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Overview of Anatomy & Physiology



Overview of Anatomy & Physiology

ANATOMY

e The study of the structure and shape of the body and
body parts and their relationship to one another

e Derived from the Greek words: to cut (tomy) apart
(ana)



Overview of Anatomy & Physiology

Gross Anatomy

e The study of large, easily observable structures (eq,
heart, bones)

Microscopic Anatomy

e A microscope or magnifying instrument is used to
see very small structures in the body (eg, cells,
tissues)



Overview of Anatomy & Physiology

PHYSIOLOGY
e The study of how the body and its parts work or function

e Derived from the Latin words: nature (physio), the study of
(ology)



Overview of Anatomy & Physiology

Subdivisions of Physiology (Examples)

e Neurophysiology: explains the workings of the nervous
system

e Cardiac physiology: studies the function of the heart



Levels of Structural Organization



Levels of the Hierarchy

e Atoms: building blocks of matter
e Molecules: groups of atoms (eg, water, sugar, proteins)
e Organelles: basic components of microscopic cells

e Cells: smallest units of all living things



Levels of the Hierarchy

Tissues: groups of similar cells that have a common
function

Organ: a structure composed of two or more tissue
types that perform a specific function for the body

Organ System: a group of organs that cooperate and work
closely together to accomplish a common purpose

Organism: the highest level of structural organization
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The Language of Anatomy



Gross Anatomy: Introduction

e Anatomical position

e Directional terms

eRegional terms

eBody planes and sections

e Body cavities and membranes

e Abdominopelvic regions and quadrants



Anatomical
Position
e The body is erect with the feet parallel and
the arms hanging at the sides with the
palms facing forward




Directional Terms

Superior (cranial or cephalad)

e Toward the head end or upper part of a structure of the body
Inferior (caudal)

e Away from the head end or toward the lower part of a structure
or the body

Anterior (ventral)

e Toward or at the front of the

body Posterior (dorsal)

e Toward or at the backside of the body



LE

Orientation and Directional Terms

Term

Superior (cranial)

Inferior (caudal)

Anterior (ventral)*

Posterior (dorsal)*

*Whereas the terms ventral and anterior are synonymous in humans, this is not
the case in four-legged animals. Ventral specifically refers to the "belly” of a
vertebrate animal and thus is the inferior surface of four-legged animals. Likewise,

Definition

Toward the head end or upper part of a A
structure or the body; above

Away from the head end or toward the
lower part of a structure or the body; below

Toward or at the back of the body; behind

|
Toward or at the front of the body;
in front of

Example

The head is superior to the abdomen.

The navel is inferior to the chin.

The breastbone is anterior to the spine.

The heart is posterior to the breastbone.

although the dorsal and posterior surfaces are the same in humans, the term
dorsal specifically refers to an animal’s back. Thus, the dorsal surface of four-
legged animals is their superior surface.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Directional Terms

Medial

e Toward or at the midline of the
body Lateral

e Away from the midline of the body

Proximal
e Close to the origin of the body part or the point of attachment of a limb to the body
trunk Distal

e Farther away from the origin of a body part or the point of attachment of a limb to the body
Trunk

Superficial

e Toward or at the body

surface Deep

e Away from the body surface; more internal elbow



LE

Orientation and Directional Terms

Term Definition

Medial Toward or at the midline of the body;
on the inner side of

Lateral Away from the midline of the body; on the
outer side of

Proximal Closer to the origin of the body part or the
point of attachment of a limb to the body
trunk

Distal Farther from the origin of a body part or the
point of attachment of a limb to the body
trunk

Example

The heart is medial to the arm.

The arms are lateral to the chest.

The elbow is proximal to the wrist.

The knee is distal to the thigh.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



LE

Orientation and Directional Terms

Term Definition

Superficial (external) Toward or at the body surface

Deep (internal) Away from the body surface; more internal
Ipsilateral On the same side
Contralateral On opposite sides

Example

The skin is superficial to the skeletal
muscles.

The lungs are deep to the skin.

The right hand and right foot are
ipsilateral.

The right hand and left foot are
contralateral.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



sUperior

rfiarior

suparficial



Regional Terms

Axial
e makes up the main axis of the body.
econsists of the head, neck, and trunk

Appendicular
e consists of the appendages or limbs
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Posterior Body
Region Terms

Vertebral
(spinal column)

Dorsum (back)

Lumbar
(lower back)

Gluteal (buttocks)
Femoral (thigh)

Crural (leg)

—~ Occipital
(back of head)

Acromial
(point of shoulder)

Brachial (arm)

Cubital (elbow)
Sacral

(between hips)

Perineal

Popliteal
(back of knee)

Plantar (sole)
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Anterior Body ¢
Region Terms /@
el

(2) ’i rf "
Cephalic (head) i -““

Frontal (forehead) ; |

Sternal

Pectoral
region (chest)

Umbilical (navel)

Orbital Inguinal (groin)
(eye cavity)

Buccal (cheek) Coxal (hip)

Mental (chin) Crural (le

s),
Genital ! !-
(reproductive organs) ( | Tarsal (instep)
Petallar !
(front of knee) ZADS Pedal (foot)




HEAD
(CEPHALIC)

NECK
(CERVICAL)

Armpit (axillary)
Arm (brachial) ———

Front of elbow
(antecubital)

Forearm
(antebrachial)

Wrist
(carpal)

\ Palm

>_\/ (palmar)
Fingers Thigh —————

(digital) (femoral)

Anterior surface of knee

(patellar)
Leg
(crural)
Ankle '
Foot {tarsal)\i
(pedal)

Toes (digital) \ )

Forehead (frontal)
Eye (orbital)

Ear (otic)

Cheek (buccal)
Nose (nasal)

Mouth (oral)
Chin (mental)

Chest
{thoracic)

Breast
(mammary)

_ Navel (umbilical)
' Hip (coxal)

Groin
(inguinal)

{manual)

Pubis
(pubic)

(a) Anterior view

Shoulder
(acromial)

Shoulder blade
(scapular)

Spinal column
(vertebral)

! | (dorsal) '.

|

| Back |

\

Loin (lumbar) \

Between hips —

(sacral)

Buttock
(gluteal)

Hollow behind knee

(popliteal)

Calf

|

{sural)

Sole

(plantar)

(b) Posterior view \

)

| UPPER
LIMB

LOWER
LIMB

Heel
(calcaneal)



Body Planes & Sections

Sagittal section

e A cut made along the lengthwise or longitudinal plane of
the body

eDivides the body into right and left
parts Midsagittal/Median section

e The cut is made down the median plane of the body and
the right and left parts are equal in size



Body Planes & Sections

Frontal section

e A cut made along a lengthwise plane that divides the body (or an
organ) into anterior and posterior parts

e Also called a coronal section
Transverse section

e A cut is made along a horizontal plane, dividing the body or organ
into superior and inferior parts

e Also called a cross-section



Frontal b £ Median (mid-
sagittal) plane

_-'_'-'-'-'- |
Transverse
~ plane

—
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b. Frontal {coronal) plans . Transversa (horizontal) plans

d. Sagital section of
pebvic cavity

f, Transwversa section of
head at eve level




Body Planes and Sections

e In this frontal view a (a) Frontal section
through torso

magnetic resonance
imaging (MRI) system
presents the internal
structures of the torso

e Here you can readily
see various organs
with the torso

Left and
right lung Stomach

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings




Body Planes and Sections

e |[n this transverse view a
(MRI) system presents
the internal structures of
the torso

e This view is useful in
illustrating how organs
are distributed within the
cavity from anterior/
|lateral or medial lateral
perspective

(b) Transverse section through
torso (superior view)

Posterior

-

L

'a-". Eb‘é'ﬂ :‘

Liver| Spinal Aorta | Spleen
cord Stomach
Subcutaneous fat layer

Copyright & 2008 Pearson Education, Inc.. publishing as Benjamin Cummings



Body Planes and Sections

e [n this midsagitall (c) Median (midsagittal)
section

view a (MRI) system
presents the internal
structures of the
abdominopelvic cavity

e This view is useful in
visualizing structures
from a superior /

inferior perspective Vertebral
column
Rectum Pubic symphysis

Copyright @ 2008 Pearson Education, Inc., publishing as Benjamin Cummings
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Body Cavities

Cranial
cavity

Cramal cavity —;
(contains brain) |

Vertebral
cavity

Dorsal—
body
cavity

cavity Lung and
)| (contains | giayra ca\nty
% heart Mediastinum,
¢ and lungs)| yith heart
and pericardial
|_cavity

Diaphragm

Abdominal cavity
(contains digestive
viscera, kidneys, and
peritoneal cavity)

Pelvic cavity Ean
(contains bladder, \ ‘('}

Vertebral cavity
(contains spinal
cord)

Key:
[ |Dorsal body cavity
[l ventral body cavity

reproductive organs,
rectum, and
peritoneal cavity)
(a) Lateral view (b) Anterior view

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings

— Ventral body
cavity
(thoracic and
abdomino-
pelvic
cavities)




Body Cavities

DORSAL BODY CAVITY

e Has two subdivisions which are continuous with each
other
1. Cranial cavity: the space inside the skull

2.Spinal cavity: extends from the cranial cavity nearly to the end
of the vertebral column



e Dorsal body
cavity is
divided into
a cranial
cavity which
encases the
brain, and
the vertebral
cavity which
encases the
spinal cord

Body cavities

Kent M. Van De Graaif, Human Anatomy. 5th edition. Copyright © 1688 The McGraw-Hill Companies, Inc. All rights res

Body
Cavities

Posterior (dorsal)
cavity
1

~ Cranial
cavity

4
- Vertebral— &

cavity

Diaphrag m : T’ =

=

Thoracic
cavity

G "ﬁ Abdominal =

cavity

Abdominopelvic

cavity

arved.

Anterior (ventral) cavity



Body Cavities

VENTRAL BODY CAVITIES

e Much larger than the dorsal cavity

e Contains all the structures in the chest and abdomen
e Two major subdivisions:

1. Thoracic cavity: houses the lungs, heart and mediastinal structures

2. Abdominopelvic cavity: stomach, liver, intestines, spleen, reproductive
organs, urinary bladder, etc



Body cavities

Kent M. Van De Graaff, Human Anatomy, 5th edition. Copyright & 1988 The McGraw-Hill Companies, Inc. All rights rese

e The ventral Body

body cavity Cavities Eh  Cranis
houses the =<
visceral 8 7
OrganS £ g;:liﬁ:ral- Thoracic
h I Diaphrag'hj _ .Tr _ cavity

e [he ventra | i —
body cavity is | caviy
divided |nt.o f" b ...
the thoracic, e cavity -
abdominal,

and pelvic
cavities

1
Abdominopelvic

cavity
Anterior (ventral) cavity




Cranial cavity
Posterior -
aspect
Vertebral canal
%iastinum h
Thoracic cavity
— Thoracic
cavity
Pearicardial cawvity
Ventral—
cavity
Abdominopelvic -
cavity
— Abdominopelvic
cavity

(b) Coronal (frontal) view

(a) Midsagittal view



Thoracic Cavity

Kent M. Van De Graaff, Human Anatomy, Sth edition. Copyright & 1888 The McGraw-Hill Companies, Inc. All rights reserved.

e The thoracic Trunk
cavity is Cavities
surrounded by
the ribS and Mediastinum
mUSC|eS Of the ng:r?t(;ic[ Ple!.lral c.avities.

Pericardial cavity
chest

e |t is further
divided into

— pleural
cavities

— mediastinum
— pericardial

Abdominal
cavity

Pelvic
cavity

Abdominopelvic cavity



Abdominopelvic Cavity

e Abdominopelvic
cavity lies below
the diaphragm

e |t is further
divided into . .

— Abdominal cavity

e Stomach,
intestines,
spleen, liver

— Pelvic cavity

e Bladder,
rectum, and
some
reproductive
organs

Kent M. Van De Graaff, Human Anatomy, 5th edition. Copyright © 1998 The McGraw-Hill Companies, Inc. All rights reserved.

