophy (M)

Lip'\d onchored pro’ce'ms/ &Pl anchored pro’ce‘\n :

® Present in RBC on\g.
* examples : CDSS § CD S9

* mMutadtion : Paroxysmol Nocturnal Hemoglobinuria (PNRD.

Cell Organelles 00:20:10
rough smooth endoplasmic
endoplasmic reticulum (SER)
reticulum
(RER)
vesicle
Golgi
apparatus
lysosome
&ndop\asm\c reticulum :
Rough gR Smooth er
@ranulations @ due to ribosomes ©)
O 6‘\035n’ches\s of proteins. * Drug detoxification
* Along with chaperones, aid By CYPASO i liver.
Functions in protein ¥o\d\n3. * Colcium storage.
* zR-associoked degradoedon : * Steroid b\osSn’chesis.
Destruction of misfolded proteins. | (Adrenal gland, liver, testis, ovary
e\olgi apparoecus :
Two ends :

* Cis end/ receiving end : Receives protein Post translational modification . \/egicles,

* Trons end/ releasing end : Releases vesicles.

Lysosomes : Aka. suicidol bags/ residual bodies.

* Involved in acid medioted destruction.

* enzymes : Acid phosphatase, acid hﬂdro\ase.

O Au@copha% : Dur'\ng starvodion.

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



4 - Physiology

Peroxisomes :
* AKA microbodies.
* Functions :
- Oxidation of long chain § very long chain X‘aﬁg ocids.
- Generation § degradation of H O, by catolase.
- Synthesis of plasmalogens.
* Peroxisomol disorders : Zellweger SBndrome, Refsum disease.

mitochondrio. ¢
* Derived from ovum (Makernal inheritance).
* Human mitochondrial DNA : Circular dsDNA (6,500 base pairs).
* mitochondrial DNA mutodions :
- 710 fimes the rote for nuclear DNA.
- Affects organs with high metabolic requirements :
Skeletal muscle, CNIS, liver.

Nucleus :
* Contain blue prints for DNA : Chromosomes.
* DNA + histones = Chromodin : Repeating structural unit called nucleosomes.
* Nuclear pore complex : Regulotes movement of substances in (importing) § out

(exporting).
MARKER eNZYmes
Cell organelle Marker enzyme
Cell membrane No'- K" ATPase
endoplasmic reticulum &lucose—l-phosphotase
solgi apparotus Golactosy tronsferase
Lysosomes Acid phosphatase
Peroxisomes Cotolose
mitochondriod ATP sgn’chase
Nucleus RNA polymerase
Cytoskeletal Filaments 00:32:55
Tgpes 3 EE
mMicrotubules :

Size L,arges’c.

microtubules
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General & Cellular Physiology - 5

T5P|€S ----- Active space -----
Kinesin : Tubulin : Dﬂne'm :
Forword oxonal ’cmnspor’c O Helps in movement of ® Reverse oxonal Jcmnsport
(cell body —> Sgr\apse) chromosomes during (SBnQPSe —» cell bod3>
cell division. * motility of cilio Lung),

* microtubule inhibitor drugs :  sperm, Fallopian tubes.
Vineristine, vinblastine
colehicine (Rx : Cancer).

microflaments : Intermediote filaments :
* Size : Small * most abundant §
* Types : Actin § myosin. act as tumor mavrkers.

® Function:

- Muscle contraction : Sliding Slarment ’cheorg.

- Ccell mo‘ciliJrB : 65 actin polgmerisoedon.
€qg * Tumbling motility in listerio. %

microfiloments Intermediote Sloment

Filament Tissue mMayker for

_ gpithelial tissue gpithelial carcinoma.
reratin

Liver (Mallory-denk bodies) Alcoholic liver disease
Desmin muscle Rhabdomyosarcomao
Vimentin Connective tissue (Fibroblaste) | mesenchymal tumors

glial Rbrillary acidic protein (GFAP) Astrocytes Astrocytoma

Lamin Nucleus Progeria. (Premature agino)
Cellular Junctions 00:40:37

Tigh’cjunc’don

2.onula. adherens

DesMmosome

G\ap\junc’dons

Focal adhesions ——

Hemidesmosomes
Bosal loamina
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Physiology

Cell Junctions Protein Charocteristics § Clinical importance
Cell - Cell junctions

® Colcium dependen’c I'\nhages.
* Linked to octin.

2onula. adherens Cadhering

* Linked to intermediote floments.
* Seen in areas of mechanical stress : Skin,
° Desmog\e‘m. uterine cervix.

DeSmosomes * Desmocoling. | ¢ Pntibodies agoc\r\s’c desmogle'\n
Pemphiqus Vulgaris
Occludin -
nMutadion in claudin
2onulo. occludens .
Cloudin Fomilial ‘nﬂpomagnesem\a with
hﬂpercoJc\ur\a 2 nephrocaleinosis
connexon * Abundant in heart.
Sop junctions ( Connexon = | ®* mutokions in connexin —» Cardioc arrg’chmio\.

b connexing) | ® Chorcot-marie-Tooth diseose.

Cell bosal Iamina\‘)unc’dons

Hemidesmosomes - Linked with intermediote Sloments
Focal adhesions - Linked with actin
Cellular Messenger & Receptors 00:46:47

cellular messengers/ Hormones :

Class examples
Tgros‘\ne —>» Cofecholamines :
- 'z‘:p'\r\ephr'\r\e.
AmMino acid derivadives . .
- Morepmephrme.
= Dopam‘me.

Large pro’ce‘m hormones :
Protein hormones ° Sl AA: Insulin,
® 84 AR : Parathormone.

Steroid hormones :

* Aldosterone, cortigol.

° ‘&s‘crogen, Proges’cerone.
® Testosterone.

Cholesterol derivodives

Vitamin derivodives vitomin A § D
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General & Cellular Physiology - 7

messenger

Hormone Qecep’cors ¢

Hormone : I

Hormone

.;;x.

extracellular/cell membrane recep’ror (mogor'\’cg of pro’ce‘\n hormones)

AP messenger

Nucleayr recep’cor
Infracellular receptor
Cytoplasmic receptor (mogor'\&ﬂ of steroid

hormones)
Tﬂpes :
8x’crajel\ular
!
Cell membrane receptors : Cﬂ’coplasmic recefa’cors : Nuclear recip’cors :
* g-Protein coupled * Steroid hormone receptors * gstrogen receptor.
receptors (noactive state) in cg’cop\asm. * vitamin A : Retinoic
* Receptor tyrosine * Hormone + receptor (nactive) acid receptor (RAR).
kinose (nsulin l * Progesterone
* Cytokine family (eH, Activated complex receptor.
Leptin, &rg’chropoie’c'm) lﬁﬂ’fefs * Thyroid hormones.
Nucleus
* examples :
- Glucocorticoid recep’cor.
- mineralocorticoid receptor.
- ﬂndrogen receptor.
- Vitamin D receptor.
& protein - coupled receptors (ePCRY) : / e _ J Hoend
{ —
* AKA T transmembrane/serpentine receptors. 299 2090999299 339

* Heterotrimeric : 3 subunits (ﬂ\ph% beto, Samma). I

* mechanism of action @ Inactive GPCR &Q& KWQKKMM @QKWQ
39 VI8

l Hormone binds

0L subunit separotes GDP GTP
. G protein G protein
lQCJf\\/O&QS GPCR (inactive) (active)

Secondary messengers enters &PCR — mechanism

Cell response

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



Physiology

Second messengers :

are messenger Hormone Function
vasopressin (Va) Woder reabsorption
cAMP G\Iucogon metabolism
Secretin electrolyte (HCO, Dsecretion
voasopressin (VD, endothelin vasoconstriction
Caleum Oxutoci Uteri troct
xukocin erine contraction
(P, - DAY J
- &xocuﬁos'\s
Nitric oxide vasodilotodion
cgMmpP
Nadriuretic peptides Reloxadtion
Membrane Transport Processes 00:58:55
Passive g Active Transport :
Passive (No ATP) Active (ATP) .

Simple ditSusion

Focilitoted difSusion

Types Charocteristics
* Fick's low : DifSusion
— Directly proportional : Membrane surfoce area,
Possive S'\mp\e ditSusion concentrotion 8rad‘\en’c.
transport - Inversely proportional : membrane thickness.
* example : DifSusion of gases in lunos.
Focilitoted diffusion Carrier proteins : GLUT, aquaporing.
Pﬁma@ P S ¢ ATPoses
umps : e
active transport
fetive * Cotransporter (S@e d'\Arec’df)n) : S6£LT, r\lfx \” swnpor’cer.
tronsport Setondary axcbangers (Opposite d\re_c’non) ~_C,\ HCO,” exchanaer.
_ * Vesicular transport : Require calcium
active tronsport .
- exocytons (SNARE proteins).
- endocytosis (Clathrin, cubilin)

Physiology Revision « v4.0 « Marrow 8.0 » 2024




General & Cellular Physiology

OSMOoSsis :
* Diftfusion of woter.
* movement :

1 woder concentration/ —» | Waker concentration/
} solute content T solute content

Osmolarity (mOosm/L) :

Hypertonic Hypotonic
& x N + 0.055 x glucose + 0.3b x Blood urea nitrogen SR —
(meq/L> (mg/dL) (mg/dL) @ solute molecules
© Water molecules
Concept OF Soturation Kinetics : Saturation Kinetics
* Followed b5 :
- Active ’cmnspor’c. Rote
- Facilitoted di®Susion. of
_ ) ) transport
* Not followed b5 : Simple difSusion.
Concentradion of substance
Membrane Potentials 01:09:40

Resting Membrane Potential ®mp) :

mechanism ¢ Intracellular T K" concentrakion + exdracellular | K" concentration

|

Passive diffusion of K™ out the cell

|

T ntrocellular negative charge RMP)
Hﬂperlﬁodem'\a :

T extrocellular K™ (| difSusion) —» dDepolarized cell (T +ve) — | excitoble.

Hﬂpolﬁodem\a=
} exdracelular K™ (T ditSusion) —» Hyperpolarized cell (| we) — | excitoble.

volues ¢
Cell RMP
Neuron -70 MV
Skeletal muscle
-90 mV
Covdiac ventricle
Sinoadriol node ~60 40 —40 MV
Cayal cell Clp) (Restless mp : Oscillatory RMP
Pre-gotzinger complex os they are pacemakers).

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024
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1Y - Physiology

gquilibrium Potential :

No ion movement.

Nernst equadion : €x = * bl log

\‘\65 :
* ¢ gquilibrium
* x:lon
® Co: extrocellular concentrodion

® Ci: ntracellular concentrotion

Ci
values :
lon gquilibrium potential
No + (0 MV
2y -90 mV
¢l | =70 mv RMP of neuron)
Co™ +130 mV
Gibbs Donnan effect :

Presence of non-difSusible protein (aniong) afSect the distribution of ditSusible ions.

x (nside) m Y (Outside)
K K
> Diflusible
cr ¢l

» Non difSusible

Proteins (Bnions)

Cellular Fluids

01:18:27

Classification :
Totol body water (4a l)|=

0% of total boo\g uoe‘\gh%

{

1/2 extrocelulor Suid (eCH)

}

/3 Intraceliulor Sluid (CP)

G4 L a8 L.
.
Interstitial Sluid Plosmac
(os L. (as L.
Fluid Indicators :
volume Indicoators

Total body wodter

Deuterium, Tritium

extrocellulor Suid (eCF)

Inulin, sucrose, mannitol

Plasma. volume (PV)

Albumin, evan’s Blue dye

Blood volume @®V) = PV/(I - Hemodoeri®) | Chromium tagoed ReCs
Interstitial Sluid = eCF - PV Nil
Intracelular Sluid = Tew - eCF Nil

Physiology Revision « v4.0 « Marrow 8.0 - 2024




Dominant Solutes/lons :

General & Cellular Physiology - 1

eCF ICF
Dominant coations Na" K> mg™
Dominant anions cr” Phosphotes, protein anions

WwWoker Loss :
Tﬁpes
I
Sensible woter loss Insensible waoter l0ss
(00 mil/ dag) (b00-100 M/ da5>
l I
Sweoding. SKin. Lunogs.
Dovrrow Yonnet Diagmm g
° Normal Darrow Yonnet o\iagmm.
4 ~\
300m0Osm/L
(Normal osmola
- ormal 0smo cm’vg)
£
g
Y axis — | @ a/2" 1/2
ICF ECF
o .
Normal Darrow Yonnet d'\agram
* excessive Noll intake — nger’cens‘\on.
volume | Osmolarity | —m8Mm - key:
eCF ? ? | —Normal
CF | 1 | ----Disease
ICF ECF

Osmolarity

Dovrow Yannet diagmm : Hﬂper’cens\on

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024
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_____ Active space -——— NERVE MUSCLE PHYSIOLOGY

Nerve 00:00:11

Cells in central nervous SSS’cem :
* Neuwrons : Functional unit.
* Slial cells : Supporting cells.
I newron 10 8\%&1 cells.

glial Cells Classification :
macrogio nmicroglio.

l
v
o I

Microglia (modified
immune cells)

Satellite Schwann
cells cells Oligodendrocytes Astrocytes Ependymal cells

macrog\'\a :
° ns’crOC3’ces :
- Blood-brain barrier.
- Produce neurotrophins : Nourishment for neurons.
- Synaptic clearing : Takes up excess K" newrotransmitters.
° Ohgodendrocg&es P CNS — mgehnoedon.
* Schwonn cells : PNS —» mﬂehna’dor\.

m'\crogha : Phagocxjcos'\s.

Structure of Neuwron :

Dendrites (Receiving end)

Axon Terminals

Nucleolus
Schwann cell

Cell body Node of Ranvier :

« No myelin.
Axon Myelin + Na* channels.
sheath

Nucleus Conduction

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



Nerve Muscle Physiology

mgel'm :
. L\pid componen’c : Sph'\ngomge\'\n.
* Protein compor\en’c : mge\'m bosic pro’ce‘m.

Au’coan’dbodﬂ Jcourge’c n mulhple sclerosis —» Demﬂe\ino@c'\on.
* use: | Nerve conduction velocity,

Foctors AfSecting Nerve Conduction Velocity (NCV) :
* Axon diameter : D'\rec’dﬂ proportional to NCV.
* myelinaion : TNCV,
* Temperature : D‘\rec’dg proportional to NCV.
* Taxonal resistance/ | membrane capacitance : TNCv.

Nerve Action Potential :

Absolute Relative

refractory  refractory Phase I : Local potential (Slow Naw inflwo
period (ARP) period RRE)

| | | (=70 MV —» -S5 M.

13

Phase I\ : Depolarisation (Open‘mg of voltage ooted No
Ty | ©overshopt | channel, fast Now inSlw).
Wl Al | Phase I : Repolarisation (4™ efS1usd.
fg: . 2 Phase v + Hyperpolarisodion @) influx § slow closure of K"
g | % chonnels).
s %. ARP : From threshold 4o initial 1/3 o$ repolarizodion .
55 red - * |nactivodion of No chonnels.
Thresho Resting state ° .
RMP-70 - Second stimulus —» No response.
Stimulus
RRP :
ooV — — — — * From I/3 0% repolarization to end of action potentiol.
0 1 2 3 4 5 * Second stimulus (Moximum s’creng’rh).
Time (ms)
Action potential Response

Classification of Nerve Fibres :

erlanger § Gasser Classification

_ _ 4 Lloyd Hunt Classification
Fiber muelin Diameter Oonfiuc’c\on YT (O“B sensory fbred)
type (v | velocity (/9
muscle spindle (Proprioception) lo.
AOL nMoxinuMm Golgi tendon organ lb
0. mMotor neurons @
ap ® Touch, pressure I
Ay motor to muscle spindles (Y motor neurom ©)
Ad Fost/First pain n
& Y Pre—ganglionic autonomic @
c e | minimum Slowest Slow/second pain, Postgangionic sympathetic v
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14 Physiology
----- Active space ----- Nerve \ijﬂ C
wallerian/distol degeneration Retrograde/Proximal degeneration
ULSuod\g beg'\ns within a4 hrs after injury Within 26 hours of injury

Axon degenerahon —> mge\'\n sheoth * Nucleus pushed ‘o per'\pher5
degeneration —» Debris cleared by * Destruction of Nissl bodies (ReR)—» Chromadolysis
macrophages § Schwann cells

Nerve Qegenera’c'\on g
* Slow process : Beging ofter 96 hours of injury,
®* Rote:l -3 mm/dag.

ldentificotion test :
Tinels sign on {'appmg oreo. over '\qured nerve —» T 'mg\'mg sensoadion present —
Nerve is regeneroec'mg.

Skeletal Muscle 00:25:12
) . . ) Actin.
Functional unit : Sarcomere (Between a 2 lines) —» Pro’ce\ns{
m5os'\n.
Structure of o sarcomere :
H bond : r\lon—over\app\ng
2 line (60undar5)— é | bond. (Actin) part of RGO
ebulin : — ‘ ‘ I I/mgomes'\n (Attoches myosin
Reguladeslength Bl - o o o m e e mm == . ﬂf to m-line)
of actin O—octinin
(attoches actin 40 2-line)
m5osin » A/ — Actin
Titin : e g g g
* extends
from 2 fo m
line | - line |
®* Feoture:
‘é\o\s{"\cﬂ'ﬂ

A-band (mgos’m)

Skeletol muscle pro’ce'\ns :

Contractile pro’ce‘ms Suppor’d\/e pro’ce‘ms Qeguloeconj pro’ce‘ms Relaxation pro’ceins

° ana a+ .
® Actin Titin ® Troponin o p '
) * Desmin ) Sarcoplasm‘\c reticulum
* myoen * Tropomyosin Calcium ATPase (SeRrCA)
\unn

* Dystrophin

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



Nerve Muscle Physiology

Neuromusculor Tronsmission :

Action potential (res’mg membrane potential = —T70mV)

No™ influx § K efSlux
O.—motor neuron

Potential drops to —40mV.

