PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
DR. AMJAAD ZUHIER ALROSAN b




HOMEOSTASIS

= Nervous_system regulates homeostasis through sending electrical
signals known as nerve impulses (action potentials) to organs....

RL’IEfd Chﬂﬂge dae Sla

il saah slasa) aalaal slas

= The endc)crme szstem regulates homeostasis through secreting
messenger molecules called hormones into the blood..... Slow Change
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= Rapid or slow changes work toward the negative feedback systems.



PERIPHERAL NERVOUS SYSTEM
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Somatic nervous System (SNS) skeletal muscles only
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smooth muscles, cardiac

Autonomic nervous system (ANS) | lccies and glands
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SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)
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. Sensory neurons that convey information to CNS from
somatic receptors in the head, body wall, and limbs and
from receptors for the special senses of vision, hearing,
taste, and smell.

. Motor neurons that conduct impulses from the CNS to
skeletal muscles only. 5 81 25550 el L 2

S g35xall easll 3lgadl e Dlagll
dadd A gl Sdlaell




AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

1. Sensory neurons that convey information to CNS from
autonomic sensory receptors, located primarily in
visceral organs such as the stomach and lungs.
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2. Motor neurons that conduct nerve impulses from the
CNS to smooth muscle, cardiac muscle, and glands.
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Note: The motor part of the ANS consists of two branches,
the sympathetic division and the parasympathetic

division. oo il el ] sy o I sl gl cpo L Syml ejadl sy kil




ENTERIC NERVOUS SYSTEM

(ENS) (THE BRAIN OF THE

GUT) (INVOLUNTARY)

. Sensory neurons of the ENS monitor chemical changes
within the GI tract as well as the stretching of its walls.
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. Motor neurons govern contractions of GI tract smooth

muscle to propel food throug

n the GI tract, secretions of GI

tract organs (such as acid from the stomach and hormones

from GI tract endocrine cells).
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Table 8-5 | FUNCTIONS OF THE AUTONOMIC NERVOUS SYSTEM

Organ

Sympathetic Response

Parasympathetic Response

Heart (cardiac muscle)
Bronchioles (smooth muscle)
Iris (smooth muscle)

Salivary glands

Stomach and intestines (smooth muscle)

Stomach and intestines (glands)
Internal anal sphincter

Urinary bladder (smooth muscle)

Internal urethral sphincter
Liver

Pancreas

Sweat glands

Blood vessels in skin and viscera
(smooth muscle)

Blood vessels in skeletal muscle
(smooth muscle)

Adrenal glands

Increase rate

Dilate

Pupil dilates

Decrease secretion

Decrease peristalsis

Decrease secretion

Contracts to prevent defecation
Relaxes to prevent urination
Contracts to prevent urination
Changes glycogen to glucose
Secretes glucagon

Increase secretion

Constrict

Dilate

Increase secretion of epineph-
rine and norepinephrine

Decrease rate (to normal)

Constrict (to normal)

Pupil constricts (to normal)

Increase secretion (to normal)

Increase peristalsis for normal digestion
Increase secretion for normal digestion
Relaxes to permit defecation

Contracts for normal urination

Relaxes to permit urination

None

Secretes insulin and digestive enzymes
None

None

None

None




the responses

sympathetic response

1. increase HR

2. increase RR

3. increase metabolic rate

4. increase glycogen and fats breakdown

5. popillary dilation

6. smooth muscle vasoconstruction

7. skeletal and cardiac muscle vasodilation

8. decrease Gl activities

9.bronchial relaxation

parasympathetic response

P

increase(SLUDD)

(S) salivation
(L) lacrimation
(U) urination
(D) digestion
(D) defecation

decrease

1.HR

2. diameter of airway
(bronchoconstriction)
3. diameter of pupils




Comparison of Graded Potentials
and Action Potentials

Graded Potential Action Potential
1. Stimulus does not reach 1. Stimulus reaches threshold
threshold level. level therefore causes AP.
2. Stimulus causes local 2. stimulus causes

change in membrane

_ depolarization to threshold
potential e.g. -70 to -60myv

level.
3. It dies down over short —
distance., 3. Itis propagated.
4. Can be summated. 4. Can not be summated.

5. Doesnotobeyallornone 5. Obeys all or none law.
law.




Action Potentials

REFRACTORY PERIOD
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@D Resting state - All gated ion channels closed

(2] Depolarization - Na+ channels open, K+ channels closed

€D Repolarization - Na+ channels inactivated, K+ channels open

(4. Hyperpolarization - Na+ channels reset and closed, K+ channels still open



—P  the resting membrane potential is -70

— once it changed and become -60 for example that means we have a graded
potential

=  once it arrives -55 that’s called threshold and the graded potential
becomes an action potential

i then from -55 to +30 this called depolarization
et from +30 to -70 again that's called repolarization or hyperpolarization

= sometimes the channel still opened which make it from-70 to -90 and this
called after hyperpolarization but it goes back to-70 because of the leak
channels which are always open