Abdominopelvic
Cavity

Diaphragm

Lesser omentum N | Liver

Pancreas
Large

DMogenn intestine
Mesentery — Parietal
Small Intestine — peritoneum

i Greater
Visceral
peritoneum omentum
Peritoneal
Rectum cavy
Urinary
bladder



Abdominopelvic Quadrants and Regions



Left upper
quadrant

Right upper
quadrant

Left lower
quadrant

Right lower
quadrant

Copynght © 2004 Peargon Education, Inc,, publishing as Benjamin Cumnmings
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Heglons of Abdominal Area
A \/ &

Right * & AR Left
hypﬂchundnac g f:,ép" _ \;;1‘* hypﬂchundrlac:
region I 7 gastrlc K “e: region

Right T di00 Left
lumbar ] Umbilical k.3 lumbar
region i .Iregmn ¥« region
Right Loft
iliac ihac
region

region



Abdominal Regions &

e Using Your text

to reference
structures
found within

these regions

Quadrants

Liver— | %
Gallbladder-

Ascending
colon of
large
intestine
Small

intestine
Cecum

Appendix
(b)

Copyright £ 2008 Pearson Edwcation. Inc.. publishing as

%Spleen

Diaphragm

Stomach
Transverse
colon

of large

intestine
Descending

colon of large
intestine

——Initial part of

sigmoid colon
Urinary bladder

Benjamin Cummings



Advanced Imaging Systems

e Medical personnel now employ a variety
of advanced imaging systems that
allow for study of internal structures
without disrupting tissue

e These systems are frequently utilized in
clinical applications to examine for
evidence of disease



————————— L _.—.,-.-!“

(a) Light micrograph

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings




(b) Transmission electron micrograph

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



(c) Scanning electron micrograph

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings




X-ray

Clavicles
(collarbones)

Ribs

Air in
lungs
(black)

Diaphragm Heart

Capyright © 2008 Pearson Edueation, Inc., publishing as Benjamin Cummings



Computerized Tomograph

Left

Pancreas

Vertebra

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Digital Subtraction Angiography

Artery supplying heart

Narrowing
of the artery

Copyright @ 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Positron Emission Tomogrphy




Sonography

e L

NS
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Thank you




Transport of Substances
~ Through Cell Membranes




eFigurel. chemical
compositions of extracellular
and intracellular fluids.

e The question mark indicates
that precise values for

e [he red line indicates the
cell membrane

intracellular fluid are unknown.

EXTRACELLULAR ﬁlAGELLULAH
FLUID FLUID

Nat -~——reeee- - 142 mEg/L - 10 mEg/L
R i 4 mEgL - 140 mEg/L
& - 2.4 mEg/L -—----0.0001 mEgiL
e 1.2 mEg/L -—-—-58 mEg/lL
™ = rerreerees 103 mEg/L —--—4 mEglL
HCOg --——- - 28 mEg/L ——-+—10mEglL
Phosphates— 4 mEg/L —-——---75 mEg/L
S0 1 mEgQL ——3—-2 mEg/L
Glugose -——— 80 mg/idl —--—01o 20 mg/dl
Amino acids - 30 mg/dl —-----— 200 mg/d ?
Cholesterol
Phospholipids » 0.5 g/dl---—--- 2 0 95 g/d|
Neutral fat
POp wemreemeee 35 mm Hg ~+— 20 mm Hg ?
PCQO, - —46mmHg —+— 50 mmHg ?
pH 74 7.0
Proteins 2 gid| 16 g/d|

(2 mEg/L) (40 mEqglL)




Law of Mass Balance

/ e Most simply, ins = outs

Homeostasis is not the
same as equilibrium

e E.g.,, membrane
potentials

_|=— To maintain constant level,
output must equal input.

Outpu

Copwight £ BO0T Pparscn Educaiion. ing. publsking & Benjamin Commings



Carbohydrate

Channel Carmer proteing
pratein

£

Extracellular
fluld

Integral protein

£
Intraceliul : EﬂE‘Igy
Muid Simple Faciitated
diffusion diffusion
t_v_z' '-_Y_J
Diffusion Active fransport

Integral protein

Figure 4-2, Transport pathways through the cell membrane and the
\\ DasIC mechanisms of transport.



Membrane Dynamics

e Cell membrane structures and functions
e Membranes form fluid body compartments
e Membranes as barriers and gatekeepers
w products move across membranes

l.e., methods of transport

e Distribution of water and solutes in cells & the body
e Chemical and electrical imbalances

e Membrane permeability and changes



Cell Membrane

| The cell membrane (also called the plasma membrane) envelops the cell
| and is a thin, pliable, elastic structure only 7.5 to 10 nanometers thick.

It is composed almost entirely of proteins and lipids. The
approximate composition is :

1.proteins, 55 percent;
ospholipids, 25 percent;
.cholesterol, 13 percent;
.other lipids, 4 percent; and
5.carbohydrates, 3 percent.



Biological membranes

Lipids and proteins are associated in biological membranes.

= Glveolipid
Cell exterior A N

Hydrophobic
o« helix

“Integral

protein Phospholipid

Cholesterol

Cytosol

& 2006 Brooks/Cole - Thomsan




Membrane Structure: Protein to Lipid Ratio varies
from cell type to cell type

Table 5-1: Composition of Selected Membranes

MEMBRANE PROTEIN LIFID CARBOHYDRATE
Red blood cell membrane 49% 43% B%
Myelin membrane around nerve cells 18% 79% 3%
Inner mitochondrial membrane J6% 24% 0%

Ratio for cells with high metabolic activity?




Biological membranes

What is the fluid mosaic model of membrane structure?

©2006 BrooksiCale - Tomson

Fluid mosaic model is the most widely accepted description of biological
/ membranes.

Vv The term mosaic implies that the two components exist side by side without
forming some other substance of intermediate nature.

Vv The basic structure of biological membranes is that of the lipid bilayers, with the proteins
edded in the bilayer structure.

luid-mosaic model of membrane structure;

e/ Membrane proteins can be seen embedded in the lipid bilayer

proteins float in the lipid bilayer and can move alone the plane of the membrane.
Like iceberg in the sea of lipid



PLs Choleste
rol

Proteins: peripheral (associated) or integral a

Cell Membrane:Structure; Fluid Mosaic
Model

Carbohydrate group of glycolipid

Associated

protein Membrane splits

into layers in
freeze-fracture
electron microscopy

Carbohydrate group
of glycoprotein

Extracellular
surface of
membrane

llllll

Intracellular
surface of
membrane

Membrane-
spanning protein

~Phospholipid

Cholesterol

Thickness ~

anm




e The basic lipid bilayer is composed of three

main types of lipids: phospholipids,
sphingolipids, and cholesterol.

e Phospholipids are the most abundant of the cell

membrane lipids.

e One e€nd of each phospholipid molecule is
soluble in water; that is, it is hydrophilic.

ydrophobic.

The phosphate end of the phospholipid is
hydrophilic, and the fatty acid portion is

hydrophobic.

e other end is soluble only in fats; that is, it is

The Cell Membrane Lipid Barrier Impedes
Penetration by Water-Soluble Substances.

Carbohydrate group of glycolipid

Carbohydrate group  ASSOCiated
of glycoprotein protein

Membrane splits
into layers in
freeze-fracture
electron microscopy
Extracellular
surface of
membrane

) "1'“" ¥ .
a1\
Lt I iy
(ON NS08 080000000
\ Intracellular
surface of
Mernblrane- \ membrane
spanning protein )

Phospholipid

!
Cholesterol



Phospholipids are Building Blocks of Cellular Membranes

(a) Phospholipid structure

variable phosphate
group  group

polar head nonpolar tails

The hydrophilic head group and hydrophobic tails are the keys to
phospholipid function.



The Cell Membrane Lipid Barrier Impedes Penetration
by Water-Soluble Substances.

(|:1—1: CH(CH,)sCH3 {ill—l‘: CH(CHs) ;oCHy,
e Sphingolipids: Do not contain glycerol, but CHOH CHOH

(' they contain the long-chain amino alcohol CHNH, o .
. . rom
sphingosine. PO CENET < iratis
I acid
CH,OH
e Found in both animal and plants Sphingosine A ceramide
. . (N-acylsphingosine )
e Theyare particularly abundant in the S
nervous system. CH== CH (CHy)9CH3

CHOH
e/The simplest compound of this class are o
ceramides, which consists of one fatty acid bl
linked to the amino group of sphingosine by o
an amide bond. I

+
CH,OPOCH,CHyN(CHgq) 4

|
.

A sphingomyelin



e The cholesterol molecules in the membrane are also

lipids because their steroid nuclei are highly fat
soluble.

e These molecules, in a sense, are dissolved in the

bilayer of/the membrane.

e They/mainly help determine the degree of

permeability (or impermeability) of the bilayer to
water-soluble constituents of body fluids.

olesterol controls much of the fluidity of the
embrane as well.

Carbohydrate group of glycolipid

Carbohydrate group Ass,toplated
of glycoprotein protein
\
s
L)
Extracellular e T
] kAL
surface of ‘.ﬁ“:,;. L0
membrane e e eeleTe | S S
(A EX XA A XN N NN XX
AN
£ NN OO

Membrane-
spanning protein

The Cell Membrane Lipid Barrier Impedes
Penetration by Water-Soluble Substances.
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Carbohydrate group of glycolipid
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“Glycocalyx.”

e Membrane carbohydrates occur almost
invariably in combination with proteins
or lipids in the form of glycoproteins or
glycolipids.

A : :
e |In fact, most of the integral proteins are
oproteins, and about one tenth of the
embrane lipid molecules are glycolipids.

The “glyco” portions of these molecules
almost invariably protrude to the outside of
the cell, dangling outward from the cell
surface.

Carbohydrate group of glycolipid

Membrane Carbohydrates—The Cell

. o/
Associated O~ |
Garbohydrate group e LT Membrane splits
of glycoprotein O e into layers in
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Membrane Carbohydrates—The Cell
“Glycocalyx.”

'~ The carbohydrate moieties attached to the outer surface of the cell have several
important functions:

1.Many of them have a negative electrical charge, which gives most cells an overall
negative surface charge that repels other negatively charged objects.

2.The glycocalyx of some cells attaches to the glycocalyx of other cells,
us attaching cells to one another.

any of the carbohydrates act as receptor substances for binding
ormones, such as insulin; when bound, this combination activates
attached internal proteins that, in turn, activate a cascade of intracellular
enzymes.

.Some carbohydrate moieties enter into immune reactions



The Cell Membrane Lipid Barrier Impedes
Penetration by Water-Soluble Substances.

e The lipid layer in the middle of the membrane is impermeable to the usual
water-soluble substances, such as

® iONs,
e glucose, and

Conversely, fat-soluble substances can penetrate this portion of the
membrane with ease, such as

e oxygen,
e carbon dioxide, and
e Alcohol.



Integral and Peripheral Cell Membrane Proteins

/"I e Globular masses floating in the lipid bilayer.
e These membrane proteins are mainly glycoproteins.

e There are two types of cell membrane proteins:

Integral proteins that protrude all the way through the membrane

e Peripheral proteins that are attached only to one surface of the
membrane and do not penetrate all the way through.



Extracellular
Tiwuld

integral protein




| ® Many of the integral proteins provide structural channels (or pores)
| through which water molecules and water soluble substances, especially
/ ions, can diffuse between the extracellular and intracellular fluids.

e These protein channels also have selective properties that allow
preferential diffusion of some substances over others.

e Other iptegral proteins act as carrier proteins for transporting
substances that otherwise could not penetrate the lipid bilayer.

e Sgmetimes these carrier proteins even transport substances in the
rection opposite to their electrochemical gradients for diffusion,
hich is called “active transport.” Still others act as enzymes.

(o

Simple
diffusion

Channel

protein

Facilitated
diffusion

egral and Peripheral Cell Membrane Proteins

Carrier proteins

4N

DifftIsiun

Active fransport



egral and Peripheral Cell Membrane Proteins

e Integral membrane proteins can also serve as receptors for water-
( soluble chemicals, such as peptide hormones, that do not easily
penetrate the cell membrane.

e Interaction of cell membrane receptors with specific ligands that bind
receptor causes conformational changes in the receptor protein.

IS process, in turn, enzymatically activates the intracellular part of the
rotein or induces interactions between the receptor and proteins in the
cytoplasm that act as second messengers, relaying the signal from the
extracellular part of the receptor to the interior of the cell.



Integral and Peripheral Cell Membrane Proteins

' elnthis way, integral proteins spanning the cell membrane
' provide a means of conveying information about the
environment to the cell interior.

iy .
e Peripheral protein molecules are often attached to the
integral proteins.

These peripheral proteins function almost entirely as
enzymes or as controllers of transport of substances
through the cell membrane “pores.”



Membsedane Rrtdidins

/\

Integral
(Membrane-spanning or intrinsic)

e Can span membrane
several times

Either move around or
are kept in place by
cytoskeleton proteins

Allows for cell mjarity

Associated (peripheral or extrinsic)

e Loosely boundto
membrane

e Enzymes and structural
proteins




Movement across Membrane

Membrane permeability varies for
different &

Two movement categories: depends

. 29
ePassive and on«:

e Active




Passive Transport

= Diffusion (pef?) - 3 types:

1. simple diffusion

2. Osmosis

3. Filtration

4. facilitated diffusion (= mediated transport)

Active Transport

Always protein-mediated - 3types:
co-transport
vesicular transport
receptor mediated transport



Diffusion Process (Passive)

' *Uses energy of concentration
| gradient

*Net movement until state of
equilibrium reached (no more conc.

gradient)
A

*Indirect correlation to molecule size

Diffusion of dye molecules _ Equilibrium occurs when
down their concentration gradient the concentration is uniform.

'SIOW'er With increaSing diSta nce Copyright ® 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
*Lipophilic molecules can diffuse

through the phospholipid bilayer




Distance — Time Relationship

Time for diffusion to progress to given distance ~ to
distance squared

diffusionover TO0 mtakes 5 sec.
diffusion over 200 m takes ??
diffusion over 400 m takes ??

diffusion over 800 m takes ??