— Sensed by Co3* chonnels
—> v
Neuwrotronsmitter - Cod influx

y

&xocg%os'\s of Ach vesicles

Ace’cglchohne
(Ach) vesicle

ach ach nch Nicotinic Ach receptor octivoted

No inSlux

A
U\ /

Creotes end ploere po‘cenﬁod

= VOl’coge 8&’(60\ Not channel

[ w* chonnel Summodion of crossing threshold
B vottage goted Cad* channel ¢
[ Nicotinic Ach receptor Action potential

muscle contraction.
Diseases :
* Lambert eoton mﬂas’chen\a Sgr\drome Lems)
Autoantibodies against voltage goted Co’" channels.
C mﬂas’dmen\a gravis : Autoantibodies against Nicotinic Ach receptor.

Skeletal muscle Calcium Channels :
Dihydropyridine receptor (DHPR)

mechanical interaction.
Ryanodine receptor )

* Releose Co* —» Controction.

* Overoctive RYR —» mal'\gnan’c ht:}per’cherm\ou

SeRCA : Co™” s’corage — muscle reloxodion.

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024

Ach binds to nicotinic Ach recep’cors.

15

elockers/Toxins :
l. Tetradotoxin :
Present in putSerfish.
4. Dendrotoxin
2. Conotoxin
4. Botulinium toxin :
- plocks release of Ach.
- Floccid paro%s'\s.



16 Physiology

mMolecular Mechanisms of mMuscle Contraction :

2, CXOSS br'\dge Lormodion

l. 6‘md‘m8 of ATP to mﬂos‘m head a. ATP hﬂdrolﬂs\s F\c’c\n—mgos’m interoction
Actin Actin A Actin

- D, D, D,

ATPase > o >

activity 450 C2 90°[ 2 90°

S. Detachment of mMYosin head $rom 4., Power stroke : Sl'\d\ng of mMYyosin
octin ‘rriggered by new molecule of ATP head. —» Releases ADP+PI
Actin <Fower stroke petin

A

Properties of skeletal muscles :

Leng’ch tension re\o&donship : Tension & actin - mﬂos'm oVer\ap.

Actin myosin overlap | Tension generated Image
z Myosin
Point D Absent No tension - ) FActin
No overlap
——HH—+HH-
noximum fension } |
Point &5 C Optimol ' " '
(Tmax) Optimal overlap
-HH+H+
] Present, but not ) |74|
Point A i Less fension -
OPJ“ma] Not optimal overlap
) (&

Tension ——>»
D

Len S‘H’\ _—

Lengkh tension Smph

Physiology Revision ¢ v4.0 « Marrow 8.0 » 2024



Skeletal muscle fbre ’rg,pes :

Nerve Muscle Physiology - 17

Type I\ fbres
Choyockeristics Type | Sbres
Tgpe I\ o Tﬂpe I\ b
Color Red Red white
mMyoglobin content (®) High (®) High () Absent
Diameter Small Large Large
nyosin ATPase (Contraction) Slow Fost Fost

o, s’rorage @ @ @
ferobic po&hwaﬂ ) . i )
Poechwag ‘o Seneroece ATP (Oxidetion) Aerobic or anaerobic po@dnwag Anoerobic pa’chwo% (G\lgcolgs\s)
Recruitment order First Second Lost
Activities best suited Sitting Standing Running

Stimulation of muscle :

* Continuous Stimulodion of muscle

Stote of sustained contraction

(No relaxotion)

Tetanic controction.

* Tetanising Frequency (T9 :

Sustained contraction

Comple’ce tetanus

Cardiac & Smooth Muscle

|
Controction per'\od

00:53:28

Cardiac Mmuscle :
Feodures :
* Sirioted, '\r\\/o\un’coxﬂ.

* Functional s5n03’dum : Sgnchronized contraction.

- D/% Intercaloked disk containing cardiac gap junctions § Connexins (Protein).

* Calcium-induced colcium release (CICR) :
Induces

Colcium $rom extrocellulor source
release

Calcium from intracellulor source.

* Phospholamban @ Inhibits SERCA —> Inhibits Co®" SJcomge —» pflects reloxation.

Abgence of tetanisotion :

Mojor part of contraction in ARP

No summodion poss\b\e

No tetany (zvo\u’c\onar5 adoptakion).  contraction

AP

RRP

Action Po‘cenhod

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024




18 - Physiology

Smooth muscle :
Features :
* Involuntary,
* Types:
- Single unit (Well developed gap junction).
- muti unit.
Dense bodies () 2 lines ).
Calcium binding proteins : Calmodulin (Troponin (2D

* exclusive properties :
- P\as’(‘\c'\’cﬂ.
~ Loch bridge mechanisms : Sustained contraction using | ATP in &IT.
Locodions
* Single unit smooth muscle * &IT, uterus, urinary bladder, ureter.

* multi unit smooth muscle ¢ Iris, c‘\\iar5 \ooo\ﬂ, piloerector muscle.

Control of smooth muscles :
* No well defined neuromuscular junction requlated by ANS.
* Varicosities : Contain neurotransmitters Ach § norepinephrine
(High activity of smooth muscles).

. Sgnapse en passan’c : One neuron innervotes mud’c'\ple smooth muscle cells.

Synaptic Transmission 01:00:53
TBPQS :
* glectrical : ® Chemical :
medioted b5
Action chemical/NT

potentials .
nMediated bﬂ Presynaptic end

3a1ojunc’c‘\or\s
(Connexin protein)

hign il (il )™
===l

——————————

Synaptic cleft

Post synaptic en
Fast mode (muscle endplate) Slow mode

Post Synaptic potentiols (PSP :

excitotory PSP \nhib‘\’cora P3P
Post-s iC Neruro
5naph o ) o more pos'\’d\/e more nego@dve
membrane potentiol
Fost No'/Co® influx | ¢f” inSlux, K e8Slux
Slow VR efSlux M efSiux

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



Qeguloecion : Feedbock inhbition.

Function : Controls O motor neuron %ring.

Skeletal muscle

19

Nerve Muscle Physiology

oL motor neuron

vAg
Qp[}'_-@\\l

Glucine

Renshaw cell neuron

Feedback inhibition

Neurotransmitters 01:08:03
NT Locodion Function Other points
° potulinium toxin : Inhibits release
_ Neuromuscular junction, nucleus muscle contraction, of ACh
nce’rBlchohne ) N
basalis 0f meynert Rem sleep. * Receptors : Nicotinic (N §
muscarinic (&)
Activotes reticular
Morep\nephr'\ne Locus coeruleus ac’c'\\/o&‘mg s5s’cem — -
Stode of arousal
I. Nigrostriotal podhway
3 > ) padhivey nmotor control
Basal ganglio.
a. mesolimbic *
Dopamine o.ventral o. Reward centre -
tegmental area b. Addiction
b.Nucleus occumbens
3. Tuberoinfundibular Inhibits prolactin
Rophe nucleus Maintaing wakeful stoke
Serotonin —
Platelets Plotelet agoreqodion
Histamine Hﬂpo’chalamus Arousal =
Slutamote Hippocampus, sub thalomic nucleus. Learning § memory Mojor excitotory NT in brain
¢ mMajor '\r\h'\b'\’corﬂ NT
* Tetanospasmin (acteriol toxin)
GRBA - ngerpolar\sa’don Inhibite GAGA
Spas’t‘\c parodgs‘\s
* poth inhibitory ond excitatory NT
G\Bc‘\ne Renshow cells in spinal cord Inhibit A motor neuron \ \ "oy ) \ Y
s Ar\’raqoms’c : S’crqchnme
Nitric oxide Hippocompus Learning § memory Goseous NT
® Produced by enzumatic
Corbon Pain processing § “ ) J vk
) - _ degradation of heme
monoxide olfoction.
®* gaseous NT
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----- Active space -—--- NEUROPHYSIOLOGY : PART 1

Ser\sorﬂ phgs‘\o\o%
General senses ¢ Spec\od senses :
Touch, pain etc. Vision, hearing, olfaction, taste etc.
General Senses 00:00:33
Qecep’cors :
Touch recep’rors :
meissner corpuscle merkel cells Pacinian corpuscle RusSini endings
Level Superficiol Deep
Sensation | Discriminatory touch, stroking | Texture, edges (Braille) | Pressure, vibration | Skin streteh
Adaptation Rapid Slow Rapid Slow
00000
Appeamnce X

Pain receptors : Free nerve endings of A delto § C fbers.

A Delto fibers C Sbers
Type of pain First pain (Fas Second pain (Slow)
mMyelinaion Present Absent
Tract Neospinothalomic tract (Newer) Paleospinothalamic tract (Very oldd
Neurotronsmitter Glutomote Substance P

Gote control theory of pain (Melzack § wolD :
* “Non—painful sensations con override § \Lpa‘\n&’»ul sensations.”

°* mechonism :

®

Vio. thalomus

Pain @> nd/c fbers ®—> Projection neuron in sp'mod cord > Sensorg cortex.

(SUbstantio Sela’cime
. al
massage/ Transcutaneous —=» AP fbers @\ﬂhib'\’wr Y neuron in
electricol nerve stimulodion spinal cord
(TeND)
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Neurophysiology : Part 1 - 21

Note :
I. Pain relief in acupuncture :
Activadion of endogemus
. . . Releases
Op\O\d omodgeS\c Sﬂs’cem in
periaqueductal gray modter (endorphing)
a. n\\odﬂn‘\a= Mon—-podn?ud stimulus causing po@m?ud sensodion.

sOmod:osensor5 Podrhwaﬁs :

Dorsal column pathay Anterolateral pathway
Sensation Proprioception, touch, vibrodion Pain, temperoture
Distribution in spinal cord psilateral (/L) Contralateral (¢/L)
Level of crossing over At medulla At spinal cord

Brown-S€quard syndrome : Hemisection of spinal cord.
* 1/L loss of proprioception, touch, vibraion (Dorsal column senses).
* ¢/L loss of pain § temperature (Anterolateral colurmn senses).

Sensor5 Homuncwlus :

ventrol posterolateral (VPL) nucleus —Prajected fo

> Sensory cortex (Represented
(Thalamic nucleus $or touch § pair) by sensory homunculus)

Cortical plas’dc'\’cﬂ :
encroochment of o cortical areo bﬂ o neigh\oor'\ng cortical areo. —» Bosis for

phan’com limb.

weber-Fechner law : magn'\mde of sensadion felt x Log ir\’cens'\’cg of initial stimulus.

Genitals

nMiNiMmuMm

nMoxinmum

<ize of area * Degree of usoge

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024
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22 Physiology
----- Active space ----- Vision 00:17:01
Retino:
cell Type Chavocteristics
. * Receptors of night vision.
* more sensitive 1o hqh’(.
Cones * Receptors of day vision/colour vision.
ne
* Tin Soveal regjion.
) * Receives signols Lrom rods and cones and mokes
6\polar cells

connection with gonglion cells.

* Only output cell of retina (Their axons are the optic nerve)

lion cells
Gangfion * Only retinal cell capable of producing action potentiol.

) ® Connects rods and cones.
Horizontal cells ) o
* Sharpens the signal by loteral inhibition.

C Pure\g depolox\s\ng cells of retina.
Amaocrine cells * Connects gcmgl‘\on cells.
C Shourpens the signal bq loteral inhibition.

. Suppor’dng 8|\a1 cells.
* No role in vision.

muller’s cells/Retinal glial cells

Rods

6\po\our cell
mMuller’s cell —e

Horizontal cell

Amocrine cell

Gaangl'\on cells

Direction of hgh’c
t+ Nt
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Neurophysiology : Part 1 - 23

Physiology of vision: Active space
o) Dark stote : ) Light reflex :
I\ cis retinal \'\Sh’c
— l@ ~—Light _%}}_)
ceMP dependent
R Al frans retinal cemP dependent
P @ No' channel closes
(Funng current l
channeDd N i
e Tmriséucm No inSlux 0% Na"
Phosphodiesterase Degrades | ngmp
N 2}
K*channel K* channel
Glutamatereleased S:;:::‘:et: release
Rod in dark state : Depolarisation Rod. in light state : Hyperpolarisation

Loteral geniculote 600\3 :
Retino. —»> Lateral geniculate body Le®) in thalamus

Contains b laﬂers.
* magnoceliular layer (Contains large celle)
* Parvocellular loyer (Contains small cells)

magnoceliulor pathivay | Parvoceliular pathway | ronioceliular pothuway (Minor) :

origin Loyers | and 3 0f L6 | Layers 3, 4, S, b of LGS o Or'\g'\na’ces from K cells.

Terminodion | Layer 4 of visual cortex Layer 4 of Visual cortex * detection of blue colour.

® Color vision

Functiol gye movements
uneton gem 0 ® Finer details

Both Leps receive stimuli from both eyes
* V/Leye:Layers 3,3, S.
* ¢/Leye:Layersl, 4, 6.
Vvisual Cortex :
Thalamus —» Visual cortex/Striate cortex/Strioe of aennari.

® Area 17,18, 19.
* In calcarine suleus of occipital lobe.

Colour vigion :
Pathway : Retina (Cones) —» Thalamus (Parvocelular pa)chw%) —> Visual cortex.
Retinal cones : L cone -~ < cone
Wavelength Long mMedium Short
Detects Red Green Blue
Defect couses Protanopio. Deuteranopio Tritanopio.

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



&) - Physiology

Tectorial membrane

----- Active space ----- Hearlng 00:31:37
Cochlea. :
gony cochlear wall Scalo. Medio. Inner hair cells(HC)
J X;f gem—— [ Organ of corti Tectorial membrane
Scalo. vestibuli S ’ Outer hair cells " S

Reissner’s

™ )

=

I

_ %/
Basilar membrane ~ membrane Pp!;g/;
Scalo Jrgmpom'\ ) ' )
; Basilar fiber /" /
Spiral ganglion CN VN SRiRIgaNglloNIv/
(Cochlear division) CochiSSuS e
. i
Hair cells : Orgon Sl
* Receptors for hear'\ng. * gmoallest hair cell : Stereocilium.
® Covered b5 tectoriol membrane. ® Tallest hair cell : Kinocilium.
o Al hair cells bend Depolar\sa’don meosured oS
—  » _—
fowoards Kinocilium /% inSlux of K9 otoacoustic emissions.
Bosilar membrone :
Bose Apex
Size prood Norrow
Close to Oval window Helicotrema
Sensitive to | Frequency sound woaves | | Frequency sound waves

Audi{:orﬁ Pa’chwaﬂ :
mMnemonic = 2COLI MA.
CN ‘agh’c —» Cochlea. —» Superior Ol\\/a@ nucleus —» Loteral lemniscus ——» Inferior colliculus

(sound direction process) (sound direction proces&)

Auditory cortex an superior Jcemporod/ Hesehl oyrus ot temporal lobe) «— medial geniculote body
(Thalamus)

Olfaction 00:39:35

Receptors :
* Bipolar neurons (Combine o form CNI D.
* Location : O\¥ac’cor5 epithelium in upper part of nose.
° O\$ac’cor5 epithelium : Contains bipolar neurons, sustentacular cells (Suppor’c‘mg
celle), basal stem cells (TRegenerative capacity.
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Neurophysiology : Part 1 - 25

O\?ac’corﬂ bulb :

* Receives information $rom o\%«:&org epithelium.

* Contains :

excitotory cells Inhibitory cells
Types mitral cells, tufted cells | Periglomerular cells, granule cells
Neurotronsmitter Slutomote SPBA
H'\gher centres :
Function

OI?ac’rorg cortex

Conscious diseriminadion of odor.
Orbitofrontal cortex

Amygdalo Processing of emotions evoked by smells.

entorhinal cortex Processing of memories evoked bq smells.

Taste 00:42:40

Bosic taste sensotions in humans

{ 7 I ) \

Sweet Sour Bitter Salty umomi Recent addition) :
Produced \o5 mse&.