— P . fractory period is a period of time after an action potential begins and
the cell cannot regenerate an another action potential in this period

-3 the last one means that there is no refractory period for the
graded potential which is between -70 to -55



Figure 10.6 The Contraction Cycle

Key: 0 Myosin heads
hydrolyze ATP and
become reoriented
and energized

e Myosin heads
bind to actin,
forming
crossbridges

Contraction cycle continues if
ATP is available and Ca®* level
in the sarcoplasm is high

@) As myosin heads \

bind ATP, the
crossbridges detach
from actin

Myosin crossbridges
rotate toward center of the
sarcomere (power stroke)

Figure 10.07 Tortora - PAP 12/e
Copyright @ John Wiley and Sons, Inc. All rights reserved.



muscle contraction:(the sliding filament mechanism)

ATP hydrolysis
ATP hydrolysis
cross-bridges
actin
we need for contraction the contraction cycle power stroke
myosin

the deattachment of myosin
calcium ions and actin

4

1_ATP hydrolysis to ADP and phosphate a group and that was Faith group attach to Myosin and make energized myosin

2_the energized myosin will try to attach to the myosin binding site on actin but this it will be busy by tropomyosin

3 here we need the calcium, the calcium will attach to troponin and activate it and this will make the troponin

attached to tropomyosin

4_the energized myosin will attach to myosin binding site on actin
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the type of synapse in the
skeletal muscles is chemical

synapse
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ELECTROCARDIOGRAM

Larger P Wave s —jpm enlargement enlarged O wave

of an atrium.
JHasy i aasg _|$- .."_..r.: e *
— QRS Comple:n

myocardial infarction
I wave elevated

* TWave

hy perkalaemia (high
hlood K lons level)

enlarged R wave

Ventricular ¢
Ventricular Repolarization enlarged ventricles

I wave s flatter than Normal e receiving insufficient oxygen(coronary artery disease

segments or intervals of ECG

' :

P-Q interval ST segment Q-T interval
beginning of the P wave to the end of the S wave and to the beginning of the QRS
beginning of the QRS complex. the beginning of the T wave complex to the end of the Twave.

! | '

the beginning of ventricular
depolarization to the end of
ventrcular repoladzation

ventricular contractile fibers are
depolarized during the plateau
phase of the action potential

beginning of atrial excitation to the
beginning of ventricular excitation.




Determinants of Resistance:

Blood Viscosity (n ) cX Resistance

Jy 9

L Resistance TResistance

Vessel Length (I) C< Resistance

Blood [ ) 7
Flow I I > T J}
1 Resistance T Resistance

Vessel Radius (r) ©< Resistance

G

1 Resistance T Resistance




Vascular resistance - the opposition to blood flow due to friction
between blood and the walls of blood vessels.

A

——» depends ony——3 (1) size of the blood vessel lumen ‘

—Jp (2) blood viscosity 4
A
—P» (3)total blood vessel length

the blood viscosity —jp=
R/ depends on =9  ratio of red blood cells to plasma (fluid) volume

— the concentration of proteins in plasma.

viscosity increase
(dehydration) >

(polycythemia : unusually high number of red blood cells)

blood pressure increase

depletion of plasma proteins or red >
blood cells(viscosity decrease)

(anemia)

(hemorrhage)

blood pressure decrease

Systemic vascular resistance (SVR), ’ .
(total peripheral resistance )(TPR) E:ngtrzgsajzul ar resistances offered by systemic

The speed or velocity of : .
blood flow (in cm/sec) . inversely related to the cross-sectional area



Factors that Increase Blood Pressure

Increased blood Skeletal muscle pump Respiratory Venoconstriction
volume pump
- - A
Decreased Increased sympathetic Increased Increased number Increased
parasympathetic impulses and hormones venous of red blood cells, body size, as
impulses from adrenal medulla return as in polycythemia in obesity
Increased Increased Increased Increased Decreased blood
heart rate stroke blood total blood vessel radius
(HR) volume (SV) viscosity vessel length (vasoconstriction)
Increased cardiac Increased systemic
output (CO) vascular resistance (SVR)
\

RAZ

Increased mean arterial
blood pressure (MABP)



TABLE 26.4

Hormonal Regulation of Tubular Reabsorption and Tubular Secretion

HORMONMNE

Angiotensin Il

Aldosterone

Antidiuretic hormone
(ADH)

Atrial natriuretic
peptide (ANP)

Parathyroid
hormone (PTH)

MAJOR STIMULI THAT
TRIGGER RELEASE

Low blood volume or low blood
pressure stimulates renin-induced
production of angiotensin I1.

Increased angiotensin I level and
increased level of plasma K™ promote

release of aldosterone by adrenal cortex.

Increased osmolarity of extracellular
fuid or decreased blood volume
promotes release of ADH from
posterior pituitary gland.

Stretching of atria of heart stimulates
ANP secretion.

Decreased level of plasma Ca®*
promotes release of FTH from
parathyroid glands.