BiHUSION SHEHACoh Y W GibA dRAGRE st



ular fluid Lipid Molecular

solubility osizne

Fick's law of

Diffusion —¢
surface area x conc. gradient
rate of  _
diffusio membrane X membrane thickness

depends on size and lipid-solubility of molecule and composition of lipid
bilayer



Membrane Proteins

MEMBRANE
PROTEINS

|
can be categorized acco
|

|

rding to

v

13

Structure Function
¢ y ¢ ¥ b 4 h 4 4
Lipid- Integral | |Peripheral Membrane Structural Membrane | _ . s | Membrane |
anchored| | proteins proteins transporters proteins enzymes receptors
proteins | I
+ + are found in are active in
Carrier Channel | L
proteins proteins are active in
i v v v
Cell junctions| |Cytoskeleton Receptor-
change form mediated
conformation endocytosis
h A h 4 v v v
Open channels| |Gated channels Metabolism Signal
transfer
open and
Mech . icall f Ch * | close
echanically emically
gated Volt?‘ge-galted gated |«
channel ARG channel

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.




Protein-Mediated Transport

More selective
Active or Passive
Membrane Proteins
e Structural
e Enzymes
e Receptors

e Transporters (allows Specificity, Competition,
Saturation

e Channel
e Gated




Transporters

Cell Membrane Regulates Exchange with Environment

Many molecules use transporters to cross cell
membrane. Why? Examples ?

wo categories of transporter proteins

1.Channel proteins (rapid but not as selective — for
small molecules only, e.g., water and ions)

2. Carrier proteins (slower but very selective — also works for
large molecules)




1. Channel Proteins

e For small molecules such as ??

o Aquaporin; plUS > 100 ion gfh;r;r:i:g:]c;uggtc;gter
Ch a n n e I S viewed from above

K X -.: .
e Selectivity based on size & charge o /K
of molecule

e All have gate region

"\ Channel through center
of membrane protein

e Open

e Gated



Open Channels vs. Gated Channels

= pores

Have gates, but gates are

Also referred to as “leak
channels”.

open most of the time.

Gates closed most of the time

Chemically gated channels

(controlled by messenger
molecule or ligand)

Voltage gated channels

(controlled by electrical state of
cell)

Mechanically gated

channels (controlled by physical
state of cell: temp.; stretching of
cell membrane etc.)




Region of lower @
concentration

b
@ concentration

Protein carrler'
molecule

Fleglnngf higher
d

2. Carrier Proteins

e Never form direct connection
between ECF and ICF — 2 gates!

e Bind molecules and change
conformation

e Used for small organic
molecules (such as?)

e lons may use channels or
carriers

e Rel. slow (1,000 to 1 Mio / sec)



Symport

/ e Molecules are carried
in same direction

e Examples: Glucose
and Na

ntiport

e Molecules are carried
in opposite direction

e Examples: Na'/K’
pump

Cotransport

Glucose

Glu
TN

H

Symport

Antiport




Facilitated Diffusion (as a form of carrier
mediated transport)

Some characteristics same as simple
diffusion

e @ 9 o Region of higher
(A @ concentration

# d
Protein carrier

/b Ut d | SO. W .. I'.-': 275 molecule >
e specificity S D °.°

S 52 /"‘;;_,:
® COmpeTItlon 3 : : Transported

e saturation b b ;) 4
Region of lower @ | 5;:-:5'5:*:5

concentration P Q

.
R &
o
e -
=
g 5
- @ [* -




Active Transport

/ e Movement from low conc. to high
conc.

e ATP needed

state of disequilibrium

e 1°(direct) active transport
e ATPases or “pumps” (uniport and
antiport)— examples?

2" (indirect) active transport
e Symport and antiport

TABLE 5-2  Primary Active Transporters

NAMES TYPE OF TRANSPORT
Na"-K"*-ATPase or

sodium-potassium pump Antiport
Ca’"-ATPase Uniport

H*-ATPase or proton pump Uniport

H*-K"-ATPase Antiport

Copyright @ 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



1°(Direct) Active Transport

e ATP energy directly fuels transport

e Most important example: Na' /K pump = sodium-
potassium ATPase (uses up to 30% of cell's ATP)

o = = (W]

O <
ECF: high
o [Na', low [KT]

e Establishes Na+ conc. o
gradient Ep,.can be o
harnessed for other
cell functions




Mechanism of the Na'/K -ATPase




2° (Indirect) Active Transport

e Indirect ATP use; uses Eqo:
stored in conceptratiop
gradient (of Na and K')

e Coupling of Ex.of one molecule
ith movement of another
molecule

e Example: Na / Glucose
symporter

other examples

e 2 mechanisms for Glucose
transport

é’Na* binds to carrier. W
Lumen of intestine - Intracellular fluid Ghucoss binding changes
: N carrier conformation.
or kidney
. SGLT protein
Gl
[Na*] high [Na*] low ¥
[assal o [oows] np J Na* released into cytosol.
Glucose follows.
Na* binding creates a

site for glucose.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



Body Fluid Compartments

IC fluid \ EC fluid

Y
Exchange

much

more Interstitial fluid ﬁ plasma
selective; Relatively free

Why ? exchange




Body F|Uld Compartments:
1580 0 Si}fjl Critical

JN \
)
Blood ‘I m
vesgal || ] 1
) | Thinkin
Plasm / Interstitial fluid Intracallular fluid
— q
|
: o
| Questio
i
Plasma : Interstitial fluid D

= I
2! T
Leaky epithalium -.m-

What properties should a molecule have to be used as
marker for one of the fluid compartments?
Do total H:0; total EC and plasma. Then, how do you figure

out ICF and interstitial fluid?



Table 5-4

_Secnndary Active Transporters

Sodium-dependent transporters

Symport Carriers Antiport Carriers
Na*/glucose Na+/H+
Na™/amino acids (several types) Na* /Ca2+t
Na*t/K+/2Cl~-

Na* /bile salts (small intestine)
Na™ /choline uptake (nerve cells)
Na™ /neurotransmitter uptake (nerve cells)

Nonsodium-dependent transporters

HCO;~ /Cl-
H+/K*




Vesicular Transport

Movement of macromolecules across cell membrane:
| 1. Phagocytosis (specialized cells only)

2. Endocytosis

e Pinocytosis
e Receptor mediated endocytosis
e (Caveolae) Potocytosis

3. Exocytosis



1. Phagocytosis

e Requires energy
/ e Cell engulfs particle into vesicle via pseudopodia formation

e E.g.: some WBCs enqgulf bacteria

e Vesicles formed are much larger than those formed by
ndocytosis

e Phagosome fuses with lysosomes 7 (see Fig. 5-23)



1. Phagocytosis




2. Endocytosis

e Requires energy

e No pseudopodia - Membrane surface indents (cel order)

e Smaller vesicles

e Nonselective: Pinocytosis for fluids & dissolved substances
Selective:

e Receptor Mediated Endocytosis via clathrin-coated pits - Example: LDL
cholesterol and Familial Hypercholesterolemia

e Podocytosis via caveolae

Note: Clathrin is a protein that plays a major role in the formation of coated vesicles.



Receptor Mediated Endocytosis and Membrane
Recycling

}-ig'ﬂ"‘j Extracellular
Cell membrane & : fluid

® L L e @ g

"

Membrane rer:ycllng

Intraceliular

Tol
0 ysc:snme fluid

or Golgi =
apparatus

5-28



3. Eoogidaisis

Intracellular vesicle fuses with membrane

Requires energy (ATP) and Ca™

Examples: large lipophobic molecule secretion; receptor
insertion; waste removal

——
.\..-:""'" Endoplasmic reticulum  Transfer
vesicle Lysosames !
Forming / g:) i and 3
: face(cis) 3 _ peroxisomes 0o
S o) ¢
1' -F- N --.-__th' .‘.. P ..r. '.- .J '--.ll -".. ! ‘
) Q 70 O :
- r, "4 : S A @ - _ :._-'.- = :l.
. ook I!I' ..- |I|lr .-'\_. L il'“} _.-r"" ! : "
.‘ . .\. g B .I :.. C - - o
——|(e—e— 5
| 1518 & Secretory .
. - 1 .,'-. x . vesicles = .
T Fa Xocylosis
".._ .\‘ } "-\-.G '|_
\ oo T Protein
Transpt::rl: )\—/ '
Mamhrana protein incorparation
vesicles Golgl apparatus 4 .nenort yesicles | in membrane




transport

have different proteins:

Uses combination of active and passive

pical and basolateral cell membranes

Movement through Epithelia:
Transepithelial transport

Na*. glucose symporter
brings glucose into cell
against its gradient using
energy stored in the Nat
concentration gradient.

o
Lumen of kidney [Glucose] |5y Na® [Na*] pign
or intestine

P——

0

.

GLUT transporter
transfers glucose to ECF
by facilitated diffusion.

Apical
membrane

o

4
[Glucose] pgh Na” [Na™] jouy Na*-K*. ATPase pumps

Nat* out of the cell, keeping
ICF Na* concentration low.

[g2% |

Epithelial
cell

Basolateral
membrane

Na'- glucose transporter on apical membrane Na'/K
-ATPase only on basolateral membrane

Extracellular
fluid

[Glucose] 1o, (Glu]  [Na*] high Na“‘ @

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



Transepithelial Transport of Glucose

Lumen of kidney [Glucose] |o Na® [Na*] high Na™- glucose symporter
or Intestine \ / brln_gs g_lucose !nto ce!l
against its gradient using
energy stored in the Nat
concentration gradient.

r_

Apical Il:iLl.l'l' transporter
membrane transfers glucose to ECF
|_l:t5||r facilitated diffusion.
[Glucose] pign (Glu) Na™ [Na*] 1oy Na*-K*- ATPase pumps
Na* out of the cell, keeping
Epithelial ICF Na* concentration low.
cell o

Basolateral ;
membrane Glu Nat

Extracellular
fluid

v |
[Glucose] 1oy (Glu)  [Na*] pign Na*

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

TConcept check: Apply Ouabain to either side of cell, what

bhannanc?’)




Transepithelial Transport of Glucose

Lumen of kidney, tubule,

[Glucoseliow @Iﬁ [Na+]high " intestine
L (] 1. Na'/Glucose
— Na+iow
apica E @ " g . symporter Only
| found on apical
epinenal cal | [[Glucoselu| &y 2 I\Sl:':\q? K'-ATPase
Na*]o '
o only found on
(Glucosel, 2 o basolateral side
basolatera

| X\ 8 .
[Glucose]iow .. @ [Nat]high 3 FaC”ltated
K+ . .
Interstitial fluid o o dlffu3|on .

Concept check: Apply Ouabain to either side of cell, what

hannanc?




Transcytosis

e Endocytosis vesicular transport
exocytosis

e Moves large proteins intact

e Exa bles:

e /Absorption of maternal
antibodies from

e Movement of proteins acros
s capillary endothelium

breast

.Gamlaa o & Enﬁncyﬂasns

2

Capillary
endothelium

‘u’esmuiar
transport

@

54

Interstitial fluid

0"

Exocytosis




Distribution of Solutes in Body

Depends on
e selective permeability of cell membrane
e transport mechanisms available

1
4

lohs and most solutes are in chemical disequilibrium (e.g., Na-K
ATPase Pump)

Electrical disequilibrium between ECF and ICF



Extracellular fluid

- e 0
—.—l—.—
ﬂNa*f
1 ATP
s
7 I Proteins-
Proteins g
= }——Fhosphates-
Cr Gl
&
o+
Ca?' |~—i— | Ca Ca
300 !
mOsM 300 mOsM
Plasma r Interstitial | |
34 L (8%) fluid
Capillary 10:-5L(25%)| Cell
andothelium membrane

Distribution of Solutes in Body Fluid Compartments

Compare to Fig
Intracellular fluid  5-33
CBTaL B

MNa™

Membranous
arganelles

300 m OSM

Intracellular
28.1 L (67%)

— Cannot cross E-'i'ze indicates relative concentration.



O SIMNMOS | S Compare to Fig. 5-29

Movement of water down its concentration gradient.

Opposes
~ movement
Osmotic  of water
across
i prijr membrane
e
g_ 8 %= —
EDSE "2 @ DE‘EDDD EDSS “"a" o
ESDE‘ DHEEI;I L DH?GDDD DSDD m_ o
secy % ) \Joeq 8 8)\ammn ® %)

Water moves freely in body until osmotic
equilibrium is reached




Molarity vs. Osmolarity

In chemistry: In Physiology

e Mole/ L Important is not # of molecules / L

e Avogadro's #/ L but .

: # of particles / L: osmol/L or OsM
Why?