Receptor Lor toste :

Receptor type Receptors
Solty ST, gpitheliol sodium channel (Enlac)
Sour eNaC, HCN channels, TRP channels
Sweet TRy, TIR>
bitter | metabotropic (& Protein coupled) TaR
umami m&luR4, TR}, TR3
Poechuoaﬂ :
Anterior a/3 of tongue Posterior /3 of tongue Palate, pharynx
Chorda ’cgmlpan‘\ branch G\lossophirﬂngeal Vaéus
of facial nerve nerve nerve

'

medulla : Nucleus Tractus Solitarius (Taste integroting centre)

'

ventral posteromedial nucleus of thalamus (ver)

'

Taste cortex : Anterior insula, frontal operculum.
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Motor Physiology

00:45:55

motor pathway (Descend‘mg) ;

motor cortex — Spinal cord (A\pha 7 gamnma. motor neurons) —» Skeletal muscle.

motor Cortex :

Primary motor cortex

Premotor cortex

Supplemen’carq motor cortex

Locodion Precentral qyrus : Frontal lobe

Anterior to precen’cml quyrus

Brodmann areo 4

b

b

Function

execution of motor movements

Orient the bodg Lor movement

Bimanual coordination for

complex tosks

motor Troets :

Cortex

Corticospinal tract
Corticobulbar tract

PREMOTOR CORTEX

SUPPLEMENTARY
MOTOR CORTEX

Midbrain H=

Pons -

Medulla

Spinal

cord

l ¥
P5ram'\dal tracts motor cortex
Dorsal root
Cortex
Dorsal root _
ganglion
Midbrain
Fons Tectospinal tract Ventral root
Medulla
Vestibulospinal tract
Reticul al tra
eticu ospina tract Vestibulospinai tract
Splzal Reticulospinal tract Tectospinal tract
cor u W,
~
l 1 | 1 medial motor pa’chuoo%

&x’crapﬂrmidal troct 8xkrap5ramidoJ tracts

Physiology Revision ¢ v4.0 « Marrow 8.0
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Neurophysiology : Part 1 27

Loteroal motor po@chuoo% vs. Medial motor po@chuoag :

Lateral motor podhway medial motor pathwoy
Function Fine, skilled, voluntary movements (uor'\’r‘\r\q) Posture
muscle groups supplied Flexors extensors

Postural abnormalities :
Head § neck : extended

Flexed
(/% intact
rubrospinal
troch)

extended /F\ngers s Sorearms : Pronoated

Inward po‘m’ced toes

Decerebrote r‘\g'\d‘\’%

corticote rigidi
extended lower extremities Decorticoke nigidity

Upper motor neuron UMK lesion vs. Lower motor neuron L lesion :

UMN lesion LN lesion
Mrophg @ @
Fasciculodions @ @
Tone ! y
weokness Regjional Segmental
Rellexes exaqoeroted Slugaish
Bobinski sign Positive -
REFLEXES
Stretch Reflex :

Dﬁnamic
F[S%aﬁc
Nuclear bag fibers '—I
Sensory nerve

O
(r8Serend) O O
O

Motor nerve
(e%%erent : Ol Motor neuron)

Stimulates actin, MUYOSIn

©) O o O

. Muscle spindle(QngP&O() e .
Controction. | Nuclear chain fibers | —t- Stodic
S muscle spindle : Schemodic diagram
Sensorg SUPPB :
Primary (&roup 1) ending Secondary (Group D ending
algtal Annulospiral ending Flower spray ending

Dynamic nuclear bag fbres
Innervokes | ® Stotic nucleor bag fbres
* Nuclear chain fibres

* Static nuclear bag fbres
* Nuclear chain fibres
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Po@chuoo% :
* Stimulus : Streteh.
O Qecep’ror ' uscle spino\\e.

* Afferent : Group lo § Il endingg.

® Center: Sp'mod cord.

mMotor supp\5 of muscle spindle :

* =flerent : O motor newron.
* efSector : Skeletal muscle (Actin § myosin.
e cflect : muscle contraction.

nmotor wpp\g ¢ GammMao. Motor neuron
(PeripheroD

Activation

N
Qecep’cor Gamma. motor neuron
(CentraD (Peripheral

TSensi’d\A&B of streteh reflex —» Better muscle contraction

Alpha—-gammoa. coactivation : Simultaneous activation of alpho § gamma: motor

newons |ead'\n8 o muscle sp'md\e controction.

Inverse Streteh reflex :

* Overstretched muscle —» Reloxodion of muscle.

O Qecep’ror : &o\g'\ tendon organs.

Streteh reflex ve. Inverse streteh reflex :

Stretch Reflex Inverse Streteh Reflex
Receptor mMuscle spindle Solgi tendon organ
Detects muscle length muscle tension
pflerent Sroup la. endings and group I} endings &roup Ib endings
Center Spinal cord Spinal cord
eflerent o motor neuron (ONNND o Motor neuron
eflect Controction Reloxodion

Reason for the effect

Activodion of UM Inhibition of oM

Number of synapses involved

Single : Monosynaptic reflex

Two : Disynaptic reflex

AA

mqo’coec‘\c reflex Ler\q’chen‘\r\q reoction

withdrowal Reflex :
* AKA Flexor withdrowal reflex.
* Polysynaptic reflex.
* Prick to ® oot
- Flexion of ®) $oot ——»
(Flexor (0, extensor &)

withdrawal from podn?ul stimulus.

- extension of © foot ——» supporting the body,

(Flexor ©), extensor ()
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NEUROPHYSIOLOGY PART 2 ----- Active space -----

Cerebellum 00:00:24

Function : Coordinoadion ’chmugh s’rar’r—-s’cop s'\gnoding.

Rule of s, 4,3:
S cerebellar cells ¢ 4 cerebellar o\eep nuclei

Al are exci’coecorB.
nMnemonic : DEFS.

Lateral Medial

Fastigial
nucleus

| Climbing . Dentate
| fibre input - nucleus

Mossy .
fibre input Emboliform  Globose
nucleus nucleus
. I
\ j Interpositus nucleus
Cerebellar cells Cerebellar nuclei

@& : Inhibitory cells (GABR.
: excitotory cell (&lutamote).

2 cerebellar par’cs :

|
{ y y

Spinocerebellum Vestibulocerebellum Neocerebellum :
Coordinaion. (With Slocculonodular lobe) : P\am'\ng motor movements.
Balance/equilibrium.
(vestibulo—ocular reSlex)

AfSerents to Cerebellum :

climbing fibers mossy fibers

Origin | Inferior olivary nucleus | Cell bodies in spinal cord § brainstem

jatgtal Olivocerebellor Sp‘\r\ocerebel\our
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Physiology
_____ Active space ——- Start-Stop Signaling :
Parallel fbres
l® v® v@ |
Purkinje Stellote Bosket 6«)\3'\ Granule
cells cells cells cells cells

’ @T A@

Feedforward inhibition Feedback
inhibition
[ deep
Stort @ nuclei
®
Chmb'\ng Brainstem mossy
flbres £ thalamus fbres
Feotures of Cerebellar Diseases :
. Decomposition of movermnent.
a. Hﬂpo’con'\a,
2. Pendular knee jerk.
4., ftoxio.
S. Dﬂsme’ma,
. Intention tremor : Absent ok rest.
7. Dysdiadochokinesio.
8. Rebound phenomenon.
0. Dﬂsar’chr‘\a,
IO.I\lBs’cagmus.
Basal Ganglia 00:10:40

\r\h'\b'\’corﬂ to both voluntary 5 involuntary movements even ot rest.

Nuclei
Striodum Onpuk
oaum Tnpur &lobus pallidus (&)
nucled

Nuclei Substontio nigra. Subthalamic nucleus

P int (o

Coudate | Putamen s emo\. “

(Output nucled | externa

Neuwrotronsmitter SABA Dopamine Glutamote : 8><ci’ca+or5
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Neurophysiology : Part 2

31

Poechwags S Active space -----
l. Direct poechwag : a. Indirect podchuoaﬂ :
Inhibition of gPi , Activation of gPi
1
v : v
mMovements ® nMotor cortex —
T
Substantio nigro. Dopamine 0 i l Dopoine Substantio nigro.
1
Striodum
T
exten
Ghen : SPER s oo
\ , ¥
&P interma < Subthalamic nucleus
i
A , A
Ventral anterior
nucleus of thalamus
i
v H \
motor cortex —: &xc‘ﬁcodcorﬂ
l E l — \nh‘\b'\’rorﬂ
i : Inhibition lost
movement ® E movement © < o

Role of dopamine :
* Focilitodion of movements.

* | Dopamine — Bradykinesia. (Parkinson’s disease).

eflect of Lesions :

Site of lesion Involuntary movement
Substantia nigra. (Pars compacto) Resting pill rolling tremor (Parkinsonism)
Coudote nucleus Chorea
Globus pallidus Athetosis
Subthalamic nucleus Hemiballismus (udden violent contraction of a large joint

Thalamus & Limbic System

00:21:11

THALAMNUS
Thalamic nuclei Function
Laderal geniculote bodies Vision
medial geniculate bodies Hearing

Ventral posterior loterol VPL) ond | Transmit somatosensory informodion
ventral posteromedial nuclei (VP o sensory cortex

ventral anterior and )
) motor functions
ventral loteral nuclei

Anterior nuclei Papez circuit : Learning and memory

Dorsomedial thalamic nucleus Olfaction (smelD

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024
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32 Physiology

LIMBIC SYSTEM

* Rim of cortical tissue. Functions :

o ‘a\/olu’c'\onari\B very old.
° AKA rhinencephalon.

* Regulation of emotions (Am%doda).
* Olfoction.

> memorg.

Papez cireuit : Requlotes memory g emotions.

H\PPOCOUT\PUS <

mMammilothalamic tract

C\ngula’ce cortex

A

Anterior nuclei of thalomus

mamm'\l\ouU bod5

Hﬂpo’chodamus :
Hypothalamic nuclei Function
Anterior Response to heok
Posterior Response to cold
Lokerol secretes orexin —> | Feeding
ventromedial Sodiety

suprachiosmadic (Master clock)

Circodion rhq’chm

Supraop’dc

pntidiuretic hormone (DR

Paroaventriculor Oxytocin
ventro-lateral Preoptic (VLPOND Sleep
mMommillary bodies memory
Cerebral Hemispheres & Functions 00:28:10
Left hemisphere Right hemisphere
AKA Coteqorical hemisphere Representoational hemisphere

Dominant hemisphere (dominant in

Previously called Non—dominant hemisphere
oy 9% of @ handers § 70% of @ handers,) nrdominan misp
Functions . e och O V'\suospodt\al relotions
\ Quage 1epe ° music § ereadivity
eflect of lesions Aphasia, dyslexia, acaleulio Hemispodtial neglect, agnosio
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Neurophysiology : Part 2

LEARNING § MEMORY

memory
[ |
Declarakive/: explicit Non-declarotive/ Implicit (&.8 : Dr'\\/ing) B
| ® Procedural Skills —» Striodum.
£ l J Pr\m'\ng —» Neocortex.
Semaontic gpisodic * Associative learning (Classicol
(For focks) (For events) : conditioning) —» Amygdala,
Anterior temporal cortex, Hippocampus, neocortex, cerebellum.

prefrontal cortex. medial temporal lobe.

Role of Brain Regjions :
l. Hippocampus : Consolidadion/Long-term potentiation.
* Short—term memory —T> Long—term memory,
Repeated activation of
hippocampol synopses
* Hippocampal lesion —> An’cerogmde amnesio.
(nability o form new long—term memories).
a. marmmillary bodies : Recollective mMemory.
T 1 aleohol intake — mammillary body degeneration — Wernicke-Korsakots
ps5chosis.

2, Anterior nucleus of tholamus : Recent memory (Lesion —> LosS of recent memorg).

4. Basal forebrain (Nucleus basalis of meyner?d :
C ch’rﬂlchohne sgn’ches'\s.
* Lesion —> Alzheimer’s disease.

S. Qmﬂgdoda= emotions + menmory

(. entorhinal cortex : Smell + menmory,

LANGQUAGE § SPEECH
Speech oarens

Brocoals areo wernicke’s area Prcuode fosciculus nnqulour qyrus

Locodion © inferior Srontal qyrus | Superior temporal gyrus

Brodmann area 44,45 aa Connects Broca’s § 29
R ),
S motor area. for speech | Sensory area. for speech Wernicke's areas Vision-speech
unction
(Vocalizodion) (Comprehension) correloion
) eroco’s/ wernicke's/ A A A A
Lesion ) ) Conduction aphasia. | Anomic aphasiod
non—fluent aphasio Suent aphasio
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_____ Active space - Fluid Systems in the Brain 00:40:42

Cerebrospinal Fluid P
® volume : ISO mL.
Rote of production : SSO ML/ doy

* Turnover : 3.7 times/day,
* Normal pressure :
- 70-180 mmHaO.
— Average pressure (Fitration = absorption) : 11a mmH O

Qegudoedon : At the level of absorption.

CSF Vs Plasma concentrations : CSF marker : B_ transferrin.
CSF > Plosmo. cr, mgi * exclusively found in CSF.
CSF = Plocmo. HCO,”, osmolary * significance : CSF rhinorrhea/
CSF < Plasma. | glucose (8/2 of plasmaD, proteins otorrhea Dx.

Cerebral Blood Flow (CeP) :
* Rate : 750 ml/min (4% of cardiac outpud.
* 0, consumption : 30% ot total body consumption.
S Regudoecion :
— Autoregulation : Constant blood flow despite change in pressure
Ronge : 6S-140 MMHop.
~ Hypercarbia (Tpco,) — fcer.
— Hypothermio.: 1°C yin body temperature —> 1% } in CoF
(Theropeutic in Neuro-5x).
Circumventricular organs : Parts of brain outside blood-brain barrier.
* Subfornical organ (SFO).
* Organum vasculosum of laminae terminalis (OVLT.
* Area postrema. (Involved. in vomiting.
® Posterior p‘\’cuu{'arg.

Sleep 00:48:13
TEG Woves :
EEG Wave Frequency (H2) Seen during
Alpho.: O 8-1a Reloxodion
eeto: B 12-30 Attention/wokefulness
Theta : 0 47 A/w memory
Delta. (lowy) : & <4 Deep sleep
Sommo. ¢ Y 7 0 Focused odtention
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Stoges of Sleep: AN TR0 e
Non-rapid eye movement (NRem sleep

N, —> Stage I : Theta waves.
N, —> Stage & : K—complex § sleep spindles (Resemble 0L waves).

N, t S’cage 2 : Delta. waves.
SJcage 4 : Delta. waves.

Wake REM
Ropid eye movement (Rem sleep : 8 minus 67 & minus 67
FZ Fl r“'rv L'Al:nllrrhu M fanr/Af \‘Y e Tl
* 20g (aec’croow]ogmphg) : :
P2z [aAAlN [ttt i s ettt
gye movements ®. . _ )
* eMg : Flot — muscle otonio @ Fp1 oaruiimeegli sl miseonsemaoime s Ao AR AT
(&xcep’r d'\aphmgm g exdroocular muscles). C3 [veannplioli MMWMMMW«M'WMM'-Z e s
* 226 b waves (O (KA Paradoxical sleep).  LVEOG[-tutiyriy
& -, s
* Pontogeniculo occipital (PEO) spikes (D) RHESCERehe
EMG oo 1}
— Regqulate eye movements. k" g ke | A § -
* Genital organ enlargement ®. I'OO w © ’ ’ R Y * *
Regulation of Sleep :
NT levels
Brain areas Neurotransmitter (NT)
NRem rRzm
Cholinergic nuclei of pons-midbrain junction Acetylcholine ~ 1 > promotes sleep
(Rem-on neurons)
Locus ceruleus I\lorep'\nephr\ne \L \|,
h lei Serotoni
Rapne duciel eroenn ! ; Promotes wakefuness
Tuberomamm'\l\arq nuclei Histamine \|, J,
Laderol hypothalormus Orexin { i

mMetabolic end product : T adencsine ——> Promotes sleep.
©
CofSeine

Porosomnias :

Duﬂﬂg NRem :
* Somnambulism : Sleep walking (N, * Sleep bruxism : Teeth grinding (N ).
* Sleep talking, * Night terrors/Pavor nocturnus.
* Nocturnal enuresis : Bedwetting.

During Rem : M\Sh’cmares, narcolepsy
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..... Active space ----- RESPIRATORY PHYSIOLOGY : PART 1

Airway Generations 00:00:40

weibel model (32 oirwoy Seneroedons) :
Trochea —» Bronchi —» Bronchioles —» Terminal bronchioles (6M gen)

:

@z Sen) Alveolar sacs «— Alveolar ducts <— Respiratory bronchioles

CONDUCTING AIRWAYS
First I generadions — Conduct air, no gas exchange (AR dead spaces).

H'\s{tologg g
Pseudostradified columnar cilioted ep'\’che\'\um : C;\liarﬂ movement (us'mg dgne‘\rﬂ

clears spu’cum.

Stem cells:
® Bosal cells.
* Claro cells (Qegenero@don).

mruoag smooth muscle :

) o ‘axaggem’ced .
* Contraction —» Bronchoconstriction ——==——» Bronchial asthmo.

* Reloxotion —» Bronchodilotion.

1 eronchoconstriction T eronchodilotion

O Pams&mpoeche’dc octivation.
ﬂce’rg\chohne.

® Histamine.

* Sympathetic activation (Ba recepton.
° Nitric oxide.
° Pros’rag\and‘m.

* Leucotrienes (Most potend.

Note : Bbsence of dﬂne'\n
hox’cagener SSndrome (under immotile cilia sgndrome) :
* Situs inversus (Improper rotodion of internal organs
a/t inadequode c'\\'\ar5 movemend).

* fAsthenospermia (Immotile sperm.
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Respiratory Physiology : Part 1 - 37

ALVEOLAR AIRWAYS B e
Last 7 generotions —> &as exchanoe ® (A exchange/ respirofory odrwo%s).

Pneumoc}jkes :
cells of alveolor iraUS.
T ype I pnemocﬂ’ce T ype I\ pnewnocg’ce
Size Large % Slat (1 eurace aread Smalll
Number \l, T
* Produce surfoctont
Function - (stored as lomellar bodies)
* <tem cell function

Surfoctont :
Composition
surfoctont lipids surfoctont proteins (5P
Lecithin/Dipalmitoylphosphatidylcholine (Major) SP-R, SP-6
Sphingomuyelin (Minor) P-C, SP-D

Normol lecithin : sphingomyelin ratio > & (Use —» Rssess fetol lung mahm&gp.