MECHANISM AND SITE OF ACTION

Stimulates activity of Na"—H™ antiporters in
proximal tubule cells.

Enhances activity of sodium—potassium
pumps in basolateral membrane and Na™
channels in apical membrane of principal
cells in collecting duct.

Stimulates insertion of water channel
proteins (aquaporin-2) into apical
membranes of principal cells.

Suppresses reabsorption of Na™
and water in proximal tubule and
collecting duct; inhibits secretion
of aldosterone and ADH.

Stimulates opening of Ca’" channels
in apical membranes of early distal
tubule cells.

EFFECTS

Increases reabsorption of Na™,
other solutes, and water, which
increases blood volume and blood
pressure.

Increases secretion of K™ and
reabsorption of Na™, Cl™; increases
reabsorption of water, which
increases blood volume and blood
pressure.

Increases facultative reabsorption
of water, which decreases
osmolarity of body fluids.

Increases excretion of Na™ in urine
(natriuresis}; increases urine output
(diuresis) and thus decreases blood
volume and blood pressure.

Increases reabsorption of Cca’.
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physiology
from heart to

urinary system
(scenarios)



blood volume increase —pp preload increase —p afterload increase—Jp- F:ardiac output

(hypervolemia)

stroke volume

Increase increase

high blood pressure <@— increase heart rate <@— increase contractility

v

vasodilation

urine

\/

through blood >

vessels

atrial natriuretic
peptide (ANP) releases
A

glomerular
capillaries

promoting the lose of
salt and water in the

lower blood pressure and
blood volume to the normal

high blood high
- glomerular —§» —> R e

increase 02 (hyperOX|a) baroreceptors activated(inhibits

sympathetic nervous system)

decrease CO2 (hypocapania) action potential generated

decrease H2Co3 parasympathetic Vagus nerve (X)

cardio inhibitory office
low H+(high pH)

decrease heart rate

chemoreceptors

activated decrease blood pressure

and volume to normal

proximal

| flow G convoluted tubule
capsule

*(myogenic mechanism) *

stretching the walls of
the afferent arterioles

contraction of the
afferent arterioles

renal the blood
flow decreases to
normal

\

GFR decreased
to normal

no facultative reabsorption
(10% of water and sodium)

tubuloglomerular

feedback

(vasoconstrictors
by macula densa)

blood flow and GFR
decreased to normal

no reabsorption in
—> p

!

obligatory
reabsorption
(90% of water and

* sodium)
vasodilation

norepinephrine because it's low

i angiotensin Il (low levels)

descending loop
of henle(increase
in osmolarity )

ascending loop
of henle

reabsorption for <_|
sodium+chloride
(impermeable to water)

distal convoluted tubule
decrease in antidiuretic hormon (ADH)— and collective ducts

—» diluted urine —pp» highly venous

collective ducts return

13 aglogi 73 Lo Jodo diluted urine Jls highly venous return le
asouall adyyblly regulation mechanisms and hormons JI edazsl



blood volume decrease
(hypovolemia)

glomerular <

capillaries

glomerular capsule

low GFR

v
low blood flow—» proximal

convoluted tubule

€ pp preload decrease P afterload decrease—Jp-cardiac outp%

through blood
vessels

— obligatory reabsorption
(90% of water and sodium)

stroke volume

decrease decreases

decrease < decrease
heart rate contractility

low blood  g—

pressure

epinephrine and (ocrease | ‘ a) proprioceptors
norepinephrine activated
(from adrenal
medulla) ncrease

baroreceptors deactivated

action potential
generated

inhibits parasympathetic
Vagus nerve (X)

increase heart rease H2C03 #
rate ,blood sympathetic cardiac
pressure and ‘ accelerator nerve activates sympathetic
contractility H+(low pH) nervous system
% cardio stimulatory office

increase heart rate
PLors increase heart rate

increase blood pressure and increase blood pressure and
blood volume to normal blood volume to normal

—p descending loop of
henle(increase in
osmolarity)

ascending lo

P ofhenle

tubuloglomerular
feedback

(vasodilators by
macula densa)

‘ renin
blood flow rises ‘ ncre

to normal angiotensin |

by angiotensin-converting enzyme

aldosterone
system (RAAS)

angiotensin Il
aldosterone

increase the reabsorption
of water and sodium

hypernatremia
(Na sodium increase in the blood)

hypokalemia
(k+ potassium drop in the blood)

increase blood flow and blood volume

renin-angiotensin- antidiuret

I Gl
v v

v v v

parathyroid hormone  yasodilation for

afferent arteriole

reabsorption for
sodium+chloride

increases reabsorption of (impermeable to water)

outp calcium ions

‘ B distal convoluted tubule
+ and collective ducts

increase in antidiuretic
hormon (ADH)

v

more facultative reabsorption
(10% of water and sodium)

concentrated urine

low venous return

pelogi 7y Lo Joia concentrated urine J!ls low venous return led
asall ady b regulation mechanisms and hormons JI edsxal 151