Osmolarity takes into account
dissociation (solubility) of molecules

in solution
Osmolality = OsM/Kg of sol'n



Convert Molarity to Osmolarity

Osmolarity = # of particles / L of solution
e 1 M glucose =1 OsM glucose

e1 M NaCl = 2 OsM NaCl

o1 M MgCl.= 3 OsM MgCl.

e Osmolarity of human body ~ 300 mOsM

e Compare isosmotic, hyperosmotic, hyposmotic



Tonicity

e Physiological term describing how cell volume
changes if cell placed in the solution

e Always comparative. Has no units.

e Isotonic sol'n = No change in cell
e Hypertonic sol'n = cell shrinks

e Hypotonic = cell expands

e Depends not just on osmolarity but on nature of solutes and
permeability of membrane



Penetrating vs. Nonpenetrating Solutes

e Penetrating solute: can enter cell (glucose, urea)

e Nonpenetrating solutes: cannot enter cell (sucrose,
NaCl*)

e Determine relative conc. of nonpenetrating solutes in

solution and in cell to determine tonicity.

e Water will move to dilute nonpenetrating solutes
e Penetrating solutes will distribute to equilibrium




Osmolarity and Tonicity Comparison

WY e
® @ o]
® @ W

Compare to Fig
5-35




IV Fluid Therapy

Table 5-9: Intravenous Solutions

SOLUTION ALSO KNOWN AS OSMOLARITY TONICITY
0.5% dline Normal saline Isosmotic lsotonlc
Dg=0.9% saline 3% dextrose™ in normal saline Hyperosmotic sotonic
D:W 8% dextrose in water sosmotic Hypotonic
ﬂ45% saline HE;i-[.-numIa] ml-i-ne ﬂ}qmsmuﬂc Hypotonic
EE_I{ME% saling 3% dextrose jln hﬂjf-nnnnai saline ﬂ%m&mnﬁc I‘i;l;utumc

*Saline = NaCl. "' Dextrose = glucose.



Electrical Disequilibrium and
Resting Membrane Potential
(pp-156-163) will be covered at

" the beginning of Ch 8
Ih{ll llllll







Which of the following is a way for solutes in a
aqueous solution to move from an area of high
solute concentration to an area of low solute
concentration?

| .. Facilitated diffusion
' |B.Osmosis

C. Active transport
D.A and B

E. None of these




A.

Which of the following defines the term
specificity?

movement of molecules by the use of
vesicles

. the energy required to move molecules

a group of carrier proteins operating at
their maximum rate

. carrier transport of a group of closely

related molecules
none of these



Water will always move from _
situations to situations.

Hyperosmotic, hyposmotic
~ B. Hyposmotic, hyperosmotic
C. Hyposmotic, isosmaotic
D. Hyperosmaotic, isosmotic




Which of the following pairs of molecular
characteristics favors diffusion through the cell
membrane?

Large, polar
_B.Large, non-polar

C. Small, polar
D.Small, non-polar




Which of the following is a way for solutes in a
aqueous solution to move from an area of high
solute concentration to an area of low solute
concentration?

- Facilitated diffusion
B.Osmosis

C. Active transport
D.A and B

E. None of these




The Nervous System

How Does It Work?




What parts do you know that are in the
nervous system?

e Brain

e Spinal Cord

e Peripheral
Nerves




Your nervous system has three

Components... .
o Brain
e Nerves
e Spinal

cord




What makes up the brain, the spinal cord or your
peripheral nerves?

e Neurons are “the cell”
e Cell body
e Nucleus
Axon
e Dendrite

e What do you think ._ RVe U |
surrounds the cell? s N

e What other organelles
would be needed?

= Dendritc spinta

Copyright © 2001 by Allyn & Bacon







How are neurons connected?

e Synapses!!




Why are neurons connected?

Copyright € Pearscn Education, Inc., publishing as Benjamin Cummings.




More neuron connections!

Copyright € Pearsen Education, Inc., publishing as Banjamin Cummings.

— Terminal bouton




There are lots of proteins and chemicals in
your body to do the work

ﬂﬂ,—-—h\
%w .

Why is it important that it is an electrical
current?




Are all neurons equal in size?

e Brain vs spinal cord vs peripheral nerves?

About how many neurons are in the human brain? 100 billion

About how many neurons are in the spinal cord? 1 billion
How long do you think the longest axon in the world is? around 15 feet

1 foot = 0.305 meter



Basic nerve cell structure

N Dendrites
Y/ / ‘ol | Myelin sheath

W
i _Axon
. Terminals

3

Nodes )

of Ranvier




3 main types of nerve cells

Lon tertminals

sensory relay motor
neurone neurone neurone




Sensory neurons

cell body with
nucleus

direction of flow of irecti
| dir
nerve impulses ni[r:'\tzlg ?r:;:::z:sm

—
RECEPTOR } . E—

Impulses
to CNS

sensory fibre

axon fibre

Carries impulses from receptors e.g pain receptors in skin to
the CNS( brain or spinal cord)




Relay neuron

direction of flow of
nerve impulses

impulses impulses
from

el to other
neurones T

cell body with main relay
nucleus fibre

Carries impulses from sensory nerves to motor
nerves.




Motor neuron

direction of flow of
nerve impulses

. —— EFFECTOR
impulses (muscle
oM I ) @ D —— s ¥ 8 88 W B or
GNS gland)

cell body with axon fibre
nucleus

Carries impulses from CNS to effector e.g. muscle to bring about
movement or gland to bring about secretion of hormone e.g ADH




Transmission of signals




| How many synapses
s ~— arein one neuron?
1,000 to 10,000!! '




Close up look at your
synapse |

| 4
-
| -

AXON -~
. o Lt
el JC ==
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o

Presynaptic neuron R =
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What is
this in the
‘membrane

The synap&e -
where the '\

happens - , | i Mranspo
Postsynaptic neuron The next cell’s i i E;:'r’(

plasma membrane :
protein










The Nervous System

How Does It Work?




How does the Synapse
carry the signal?

1. Electrical current travels down the axon
2. Vesicles with chemicals move toward the membrane - what is that called?

3. Chemicals are released and diffuse toward the next cell's plasma
membrane

4. The chemicals open up the transport proteins and allow the signal to pass
tothe next cell - what type of diffusion is this?




he synapse carries a signal from cell to
t I 3




Events at the Synapse

AP reaches axon terminal

\ 4

Voltage-gated Ca” channels open

Ca entry

\ 4

Exocytosis of neurotransmitter containing
vesicles

Ca’ = Signal for
Neurotransmitter
Release




Synapse

Action
potential

Axon
terminal

o An action potential depolarizes -
the axon terminal.

9 The depolarization opens voltage-
gated Ca?t channels and Ca2+
enters the cell.

9 Calcium entry triggers exocytosis

i =0 of synaptic vesicle contents.
gatea Ca?' —_ g2 L,
channel e Docking ! ') T

protein o Neurotransmitter diffuses across

B the synaptic cleft and binds with
i receptors on the postsynaptic cell.
Postsynaptic Receptor L

cell




3 Classes of Neurotransmitters (of 7)

Acetyl Choline (ACh)

—Made from Acetyl CoA and choline
—Synthesized in axon terminal
—Quickly degraded by ACh-esterase

—Cholinergic neurons and receptors — Nicotinic (agonistic) and muscarinic
(antagonist)

mines

—Serotonin (tryptophane) and Histamine (histidine)
e SSRI = antidepressants

—Dopamine and Norepinephrine (tyrosine)
—Widely used in brain, role in emotional behavior (NE used in ANS)
—Adrenergic neurons and receptors - and

Gases
—NO (nitric oxide) and CO

Others: AA, (e.g., GABA), lipids, peptides, purines




Synthesis and Recycling of ACh at
Synapse

Axon

tpminal Mitcchondrion

Acetyl CoA

Acetylcholine

Synaptic
veslcle

Choline
AChE AN
A{tme\@ i/
_._._.__.--"".I"
Acetylcholinesterase / Postsynaptic

(AChE) ACh receptor cell




P LT E ] S e RS

This science is called Neurobiology

Looking at the actual cells - how do they work?

Looking at the connections - how and when do they work?
Looking at what can change normal cells and connections
Looking at diseases that occur in the brain

One of the largest areas still unknown

The you that is you is because of your neurons connecting!

Frontal lobe Parietal lobe
P —,

. 3 :
- Frontal | cf ' ., ,Somatosensory
association ' i
area |

Temporal lobe Occipital lobe

(b) Left side of brain

CLarmrmiregs.



The Most Important Part
of the
Nervous System...

e Your brain
controls
everything
that happens
in your body.




The brain has two sides.

e The left side of the brain
controls the right side of the

body

|
e The right side of the brain

controls the left side of the body.




Nerves are like telephone lines.

e They send messages
all over your body.

hese messages move
through your body
faster than you can
blink your eyes.




Nerves travel through the spinal cord.

e Your spinal cord is like an
extension cord that runs down
the center of your back.

et is protected by the backbone.




Interesting Facts

e Each side of the brain controls the opposite side of the body.
e Your brain is full grown by age 6.

e [t weighs about three pounds.

1 pound = 433.59 grams
Your brain is made mostly of water. (85%)




What if you had no brain or nerves?

e You wouldn't be
able to see, hear, (
smell, or talk. \(T

| \_J

AN =




Ways to keep your nervous system
healthy...

THINK




Summary

Functions

e sends messages to the
rest of the body

e controls all of the body
functions

Components

e Brain — control center

e Nerves — carry
messages

e Spinal cord — a thick
bundle of nerves



Healthy Habits

e Exercise

e Do challenging activities that make you think

eread, read, read

oL ift things carefully — use your legs, not your
back







The Nervous System

How Does It Work?




The nervous system

e The nervous system (together with the endocrine system) controls
and coordinates the functioning of the body.

e It provides the mechanism by which an individual can respond to
changes in their internal and external environment.

e Every activity involving the nervous system includes:
e A sensory function which detects, or senses, change and harmful stimuli.

e An interpretive function which interprets sensory stimuli and organizes
appropriate action.

e A motor function which carries out the appropriate action.




Mervous S5ystem

iZentral Mervous Sywskem Peripheral Nervous Syskemn
l | | l |
Eir ain Spinal Cord Mokor (EFferent) Meurons Sensory (AFferent) Neurons
Autonomic Nervous Syvskem somatic Nervous Syskem

Syrmpathetic Nervous Syskemn Parasyrmpathetic Mervous Syskem




Central Nervous System
(brain and spinal cord)

Peripheral Nervous System
(cranial and spinal nerves)

Sensory
(afferent)
A
Sense Autonomic
organs (involuntary)

Cardiac and
smooth muscle,
glands




The brain is protected by the cranium
(skull), and the spinal cord by the
vertebral column.

The brain and spinal cord are covered
by three membrane called the
meninges which consist of;

outer protective membrane called
the dura mater.

e/A middle membrane called the
rachnoid mater.

An inner membrane called the pia
ter.

NERVOUS SYSTEM

Spinal cord

/‘“\/’“\/

D)

CEREBROSPINAL
FLUID
2-3
FOR
SHOCK
ABSORBENT




NERVOUS SYSTEM

brain

Between the arachnoid mater
and the pia mater there is a
space called the Subarachnoid
space.

Spinal cord

\This is/filled with a fluid called
cereprospinal fluid which acts CS)|F
s a shock absorber and also as CERBROSPINAL
irculatory system for the FUIR
in and spinal cord. 2
SHOCK

ABSORBENT




NERVOUS SYSTEM

Brain

The brain is the master
control center for all
nervous activity in the body ol

Cerebrum

Convolution

Sulcus

. , . - Diencephalon
| The main part’s of the brain s
Brain
re " -- Pons

- Medulla oblongata Cerebellum

Spinal Cord




NERVOUS SYSTEM

This is the largest part’s of the brain,

it's made up of a mass of white nerve fibers Convolution
Skull Sulcus
covered by a folded (convoluted) grey layer
called the cerebral cortex. S
divided into tow similar halves - Diencephalon
ispheres). i Midba
\ stem |
- Pons
The right halves coordinates activity of the left - Medulla oblongats Cerebellum

side of the body and

he left halves coordinates activity of the right
side of the body

Spinal Cord



NERVOUS SYSTEM
cerebellum

e This part of the brain lies below
and behind the cerebrum and is
divided into tow lobes

Skull
Cerebrum
e It coordinates; P
e muscular activity, [
e posture and e

- Medulla oblongata

e balancein the body




NERVOUS SYSTEM

e This is situated at the base of
the brain in front of the
cerebellum,

e it's connects the various
lobes of the brain.

e The groups of cells within it
act as rely stations

- Medulla oblongata




NERVOUS SYSTEM

ulla
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e This is a small but very important part of
the brain.

Convolution

e |t lies at the base of the brain and is
continuous with the spinal cord.

Skull Sulews

Cerebrum

i$S the part where most of the nuclei
ollection of cells from which cranial
nerves originate) of the 12 cranial nerves s

stem |

are found. - Pons

- Diencephalon

- Midbrain

Cerebellum

The medulla oblongata controls the vital - Medil obongata
functions of the body including heart rate,

respiration, body temperature, swallowing,

and ingestion.