Functions :

| surface tension — Prevent alveolar collapse.

(Sur?»adcan’c RAlveoloyx
— >

4 —> Hyaline membrane disease —> Rx: Lucinoctont)
de%mencg collapse

Qegujoedon of surfactant production :

1 Production | Production (PathologicoD

° T\nSul'\n levels
* Cortisol * Long term 100% o, inholodion

* Thyroid hormones T,T) |°* Main bronchus occlusion
° Pudmonarg ar’re@ oclusion

Mechanics Of Breathing 00:15:16

603\9@ low
[

Pressure (P) o« —————
volume (V)

* Inspiration: T v, | P
* expiration: | v, T R
Pressures in the \ung :

L Intrapleural pressure (PP :

At rest Inspiration | expirodion Forceful expiraion

PP | -aS mmHS b mmHS -a.s mmHS Positive volue
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& - Physiology

_____ Active space . & Alveolar pressure ®P. + 1 mm Hg
3. Transpulmonary pressure (TP : Exprtion,
TP = AP - 1PP,
\nspimec'\on
=1 mm HS

Alveolar pressure
Lung Compliance :
* Hysteresis : DifSerence b/w pressure-volume curves
of inspiradion § expirotion,

* Compliance © : Mmoximum during expirotion. Vv

AV (C/hcmge in volume)
@

AP (Chcmge in pressure)

pir-flled lung vs saline-filled lung :
Saline flled lung

y

No air Sluid interfoce

y

No surface tension

y

No hgs’ceres‘\s.

100 j ":_,_.;:: Saline /iir

//
,/
 Deflation / Inflation
| ¢ 4
H /
/' Hysterisis
/ Hy

Volume
(% maximum inflation)
«
o

T T T
0 10 20 30 40

Pressure (cm H,0)
Lung Vs chest wall vs \ung + chest wall :
. equilibrium volume :
Expanding
- Volume at which opposing forces e :
(expanding § collopsing) A j
reach equilibrium. g
3
- Occurs ok 3 /
. FRC
functional residual capacity (FRO. 7
3. Minimal volume : i I jbtebelededelebeebeledede
- Volume of air remoun‘mg in the | " Airway force ¥
o mininal
\ungs artercomplete \ung collopse. volume
- Seen in pneumothorox. Index :
A : Chest wall compliance.
eflect of diseases on lung compliance : ® : Lung compliance.

C : Total compl‘\omce.

emphysema. — T compliance. (Chest wall + lung)

* Fibrosis — |, Compliance.
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Respiratory Physiology : Part 1

Spirometry 00:26:41  _____ AT P e

Static Lung Volumes § Capacities :

Maximum inspiration MOY‘MOJ \/odues :

T . TV = SoomL.
Inspiratory = A
reserve volume . IRV =a-3 L.
— (IRV) Inspiratory 3
7 cananity 10} 3. €RV = 13 L.
_9 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i D . Resting inspiration 4. RV =14 L.
= |Tidal Total lung B
s Volume i) e S.FRC =4S L.
g """""""""""""""""""""""""""""""""""""""""""""""""" Resting expiration
3 . ) Expiratory reserve
> Functional re3|dual volume (ERV)
capacity (FRC) v
”””””””””””””””””””””””””””””””””””””” Maximum expiration
Residual volume
R
( V)I 1
Time(seconds)
D\tjnam‘\c Lung volumes : &
°* Fev = TLC - RV.
* Fev : volume of air expired in first second. 3 expiradion
* Fev/FVC ratio .
- | — Obstructive lung disease. a c
- Normal/ T —» Restrictive \ung disease.
o
* RS segment (efSort dependent) : Inspiration
- Rir expired from large airways
(Tracheo. § bronchi). LCES
* BC Segmer\{' (eflort 'mdependen{) : Time dependent Slow volume loop :
- Rir expired from medium § ArTLC
_ & : Peak expiratory Slow rate (PEFR)
small QIrOUS. Y
- pflected in COPD.
eflect of diseases :
500
—_ Normal
E 400
2
3 300
'E Airway
Z‘ 200 — obstruction
S Minioture version
o -
E 100 E&;Sgtzci;g:w of normal graph
: _wuw /
Dog leg/ ice cream scoop pattern
0 T T T T
e efSort independent portion oflected. 7 6 5 4 3 2 1 0
® Seen in COPD. Lung volume (liters)
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40 Physiology
Types of obstructive diseases :
l. Varioble extrathorocic :
Inspiration ofSected.

a. varioble introdhoracic :
expirotion ofSected.

Expiration Expiration
'y

r Wl \.
/ /

v
Inspiration Inspiration

3. Fixed (intra. or extrathoracic) : Both inspiration § expiration aftected.

Flow
2]
<

Flow

Expiration

TLC [ / \ RV
Inspiration

Limitodions of spirometry : Cannot determine Rv, FRC, TLC.
Altermative measuring techniques

* Helium dilution technique : For FRC.

* Nitrogen washout technique.

* Body plethysmogrophy : m/c used.

Flow

Alveolar Ventilation & Pulmonary Circulation 00:39:10

78, UGt Dry Inspired air

VENTILATION (V) e
Po, 120 mmHg Pco, 0 mmHg

Po, 150 mmHg | Humidified
Pco, 0 mmHg | tracheal air

PA0, 100 mmHg | Aeolar air

/ PAco, 40 mmHg

Pao, 100 mmHg
Paco, 40 mmHg

Mixed venous Systemic arterial
blood blood

Partial pressures of goases in the lung

PVo, 40 mmHg
PVco, 46 mmHg
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Respiratory Physiology : Part 1 - 41

Tidal volume (V) = S00 mL
|

Dead space volume (vD) =150 mL Alveolar ventilation volume (V) = 350 mL
e v /v =20%. V./min = (V. -v) X RR
D T A T D
O T&PQS : =350 X 1&
- Anofomical dead space (ANDS) : ISO M. = 4.8 L/min (Useful ventiloion.

- Alveolar dead space (ALDS) : .
(Phﬂsiologicod/ total dead space = ANDS + ALDS).
Note : ALDS > O —» Po@cholog'\cod.

mMeasurement of dead space
l. Anotomical dead spoce S‘mgle breoth n‘\’crogen/ Fowler’s method.
a. Physiological dead space : Bohr’s equadion.

vD =V_X ina - P&wa Pﬂwa : Blveoloy C»Oa

fA Pe, ,* expired CO,

coa coa

PERFUSION (®)

Pulmonary circulation (deoxygenated blood) : S L/min.
O High\ﬂ digtensible.
* Low pressure.

2.0nal digtribution of blood Sow in the lung :

Lung 2ones Blood Slow

mMinimal
o/t compression of blood vessels)

Intermittent blood Slow
(Woterfall efSect)

H‘\Shes’c
(Continuous blood Slowy)

eflect of hﬂpoxia :
Hypoxia. _Closes | 0, sensifive " channel — K" accumulation — Depolarisation
l OPenS

vosoconstriction <— Coa?" influx < Co®" channel
(Unique to lunop
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VENTILATION - PERFUSION (V/Q) RATIO

Lung zone v/Q rotio
Apex ~N 33
middle 0.8
Bose 0.b

Ventilodion per¥us‘xon mismodeh :

v/Q =0 (v=0)

V/Q = Infinity (Q=0)

Shunt blood (Phygsiclogical

Anodomical deoad spoce

Foreion bodg cousing airSlow obstruction

Pulmonar5 embolism
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RESPIRATORY PHYSIOLOGY : PART2 - P EEEED e
Diffusion & Transport Of Gases 00:00:09
Diffusion of Goses : ]
Plasma. R, 0,
Foctors o@%ec’dng ditSusion : 7 I
Dittusion ( Alveoli
|
{ } —
D'\rec’clﬂ propor’c‘\onal \rwerse\5 proporhonod
* Concentrodion 8rao\\er\’c. * Thickness of RM. ||
* surface of RM. * Size of particle. Respiratory membrane R
. L,'\p'\d So\ubilﬂ'g. : FicK's law
DifSusing capacity of the lungs For carbon monoxide (GLCO) : | oLeo 1 bLco
® CO:alox Oa O@Q\ﬂ\’(ﬂ to Hb. Anemio. Po|5c5ﬂr\em'\a_

* Normal volue of DLCO = as mL/min/| MAHO,

emphgsema exercise

Ox%en TromsPor’c g
Ox%en dissociokion curve : Ox%en—mﬂoglob‘m dissociodion curve :
CThet _——— (Poz)
| 100% a2 13}3 200
- (pso J,/ | e ,1:—-7‘
'g 0 / | 5%+ 7 150
: | s A7 =
§ @ | Rectanqulor H & 3
5 ol _/ l | h ergola - [ .
s 40 / e
Sigmoid curve = (pso T I P ‘ £
£ / 25% 50
g 5 / | i
pSO * SO % o Hb ' |
v | | 0% ! :
| T L2, 0 7 T
safurated ok PO& %% 10 2 20 w0 5 60 70 8 90 110 120 B2 etz [mm Hgl
0¥ aS‘a—l mmHg Oxygen partial pressure (mmHg)
Left shift Right shift
° ngoxia
C ngocourbia O Hﬂpercarb'\a
* Alkolosis ® pcidosis
* Fetal hemogjobin (| AfSinity to 8,3 0Pe) | * 14,3 DPe
® Covbon monoxide O H‘\gh altitude
* Stored blood (Fall in 8,3 DPeY * Thyroid hormones
* exercise

Note : Blood is stored in CPDA (Citrate phosphate dextrose adenine) —» | Fall in 3,3-DP&,
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44 Physiology

Coxbon Dioxide Tmunspor& g

venous blood

Interstitiol Sluid

rR&C
Tissue
cO
a
CO +HO
a a
Corbonic
onhgdmse PCOaz 4S5 mnNHg
R.CO, Plosma

(corbonic acid)

I

PCO = 40 mMmHg
a

Heo” 11 Gow

H HCO, ANION
EXCHANGER
Osmotfeally active <— cI° o crr (Harnburger
i
BC swells <«— H.O b il LA phenomenon)
issociodi rve :

C)Oa Dissociodion Curve 4 L CO_ transporte o/

3 100 mL of blood

% SAmb F----f2-f----4 4

£ 4

- mL

8 ABmL f----- 7

-

(o]

;

S

A0 rang AS nanS
PacO,”  PVCO,
Neural Regulation of Respiration 00:14:50
Neural Control :
S
O O[]
0 0——1 Pre-Botzinger Complex |

Dorsal Respiratory Group |

Q —‘i_\slentral Respiratory |
roup
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Respiratory Physiology : Part 2

Brain area

Function

Pre 6o%z\n8er complex

Pocemoaker : Initiotes resp'\roec'\on

Prneumotoxic center

* Limits inspiration (nhibits apneustic center)

Controls respiroecorﬂ roke

npneusﬁc center

Pro\ongs '\nsp'\ra’don

Dorsol Respiratory Group Ore)

Generotes RAMP signol Lor smooth rise

in tidal volume duur\ng inspiration

Ventrol Respiratory &roup (VRe)

Controls forceful exp'\m‘cion dur\ng exercise

(mMnemonic DIVE : D — Inspiration, V — expirodion)

Lesions ot Qespira’corg Centers :

Lesion eflect Wowveform
Complete tronsection
mP \ A | All respiratory areas intact MA
obove pons N %
orm

mid-pontine level section

Apr\eus’dc center

&
with vogus cut ox/erac’c‘\\/\‘c5
Prolonged inspiradion
midway between pons /\/\/l/\/\/\
ey P © Regular‘\zaﬁon absent
and medulla Irreqular inspirodion
Complete transection
D Deoth inevitobl i
below medulla ot net © Flot line
Pulmonar\\j Refllexes :
Reflex Stimulus Receptor pfSerent eflect
Herino—-Breuer * Inhibits ingpiration
) ‘ 8 Overstreteh of lung P
inSlodion reflex TV = 1500 L) * Tduration of
= ml
(Pre\len’t \QjUf!j) Pwmona{g L’arge eXP.\erhOﬂ
stretch receptors mﬂehna’red - -
Her\ng—ereuer (Slow adap’c\ng) \/agod fbres inhibits exp\ra’c\on.
deSlation reflex Deflation * | duration of
(Prevent collapse) expiration
* Increose in \ung
The paradoxical ) ) Pulmonary inSlotion
Lung inSlotion = :
reflex of Head streteh receptors * Responsible for Rrst
breoth of newborm
unmuelinoted | ® id breothin
J receptor reflex Pudmor\arg edema, Jux’capulmonarg ger Ropi ) ™
) . \/agal S Q eradgcoxo\\a
(AS. PaintaD pulmonary congestion receptors )
Rbres * Hypotension

Physiology

Revision ¢« v4.0 « Marrow 8.0 « 2024
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Physiology

A
3
£
g)
Q Normopnoea
5 P
s
& >
o Time (9
Normal resp\roec'\on

Q

A
3 Apnoea
'g— i
=) ! i
£ ]
§_ ngerpnoeal i Hyperpnoea
& -
o Time ()

Biots breo@ch‘mg
Seen in ¢
O \qurg o medullo.

Altered Breathing (Periodic erea’ching) :

>

Resp\m’corg ounph’cude

Time (seo)
Cheﬂne Stokes respirodion :
* Woxing 2 waning.
® Seenin:
= Phﬂs‘\olog‘\cod : Sleep.
- Pothologjical : Congestive cardiac failure, uremio.

A

e

Hyperventilation 1 Rote % depth

Qespim’m@ ampl‘\

Time (se®)

Kussmaul’s breo@dn'\ng/ acidotic breoﬂch‘mg
* TRote 5 depth (Hyperventilation).

* Seen in : Diobetic ketoacidosis.

° memng'\ﬂs.
Chemical Regulation Of Respiration 00:28:12
Chemicals requlotors : O, CO,, H"
Types of Chemoreceptors :
Central chemoreceptors Peripheral chemoreceptors
Locoation Brain Neck : Carotid § aortic bodies
Sensitive to pco, (Blood) | po, (Hypoxio)
I. Hypoxio. d po 3. Depolarization
plood CSF CO, +HO
Carbonic a. 0, Sensing 5 4, Co®
) Tcoa ﬂ anhudrase channel closes chonnel
opens
M.CO, ’ P
/\ S. InSlux of Co®
NMOA - . b. Dopamine
| | H HCO, Glomus cells P
Directly stimulodes ‘ . release
central chemoreceptors Stimulates
ofSerent
nerve
er\o\'\ngs
1. Brain
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Respiratory Physiology : Part 2 - 47
In asphgx'\a :

1po, Tpco, § T H —> Central § peripheral — Chemoreflex —>Hyperventilation.
Chemoreceptors activated

Types of Hypoxio. :
ngox'\c Anemic S’cagnan’c Histotoxic
hgpox'\a hgpox\a hﬂpox'\a hgpox‘\a
) Decreonsed | Decreosed obili
due to HetD IRl ZECUESE\O) blood Slow ot cells to use
po content of blood ,
a to tissues oxyoen
Arterial PO, Decreased Novrmnal Normal Novrmal
ARl i Normal Decreased Normal Novrmal
content
Peripheral ]
chemorecep’cor Stimuloded Not stimulode Stimuloted Stimuloded
/% normal po)
stimulodion
® High altitude | o i<oni
S:xamples 3 — po.\sonmg Ischemia Cgan'\de po‘\son'mg
* COPD ®* Anemia
Environmental Physiology 00:36:55
Hish Altitude :
. Stimuloates peripheral CO, washout ) )
Hypoxio chemoreceptors 1 Respiratory alkalosis
lT co* (®ound)
SRS » feec., | Colcium (Free Sormy
[ VESF Angiogenesis. l
Hﬂpocodcem\c ’ce’canﬂ.
Deep Sea Phgs'\olo&(j :
D€COmP(€SS\Oﬂ

H'\S\'\ borometric pressure > Oompressed 9as releosed as bubbles.

Caisson’s disease/ decompression sickness :
Accumulation of N gas
* Crosses blood brain bayrrier — N narcosis.
* In joints — Bends.
* 0 lungs — Chokes.
* In blood vessels — Rir embolism —» Deodh.
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————— Active space ----- SPQ,Ce Ph!jSiO‘OS\lj 3

Positive §
Heod unconsciousness Black oud)
©)
®
o | cerebral perfusion
&
3
5 \|, Cardiac output
pe
£
g J Venous return o/t venous poolingp.
(U2
Foot
r\legoec‘\\/e g
5 Foot
e T venous return
]
$
= /|\ Cardiac output
5
pw
$ 1 cerebral perfusion
>
S
—
2 q Oor\ges’r'\on in eyes
Hea
(Red oud.
effects of microgravity :
* Loss of Ca® § PO, — | Bone mass | .
Wwork copacity,
* |rec J
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CARDIOVASCULAR PHYSIOLOGY P EEEED e
Cardiac Action Potentials 00:00:30
SA Nodal Potential :
A
K]
€
_?6) 0
o 3
4
Funny currents (/4 N infiw ¢ Slolpe ., Tme
* AKA Hﬂperpolar\zoedon activoted cﬂchc nucleotide { }
goted (HCND channels. ’N% NS \|,b5 PNS :
* Zengitive to cAMP levels. e, JHR.
* Also seen in rods § cones.
* Inhibited bﬂ Wabradine.
ventricular Action Potential :
A
|
A
)
%é
% O 2
Q]
4
Time >
Conduction System, ECG, JVP 00:07:46

Conduction System :
. 3A node * Dominant pacemaker (100 impulses/mir.
a. AV node :
Physiologjical delay for ventricular Silling :
Conduction ot 0.04 m/s (Slowesd.
3. pundle of His.

bundle

4. Purkinje fibres :
Right bundle:

T @op junctions : Conduction ok 4m/s (Fastesb.
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Segmen’cs :

SR

N

ST segmen’r :

* end of QRS complex to start of

T wave.