Spinal Cord



The spinal cord lies within the vertebral
column and surrounded by cerbrpsoinal
fluid and three meningeal membrane

In the adult the spinal cord extends from the
edulla oblongata to the level of the first
or second lumber vertebra

In new born child it extends to the level of
the third lumber vertebra

NERVOUS SYSTEM

o R
=545 Cervical Region
o]

%_

Thoractic Region

12
3
Vertebrae =
-
o
O e Lumbar Region
_-m 5
Sacral
Region S

1

Coccygeal Region



NERVOUS SYSTEM

Cervical Region

Vertebrae

Sacral
Region S

1

Coccygeal Region



Arising laterally from the spinal cord are 31
pairs of spinal nerves which pick up and
transmit to all parts of the body

Eachyspinal nerve has:

nsory fibers that carry the impulses from
a sense organ to the CNS

Motor fibers that carry the impulses from a
CNS to muscle or gland

NERVOUS SYSTEM

e S oo

Cervical Region

d

]
,}ﬁg Thoractic Region
4 l : _: 1 2
Vertebrae o P
T 0
S
N0 Lumbar Region
Sacral
Region S

1

Coccygeal Region



NERVOUS SYSTEM

Sensory (afferent) Neurons

INTEGRATION

Motor (efferent) Neurons

Brain and spinal cord

Effector \ v )\ v /
Peripheral nervous Central nervous
system (PNS) system (CNS)

180 Adcinon ‘Wesiey Longman, ing




NERVOUS SYSTEM

PERIPRIERAL NERVOUS SYSTEN




NERVOUS SYSTEM

e The peripheral nervous system is composed

f

12
ang

pair of cranial nerves arising from the brain

31

nairs of spinal nerves arising from the

spinal cord



NERVOUS SYSTEM

Cranial nerve
12 pairs

Spinal nerve
31 pairs




NERVOUS SYSTEM

Cranial nerve
12 pairs

e cranial nervous are attached to the undersurface
of the brain, mostly from the brain stem

They have numbers | to Xll and contain sensory fibers,
motor fibers or mixed of both




NERVOUS SYSTEM

Sensary
Mlotor

e Olfactory (sensory): senses o
Sme”' I DIfan:tu:ur'_-.-'

d I Dn:uln:ur‘nn:ufn:ur
I Dpt": I Trochlear ! !
4 e Ahdu:ens if;-

e Optic (sensory): senses vision
and balance.

__,—_,-'J"'

L Al Facial= g
¥ =l westibulocochlea -

. _ - : .-_ _ x
_.' S |}E%G|DSSDFI_|_“_|_E_r}rngEE| [
: ? ‘aﬂ |
l. - 3 __. L

e Qculomotor (motor): controls
uscles for eye focusing and
ther eye movements.

e T

=1 =pinal



NERVOUS SYSTEM

—  Mlotar

e Trochlear (motor): controls
muscles that move eyeballs.

I leactnr'_-.-'
I Dptln:

¥
4

| (mixed): receives
impulses of touch, temperature and
| pain and controls muscles involved
In chewing.

e Trigemi

bducens (motor): controls Xl Hypoglossal N\
scles that turn eyes outwards.

S P -
S e ____-: = 1 i ’
¥ I ©culomafor ¥ ) iR L
I Trochlear /[ . s
R Ahducens 1 e
e :|| . e =
- o __.--:.';':-_':;-.'--'- e o

1|# : : L
¥ X & Al Facialm— %
! r = wWestibulocochlear-

P Splnal

SEnSary
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NERVOUS SYSTEM

Sensary
R Motar
e Facial (mixed): senses taste and | S
. | Diifactory ¥ 1 Dculu:ur‘nu:ufu:ur
controls muscles of facial |11 Ostic. |y Trachlear [
= ! R Ahducens

expression.

lochlear (sensory): senses
| balance, movement, and hearing.

117 = : - "'E--F-

. __,_,-'l —
¥ ; %l Facial=

‘ i = wWestibulocochlear

ossopharyngeal (mixed): senses e ' """"i’:'s:;:-'*rsmaanphawngem ﬁ
aste, swallowing, and stimulates - ng,ma, N

liva secretion. mﬁ

1 =pinal




NERVOUS SYSTEM

Sensory
e Vagus (mixed): involved in taste, "
swallowing, voice, heartbeat, ; Y P
I Cllfactu:-r'_-.-' i ¥

] . . : L -:-rn-:ufclr 1) .
peristalsis and other impulses from [ e ﬂﬁr;;'g;ga; @
abdominal organs. S

\ ‘-.-’Trlger'ﬁ:ﬁalw \3

—

A Facial= =

e Accéssory (motor): controls
muscles that move the head and
shoulders.

= 15 =" || | "‘-.-"'ESTIEII_I|IIIEI:II:|"I|EEIF——'

g e W - __a'- —
S P A S e *
' e y I Slossopharynge al i B

¢/Hypoglossal (motor): controls i spogiossal \\M — {ﬁwa&
uscles that move the tongue. - Ol ‘fﬁ

}{I Splnal




NERVOUS SYSTEM

Peripheral nervous system

Spinal nerve
31 pairs

The 31 pairs of nerves are attached to spinal cord, they pass out from the
ertebra canal through the spaces between the arches of the vertebra

conduct impulse between the spinal cord and the parts of the body not
supplied with the cranial nerves

Spinal nerve are identified by letters and numbers witch related to the area
of their attachment




NERVOUS SYSTEM

Peripheral ne

r“ \V . U S\z S\/\‘\ "\‘ b/ ;S}’ t’_ve\ | m
I VNIV ID QDY <__“*__,?l__\f_’__,*:- L | ____|

Spinal nerve
31 pairs
For example spinal nerve C1 to C8 are

cervical nerves, T1 to T12 the thoracic
nerves

L1 To L5 the lumber nerve

S1 to S5 sacral nerve

.....

And CO to one coccygeal nerve

| Pendle erection (52-54)
and bowel and bladder activity [$2-83)




NERVOUS SYSTEM

AUTONOMIC NERVOUS SYST




NERVOUS SYSTEM
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The autonomic nervous system regulates those bodily
functions of which a person is not normally aware such as
breathing, heart rate, glandular activity,

ontraction and dilatation of blood vessels,
variation in size of the eye’s pupil, and
movements in the gastrointestinal tract.

The autonomic system is made up of two systems that
balance each other




NERVOUS SYSTEM

|
2) If \ r &-.__ 7 4 \ A ( 1 v .'_.' 4\ \8 1 r_J-’ i /& @ )
|'- = dl & IS D B Y A N I =

Two divisions:
sympathetic
Parasympathetic

Control involuntary functions

heartbeat
blood pressure
respiration
perspiration
digestion

Can be influenced by thought and emotion




NERVOUS SYSTEM

Auionomic nervous sysiem

vy Salivary

.-3:.. glands

: ,.|r
<o et Lungs

L]
L]

“"

ight or flight” response

. -
elease adrenaline and IF ES Heart
noradrenaline ' \ _Stomac
Increases heart rate and blood — ool
= : . - adNCreas
pressure _ & S Liver
Increases blood flow to skeletal . &
muscles L 9 gland
Inhibits digestive functions j g rdney

r"éymathetic
ganglia



NERVOUS SYSTEM

Autonomic nervous sysiem

st and digest * system
alms body to conserve and
maintain energy

Lowers heartbeat,

breathing rate, blood pressure




NERVOUS SYSTEM

- nervous system

Autonomic nervous system controls physiological arousal

Sympathetic Parasympathetic
division (arousing) division (calming)
Pupils dilate EYES Pupils contract
Decreases SALVATION ncreases
Perspires SKIN Dries
Increases RESPERATION Decreases
Accelerates HEART Slows
Inhibits DIGESTION Activates
Secrete stress ADRENAL Decrease secretion
hormones GLANDS of stress hormones




Nervous

NERVOUS SYSTEM

system
division:

Central nérvous Ehfstaﬂ lPariphﬂral nervous systam\ l Effactor argans l

TS

et A ]

|
Somalic :
nervous ! @ _ﬁuﬁ Skeletal muscle
system :’ Cord cibriin Acetylchuﬁne-ﬂ"ﬂ"
/ 890 2 Smooth muscle
A parasym- @ = 1 \/% """" ﬂ"“}%Cardiac muscle
: : R =4
u  pathetic Cord o hrain Tgrminal ganglion Acatylchnline_jhands
t
° : 2o Smooth muscle
n @ ; o* Cardiac muscle
Chain or Glands
0 3 Cord collateral Acetylcholine  Norepinephrine
4 1}:;??- ganglion acetyicholine 2 Smooth muscle
' foeCardiac muscle
c T@ Glands
Adrenal

Epinephrine

Cord medulla
and norepinephrine

Bloodstream

Preganglionic axons
Postganglionic axons -—- =




Central

nervnuls system  Peripheral nelrwzrus system EI‘1‘ec:tu::-r| organs
I I I
| Acetylcholine
_— s N ‘ Skeletal
= = e T TR m @ muscla,
Acetylcholine- Norepinephrin — Smooth
_}T_%—{“ e \_‘. 9‘\:. muscle
P Gaiak: - € (e.g. in
: i a blood
Sympathetic | - . Ganglion asaah
division cetylcholine Epinephrine and
\Autonomic norepinephrine
nervous - w—ﬂlﬂudl - Glands
— o vesse
system Adrenal medulla &
Acetylcholine \ \
i et Cardiac
. muscle
Ganglion
KEY:
= Preganglionic  --- Postganglionic - Myelination — Preganglionic  --- Postganglionic
axons axons axons axons
(sympathetic) (sympathetic) (parasympathetic)  (parasympathetic)







THE NERVE IMPULSE

Action Potential

Stimuli



®eo The Nerve Impulse

e A nerve impulse is the electrical
message that is transmitted down the
axon of a neuron.

e The impulse does not travel directly
down the axon but is regenerated at
points along the axon.

e The speed of nerve impulses ranges

from approximately 1 m/s to 100 m/s.

' {—— Synapse



® ® » | The Nerve Impulse

e The plasma membranes of resting
axons are slightly polarized due to;

e the unequal distribution of Na+, K+,
Cl- and protein-ions in ECF and ICF.

Q@ Na' @ CI
@ K' $8 Protein

o L] &

EEF o " '. q'-




® ® » | The Nerve Impulse

e The resting potential of
a neuron refers to the
state of the neuron
prior to the sendingof  gnat o cr
a nerve impulse. @ K* €8 Protein’

10 20
Time (milliseconds)




® ® » | The Nerve Impulse

e The membrane of a
neuron maintains an
electrical gradient
which is a difference in
f[he.electrlcal charge —
inside and outside of @ K+ €5 Protein”

the cell. °

10 20
Time (milliseconds)




® ® » | The Nerve Impulse

e Several factors play a role in creating
the resting membrane potential.

e Na+/K+ pumps (or Na+/K+-ATPases) @' o

. . @ K' F8 Protein
move Na+ and K+ ions to opposite Pl
sides of the membrane. ol o




® ® » | The Nerve Impulse

e Each pump protein uses one molecule s« I
of ATP to transfer 3 Na+ ions out of the ®* o o]
cell and 2 K+ ions in. e

e As aresult, Na+ ions are concentrated
outside the axon membrane and K+
ions are concentrated inside.

ATP  ADP Cytoplasm
+Pi



‘ NERVOUS SYSTEM




® ® » | The Nerve Impulse

e The unequal transfer of ions also St
contributes slightly to the polarity of THG
the resting membrane. il -

Q Na* @ CI
@ K* €8 Protein~
e Very few of the Na+ ions can diffuse  ece.* -°." z
back into the cell because most of the C;':i;%, g
JucheT Mhves

gated Na+ channels are closed. OF < 5B\ = ° @ L P A

e ®* e e ©° a



Axons from |
other neurons ——

Intracellular Amplifier
microelectrode

Reference
microelectrode

Axon Computer

(@) (b)

@ 2007 Thomson Higher Education

Figure 2.13: Methods for recording activity of a neuron.

(a) Diagram of the apparatus and a sample recording. (b) A microelectrode and
stained neurons magnified hundreds of times by a light microscope.



e ® o lells and membrane potentials

WY XY
\ 7 W,
‘-——*.r\. '

_.'\ Axon

e All ahimal cells generate a small voltage across J”-“?’\ o~
their membranes

Q@ Nat @ CI-
Q K* @ Protem -

e This is because there is a large amount of small ., :‘
organic molecules in the cytoplasm

& ICF

e To balance this, animal cell pump Na” out of the cel " - b

e This regulates osmosis but it leaves a large numbe .

of organic molecules -ﬁ —

e These are overall negatively changed (anions) inth ... .. o B
cytoplasm e g s #&

e Thus the cell has a potential difference (voltage) i piva ﬁ ' N&)E;" L EeF
across its membrane channe ?-“w%i PRy

ICF @g \O ,": ﬁ@lCF



When a channel opens, it permits one kind of ion to cross the
membrane. When it closes, it prevents passage of that ion.

Membrane
of neuron

lon pores

@ 2007 Thomson Higher Education F|g 2-14, p. 40



® ® o | The resting potential

e Most gated K+ channels are also closed.

e However, many leak channels remain open, which
increases the membrane’s permeability to K+ ions.

e K ions slowly leak through K pore channels

e The membrane has a poor permeability to Na” ions so
they cannot get in to the neurone

e This brings about the membrane potential of
neurones

e As the K diffuse out the inside of the resting cell

becomes more negatively charged and the exterior
more positive.