Physiology
ecq Couse Puration (see)
P wove Atrial depolarizodion 0.0
QRS complex Ventriculor depolarizadion 0.08-0.10
T wove ventriculor repolariza’c\or\ 0.8
* Purkinje fiber repolarization
U wove . . . -
J Pap\l\ouru) muscle repolar\soenon
Intervals :
PR Segment PR interval : QT interval (0.35-0.429) :
* end of P wave * Start of P wave to stort of QRS * Onset 0% Q wave o end of
to start of QRS | complex. T wove.

(013-0.49) : BV conduction time.
1§ > 0.a8 —>» Heart block.

complex.

* ventricular depol. + repo\.
° AV nodal de|a5.

(Total ventriculor ac’d\/'\icﬂ).

R

/2

u

Q g | S QVS

RR intervol (0.—19)
° Interval between 4 successive R woves.
| * HR = 1S00/No. of small squares.

* Plateou phase of ventriculox AR
O J) po'\r\Jr : Con DX ML l

JVP Wovelorms :

. RA systole | a. D/t tricuspid bulge into RA during RV systole

|—4. RA ?\l\'\ﬂg

v

Y————S,. RA i
2. RA reloxotion X emp’fgmg
Cardiac Cycle 00:18:52
) : O )
Duration of cardiac cgc\e =— Normal durodion : 0.8s.
HR Atrial ventriculor
systole (Shord ols 038
Diastole (Lona) 07s 0S s

Systolic (gjection) :

. lsovolumic contraction (ve) :
Both valves closed

1 Pressure

a. Qap\d edec’don 3. Slow ejection
Rortic valve opens

(D) )

end systolic volume (e3V) : volume of blood le$t ot the end of systole (SO mL).
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Diastolic (F‘\l\ing) s Active space -
l. Protodiastole (PO : |8 1sovolumic 3. Rapid flling 4, Slow ?\l\\ng <P/ S. Btrial contraction
Closure of oortic Volve reloxation (VR) (1) Diastasis ()

end diastolic volume (EDV) : 180 mL.

Pressure Volume G\raph g

IVC

80 % of ventriculor ‘T’\I\‘\ng (Possive)

a0

% of ventriculor ?\\\'\ng
(Active)

. Stroke volume (S\V) = edvV - esV

¢ Aortic valve opens

Stroke™olume

ESV

A A
Mitral valve opens

o

°©

‘ Aortic valve
I closes

£ 100 PDE
E
S

E‘

5 IVR
(7))

73]

@ 50
o

Mitral valve Closes

50

Volume(ml) 120

wiggers D'\agram :
Heort sounds :

* Sl mitrol § Tricuspid
Volve closure.
* <S4 : Rortic § pudmonarﬂ
Volve closure.
* <3 Rapid filling,
* 34 : Forceful atrial
controction.

=140 - SO
=70 mL.
. i . LV
a. gjection fraction (F) = —— x 100
Normal eF = SS—60% =Bl
3V
2, €DV =
| — eF
4.esv = eV (I - eF)
: Diostole
: 35s’co\e
L~

Aortic vlla\ve
closes 1
1

1
Mitral vhlve

|/

[ —

Aortic pressure

Ventricular pressure

Ventricular volume

|
I .
Electrocardiogram

Phonocardiogram

120 Aortic valve
opens
S 100~
E 80~ —Dh
},:,' 60+
é 40- Mitral valve
3 closes
B 20 \
0 N\l
= 130+
é f
2 90
=]
S 50 /¥\/
Y

ST

|
|
1

Systole

S2
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_____ Active space - Cardiac Output (CO) 00:34:43

l. CO=HR XSV
Normal values :
* moles : S L/min.
* Females : 4.9 L/min.
a. Fick’s principle :

. 0, consumed (mL/miny

Arteriovenous O, ditterence
3. Cardiac index rodio : CO per m* of body surface area/BSA
(Normal : 2.8 L/min/m? of s
Requlodion of CO:
nMnemonic : CAR.

myocardiol contractility pfteriood Prelood
pest marker eF Bortic pres&ure/ Total per'\pheml resistance oV
Relokion to CO D‘\rec’dq proportional Inversely proportional D‘\rec’dq proportional

Dictribution of CO :

Orgon Blood Slow Orgon 0, consumption
" ISO0 ML/ min L Sl mL/min
weyr e
(Highest mL/min) Ve (Highest M/ min
Brain 150 mL/min 10 ML/ |003/ min
Heart ) / .
13S0 mL/m'\n orR (H\qhes’c mL IOOq m\n)
Kidney 430 mL/ |008/m'm Broin 46 mL/min
(H'\qhes’r mL/| IOOq/ miny
Heart 350 mL/min Note : Heart has h‘\ghes’c AV Oad'\?—féerence.
Skeletal muscle Rest 3 ml/100g/min (14 mL/L)
Coronary Circulation 00:41:20

* Receives blood during diastole (VR
* Regulation of coronary circulation : O, demand > Adenosine, K', NO.

-

Chemical regudod"\on.
Determinants of m50card'\od 0O, consumption :

l. \n’cmmﬂocard'\al tension.
a. HR.
2. Preload § afterload (Ventricular walb.

Physiology Revision ¢ v4.0 « Marrow 8.0 » 2024
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Blood 00:43:16

HEMATOPOIESIS

Sites of hemadopoiesis :
Yolk Liver,
soc | spleen  Red marrow of long § Slat bones Red morrow :

ZWKS 3m Sm 9 m g birth aoy Flot bones of midline

\/

Note : Hematopoiesis in liver § spleen beyond S months age is Pathological.

&rg’chropo‘\es‘\s :
Steps :
Pluripotent Hemadopoietic Stem Cell (PHSC)
Transeription factor GATA l Friend Of ¢aTA (FO)
BFU-2 ¢ Burst Forming unNit 8(5’(?\(065’(6 (earliest committed progem’cor celly)

CFu-g @ Colony Forming unit '&rg’chrocg%e (H‘\Shes’c erg’chropo\e’dc recep’corS)
Proerythroblast (Hb synthesis beging)
Boasophilic erg’chroblas’c
Polychromatophilic erythroblast (Hb appears)
Orthochromatic erythroblast (Complete Hb in RSC)

Reticulocyte Ommoture RBC)

|

erythrocyte (Modure RBO).

‘&rg’chropo'\e’dn : Qegula’don.
* Structuwre : 6|500pro{ein
* Sources:
- Kidney (85%) : Peritubular capillary cells.
- Liver (%) : Perivenous hepatocytes.
- Minor : Brain, uterus, oviducts.

* Drug Forms : epoetin alfa, Darbepoetin alfa.

* Simnuli ¢
- Hypoxia. ~ Alkalosis (High altitude).
~ Androgens. - Catecholamines (3 receptor action.

MOA : Inhibits apoptosis of RBCs.
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_____ Active space -~ ESUCOPOIESIS
S’ceps :
Pluripotent Hematopoietic Stem Cell PHIO)
I
Lgmpho'\d stem cell Co\onB %rm‘mg unit — gMm
Lﬂmphob\as’c mgel|oblas’c
L,ﬂmphocg’ce l l
Promge\ocg’ce mMonoblast
|
; ; y !
r\leuecroph'\l Eos\noph'\l 6asophi\ Promonocg’ce
mgelocg’ce mﬂe\ocg’ce m59\0c5’ce l
\ mor\ocg’ce
t\leuecrophi\ &os\noph'\l 6asoph‘\\
me’camgelocg’ce me’camgelocg’ce me’camge\ocﬂ’ce
t\leuecrophi\ &os\noph'\l 6asoph‘\\
Qegudo@don :

* Granulocyte colony stimuloding factor (& CSP —» drug form : Filgrastim.
* Granulocyte monoeyte colony stimulating foctor
(@M CsP) —> Drug form: Sargmmos‘c‘\m.
* IL S : zosinophil development.
* 1L 294 eosophil development.

Thrombopo'\es‘\s :
S%eps :
PHSC
l &M CSF thrombo
megahargocﬂ’ce
Plotelet.
Qegudo@don :

* Thrombopoietin (Drug Lorm : 8\’(rombopa8)
° Ll (Drug Lorm : Opre\veK\n)
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BLOOD GROUPING SYSTEMS

ABO S}js’cem :
Blood Antigen @50) Antibody * universal donor : O
group (Plasmod * Universal recipient: A&
A A Anti &
&) & Anti A
1) ASH Nl
¢) Nil Anti A, Anti &
Rh S}js’cem :
erythroblastosis fetalis
° Poechophﬂsio\o% :
Ist pregnancy :
Rh-ve mother carrying  during delivery  Fetol blood enters Antibodies formed
Rh +ve bodo5 maternal circulodion in mother

Next pregnancy

.

mMoternal antibodies ——» Hemo\gs\s —» Tunc. bilirubin —> Crosses B8 —» Kernicterus
ottock Rh +ve $etal blood

* Treotment : Anti Rh antibodies.

Other Sgs’cems 0
Significance
el system ¥ absent —> mcleod phenctype taec with spines (Acan’chocﬂ’ces).
Cordiac defects.
o sy ctem * 1§ autoantibodies @ — Poxoxgsmod cold hemoglob‘mur'\a,
* Receptor for Parvovirus &I9.
DudSy system Receptor for Plasmodium vivax.

Blood vessels

00:56:40
Chovocteristics :
vessel Cross—sectional area (m? | Blood Slow velocity | % of blood contaminated
Aorta. 45 (Miny 40 em/s (Mo a
Artery a0 = 8
Arteriole 400 - I
Capillary 4500 (Mox) 0.05 em/s (Mir) S
venule 4000 = =
vein 40 30 em/s s4 (Moxd)
vena covo 18 = -
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°* mMox. diameter : veno cavo.
° mox. wall thickness : Rorto.

* Shunt vessels : AV anastomosis (Temperoture regulo@don).

®* Moax. BP : Rorto.
°* Min. BP : Vena covo.
* Sike of gqas exchange : Capillaries.

Starling force :
Venous end
) )
N N
Capillaries
l Interstitial I
space
Forces directed Forces directed
O outwards inwards O
(favors filtration) (favors
(Pu ni) reabsorption)
(m, P)

Starling forces :
. Capillary hydrostatic pressure ()
a. Capillary oncotic pressure (1)
3. Interstitial hydrostatic pressure (P)
4. Interstitiol oncotic pressure D

Net filtrotion pressure = Forces \h\/oring Skrodion - Forces SPa\/or'mS rea\osorp’don.

NFP = (Pe + 70 - (T_+ PD

Hemodvjnam‘\cs :

Poiseuille-Hagen Sormula : F @lood Slowp = (P, - ) x tr*/8)L.

* Blood flow = Pressure ditterence (P - £).

* plood Slow « radius* (.
* glood Slow « 1/ Length .

I
Fourth power low : Resistonce o«

L
R&C |
(Viscosity I
A 2}
elood pressure

* mean arteriol pressure (MAP) :
- MAP = DBP + I/2 PP
- Normal range 92-100 mmHS.

(Rodius)*
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Reynold’s number Re) :

Re = pdv/M Significance :

p : Density of Suid * Tre: Turbulent Slow 3 | Re : Laminar Slow.

D : Diameter of tube * Stenotic valve —» TVeloc‘\’rB —» Turbulence —» Murmuy.
v Velocity of Suid * Anemio. —»> J,Viscos'\%g —> Turbulence —» Flow murmur.
N : Viscosity of Suid

Coagulation Cascade 01:08:10
Intrinsic poechwag :

Kininogen
XN\ —g—>x\\ (o) . )
rallikrein extringic poechwo% 8

x| X1 (&) Tissue Thromboplasﬁn

EY)
X — X (00
vl — vl (o ViV () «——— w1\
X —l> x (@ <l— v Vit. 4 dependent $actors :
v v (o) * Factors |\, VI, IX; X
co™ * ProteinC, S
Common pothway — Prothrombin (1Y) — Thrombin (o)

Fibrinogen — Fibrin (monomex)
l Fibrin stabilizing foctor I

Fibrin stabilizodion
(definitive clov)

Test | Normal volue measures APTT : Activaded Partial
APTT alb-40s Intrinsic § common coaqulation pathways Thromboplastin time.
PT I-les extrinsic § common coagulotion pathways PT : Prothrombin time
Anticoagulation Factors :
l. Thrombin + Thrombomodulin © > Factors v, VI

(Present everywhere except CND)
a. Antithrombin 1l + Heparin © > Foctors 1%, X, X, XI\
3. Tissue Factor Pathway Inhibitor (TFPD.
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_____ Active space - Blood Pressure 01:13:49
Requlation of &P :
Short term Intermediate term Long term
Time token Seconds Hours Doys
.. Baroreceptor ) : : ) : .
) l. Cap\l\arg Suid shift | 1. Renin Qngxofensm Aldosterone sgs’cem RARY
mechanisms | &. Chemoreflex A A !
) i a. Stress reloxodion a. Blood volume reguda’non b5 K\dﬂ€5
3. CNS ischemic reflex

Baroreliex (MAP —» T0-140 mm Hg) g
* gt line of BP control.

° 6ourorecep’cors : \ i /
0
o. High pressure : Carotid sinus (CN 1), Carotid Sinus

CN IX

oortic arch (CN X)
b. Low pressure/volume sensing *
Atrial § pulmor\our5 ar’ce% baroreceptors. CN X
* Type A: (D BY atrial systole.
* Type & (D ey atrial diastole,
* mechanism :

H'\Sh pressure bourorecep’rors

P —» distension of baroreceptors — T Firing in CN X § CN X

®
Nucleus ’cralc’cus solitorius
l@ Via. glutamodte 1@
Coudal ventroloteral Vagal neuwrons
medulla. (CvLmY l
l ©) Vio spen Parasympathetic
Rostral ventroloteral octivotion
medullo. RvLM)
Sympadthetic inhibition > | 6P, | HR.

Chemorellex (MAP —» 40-T0 mmHg) :
* Second line of BP control.
e e¥fect on HR : variable.
- Direct effect : Parasympathetic activotion —» JHR.
- Indirect e¥Sect : Sympothetic activation —» The.

CNS ischemic reSiex (MAP <40 mmHg) : Last ditch stand phenomenon (PowerfuD.
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Wowveforms in BP :
. Mayer/Vasomotor waves : Oscilladions d/+ nervous control (Short term)
mechanisms of &R
3. Traube-Hering waves : B fuctuotions synchronized with respirodion.
~ Inspiration —»> | SBL.
- expiration (early part) —> Ter

Cardiac Reflexes 01:23:35

Bainbridge reflex :
Tvenous retum —» ptrial reflex ®, SA node —> [ HR.

Bezold-Jariseh reflex :
I Ml —» Serotonin accumulation — | HR, | &P

Oush'\ng’s reflex :
Mtracranial tension (1CT) —» | HR.

Czermak-Hering test:
Carotid sinus massage —» JHR.

|
n’\areﬂ’s low : BP o

HR
Chemical Regulation of CVS :
vosoconstrictors : Tep vosodilodors @ | ep
* Wotensin I\ : Most potent. ® Colcitonin 3ene—re\o€ced peptide (CerP) :
* endothelin. most potent.
® Vasopressin. ® NO.
* Angiotensin I\ * Prostacycling Pal).
* Norepinephrine. ® Kining.

® Histamine.
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..... Active space ----- GASTROINTESTINAL PHYSIOLOGY

Layers of intestine :

Mucosa. — Submucosa. — Muscularis (Cireular § longitudinal — Seroso.

enteric nervous 35s’cem (Little broin) : Two nerve plewses.

meissner’s/submucosal Plexus | Myenteric/Auerbach’s Plexus

Locodion

Submucoso.

nuscularis

Function

Secretion control

motility control

Dodlﬂ woder turmover in gIT :

GIT Secretions

Source/locotion volurmne (ML)
Ingested Suid 3000
G\ secretions :
Salivary glands ISO0
Stomach as00 (Maximum)
exocrine pancreos 1SOO
Bile SO0
Intestine 1000
Total (Secretions + Ingested Suid) 9000
Reabsorption :
Jejunum SS00
lleum 32000
Colon 1200
Total reabsorbed 8800

Remaining 400 m : exereted in stool

00:03:51

Salivo:

3 Mayor sod‘\\/arg 8\omds :
* Parotid : CN X (Otic 8an8\'\on).

O Sub\'\nguod

* Submondibular

} cN VI (Submondibular 8an8\'\on).
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}

Protection :
° Secre‘corg 9.
* Loctoberrin.
* Lysozymes.

Functions : |
D‘\ges’ﬁon : Lubricodion.
Q Carbohﬂdm‘ces :
Salivary amglase/ ptyalin.
* Fois: L‘mgual hpase.
* Proteins : No enzymes.
Types of secretions :
Feotures Tonicity (xt plasmod
Acinay cells * Primary secrefion. )
. o Isotonic
secretion ® Rich in NacCl.
Ductal secretion | ® Reabsorbs No™ § ¢ SN
e
(FinoD * Secrefes " § HCO,. Yporont
Gostric Secretion :

surfoce cells : mMucus

Neck cells : Stem cells

g cells : gastrin

Gostric cells
Parietal cell :
Blood Gastric parietal cell
co, > CO, N
CO,+H,0
Carbonic
Tl anhydrase
H2003 (Carbonic acid)
Proton
HCO,- + H* pump!
HCO,-
cr

|\

Function of porietal cells

Lumen

Postprandial alkaline tide : 'I‘HC)O; levels post food intake.
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Foctors a%c’c\ng 8&5’«'«: ocid secretion :

Increase gastric acid secretion

Decrease gastric acid

secretion

® Histamine
®* gostrin
* Acetylcholine

* Somatostating (O cel

Q Pros’raqland'\ns

* Acid (Megoec\\/e feedbock)

\E)

Phoses of gastric secretion :

Cephalic phase Gostric phase Intestinal phase
reent &
Pereentage o 30% 0% 0%
gastric secretion
Diges’red protein
Activation Thought, sight, smell, taste of food when food products
Loctors (Activoded. in the obsence of food) | enters stomach is’dmudoeces
Intestinal g cells

exocerine Pancreatic Secretion :

enzymes @

Digestion of

{

Carbohﬂdra’re

/

Pancreotic am5lase.

!

Fots

/

® Pancreotic l'\pase.

y

Protein

{

2ymogens (Poncrens)

Active Sorm (Intestine)

* Colipase. * Trypsinogen gnterokinase | ¢ Trypsin
C C/hgmo’crgps'\nogen In small O C,hgmo’crgpsm
C Procarboxgpep’ddase intestine O Mrboxgpepﬁdase

Note : Stored as 2ymogens (nactive form) to prevent autodigestion of pancreas.

Hormones involved in regulo@don of pancreadic secretion :
° C/ho\ecgs’colﬁ'\n'\n : Makes pancreatic juice vich in d\ges’d\/e enzymes.
* Secretin : Makes pancreatic juice rich in HCO,” — Acid neutralisation
(Nodure’s antocid).
6il'\our5 Secretion :
Bile acid t Primary : Cholic acid § chenodeoxycholic acid.

l

Conjugation —> In liver : Bile acids + 8\3c'me/ fourine.

:

Bile solts :
* Conjugoded bile acids + sodium/| potossium,
* Choleretics (enhances bile salts secretion) : Bile salts.

Secondary (ntestine) : Deoxycholic acid £ lithocholic acid.

* Contraction of gall bladder : Cholagogues, eq : CCx.
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enterohepadic circulodion :

Recycling of bile salts between liver § small intestine.
* b to 8 times/day,
| energy for bile salts synthesis.

Small Intestinal Secretions :

.
o coblet cells 22 | mcus
* epithelial cells 2%, Linter § electrolutes

Present in the crgp’cg
* Paneth cells:

of Lieberkuhn.
- pose of erypts
- Store 2ine, defensing, lysozymes D,
GI Hormones 00:21:54
enteroendocrine cell Secreting hormone
g cells gostrin
| cells Cholecystokinin
S cells Secretin
ol astric inhibitory peptide/
glucose dependent insulinotropic peptide (&IF)
mo cells notilin
D cells Somodostotin
Gostrin ¢
* | acid production § pepsin. * Stimuli that increase gastrin
* | gastric motility, secretion : Distension, peptides.
* Contraction of lower esophageal * Stimuli thod decrease gastrin
sphincter. secretion @ Acid, somatostadin.
* Trophic action : Stimulates mucosal * Acts via CCK & receptor.
grow’ch.

Cho\ecgs’colﬁ'm'm - Pancreosz'\n :
* Contraction of gall bladder (Cholagogue)
* Reloxodion of sphincter of 0ddi

Release of bile.

* | action of secretin. * Stimuli: Peptides § fotty acids.
* | gastric emptying, * Acts via. CCH A receptor.
* Stimulates intestinal § colonic mo’c'\\'\’@.

Secrefin ¢
* Pancreatic juice rich in HCO,™. * Contraction of pﬁlor'\c sphincter :
* | action of cholecystokinin. | gostric emptying,
* | gastric acid. * Stimulus ¢ Acid chyme.
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ghrelin :
* Hunger hormone.
* Secreted bﬂ :
Stomoch —> Oxyntic gland.
® Action :
- Orexigenic —> T Sood intoke.
- 1 sostric motility, gastric acid,

adipogenesis, growth hormone.

* ghrelin levels :
- Peok: Fas’cing.
- Low : Obese individuals.

- H'\Sh : Anorexio. Nervoso.

motilin ¢
* Time keeper hormone.

O Qegvdo@ces m‘\gro@corﬂ motor complex.

Sostric Inhibitory Polypeptide (@) :
T insulin levels.

Vasoactive Intestinal Peptide (VIP) :
1 Sluid § electrolyte secretion.

Peptide ¥V | ileal motility,

Digestion & Absorption 00:29:48
Carbohydrates, Lipids § Proteins :
D'\Ses’don : 8023mes.
Carbohydrote Lipid Protein
Saliva SoJi\/arq amqlase L‘\nqqu l‘\pase No enzyme
Stomoch No enzymes Sostric lipase Pepsin
- ° Panfzrea‘cic I'\pase Trig\gceﬁ . 4 4
COnerens Pancr\eoenc . Cf‘ l;pa)(se l ¢ Trgpsgx, chgmé(’;ﬂpsmj
amylase Cholestero Free %&(3 — cox o><5pep’n ose
esterase
DisocCharides : * No enzyme
®* Loctos ® Di ides, tri ides
amoll Intestine actose No enzymes ipeptides, tripeptide
* |1somaltase
* 3ucrase AMINo acids
ﬂbsorp’c'\on :
Carbohydrote Lipid Protein
Site duodenum § Jejunum
* Transport : Fatty ocid emulsified b5 bile salts
- &lucose : SELT |, lv'\a micelles (Transpor’c) 2n’ceroc5’res
Features - Fructose : §LUT S. Reach brush border cells of intestine absorb amino

* Insulin doesmt reguloere
intestinal absorption of glucose.

Absorbed into enterocyte (Mucosal celd.

l\/ia simple difSusion acids

Note :
LGLT-I ¢

* posic for Na absorption odong with glucose in ORS.
* Mutation —> Congenital Glucose Golactose Malabsorption (Cean.
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Iron :
ﬂbsorp’don :
Fe*" Ferric Fe
P—— reductose
l HCP | l l oM | l
H" Heme Fe® H
Fe®”
2+
\ Fe S’comge
Ferritin Lorm
Ferroporhn -
|
Bosoloteral | ||
side Hepeidin e ﬁPh etin Blood
Fe™ Fe* — Transterrin - Fe*
Requlation of hepcidin :

* Source : Liver.
* Levels regulo&ed bﬂ HFE gene.
- HFe mutation — Hemochromodosis.
* Function :
~ Negodive regulator of iron absorption : &inds to ¥erropor’dn 1 inhibits it.
- Links bodg iron stores with iron absorption.
- Inhibits Fe release $rom macrophage and other cells bg b'md‘mg to

S}erropor’dn.
GI Motility 00:39:29
BeR :
Pocemoker : Interstitiol cells of Cojol — Hos RMP.

PNS nce@chohne SNE Mérep\bephfiﬁe Frequer\c5 ot eR (Oscillodions/min :
(1 spikeo) { in spikes)
|” | * duodenum : 18/ min.
—A0MW === 1 BER crosses * lleun : 8/min.
’fhreihold * Stomach : 4/min.
oMV - Action potential Cagcum ¢ &/min.
Restless membrane potential RMP)/ is generated,

Basal electricol rhythm (eeR)
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mo’cil'ﬂrﬂ Potterns :

Deg\u’dhon :
* Phases: * Deglutition reflex :
— Oral : Voluntary, - p¥erent : Cranial nerves S, 9, 10.
- Pharyngeal } e, - Center : Nucleus tractus solitarius.
- gsophageal - gfferent : Cranial nerves S, 7, 1.

&sophagea] mo’dh’rg :

* Stretch induced peristalsis. Contraction \ - /’;_
(Behind bolus) // A\
° Segmen’cs : [l | |
. . ‘ | Direction \ /‘
- Contracting : Substance P 5 acetylcholine. offood )/ L\
— Reloxing : Nitric oxide % VIF. B ‘ @J \‘
‘\ / Relaxation
Gostric mO’d\H'ﬂ : (After bolus)
O Qecep’d\/e reloxodion.
* Retropulsion.
* gostric emp’rgmg t Fostest: Carbohﬂdro&es.
Slowest : Fods.
T gastric emptying | gastric emptying
. - * Cholecystokinin § Peptide Y. N -
sastn * duodenum Foks, carbohydrates 5 acids Enterogastric
e 1 gostric volume _ reflex
Hyperosmolarity of contents

Small intestinal mo’c\l'\’cﬂ : B . G
* Peristalsis. N Gy Gy -
° Segmen’m@don : Segments
Both ends contract -Sows food movement | pyoq e digestion § absorption.

Large intestinal mo’c'\l'\’rg :
* Proximal : Houstrations — Combined contraction of circular § longitudinal muscles.
* Distal : Mass movements.

- mMovement from one segmen’c to another — Rectal distension — Defecation.

migratory motor complex (Mme :
* Seen during \1as{"\n8.
* migrates from stomach to colon.
* 1 MmMC once every 90 minutes : Requlated bﬂ motilin.
C ‘arﬂ’dr\romﬂcin:
~ Rx of gastroparesis (M/C : Diabetics).
~ Action : T nMC viae motilin (Mo receptor.
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Defecation & Vomiting 00:51:02 .. Active space -

Defecation Reflex :

Process :

stretch ofSerents octivotes

Rectal distension > Sp'mal cord —""25 Poyos mpakhehc

Reloxodion of external anal sphincter (VO\unJcarﬂ) <— Reloxadion of internal anal
l sphincter

Powerful contraction of abdominal muscles, colon, rectum — Defecotion.

First urge to defecote : Rectol pressure ot 18 MMHg,
Moximum rectol pressure : SS mMNHg —> eegond which ‘\n\/o\un’car5 defecadtion

oCcCurs.

vomiting :
Foctors : Neural, humoral, muscular.
Sequence of events :
Nawusea, salivation — lottic closure (Prevent aspiration) — Reverse peristalsis

T intragastric pressure <— Contraction of diaphragm § abdominal muscles

y

Lower § then upper esophageal sphincter opens — vomiting,

Dietary Fibers/Roughoge :
examples : Lignin, pectin, cellulose.
Source : Rich in cereals, fruits, vegetables.

Functions :
* AdAs bulk in diet.
* | glucose absorption.
* | LDL cholesterol levels.
* Makes stools bulky @y holding woter).

Converted to short chain ¥o€c{5 acids bﬂ microSioro.
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----- Active space ----- RE NAL PHYSIO LO GY

Glomerular Filtration & Renal Blood Flow 00:00:20

Nephron : Functional unit of lﬁ'\dneg.

pSerent
arteriole

eflerent
arteriole

Glomerulay
capil\ar\es
Bowmon’s
capsule Plasmo/Filtrode
I Filtrodi
Filtradion Pertubulor
3. Reabsorption I
cap\l\ar\es
2, Secretion
4, exeretion

ur'\nar5 excretion

Ultrafiltrodion :
Plasmo.
exception : Proteins, because :
* Heparon sulfote : Megoec‘\\/elﬂ charged proteins that line glomerular capillaries.
* Fenestrations : Small gap between cells (4-8 nm.
* glit d’\aphmgm :
- Formed by oot process of podocytes.
- Integrity maintained by nephrin, podocin, Ol-actinin,

Protein mMutodion (Leads to protein excretion)
I. Nephein Congenital finnish type nephrotic sgndrome (NPHS-I 8ene>
a. Podocin Steroid resistant nephrotic syndrome (NPHS-A qer\e)
2. O.—ackinin Autosomal dominant Focal segmental glomerulosclerosis (Fseo).

Afferent Efferent

arteriole arteriole

Filtrotion Forces : Forces favouring
Sltrodion : i

O Hgo\ros’co@cic pressure in

. . P = 6O MMk
glomerular capillaries (Pc). c 5

capsule

* Oncotic pressure in
Forces oppos‘\ng

glomerular copillary (J'cc).

Sittrodion : e
* Hydrostatic pressure in Tte = 33 MmHg
) = ]
bowman's capsule (P). Py, = 18 mmHg
Net fittration pressure : P - (T + P = 10 mmiHg Starling Sorces
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Clearance :
C : Cleovance rote of o substance.
u XV =
© = Sp— U, ¢ Urine concentradion.
S
© P o6 Plosma concentration.

V & Urine Slow rote.
GFR estimation Markers :

* nulin : gold standard.
* Creotinine : m/c.

. Cﬂs’coedn C : New marker.

Renal Circulation :
Renal blood Slow P : 1350 mL/min (3% of cardiac outpud.
Renal plasma. Slow RPP ¢ $5% 0% RBF = (6aS mL/min,
Q) alomerular Sitration rode : 13S mL/min.
Fittration froction :

* GFR/RPF =135/6aS = a0%

* Substances used to measure :

- GFR : Inulin.

- RPF: Para—-am'moh\ppuﬁc ocia.

Regulation of GFR & RBF

00:09:58

Foctors :
Factor RBF GFR
Congtriction of :
AfSerent arteriole
( . . . ¢ l
exormple : Nor epinephrine)
eflerent arteriole | Biphasic response :
(example : Angiotensin-1) Initiolly &FR T, Later |
Dilododion of ¢
pfSerent arteriole
(65 Prostaglanding) t f
efSerent arteriole ] l
(example : ACg inhibitore)
Auto Qesula’cion :

Pressure within 80-I180 mmHg —»> RBF § GFR constant.

mechonisms :

* myogenic mechanism ¢ TReF —» Stretches vessel wall %

|} RBF <— vasoconstriction
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* Tubuloglomerular feedback Tep:

= T Tubular Nacl concentrotion » fetivodes moculo. densa. _Adenosine constricts ="
pfSerent arteriole

O mescmg‘\al cells :

gndothelin, norepinephrine _ ~ w0 ation Glomerular capillary J,G\FR

compression
Nitric oxide, ANP > Reloxodion Glomerulayr co_xp'\\\omj . T &FR.
compression
ANP : Atriol Nodriuretic Pep+ide.
Nephron 00:19:04

Distal convoluted
tubule (OCT)

Proximal convoluted tubule (PCT)

Glomerulus

Fittrodion —— Collecting duct ()

Loop of Henle (LOH

Proximal Convoluted Tubules 00:19:15

Site of moximum reabsorption.
Features : Tmitochondrio. (AT £ highly infolded plasma. membrane (surfoce are.

PCT Reabsorption :
* 70% of filtered Nacl, water, K', urea, Co™".
* 80% of filtered phosphate § bicarbonate.
* 100% of filtered glucose § amino acids.

Peritubular
capillary Lumen
[PCT cell ] N
O E— No'—H exchanger
cr 1 Jy

s

N | R
5 No
gH——TSELT a: Ma‘—glucose cotransporter

Glu
—HO
a

Aquoporin-
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Renal Physiology

Obligatory woder reabsorption : Independent of ADH.
Note : In col\ec’c'mg duct —» Facultative water reabsorption (nfluence of ADH @)
&lucose reabsorption :

C T\’WOU\S\’\ SeLT-4a ¢ Secondar5 active fransport.

* 1% plasma glucose 7 180 mg/dl —» Renal glycosurio.

T ranspor’c vote
275 Mg /min Sodurodion
Tmnspoﬂr PoXinNUM
Sor 8\ucose
180 mg/ daL Plasma. Slucose
concentrodion
Renal threshold for
B\ucose

Tubular Sluid plasma. ratio :

1.6

14 ‘______________CJ_‘ ...... TE/p > _» Reabsorption <

Creadinine Waodter.

1.2+ e Urea

= _} TE/P = | » QeabSorphon =
Waoder.

0.8 —

TF/P

0.6 —

0.4 —

~o
~
S~
-~
Lo
-
-

e N, e Reobsorption >
o2 } TF/P < 1—> P

Waodter.

0 25 50 75 100

% Proximal tubule length
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Loop Of Henle (LOH)

00:28:48

Counter current 35s’cem :

> 1 Concentrotion

A

T Dilution <

P(i,‘l‘
BOO mMOsm/L
noel 4
a&
Aquaporin <))
TN
Ho «—
ES
Descending LOH : 00O
Concentrating segment | o «— v
a3
* Permeable to water. 900
* Impermeoable to No, CI”
* Countercurrent 1800 1800
multiplier.

OCT
200 Mmosm/U Ascending LOH :
D‘\lu’r‘\ng segmen’c
Hof?t * Permeable to solutes.
* Impermeable to wodter.
o I
— No
900
> Na'/w/acr cotransporter
1800

medul\ar5 ngerOSmolarﬂ'a

Loop diuretic (g : Frusemide)
excretion of Na, 1K', CI

Note : Counter current 33s{em iS also seen in K'\dneﬂ, limbs, testis, intestine.