@ Na* @ CI
Q@ K* €5 Protein
[+ 2 ]

o
70
0 10 20
ON
° °
)

. i n L ] ~ L] o ; i .‘: Qo
ECF o ®* e % % oam@)e
W EsE ¥ o
Bl =
: ! ‘I"lf 1 { (/ ;
e © e o ® o

12l o *. ECF
> o o & ICF

ICF .@\O «°

@ Na* @ Cr
Q@ K+ €8 Protein
Qo ® @
ECF « ° * o ,onap,
Net il nanke
channe| ch§rmel ;}i.lfm' ':
OF < 3B N3+ *u B -
® e« " o ® * o ® e

K+ ldak
channel
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The neurone

www.biologymad.com

Forebrain, cortex Golgi

spiny
dendrites

ctsy C |sael

School of Anatomy and Human Biology —
The University of Western Australia




® o The neurone

Nodes of Ranvier

Dendrites
Schwann Nucleus of Schwann cell
cell
g .
=
&
Myelin sheath Axon Terminal

dendrites



® ® » | Neurones

e Neurones like other cells are more

negatively charged inside than
outside

e This results in a membrane
potential of about — 70 milliVolts

e This is called the resting potential
of the neurone

e This has an effect on the passive
movement of K and Na' across the
neurone’s plasma membrane

.:‘\: ” s

£ 4
*I_-;\*f )

Q@ Na* @ CI-

@ K* €85 Protein” Electrical
A > o §dfent
FCRS ol SR =L ol ECF

PWARER W B )ohiarinl I
ohan_n?ll channel. . char\nel
i L A |} t@. 14, | _— i
|CF~@°B.° . T o | EBICF
e o °* o © : . K+°d'|ﬁ-USi0n
gradient



Passive movement of ions across a
cell membrane

e The concentration gradient:
causing the ions to diffuse down their
concentration gradient

e The electrical potential:
causing ions to be attracted to the
opposite charge to the one they carry



e The two important ions in a nerve
cell (neurone or neuron) are K" and
Na’

e Both are cations (positively charged
ions)

e Na+ions move more slowly across
the membrane than K or Cl ions

e This is because although the Na' ion
is smaller than the K" ion
Na has a larger coating of water
molecules giving it a bigger diameter

e This makes the plasma membrane
25 times more permeable to K" than
Na’

Potassium & Sodium lons

‘E ,_'\fl-.:l.-'.? Ax.on
v &
Q@ Nat @ CI
@ K* €5 Protein’ Electrical
2 i 9 . °. gdfent
ECF e * o o] >« ECF
Nat! [k K+ fpak
ohannﬁal chanpel, . cha'r'nel
SEr Begic S giylh oy
.ﬂ% ® e © "o 29 & ‘9 K+°d|ﬁUSi0n
gradient



® ® » | Potassium & Sodium lons

e In addition to this K’ ions leak out of K ion pores
when the nerve cell is at rest

e So to maintain the high concentration of K'inside 7% | e
the cell, it has to be actively pumped inwards a bit | |
when the cell is at rest s 4
Q K* €& Protein”
e The result is that the resting potential of the . me;k 0
neurone is almost at the equilibrium for K ions i, by canfe
e K' leak out a bit and need pumping in . B CF

e Na ions, however, are actively pumped out and kept
out



® @ » | A coupled Na-K" pump

plasma
Cytoplasm membrane ECF
K' 2 K
3 Na' Na’




®eo Getting excited!

e As the neurone’s membrane at rest is more
negative inside than outside, it is said to be
polarised

e Neurones are excitable cells

e The cells are excited when their membranes
become depolarised



®eo Depolarisation

Depolarising membranes may be achieved by:

e a stimulus arriving at a receptor cell
(e.g. vibration of a hair cell in the ear)

e a chemical fitting into a receptor site
(e.g. a neurotransmitter)

e a nerve impulse travelling down a neurone



®e® Nerve impulses

e Nerve impulses are self-propagating like a
trail of gunpowder

e L ocalised currents in the ions occur just
ahead of the impulse causing localised
depolarisation

e Nerve impulses are not like electrical
signals travelling down a wire



® ® » | Depolarisation

Depolarising membranes may be
achieved by:

e a stimulus arriving at a receptor cell
(e.g. vibration of a hair cell in the ear)

e a chemical fitting into a receptor site
(e.g. a neurotransmitter)

e a nerve impulse travelling down a
neurone




® ® » | Nerve impulses

e Depolarization of the postsynaptic
membrane begins when ACh is released by
the presynaptic neuron and binds to
receptors in the postsynaptic membrane.

e Chemical gates open in response and the
receptors form water-filled channels, which
Na+ and K+ ions pass through.

e Because of favorable diffusion and o ool iei i neofiieis
electrical gradients, more Na+ ions enter the « = o >
cell than K+ ions exit. R YR

]



The action potential

e The action potential is the state of the neurone membrane when
a nerve impulse passes by

e A small change in the membrane voltage will depolarise the
membrane enough to flip open Na channels

e These are called voltage-gated Na channels )
e As Na moves into the cell more and more Na channels open

e A small change in the membrane permeability to Na' results in a

big Change in membrane potential

e This is because the volume of the axon is minute compared to
the volume of the extracellular fluid



+35 P
Uil More Na' o
channels
mV open Na’
floods into
Na’ voltage-
gated
channels
-55 —open \ Threshold
-70 =

W

Resting potential Action potential



All-or-nothing

e As Na moves in the cell will become more positive
with respect to the outside

e The ion pumps resist the change in the membrane
potential but it only has to rise by 15mV and the
pumps cannot restore the equilibrium

e Na' floods in

e Nerve impulses all look the same, there are not big
ones and little ones

e This is the all-or-nothing law



®® The threshold

e —55mV represents the threshold potential
e Beyond this we get a full action potential

e The membrane potential rises to +35mV
this is the peak of the action potential

e The cells are almost at the equilibrium for
Na ions



+35

mV

Na' channels
close and K’
channels open, K’
floods out of

LICULULIT

Threshold

W—%_W

Resting potential

Action potential

Resting potential



Potassium takes over

After Na moves in passively until the Na’
channels start to close

At the same time K" permeability increases as
voltage-gated K’ channels open - they are a bit
slower to respond to the depolarisation than the
Na' channels

The K" ions move out

nis makes the cell negative inside with respect
to outside again

The membrane potential falls



® o Hyperpolarisation

e The membrane potential falls below the
resting potential of —=70mV

e |t is said to be hyperpolarised

e Gradually active pumping of the ions (K" in
and Na' out) restores the resting potential

e During this period no impulses can pass
along that part of the membrane

e This is called the refractory period



®eo The Nerve Impulse

e Saltatory conduction is the word used to
describe this “jumping” of the action
potential from node to node.

e Provides rapid conduction of impulses
e Conserves energy for the cell
e Multiple sclerosis is disease in which the

myelin sheath is destroyed and associated
with poor muscle coordination.



Node of Ranvier Myelin Axon
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® 2007 Thomson Higher Education Fig. 2-19, p. 46



The Nerve Impulse

e Not all neurons have lengthy axons.

e Local neurons have short axons, exchange
information with only close neighbors, and do
not produce action potentials.

e When stimulated, local neurons produce
graded potentials which are membrane
potentials that vary in magnitude and do not
follow the all-or-none law..

e A local neuron depolarizes or hyperpolarizes
in proportion to the stimulation.
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e NEURAL TRANSMISSION

RESPONSE TO ENVIRONMENTAL STIMULI

Me

How does the pain you experience when you burn your hand result so quickly in an action by your muscles?



Muscles Physiology



Overview of Muscular Tissue

e Types of Muscular Tissue

The three types of muscular tissue

1.Skeletal
2.Cardiac
3.Smooth



Overview of Muscular Tissue

e Skeletal Muscle Tissue

e So named because most skeletal muscles move
bones
e Skeletal muscle tissue is striated:

e Alternating light and dark bands (striations) as seen
when examined with a microscope

e Skeletal muscle tissue works mainly in a voluntary
manner
e [ts activity can be consciously controlled
e Most skeletal muscles also are controlled
subconsciously to some extent

e Ex:the diaphragm alternately contracts and relaxes
without conscious control




Overview of Muscular Tissue

e Cardiac Muscle Tissue

e Found only in the walls of the heart

e Striated like skeletal muscle

e Action is involuntary

e Contraction and relaxation of the heart is not
consciously controlled

HEeART

e Contraction of the heart is initiated by a node
of tissue called the “pacemaker”



Overview of Muscular Tissue

e Smooth Muscle Tissue

e | ocated in the walls of hollow internal

structures =

e Blood vessels, airways, and many organs

e Lacks the striations of skeletal and
cardiac muscle tissue

INTERNAL ORGANS

e Usually involuntary



TABLE 10.45

Summary of the hMajor Features of the Three Types of hWluscular Tissue

CHARACTERISTIC

Microscopic appearance
and Features

Location

Fiber diameter

Connective tissue
Ccomponanks

Fiber length

Contractile proteins
orsanized into sarcomeanes

Sarcoplasmic reticulerm

Transwverse tubules present

Junctions betweeaen Abers

Autorhwthmmicity
Source of Ca=* for
contracticn

Regulator proteins Far
contracticmn

Spead of contraction

Mervous contmol

Contraction regsulated by:

Capacity for regeneration

Table 10.04 Tartora -

SKELETAL MIUSCLE

Lowng oylindrical fiber with
mmany periphecrally located
nuclei; siriatecd.

YY)

iost cormmonly attached by

tencdons o bhones.

“ery large (10— 1008 gernid.

Endomysium,. peritmysium, anc

cpimmysiuem.
100 permn—30 cm.
Yes,

AMobundant.

Yes, alizsned with cach A—I band

Juncrion.

MNoree.

Mo

Sarcoplasmic reticwlume.
Tropronin and o poimy osin.

Fast.

Woluntary (SOonmEic nervous
SWSIErTY ).

Accivichaoline releascd by
SOMalic Mobor Neunons.

Liimmined, wia satcellite cells.

FPAPFP 12/

Copyright & John Wiley and Sons, Inc. All

lick

CARDIAC MIUSCLE

Branchoed oylinddrical fGber with
one centrally located nucleous;
intecrcalatcd discs join
neishboring Mbers; striated.

L Y TTT

L]
S I T T

gt L LT

e
'---n.nl.a.n.nn.-,__.u-lu---'h"-""“""

Hueare.

Largse { 10—200 gegri ).

Endomysiumm and poerimyysiumm.

SO— 1M germn.
res.

Sommne.

Mes, alicned with cach 72 disc.

Imercalated discs contain gap junclions
and desmosomes.

Tes.

Sarcoplasmic reticuluny anvd interstitizal
i,

Tropronin amnd LEo oy osim.

Moderate.

Involuniary {(aulonomiic Nervous
SAWSLEIT).

Acetvicholine and norepinephrinc
relecascd by aulonormiie Mrolor e rores
several hormmore s,

Ibmmited, uvnder cortain concditicons.

rights reserved.

SMOOTH MUSCLE

Fiboer is thickoest i rmiacld e, tapaernead
at cach cnd, and hess one coentrallsy
positioned nuclews; not siriaced.

e

Wyalls of haollow visoera, airsways,
blowd wesscels, iris and ciliary boady
of eyve, armecior pili muscles of hair
Follicles.

Smuall (3—8 gernd.

Enciormy s,

FO—220N) prwe.
o,

wWery little.
o

Gap junctions in visceral smooth
mus<cle; none in multivnit sooth
muscle.

Hes, in visceral smooth muouscle.

Sarcoplasmic reticulum anc
interstitial Muid.

Calmaodulin and myosin light chain
kimase.
Slow.

Involuniary (ALOMTOIITEC Nervous
SySTeimh.

Avccelyvlicholine and norepinephrine
releasced by aulomnormic muotor
neurcgns; sewveral hormones=s; Tacal
chormical changzes: stretchims.
Considderab:le, via pericyiaos
fcompared with other muscle tissaes,
but Hmited compared with
epithyceliverr k.



TABLE 10.45

Summary of the hMajor Features of the Three Types of hWluscular Tissue

CHARACTERISTIC SKELETAL MIUSCLE CARDIAC MIUSCLE SMOOTH MUSCLE

Skeletal muscle [organ) |

Microscopic appearance Long cylimdrical fiber with Bramchoeo

1. The epimysium: is the dense
connective tissue that surrounds
the entire muscle tissue.

Perimysium Endomysium Nerve

Epimysium

2. The perimysium: is the connective
tissue that surrounds each bundle of
muscle fibers.

3. The endomysium: is the connective
tissue that covers each single muscle ™
flber or myofiber or muscle cell

Table 10.04 Tortora - PAP 12/
Copyright @& John Wiley and Sons, Inc. All rights reserved.