Voso recto :

° AKA Counter current exchanger.

® plood vessels odong LOH with similor osmolarities.

°* mMointain medud\ourg hﬂperosrno\our\’rg.

Colcium reodosorp’don :

Peritubular

600

900

O

— 3 Vosa recta

300

600

> ﬂscend‘mg LOR

900

1200
|

1200

\

Descend\ng LOH

capillary

YN

) LOH cell

Co’%
h+

MOC‘%—
H+
ack —

P

ar 2
Co™
+++ >/

Distal Convoluted Tubule (DCT)

. Repel the @chargea Co™ gets

reobsorbed.

—T>an recgcl'mg : Positive chourge in the lumen

> | No'/ w/acr cotransporter

ol

» Colciurio.

Loop diuretic

(Furosemide)

00:35:53

Sodium re-odosorp’don :

No'/CI™ cotransporter mutadion

fo

Thiozide diuretics

nMutodion

e

Gitelman’s Sﬂr\drome.
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Renal Physiology

Colcium re—-absorp’c\or\ : Peritubulor”
Co re-obsorbed by copillory
DCT Cell W
e — uonen
(Qegudo@ced b5 PTH £ Vitamin D)
_— o}
Nol™
g el
> /L
COC;H pTH
TQPVST/ Vik,
C/Qa+ D
~— //D
Jux’caglomemjar Appouroecus :
Cells Function

I Juxto 8\omerular cells

AKA gronular cells : Produce renin.
(n o8Serent arteriole) “ . \

GFR sensors sense Tir\ GFR —>» Release adenosine
a. Macula. densa

i e Constrict AR 5 | &FR.

(Tubuloglomerular feedback)

2, extro 3lomerudar ) )
Suppor’n\/e cells AKA Locis cells.

mesanq\od cells

layer

Lacis cells
JG cells (extraglomerular
| (granular cells) mesangial cells) I

Juxtaglomerular apparatus

Collecting Duct 00:40:40

* Two parts : Cortical § medullary collecting duct.
* Two cells : Principal cells § Intercalated cells.

* Two hormones : Aldosterone § anti-diuretic hormone (stopressm).
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Action of Aldosterone :

n princ\pod cells :

Peritubular
capillary

eNaC : "q)\’rhehal No' channels.

ROMK : Renal outer meo\ul\arg channels.

In intercoloted cells :

Peritubular
capillary

TN
(]

l Intercalated cell | l Lumen |

CI"-HCO,” excl wan:ge rZT “ hi

Actions of Anti-Diuretic Hormone :

* Focultotive woter reabsorp’c'\on.

* Aquaporin-a : Facilitated ditSusion.

stopress\n recep’cors :

O v‘ recep’cor : Voasoconstriction.

O Va recep’cor :

HCO |

Peritubular
capillary

Ol

H — excretion

NTPose

Y

| Principal cell | ‘ Lumen |

V_rece p’cor
a

N—_ ] _—

- Woder reabsorp’don us'\ng AQUOPOIIN-a. Aop-a
-V, blocker : (‘,on‘\\/ap’mn (Rx : )ADH). C »»»f*“”u
* V, receptor : Releases ACTH from anterior p'\{m’co«g.
Free woter clearonce :
Free woder : . i
Concentrotion of Urine | Level of ADH <een in
clearance
4 ) ) Sﬁndrome of inappropriote ADH
Negodivi Hiah High
s 9 3 secretion (S1ADH)
Positive Low Low/Rbsent Diobetes Insipidus

Free woter clearance = O —» Renal abi\\{'ﬂ to concentrate g dilute urine lost.

Natriuretic Pep{:ides:

Tgpes :

* Type A: ANP

* Type & BNP

* TypeC: CNP
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Renal Physiology - 75

Micturition 00:47:42

Nexrve wpp\g :

Inferior mesenteric

ganglion

Sﬂmpoeche’dc

Hypogastric

nerves

Sil
Pelvic nerves
ARl >, B
SpRinSEar :\—gy Pudendal nerves

Pamsampod'he’c\c

Bladder innervotion

Somadic supply : Pudendal nerves (Voluntary contracts)
H'\Sher centres :

° Faci\i’coecorg Centre : PoNs —» earr‘\ng’con centre.

. \nh'\b'\’corg Centre : midbrain.

* Highest Centre : Paracentral lobule (Cortex).

mMicturition reflex :
Bladder filling (stretch) —» AfSerent to spinal cord (Pelvic nerve)

l Pamstjmpoﬂche’c‘\c activotion

Contraction of detrusor §
reloxodion of US

:

Reloxodion of eus

:

mMicturition

Intermnal urethral
sphincter (US)

external urethral
sphincter (BUS)

Internal § external
urethral sph‘\nc‘cer

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



1o - Physiology

Bladder ?\\\‘\ng starts
v: ]

P sngm rise

C/Bs’come’crogmm :
Study of volume (V) § pressure () changes in the bladder.

N\

8}

A

[0)]
o
|

NS
o
|

— P : 111 and micturition cccurs.

Intravesical pressure (cm water) (

20 - i
Ib
la = » olodder fillin
0 / T | T T T Vo ']\ T T S /% ’
0 100 200 300 500 —» D/t laplace law :
P : Constant
Volume of fluid in the bladder (mL) (\)) o] s’co%s constant.
= urge to void mMarked sense of bladder fuliness
Acid Base Balance 00:52:10

* Normol pH : 135 to 745 (<6.9/>71.8 —» Foto).
° Demnged pH
- Denaturation of proteins.
- CNS
* Acidosis —» J,&xci’cab'\h’rg.
* Alkalosis —> TCNS excitability (Muscle twitches).

Acid base balance equation :
CO, + H 0 -Carbonic anhydrase , ¢ (Carbonic acid) —» H' + HCO,~

First line defense:

eufler system :
* HCO,™ : Most important extracellular budSer.
* Phosphate : Important intracellulor budSer in tubular Kidney,
* Protein : most plentiful intracellular budSer.

Second line defense : Lungs (75% correction)

> Hﬂper\/en’c‘\loec‘\on —» CO_ woshout.
| a

Alveolar ventilation OCT —
a > Hﬂpoven’d\oedon — C)Oa retention.

Third line defense : Kidneys (00% correction)
* excretion of H" § HCO,
* Reabsorption of HCO,
* Generodion of new HCO,: Uses phosphate § ammonia buter in place of

bicarbonate to neutralize ocid,
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Peritubular

capillary
o Type A intercalated cell | | Lumen |
N
¢ O
HCO, ] K"

Tﬂpe A intercoloted cell : Acidosis

* Acid excre’c'\ng
* Acts dur'mg ocidosis

Acid Bose Disorders :
Normal pC,Oa= 25-45 mmHS.
Normal HCO,™: aa-al meag/L.

Renal Physiology - 77

Peritubular

capillary
— Type B intercalated cell | | Lumen |
N
1o o
cr
H*
D
Type & intercalated cell : Alkalosis
* Bose excre’c'mg

* Acts dur'mg alkalosis

° Salicylic ocid poisoning

Couses
T
metabolic acidosis * Lactic acidosis } weo.": diarrh
: Diarrhea
UpH * Diabetic ketoacidosis >

metabolic alkalosis

O \/om‘\’c‘\ng

IH

(e

Hyperaldosteronism (TH" excretior)

diuretics TRARS, Paidosterone

volume contraction alkalosis

T weo,
Sodium bicarbonote '\nges’don

Qesp‘\roecorﬂ ocidosis

Qesp'\roecorﬂ o\epress\on : Opiods

Respirotory muscle paralysis : Polio, Guillain-Barré Syndrome

(TpcoQ * Rirwoy obstruction : COPD
Qesp‘\roec\orﬂ alkalosis | © Hﬂperven’dlo&‘\on
(pco) * Hypoxia (gq : High altitude)

Note : Respiratory alkalosis — Hypocolcemic tetany, a excitabilitu

Anion Gap (e :

* D/t unmeasured anions (Protein, sulfate, phosphote).
* AG = Na'= (HCO, ™+ 1D = (40 meo/L) - (8s meg/L + 10S meg/L)

= 10 meg/L.
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----- Active space ----- ENDOCRINE PHYSIOLOGY

Forms of cell signalling :

© S\gr\ol\ng cell Targe’c cell
Autocrine Signalling Gop Junctions
Mearb5 cell Foxr away cell
| a :&
S\Snod'\ng cell Targe’c cell S'\gnod'mg cell Targe& cell
Paracrine Signalling endocrine Signalling

Tgpicod negahve feedback control of endoerine hormone releose :

Hﬂpo’chalamus 46—

A
Qe\eas‘mg Hormones

'O o

Antexrior P'\’cw’c&rﬂ -«

T roph‘\c Hormones

l@ A

Tourge’c Glonds

Per‘\pheral Hormones

Hypothalamic & Pituitary Hormones 00:02:54
Pi’cu'ﬂ:ar\(j ;
Anterior pituitary hormones : Posterior Pituitary Hormones :
Stores g releases oxg’coc‘m Gl
Cell Type Hormone _
VOSOpressin.
Acidophilic | Somadotrope | Growth Hormone
Cells Lactotrope Prolactin
Gonadotrope FSH, LH
Bosophilic
Thyrotrope TSH
Cells
Corticotrope ACTH
Note :
* Twin hormones : arowth Hormone § Prolactin. r»&ndorph‘\n
* Common precursor : Proopiomelanocortin (POME > MSH
ACTH

- Addison’s : tACTH (Mimics MSH) —» ngerp'\gmen’ca’don.
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HﬂPO‘H’\QJQ.miC g
S’cimula’cor5 hormones with efSect on anterior pi’mi’carg :

Htﬂpo’chodamic Hormones Antexrior pi’cw’carg hormones

Thyrotropin Releasing hormone (TRH Thyroid Stimuloding Hormone (TSH)

Corticotropin Releasing hormone (@1 Adreno corticotrophin releasing hormone (reTH)

Follicle stimuloding hormone (FSH
gonadotropin Releasing hormone (&R ‘ m .a ny nerm %
Luteinizing Hormone (LH)
&rowth Hormone Releasing hormone (eHRW) &rowth Hormone (&)

\nh‘\bi’c‘\ng Hormones :

* Prolactin release 'mh'\b'\’c'\ng hormone/’ Dopamine —» @ Proloctin.
* growth hormone '\r\h'\b'\’dng hormone/Somotostodin —» @ GH.

Growth Hormone 00:07:30

Requlation of Growth Hormone Secretion :

| Hugpo’chodamug "@

G\HQHl@ lSoma’cos’ca’cm

ghrelin —®>|Soma’co’croph$ in anterior P\m\farldFi
(From stomach)

Growth Hormone
Liveyr

'

Insulin Like arowth Factor—I
(&F-D or Somotomedin—C
Note : Drug forms GHRH : Sermorelin.
Somatostodin : Octreotide.

Foctors a?—‘%ec’c‘ms arowth Hormone :

Foctors that increase Srow’ch hormone secretion

C ngoglgcem'\a

Foctors thot inhibit Srow\th hormone secretion

- gxercise * Somodostatin

- Fasﬁng * Increase in blood 8lucose levels (&3 : Glucose
- Stress infusion)

- Starvodion * Rem sleep

* Deep sleep (NRem stooe 3 5 4)

Actions of Growth Hormone :

Direct actions (Anti-insulin like)
* Decreosed insulin sens'\’d\/'\’rﬂ.
* Protein sgn’ches\s.

* Sodium retention.
O L'\polﬂs'\s.
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Indirect actions : Mediated by IGF-| Onsulin like ac’c'\\/\’rﬂ).
* Anti l'\polg’c'\c.
* Protein sgn’chesis.
° ap‘\phgseal Srow%h.

Growth Hormone Disorders :

Dwarfism : | &r.

(—‘J\'\San’c'\Sm : lan.

Acromegoly : Tar.

Laron Doy fism :
* Resistance to Srow’ch hormone oction.
* Normol/ T aH + low levels of \gF-I.

Prolactin 00:13:28

Requlation of prolactin secretion :

ngo’chodamus
v
v v
T hﬁro’croph'\n re\easmg Proloctin ‘\nh'\b'\’dng Loctor
hormone (TRH) (Dopamine)

10) Oy

| Lactotrophs in anterior pituitary |

A @ @A

Vasooctive intestinal &lucocorticoids,
peBbics ViR Thyroid hormones
Proloctin
Factors ofSecting prolactin secretion :
Foctors increasing prolactin Foctors 'mhib'\’c‘\ng prolactin
secretion secretion
* Marked increase during *  Somadtostadin
pregnancy and lactodion * Dopamine agon'\s%s
* Sexual intercourse (Like Bromocriptine)
* Dopamine blockers
* exercise

Note : Proloctin — gnRH inhibitor.

Physiology Revision ¢ v4.0 « Marrow 8.0 - 2024



Endocrine Physiology - 81

Thyroid Hormone 00:15:58

Thgro‘\d Hormone 33nkhesis :
Th5ro'\d hormones stored for & - 2 months in colloid.

eh iroid foﬂicl:\iiil

lodination

Follicle colloid
e Thyroid follicular cell
Thyroglobulin N

g .l'".
()~ Endoplasmic
reticulum

Thyroglobulin secretion

Oxidation by
thyroid peroxidase

SN
. o
C
i » o
Aa

Sodium lodide Symporter NS :
C Secondourg octive ’cmnsport
° 8><’cro¢h3ro'\dal locations : Salivary glands, lactating breast, placento.

Note : LolfS-Chaiko®s efSect — Todide — \|,Th5ro'\d iodide organ\%coecion

{

IT,T

4

lodide Chloride Antiport/Pendrin :
* Locations : Thyroid gland § Inner ear.
* Mutadion : Pendred syndrome loni=s o ion- T

sensor5 neural hear‘mg loss.
Thgro'\d hormone b'md‘mg pro’ce'ms :

* Albumin.
. Thﬂro'\d 6'md\n3 Globulin H'\Shes’r od’—‘}'\m&ﬂ to ’chgro'\d hormone.
* Prealbumin/Transthyretin : Binds o thyroid hormone § Vit A.
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Triiodothyronine (T)ve. T hyroxine aT):

T_ (Physiological formy | T, (Pharmacologicol/drug $ormy
Potency nmost Least
Half Life | dowy 7 dows
Plasmao. protein binding Less more
Action Ropid Long lasting
In colloid Less (1%) more (35%)
Thﬂro‘\d Hormone Receptors :

nMonocarboxylase Transporter (MCT)

&

|enters the cell and acts on

Uy Organic Anion Transporting Polupeptide onTe)

> Nucleoyr recep’cors.

effects of thyroid hormones :
Target tissue ghfect nmechanism
* Stimulates metabolism — 10, consumption.
Throughout the body Colorigenic 2
* 1 in basal metabolic rote.
WA Chronotropic and inotropic | Increased number of B—adrenergic receptor.
eor
(indirect e$Sect) (Norepinephrine medioked)
Adipose tissue Cotabolic Stimmulades lipolysis.
nuscle Cotabolic T Proteolysis.
gone Developmental Promote normal arowth and skeletal development.
CNS Developmental T myelinotion — 1Nerve conduction velocity,
Cholesterol Codobolic | Cholesterol levels.
Endocrine Pancreas 00:28:30
Type of cells :
Cell type Secretion
A cells (or) Alpha cells Glucogon

B cells (o) Beta cells (LO-T5%),
moximum lie in center of iclets

Insulin, F\mgl’m, C peptide

D cells (o) Delto. cells

Somaotostodin

F cells

Pancreatic polypeptide
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Endocrine Physiology - 83

Insulin :
Major anobolic hormone.
Steps involved in release of insulin

R 6e;a cells of pancreas ppical end S ‘tep—-?)
asolateral en Voltage sensitive Caat+ channel

(ﬁ K+ acCumulation
p—3 L>Depo\ourizaﬂc‘\ors
Kt

Cod+
Sitive K+ chonnel

r+ channel closed
Glucose RMP =—90 mV

l

Increases ATP

Step-|
P Step-4
\_ 2x005+osis

Secretory granules of insulin, amylin, C peptide

Sites of Insulin dependent glucose uptake :
* Heart
* Skeletol muscle -uprequlotes GLUT 4 — J serum glucose.
* Adipose tissue

Note : Exercise (D BMP activated Kinase pathway 1 aLuT-4.