TABLE 10.45

Summary of the hMajor Features of the Three Types of hWluscular Tissue

CHARACTERISTIC

Microscopic appearance
and Features

Location

Fiber diameter

Connective tissue
Ccomponanks

Fiber length

Contractile proteins
orsanized into sarcomeanes

Sarcoplasmic reticulerm

Transwverse tubules present

Junctions betweeaen Abers

Autorhwthmmicity
Source of Ca=* for
contracticn

Regulator proteins Far
contracticmn

Spead of contraction

Mervous contmol

Contraction regsulated by:

Capacity for regeneration

Table 10.04 Tartora -

SKELETAL MIUSCLE

Lowng oylindrical fiber with
mmany periphecrally located
nuclei; siriatecd.

YY)

iost cormmonly attached by

tencdons o bhones.

“ery large (10— 1008 gernid.

Endomysium,. peritmysium, anc

cpimmysiuem.
100 permn—30 cm.
Yes,

AMobundant.

Yes, alizsned with cach A—I band

Juncrion.

MNoree.

Mo

Sarcoplasmic reticwlume.
Tropronin and o poimy osin.

Fast.

Woluntary (SOonmEic nervous
SWSIErTY ).

Accivichaoline releascd by
SOMalic Mobor Neunons.

Liimmined, wia satcellite cells.

FPAPFP 12/

CARDIAC MIUSCLE

Branchoed oylinddrical fGber with
one centrally located nucleous;
intecrcalatcd discs join
neishboring Mbers; striated.

L Y TTT

L]
S I T T

gt L LT

e
'---n.nl.a.n.nn.-,__.u-lu---'h"-""“""

Hueare.

Largse { 10—200 gegri ).

Endomysiumm and poerimyysiumm.

SO— 1M germn.
res.

Sommne.

Mes, alicned with cach 72 disc.

Imercalated discs contain gap junclions
and desmosomes.

Tes.

Sarcoplasmic reticuluny anvd interstitizal
i,

Tropronin amnd LEo oy osim.

Moderate.

Involuniary {(aulonomiic Nervous
SAWSLEIT).

Acetvicholine and norepinephrinc
relecascd by aulonormiie Mrolor e rores
several hormmore s,

Ibmmited, uvnder cortain concditicons.

Copyright & John Wiley and Sons, Inc. All rights reserved.

SMOOTH MUSCLE

Fiboer is thickoest i rmiacld e, tapaernead
at cach cnd, and hess one coentrallsy
positioned nuclews; not siriaced.

e

Wyalls of haollow visoera, airsways,
blowd wesscels, iris and ciliary boady
of eyve, armecior pili muscles of hair
Follicles.

Smuall (3—8 gernd.

Enciormy s,

FO—220N) prwe.
o,

wWery little.
o

Gap junctions in visceral smooth
mus<cle; none in multivnit sooth
muscle.

Hes, in visceral smooth muouscle.

Sarcoplasmic reticulum anc
interstitial Muid.

Calmaodulin and myosin light chain
kimase.
Slow.

Involuniary (ALOMTOIITEC Nervous
SySTeimh.

Avccelyvlicholine and norepinephrine
releasced by aulomnormic muotor
neurcgns; sewveral hormones=s; Tacal
chormical changzes: stretchims.
Considderab:le, via pericyiaos
fcompared with other muscle tissaes,
but Hmited compared with
epithyceliverr k.



Overview of Muscular Tissue

e Functions of Muscular Tissue
e Producing Body Movements
e Walking and running

e Stabilizing Body Positions
e Posture

e Moving Substances Within the Body
e Heart muscle pumping blood
e Moving substances in the digestive tract

e Generating heat
e Contracting muscle produces heat
e Shivering increases heat production



Overview of Muscular Tissue

° Prolgerties of Muscular Tissue

e Properties that enable muscle to function and contribute to
omeostasis

e Excitability
e Ability to respond to stimuli

e Contractility |
e Ability to contract forcefully when stimulated

° Extensibilitty
e Ability to stretch without being damaged

e Elasticity
e Ability to return to an original length



Skeletal Muscle Tiss
eNerve and Blood Supply

Carddimac amdad
smrmeoaeaiEiy muascie,
cila vl =

o l\{( rons that stimulate S =
etal muscle to contract L
are somatic motor neurons -

- Presynaptic
. torminal

Synaptic
vesicles

Neuromuscular junction

e The axon of a somatic motor
neuron_ typically branches

Prasynaptic terminal

many tI‘I]rtr)]eS d N : /5, : Sarmlemma—-i"‘"- .
ran h extending to - .; W
Eaf rent S elet ?mus%le fﬁoer /
e Each muscle fiber is in close i @ W ... =%
Contl?c-t Wlt One Or more Sarcoplasmic reficulum —S % M
Cap arIeS (a) Myafibrils (b)  Miochondrion  Pestsynaplic  Synaptic

membrang claft
(sarcalemma)



Skeletal Muscle Tissue

Central
Ach @_(Ach nell'vnuls sy:tem Peripheral nelrvuus system : Eﬂectonorgans |
Parasympathetic nerves ( Acetylcholine _\
I : . ! _-ﬁ:‘-'-ff&.. T T .V 2 A Al S Skeletal
Somatic nervous system g flt._\ : : S m muscle
s a
Acetylcholine- Norepinephrin —i Smooth
Y~ A , muscle
s j— STy
Exoctine glands Smooth 1LD  gme———i—a v (e el (e.g., in
muscle TN “k » 9
Sympathetic A Ganglion a h|ﬂﬂlt}’
i— division Acetylcholine Epinephrine and vesse
A°h® <NE A uionomic » \ - norepinephrine
Sympathetic nerves nervous P"H;J- T ey ___/¥Blood - Glands
i TN == i vessel
N Typiom e Adrenal medulla
il [\ —<Ach
(. Adrenal Para- ((_(, Acetylcholine _ﬁ\

L [(Nfact> medulla e V2% D Cardiac
ﬁ ' Somatic nerves " diviatah )ﬁg:(‘ RSV, ﬁ'" . muscle
A\ L4 pflaa Ganglion —

Skeletal E and NE ;
muscle in the blood KEY:
— Preganglionic  --- Postganglionic -— Myelination — Preganglionic = --- Postganglionic
L axons axons axons axons
(sympathetic) (sympathetic) (parasympathetic)  (parasympathetic)




Skeletal Muscle Tissue

e Microscopic Anatomy | =—==
o %I'Be number of skeletal mu%cle I laE S I,
Ibers Is set before you are born [ VA e e ==au=a=

™ Thick  Thin
5 . filament filament

e Most of these cells last a lifetime

ypertrophy o T e
® An en a%ment Of eXIStIng T-tubule brings action Thin filament
mUSC e erS g:)ﬁz;igll:ii?t:gninterior Sarcolemma l Thick filament

° Testoﬁtﬁrone and hum?n
Hrowt ormone stimulate

ypertrophy

o Saﬁe lite cells (muscle stem
cells retalnc}h capgcrc to
ﬁge erate amage m SCIe Triad Sarcoplasmic reticulum Terminal

e rS stores Ca?*. cisterna
Copyright & 20 e, p 3 i g

007 Pearson Education, Inc., publishing as Benjamin Cummings

e Muscle %rowth occurs by




Skeletal Muscle Tiss™ /=

e Sarcolemma
e The plasma membrane of a muscle cell

e Transverse (T tubules)

e Tunnel in from the plasma membrane

e Muscle action potentials travel through
the T tubules

° %grcoplasm, the cytoplasm of a muscle
iber

e Sarcoplasm includes glycogen used for
synthesis of ATP and a red-colored protein

called myoglobin which binds oxygen
moleculées

e Myoglobin releases oxygen when it is
needed for ATP production

Sarcoplasmic

Mitochondria

Thick

b Thin
1 filament

filament

-+

b
bl
w's"
aa
ety
30
s
AN

A
e ]
AL Myofibril

\ Sarcolemma

T-tubules

Copyrighl @ 2007 Pearson Education, Inc,, publishing as Benjamin Gummings

T-tubule brings action
potentials into interior
of muscle fiber.

Thin filament

Sarcolemma

Triad Sarcoplasmic reticulum
stores Ca?*.
Copyright & 2007 P

07 Pearson Education, Inc_, publishing as Benjamin Cummings.

Terminal
cisterna



Skeletal Muscle Tiss™ e .
e Myofibrils T

e Thread like structures which have a
contractile function

e Sarcoplasmic reticulum (SR) = 1 =

\ Thick Thin
1 filament filament

e |

T —e—

——

1
.:.. e I
Tyt A7 Myofibril

e Membranous sacs which encircles =
eaCh myOﬁ brll E;::—_T Il::.;l.."‘;rcolemma T-tubules
e Stores calcium ions (Ca") R A R R
++ . T-tubule brings action Thin filament
e Release of Ca triggers muscle potentials into interior

of muscle fiber. Sarcolemma

contraction

e Filaments
e Function in the contractile process
e Two types of fillaments (Thick and Thin)

e There are two thin filaments for every
thick filament

Triad Sarcoplasmic reticulum Terminal
stores Ca?*. cisterna
Copynight & 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



Skeletal Muscle Tissue

e Sarcomeres
e Compartments of arranged filaments
e Basic functional unit of a myofibril

e Z discs
e Separate one sarcomere from the next
e Thick and thin filaments overlap one another

e A band

e Darker middle part of the sarcomere
e Thick and thin filaments overlap

Thick Thin
Z disc Mline filament filament Z disc

Sarcomere

(a) Myofibril

Thin filament
Thick filament

e | band Z disc M line i flament Z disc
e Lighter, contains thin filaments but no thick . b g e )
filaments 00200700, S TN Y P W
e Zdiscs passes through the center of each | band  _ __ 4occoooms ot VORR SEPY g N
e H zone ) —
e Center of each A band which contains thick but no l SR ]

thin filaments
o Mine S e — 253
e Supporting proteins that hold the thick filaments «— I band —f A band e fhind—
together in the H zone

(b) Details of filaments and Z discs

Figura 10.03 Tortora - PAP 128
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Skeletal Muscle Tissue

e Muscle Proteins

e Myofibrils are built from three kinds of
proteins

1) Contractile proteins
e Generate force during contraction

2) Regulatory proteins
e Switch the contraction process on and off

3) Structural proteins
e Align the thick and thin filaments properly
e Provide elasticity and extensibility
e Link the myofibrils to the sarcolemma



Myofibrils = Contractile Organelles of Myofiber

Contain 6 types of protein:

e Actin .

. Z> Contractile
e Myosin
e Tropomyosin
e Troponin Z> Regulatory
e Titin
e Nebulin

Z> Accessory



Skeletal Muscle Tissue
e Contractile Proteins

e Myosin

e Thick fllaments

e Functions as a motor protein which
can achieve motion

e Convert ATP to energy of motion

e Projections of each myosin

e molecule protrude outward (myosin
ragigeule p (my



Skeletal Muscle Tissue

e Contractile Proteins

e Actin
e Thin filaments

e Actin lecules provide a site where a
myos{rrl]ﬁea(!]J np tach

e Tropo, sin and troponin are also part of
the?hl ¥?amen P P

In relaxed muscle .
e Myosin is blocked from binding to actin

gtra ds of tropomyosin cover the myosin-
ing sites

e (Calciumion bindingto tro onian \ae
tsrlgg Somyosm awayTtrom myosin-binding

e Allows le contraction to begin as
myosmnt;'| dcs to act |rn J



Titin and Nebulin

e Titin: biggest protein known (25,000 aa); elastic!

e Stabilizes position of contractile filaments
e Return to relaxed location

e Nebulin: inelastic giant protein
e Alignment of A& M

% disk Nebulin helps Adisk

align actin. M line Actin

e B 2 i G ST
& -qs*“m* 0 WQ%"" B

OR

g (O T e N s
: R RS S RS RES

O

Titin provides
elasticity and
stabilizes myosin.



Contraction and Relaxation of Skeletal Muscle

e The Contraction Cycle

e The onset of contraction begins with the SR releasing
calcium ions into the muscle caell

e Where they bind to actin opening the myosin binding sites



The Molecular Basis of Contraction

Rigor State

Tight binding in the rigor state. The crossbridge
al a 45° angle relative 1o the filaments.

sin head
MNucleotida- e

binding site —£3

Actin-binding sita

e Tight binding
between G-actin and
myosin

e No nucleotide bound

ATP binds to nucleotide-binding site on myosin.
Myosin then dissociates from actin

ATP binds
dissociation




Released energy changes
angle between head & long
axis of myosin

The ATFase activity of myasin hydrolvzes the ATF The myosin head swings over and binds weakly o
to ADP and inorganic phosphate. Both products a naw actin molecule. The cross bridge is now at
remain bound o myosin 90" relative to the filamenis.

Myosin head acts as Relaxed
ATPase Rotation and weak »muscle state

binding to new G-actin |When
sufficient ATP




Power stroke begins ADP released
as Pireleased

Release of P initiates the power stroke. In the power Al the end of the power stroke, the myosin head
stroke, the myosin head rotates on its hinge, pushing releases the ADP and resumes the ghtly bound
the assoclated actin filament past i, rigor state.