Independent of insulin (Hence benefits diabetics).

mMechanism of action of insulin :

ias

Tyrosine Kinase (insulin receptor)

Cell membrane

Insulin receptor fubs’rroeces (RD)

P12 Kinose po@chuoa5 MAP Kinose po@chuoo%

Upregqulates GLUT 4. Mediates growth promoting and
anabolic functions.
Pl2K Phosphoec‘\dglinosi’col—??—lﬁ‘\nase.
NMAPK : m'\’cogen Activated Protein kinase.
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Foctors a%c’c‘mg insulin secretion :

Foctors [insulin secretion Factors | insulin secretion
High blood glucose Somoadostotin
° educagon * Toxins : Streptozocin, Alloxan
* Amino acids like arginine, leucine * Sympoathetic @ 0L adrenergic receptor medioted

e {Pam%mpo&he’dc : Ace’rﬂlcho\'me
Sympodhetic : 3 receptor medioted

Gastrin, cholecystokinin, secretin

Ineretin hormones :

Oral Glucose
* &lucagon-like peptide - I (&L - D
* Glucose-dependent insulinotropic plasma
peptide (&IP)
* Incretin efSect : i.v Glucose
Oral glucose stimulates insulin much
more than IV glucose. Incretin efect

Action on metabolic pa’chuoags :

Pothways stimuloted by Insulin | Pothways inhibited by Insulin
T slycolysis } slycooenclysis
T elycogenesis | sluconeogenesis
TLipogenesis J Lipolysis

Homeostasis of Insulin

mMedioted bﬂ hﬂperglﬂcem\c/ Oom’cer—reguloﬂcorﬂ hormones :

® Cortisol. . ‘ap'mephr'me.
* growth hormone. . Thgroio\ hormones.
C e\\ucagon.
Adrenal Gland 00:40:00

Connective tissue -8
capsule |

2ona. glomerulosa : Mineralocorticoids (S%)
* Secrete oldosterone
* Formadion of new cortical cells

~2.0no. fasciculoda @ Glucocorticoids (SO%)

* Secrete cortisol

Adrenal gland

~2 ona reticularis ¢
Secrete sex steroids (7 %)

zg?.‘zryior suriaceigiy - Adrenal medulla :

Secrete catecholamines

90% epmephr'\ne

Adrenal gland : Parts § secretions 10% Norepinephrine
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pldosterone :

Steroid hormone.

HELENSE No: gpithelial Now channels (eNaC). Thmugh

Reodosorp’don : { .
pr\nC\pod

H O.
a
K": Renal Outer Medullary Potassium channel ROMIK). cells.
exeretion * {

H Thmugh intercaloked cell.

mMechonism :
\ .
Aldosterone : Site | PRINCIPAL CELL Actions
Hﬁperlﬁajem\a Moyor |> - BIGE
> B ——— ug
stimulus for release of M g
MR Active MR-Aldosterone complex
aldosterone.

Inactive
enters nucleus
mineralocorticoid

receptor (MR)

upregulodion of
@ l ® epﬂ'hehoJ sodium

Actions channels
Y Amiloride
K" eNal, eNaC channel blocker.
gm-p 00 * Couses excretion of Na'.
No™

l\. Na" § H_O reabsorption

No"
= O
3. K" excretion a
h+
ROMKX

pldosterone oction on principal cell

Liddle’s sgndrome :
* Gain of function mutodion of eNocC.

* Hypertension (h65 manifestotion).

Aldosterone escape :
* 1 in eCF does not lead o edemo.

* Hyperaldosteronism —» o

L[: Pressure diuresis NG
Nodriuresis (via Atrial Nodriuretic peptide) edemo.
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_____ Active space - cortisol :
eflect on mechoanism
CarbOthm&e “Hﬂperglgcem'\c hormone” — Te\\uconeogenes‘\s
metobolism
Protein * Cotabolic in muscle : Pro’ceolgs\s
metabolism | ¢ Anabolic in liver : TSunthesis of plasma proteins $rom liver.
Fod metabolism Lipolytic
IMmnune system Anti-inflammadory agent
S * Cortisol | the blood levels of : 2osinophils, lymphocytes

cortisol 1 he blood levels of : Neutrophils, plotelets, ReCs

Alters mood and behoaviour
Nervous s5sicem

* eppetite
Kidney T slomerulor fitration rate and colcium excretion.
Bone T eone resorption by 1 activity of osteoclasts.
Connective Inhibits fbroblast proliferation and collagen formodion.
tissues (deloy wound healing § purple striae on skin)
QT T aastric acid — Peptic ulcers.
Reproduction Inhibits &nRH — Amenorrhea, loss of libido, infertilitu.

Adrenal Sex Steroids :
* Found both in males § females.

° Include :

\

Dehydroepiandrosterone (DHew : Mayor.
Dehydroepiandrosterone sulfate (DHERD).

Androstenedione.

\

\

\

Testosterone (Onlﬂ small amounts).

Calcium Homeostasis 00:51:00

Normal serum calcium levels : 9 — i mg/ dL.

lonized colcium Protein bound calcium
S0% of total calcium S0% of total calcium
Free calcium Storage form
Phusiologjically active form Inactive form

pH changes { coleium :

1co® bound form.
Respiratory alkalosis — JH"ions — Calcium binds o album'\n{:

$Co® free form — Hypocaleemic
’ce’cang.
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Calcium absorption :
* Site : Duodenum.
. Faci\i’co@dng factors : gastric acid, protein rich diet.
* Inhibiting factors : Phytates § oxolates (Form insoluble complexes).

PTH/Phosphatonin Vitarmin D Caleitonin
3. Co™ § phosphote
Stimulus <. calcium | T%P:iH P Te. co
PTH —> PTH receptor on osteoblast
@ @ Releoses Bone mineralizodion § Inhibits bone re-
Bone Osteoclasts <= RANKL resorption depending on | sorption by inhibiting
Teone reSOVP‘HOﬂ. s. Co™ levels osteoclosts
Phosphote excretion &
f P J T o5 phosphote .
Kidney inhibiting Sodium Phosphote ecoro T co® excretion
reabsorption
cotransporter in PCT) pt
Tca® 5 phosphote Inhibits calcium
Intestine \r\d\rec’dg Titomin ©
absorption obsorption.
Overall
Ploot Ts.ca® g | s phosphate 1. ca® g phosphote }s. co
Note : PTH.

* Protein hormone (84 0d) .
* Secreted from chief cells of paroechgro\d 8\om<i
* Drug Lorm : Teriparotide.
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..... Active space ----- REPRODUCTIVE & EXERCISE PHYSIOLOGY,
REGULATION OF BODY TEMPERATURE

Male Reproductive System 00:00:25

Sertoli cells — Anti mMullerion @> Femole sexual de\/e\opmer\t

SRY gene : Sex determining region hormone (Ami)

on short arm of Chr. Y Leydiq cells — Testosterone > Male sexual development.

®
Puber’cﬂ :
GheR,

elotoni
meloonin . vinuous 2> FSH % LA,

Secretion of GnRH

Pulsatile > FoH § LH

GPRS4A recep’cor
on gNRH neuwrons

f

h‘\sspep’r'\n
Permissive role : Lephn © > Pubertu,.
Adequate body fak Y
Spermatogenesis : @Spermatogonium
Sperm maturation and mo’c‘\\‘\’cg : (' lMitOSis
°In ep'\d'\dﬂm'\s. @ (: — 1°Spermatocyte

Meiosis | (Reduction division)

* petivation of CATSPER (Co® channel)

:

Forwaxd progressive mo’dh’rB of sperm.

@ Secondary spermatocyte

lMelosm Il
@ Spermatid

Differentiation (Spermiogenesis)

Capocitodion of sperm
* Occurs in femoale Sen'\Jcod troct.

* ! Forward motility of sperm. Sperm
* Focilitodes acrosome reaction. released

Spermlatlon
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Cortical Reaction :

Cortical gronules : 8n25me—\?\l\eo\ vesicles

e

exocg’cos\s of 8ranules

.

Release of hydrolytic enzymes ol phies r—

l Egg cytoplasm

2P3 ——— 208 (Thick) —> Prevents polyspermy.

(2P : Zona. pellucida protein)

Functions of Sertoli Cells :
® Secrete AMH.

Produce androgen binding protein PeP).

* Form blood—testis bavrier : * Secrete aromotose enzyme.
Protects sperm. * Secrete inhibin :
* Nudrition to developing sperm Negodive feedback regulation of FSH.
(AKA nurse cells of testio). * Phogoeytosis of dead sperm.
sSemen :
Secretions from | % volume Composition
Seminal vesicle 0% Fructose, phosphory| choline (Florence tesb, ascorbic acid, prostagionding
Prostote 30 = 30% Spermine (Barberio’s tesh), fbrinolysin, 2n, acid phosphotase
vas deferens 10% -

Male Sexuol Act :
erection of penis :
° ParasBmpoeche’c'\c innervadion : S ;S ,S, (Neurotronsmitter : ﬂce’cglcho\'\ne).
* Non-adrenergic non-cholinergic (NANC) system :
Nitric oxide Y CMP i tion of arteries —> Compression of veins — Penile engorgement.

- Phosphodiesterase (PD®) : Degrades ceme
- PDE inhibitor (SildenafiD : Inhibits ceamP degradation —- Terection.

gjoculadion :
* Life span of sperm ofter ejoculation : | - & days.
C Sﬂmpoeche’dc innervokion: T - L .
* Steps:
[ Zmission.

a. %aculo&don proper.

Detumescence/resolution :
Congtriction of arterioles bﬂt endothelin.
Morep'mephr'\ne.
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Qegula’c‘\on of male Reproduction :

Two cell fwo 8onado’crop'\n model :

| Hypothalamo pituitary testicular axis

Hypothalamus
-—

[ >| Gonadotropin-releasing hormone (GnRH)

Anterior pituitary

— -—
r-—>| Luteinizing hormone (LH) | | Follicle-stimulating hormone (FSH) |< ------- 1
al + !
|
J ! i
|

1
b Testosterone ==

Functions of testosterone :
* woltSian system stimuladion :
Development of internal
male 8en'\’cod organs.

* erythropoietin stimulation : TReC.
* Anabolic efSects : Tmuscle mass.

® Bone Srouo’ch stimulodion.
SA reductose

* Initiation § maintenance of
sperma’cogenes'\s.

* Stimulotes Sertoli cells ¢
Teep synthesis.

* TLibido.

* Testosterone ———————S5 D\hﬂdro’ces’cos’ceror\e (more po’cen’c).

Functions of d\hﬂdro’ces’cos’cerone :
* Pubertal changes.

* mosculinizodion of external male 8en‘\+al organs.

* Development ot prostote.

SOl reductase inhibitor (Finasteride) : Therapeutic use in BPH,

* 3° sexual characteristics : Facial hair, acne, temporal hair recession.

Female Reproductive System

00:20:19

Oosenesis g

A Oogonia

lB Mitosis

@ C Primary oocyte (Meiosis | arrest
till puberty)

N4 \) Meiosis |

Secondary Oocyte E @F First polar body
(Meiosis Il arrest .
till fertilisation) ¥ ‘5 peios St
Female Pronucleus H @ | Second Polar Body
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menstrual 030‘6 0 OVULATION
Order of peaking of hormones : DAYS 1 7 21 28

FOLLICULAR PHASE ‘ LUTEAL PHASE

FSH > &s’crogen Y LH > Proges’cerone.

36.7°

BASAL BODY
TEMPERATURE

LH sur 9e: T

* due to pos'\’d\/e feedbock HORMONE LEVEL
FSH

effect of Tes’crogen. OESTROGEN
PROGESTERONE

* Occurs : 34-206 hrs before '

- OvuMm

ovulation (Pealks : 8-10 hrs). Riioas (4 ® O (o I - W
0VULAT10N
FSH surge (Smallen) :
Lysis of follicular cell — Release of ovum. Y M ww M
UTERINE CYCLE
Luteal phase 3 | MENSES |PROLIFERATIVE SECRETORY

Lasts for o duration of 14 days after ovulation,

L Sfimulates 1 teinization —> Formadion of corpus luteum (Secretes progesterone)
1§ no Fertilisation

Regresses 10 o\aﬂs ofter ovuladion.

uterine endometrial changes :

od 14 d as d
v Y v
ter Mox. €T

€T : endometriol
thickness

L

nmenses : 1 Proliferative : gecre{rorﬂ :
endometrial &s’crogen Proges’rerone
Shedd\ng

uterine glands — Clear fluid
Cervicol changes :
* estrogen — | thickness § Tph of cervical mucus — gasy penetration of sperm.
* Progesterone —> Thickness § tenacity of cervical mucus —> Hard penetration
of sperm.
* Ovulotion : Cervicol mucus is thinnest.

VQg’mod changes :

Cell seen Hormonal influence

Parobosal Nil
Intermediote Progesterone

Superficiol gstrogen
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Qegula’c'\on of Female Reproduction :
Two cell fwo 8onao\o’crop'm model :

Hﬂpo’rhalamus

GnNRH

©)

Anterior p‘\’cw’carg

v

C
T
A

-

Theca cells

Granulosa. cells

} { ¥
Androstenidione Androstenidione

Aromotose
estrodiol

Y

Functions of estrogen oand progesterone :

Proges’ceror\e

fActivin | finhibin & |

Organs gstrogen Progesterone
N * Tuderine blood Sow. | excitability,
er
* Teontent of contractile proteins — T uterine muscle excitability, | Sensitivity o oxytocin.
a° sexuol
o, No efSect
charcteristics
preast Stimulates ductal growth (G of breasd. Stimulodes Lobular growth.
* Induces apoptosis of osteoclasts —» Bone anabolic efSect.
Bone nAuCes apoptosi n, anomol No efSect
* | estrogen ot menopouse —» Osteoporosis.
Liver Texpress\on of LDL receptor —> Plasma cholesterol lowering action No efect
* TNO levels — Promotes vosodilodion.
Vs f o , o No efSect
* Inhibits plotelet agqreqodion.
* Tbasal body temperoture
CNS Inhibits neuronal cell death — Neuroprotective action. (’rhermogemc action).
® CNS depressant.
T dose of proges’cerone
Aldosterone
h\dr\95 No" § 1 O retention.
TNo™ § 1.0 excretion
(Diuretic efSecd
Stimulates resp‘\roedon
RS No efSect ¢ _
| alveclar pco, during
luteal phase.
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Protein hormones: AN TR e
L. nhibin (8 § &) * Inhibits FSH. 4. Reloxin :
a. Activin : Stimulates FSH. - Relaxes pubic sgmphgs\s.
3. Follistodin : Inhibits FSH. - Dilotes cervix.

Human chovrionic 8onado’cropin :

° e\lgcopro’ce‘m. * AKA super LA :

* 4 subunits : LH hea
- O Similar to FSH, LR, TSH. t, 20 mins | 27 hours
- B * Similar to L. Biological activity X 80X

* Functions :

- Maintenance of corpus luteum il b weeks of pregnancy,
- Stimulotes Leﬂdig cell — Testosterone.

— Immnunosuppressive ac’cix/i’rﬂ.

- Secretion of reloxin $rom corpus luteum.

Loctotion :

* Proloctin @ mMilk produc’don. O Ss&rogen : Ductal 8rowkh.

C Oxg’coc'\n : Milk ejection. Q Proges’cerone : Lobular SrouoHn.
Exercise Physiology 00:38:00

Types of exercise :

Isotonic (dynamic) lsometric (Stotic)
muscle tension Constont Vavioble
muscle length Varioble Constant
example Treadmill running Pushing against ac wall
‘&ner% source
0 sec 8-10 sec 1.2=1.l Min As \ong os
1 1 1
I 1 1 - —
. Phosphocreatine  a. 615¢ogen~lac&\c oacid 2. Rerobic sgs%em 3 nutrients last
sgs&em : Sgs’cem : I mole BTP/min
4 moles ATP/min a.s moles ATP/min

(Anoerobic)
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eflects of exercise :
On blood Slow : On blood pressure :
Orgon eflect Isotonic exercise | I1sometric exercise
Kidneys ! 1 <ep 1 <ep
aT ! | oeP O/t | TPR) 1 ep
Heovrt T
exercising muscle T
Brain No change
crin \mean& T‘loeceir (For
heot d\S&POChOﬂ)
Oon resp'\roecorg s5s’cem :
Parometer eflect
* MET X Resting O, consumption. _ 1 even belore exercise ;
) Qesp\roecorﬂ rote o
| MET = 350 ml/min. anticipotory tachuypnea
* Peok \/()'Sl 3 Pulmonary ventilation T
Highest O, uptake of the end PO,
of test. pco, No change
O VOa MoX * pH
Moxdmum possible O DitSusion of gases 1
consumption (Theoretical value). | Resting O, consumption 1
Metabolic equivalents (MeT 1
Peok VO, -
VO, Mox =
Regulation of Body Temperature 00:44:48
Role of hgpo’chalamus :
Anterior hypothalamus Posterior hypothalamus
Stimulus Hot temperature Cold temperature
* Cutaneous vasodilodion o
- ® vosoconstriction
> o
eflects : 3 O S‘n'\\/er‘\ng
o ] Thirst i
) ] e 1 Urinary ?—requer\cg
® Osmoreceptor stimulotion

Feed-forword control :

} skin/shell temperoture — An’c‘\c'\pa’co% corrective response bﬂ hﬂpo’chalamus

Internol/core temperature maintained,
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Heot Disorders (mild to Severe) :
Heod cramps £ Heod syncope & Heod exhaustion & Head stroke, malignant hﬂper’chermia.
(mild) (severe)

Heot stroke ¢
* due to loss of thermorequlatory mechanisms.
° Suueo&'mg absent.
* Forms:
- Classic : Old age.
- exertional ¢ Soldiers.
* Triad : Coma. + hot § dry skin + rectal temperature > 106°F.
Rx : Cool place, cold woder, cold clothes, Sluid replacement.

mod'\gnan’c hgper’cherm\a :
° Poechophﬂs\o\o% :
0 activity of ryanodine receptor ®Y¥R) — | co® release — T muscle contraction.

Prec'\p'\’coec\ng agen’cs : ¢
- Succ'mﬂ\chol'me. nger’cherm\a
- Holothane.

* Rx : Dantrolene sodium BGlocks ryanodine recep’ror).

Cold Disorders :
Hﬂpo’chermia=
. Theropeutic : every 1°C | in body temperature — 1% | in cerebral blood Slow
(| blood loss in neuro <.
a. Accidental.
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