Actin filamant moves

Tight binding to actin

Myosin crossbridge movement pushes actin



Regulation of Contraction by Troponin
and Tropomyosin

() TrOpomyOSIn bIOCkS myOSIn {a) Relaxed state (b) Initiation of contraction
binding site (weak binding
possible but no powerstroke)

o Power stroke

O
Tropomyosin shlit&’

exposing binding
site on G-actin

e Troponin controls positizgn of
tropomyosin and has Ca
binding site

2+ . . ol i l : =a
e (Ca present: binding of A Slcks bnans 95 " . el
&M O (R Sriosoi

Ca®* levels increase

24 ] . Fig ‘I 2_1 0 in cytosol. Ea’_'blndstn troponin.
e Ca absent: relaxation ?,—m ——— ?memm.n -

pulls tropomyosin away letes
from G-actin binding site. g B

Actin filament moves.



c Myosin heads
Key: hydrolyze ATP and
@=Ca become reoriented
and energized

@ Myosin heads
bind to actin,
forming

crossbridges

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

9 As myosin heads
bind ATP, the
crossbridges detach e Myosin crossbridges
from actin rotate toward center of the

sarcomere (power stroke)



Contraction and Relaxation of Skeletal Muscle
e The contraction cycle consists of 4 steps

e 1) ATP hydrolysis

e Hydrolysis of ATP reorients and energizes the myosin head

e 2) Formation of cross-bridges
e Myosin head attaches to the myosin-binding site on actin

e 3) Power stroke
e During the power stroke the crossbridge rotates, sliding the filaments

° 4) Detachment of myosin from actin

As the next ATP binds to the myosin head, the myosin head detaches from
actin

e The contraction cycle repeats as long as ATP is available and the Ca™ level
is sufficiently high

e Continuing cycles applies the force that shortens the sarcomere



Contraction and Relaxation of Skeletal Muscle
e Excitation—Contraction Coupling

e Anincreasein Ca concentration in the muscle starts contraction
e AdecreaseinCa stops it
e Action potentials causes Ca" to be released from the SR into the muscle cell

e Ca moves tropomyosin away from the myosin-binding sites on actin
allowing cross-bridges to form

e The muscle cell membrane contains Ca” pumps to return Ca~ back to the
SR quickly

e Decreasing calcium ion levels

e AstheCa level in the cell drops, myosin-binding sites are covered and the
muscle relaxes



Contraction and Relaxation of Skeletal Muscle

Transverse Terminal
Sarcolemma tubules cistern of SR » Muscle action potential N
| / \ |

L..®

i 4.-'..' Yoot
.-.:..> <:: . .o._..

Ca® release
channels closed

Pk e Y g

Thin filament

Myosin-binding Myosin
Troponin site on actin
Tropomyosin
Key:
g a0 Ca?* binds to troponin, which changes the
Troponin holds tropomyosin in position ® = Ca? active shape of the troponin—tropomyosin complex
to block myosin-binding sites on actin. transport pumps and uncovers the myosin-binding sites on actin.
< =Ca? release
(a) Relaxation channels (b) Contraction

Figure 10.08 Tortora - PAP 12/e
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T—-tubule brings action Thim filament

Ppotentials into interior
of muscle fiber. Sarcoleamma Thick filament

Excitation-Contraction
Coupling

|
Triad Sarcoplasmic reticulum Terminal
stores Ca<®*. cisterna

CEopyrign 05 SD07 Poncacn Eaucmtion . N, pubishoeg nn Boaarmin Cuemeningen

Axorn terminal of
somatrs meaotor naEsIrom

Ah

rAu=cle fibhaer
R Ppotantial

Aotion potaential ——————e

Sarcoplasmic raeticulum

T -l
LI = E‘“E—-L__L =
-|—
+
4
e
*+ | | 'Dihydropyridine, voltage sensor, rropomyasin
o~ —"/3 voltage- dependent calcium channel Troponin
- i e

Fywosin Thick Tilament

P lime = disk



Initiation of Contraction

ACh released from somatic motor neuron at the Motor End Plate
AP in sarcolemn@and T-Tubules
Ca’'release from sarcoplasmic reticulum

Ca’'binds t@troponin



DHP (dihydropyridine) receptors open Ca”’ channels in t-tubules

Intracytosolic [Ca”]

\ 4

Contraction

Ca’'re-uptake into SR

Relaxation

T-tubule brings action Thin filament
potentials into interior
of muscle fiber. Sarcolemma Thick filament

)

T
Triad Sarcoplasmic reticulum Terminal
stores Ca®*, clsterna

oy s BE087 Femn Bt e [apestey 58 Dear Trregn

|I'

Tropomyosin -—

uncovers LA
binding site oy
_ heads e

Myosin thick filament execute 0,
o

power stroke <

Mline Distance actin moves l;'_l



Muscle Metabolism
e Production of ATP in Muscle Fibers

e A huge amount of ATP is needed to:
e Power the contraction cycle
e Pump Ca into the SR

e The ATP inside muscle fibers will power contraction for
only a few seconds

o ATP mu(?t be produced by the muscle fiber after reserves
are used up

e Muscle fibers have three ways to produce ATP
e 1) From creatine phosphate

e 2) By anaerobic cellular respiration

e 3) By aerobic cellular respiration



Muscle Metabolism

| Muscle glycogen |

=3

 Fr— |
(C:reatina :
Energy —
for muscle = Glycolysis
¥ . : contraction
T Creatine P
ST |

[ 2 (net gain)
phosphate | v
: < Contractlng

muscle

Relaxed
muscle

] 2 Pyruvic acid I
(a) ATP from creatine phosphate

\\\/
2 Lactic acid
I o IS

(b ATPF from anaerobic glycolysis

from adipose cells from glycolysis

Oxygen from
\ & /" hemoglobin in blood

Fatty acids liberated l Pyruvic acid ‘

Amino acids from

or from myoglobin
protein breakdown

in muscle fibers

e L NS o

Gt

(c) ATP from aerobic cellular respiration
Figure 10.12 Tortora - PAP 12/
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Muscle Metabolism

e Creatine Phosphate

e Excess ATP is used to synthesize
creatine phosphate

e Energy-rich molecule {ff} Greatine ) {\fTFj
o ¥
Energy
e Creatine phosphate transfers its X o gontrecion
high energy phosphate group to 0P %@ﬁigﬂita} AP i
ADP regenerating new ATP = e TORSERE Coniiog

(a) ATP from creatine phosphate

e Creatine phosphate and ATP provide
enough energy for contraction for
about 15 seconds



Muscle Metabolism

e Anaerobic Respiration

e Series of ATP producing reactions P
that do not require oxygen =

—1
- .

4
e Glucose is used to generate ATP ' Glucose
when the supply of creatine = aiycolysis
phosphate is depleted & 2 JATPY (net gain)
e Glucose is derived from the blood | 2Pymwicacid

and from glycogen stored in . ...!
muscle fibers LN

(b) ATP from anaerobic glycolysis

e Glycolysis breaks down glucose
info molecules of pyruvic acid and
produces two molecules of ATP



Muscle Metabolism

e Anaerobic Respiration

e If sufficient oxygen is present, Muscle glycogen
pyruvic acid formed by glycolysis =
enters aerobic respiration . 4
pathways producing a large ' Sicoee
amount of ATP i |
- 2 {5?'3} (net gain)
e If oxygen levels are low, anaerobic [ 2Pyrwicacd |

reactions convert pyruvic acid to |

actic acid which is carried away by ~ .
the blood [ 2Lacticacid > _

(b) ATP from anaerobic glycolysis

e Anaerobic respiration can provide
enough energy for about 30 to 40
seconds of muscle activity



Muscle Metabolism

e Aerobic Respiration

e Activity that lasts longer than half a minute depends on aerobic respiration

e Pyruvic acid entering the mitochondria is completely oxidized generating

o ATP

e carbon dioxide
e Water

e Heat

e Each molecule of glucose yields about 36 molecules of ATP

Fatty acids liberated
from adipose cells

Y

Pyruvic acid
from glycolysis

Oxygen from
hemoglobin in blood
or from myoglobin
in muscle fibers

Amino acids from
protain breakdown

(c) ATP from aerobic cellular respiration



Muscle Metabolism
e Aerobic Respiration

e Muscle tissue has two sources of
oxygen

e 1) Oxygen from hemoglobin in the blooc fomadposcls | fomhedyss |
e 2) Oxygen released by myoglobin in the \
muscle cell

Amino acids from
protein breakdown

e Myoglobin and hemoglobin are
oXygen-binding proteins

o AerObIC reSplration Supplles ATP for (c) ATP from aerobic cellular respiration
prolonged activity

e Aerobic respiration provides more
than 90% of the needed ATP in
activities lastina more than 10

Oxygen from
hemoglobin in blood

or from myoglobin
in muscle fibers




Slow-twitch :
Fibers <=

Oxidative only =

Muscle fiber characteristics: y
e Is aerobic

e Has steady power
® Has endurance

Fast-twitch
Fibers

MUSC!e Flb.el' Oxidative or
Classification glycolytic

Muscle fiber characteristics:
e Is anaerobic

e Has explosive power
e Fatigues easily




Muscle Adaptation to Exercise

Endurance training:

e More & bigger
mitochondria

e More enzymes for
aerobic respiration

e More m‘oglobin

no hypertrophy

Resistance training:

e More actin & myosin
proteins & more
sarcomeres

e More m‘oﬂbrils

muscle hypertrophy




Force of Contraction (all-or-none)
SPINAL CORD

e Increases With
e muscle-twitch summation
e recruitment of motor units

Motor unit 3
(violet)

Motor unit 2
(blue)

Motor unit 1
(red)



Figure 49.35 The roles of the muscle fiber’s sarcoplasmic reticulum and T tubules in contraction

Motor Neuromuscular
neuron axon junction Mitochondrion

Action
potential

T tubule

Sarco-
plasmic
reticulum

Ca?* released
from sarco-

plasmic
Sarcomere reticulum

Plasma membrane
of muscle fiber

Copyright £ Pearson Education, Inc., publishing as Beajamin Cummings.



Contraction and Relaxation of Skeletal Muscle

e Nerve impulses elicit a muscle action potential in the
following way

neuron axon junction Mitochondrion

Action
potential

1) Release of acetylcholine

e Nerve impulse arriving at the synaptic end bulbs causes many synaptic vesiclesto _
release ACh into the synaptic cleft ubule

2) Activation of ACh receptors NG =
e Binding of ACh to the receptor on the motor end plate opens an ion channel Moo 2 0 o4
o Allows flow of Na' to the inside of the muscle cell )\ / fom Sares.”

3) Production of muscle action potential R A

e The inflow of Na” makes the inside of the muscle fiber more positively charged
triggering a muscle action potential

e The muscle action potential then propagates to the SR to release its stored Ca”

Myofibril

4) Termination of ACh activity

° ,(A‘Ac\:gheg)fects last only briefly because it is rapidly broken down by acetylcholinesterase



Nerve
impulse

Synaptic vesicle
filled with ACh

c Nerve impulse arrives at
axon terminal of motor
neuron and triggers release

) Muscle action
of acetylcholine (ACh). potential \
—= —» ~—
E’T* Ach diffuses across Transverse tubule

b T7¢

synaptic cleft, binds

% to its receptorsin the
% 3 bt /.-—:, motor end plate, and
'h.' triggers amuscle
3 action poﬁntial (AP).
ACh receptor

oAcetyIcholln esterasein
synaptic cleft destroys
ACh so another muscle
action potential does not
arise unless more ACh is

released from motor neuron.

e Muscle relaxes.

e Troponin—tropomyosin
complex slides back
into position where it
blocks the myosin
binding sites on actin.

{5 ]

= -

ca” active
=% transport pumps J*

a

-

XA iy 5 i aig B 5
2+ . o
Ca releasechar;nels in oo
.
dSRcloseand Ca active i
- transport pumps use ATP
i =
:-to restore low level of =
-C% Jn sarcoplasm £ LOnH
- et ok
i D__ (=3 o o] 5
" S

. ko

;& o Muscle APtraveIImg anng

transverse tubule opens ca”
release channels in the

a sarcoplasmic reticulum (SR)
a5 % membrane which allows
l.;:alcnum ions to flood intg the

- sarcég_asm._'——-___
"'\-\.,_,_o-"fr‘-'-

l\'.'l s |
2

e Ca” binds to troponin on
the thin filament, exposing
the binding sites for myosin.

Elevated Ca”

e Contraction: power strokes

use ATP; myosin heads bind

to actin, swivel, and release;
thin filaments are pulled toward
center of sarcomere.




Figure 49.36 Review of skeletal muscle contraction
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Muscles Physiology

Smooth muscle



Comparisons Among Skeletal, Smooth, and Cardiac

Muscle
Property

Striations (sarcomeres)
Actin and myosin

Level of control

Neural input

Neuroeffector junction
Hormonal control

Source of calcium

Regulatory protein that
binds calcium

Gap junctions
Pacemaker activity
Myosin ATPase activity

Recruitment

Skeletal
Yes

Yes
Voluntary
Somatic

Neuromuscular
junction—specific

None

SR

Troponin

No
No
Fastest

Yes

Smooth (single-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

Yes
Yes
Slowest
No

Smooth (multi-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

No (or few)
No
Slowest

Yes

Cardiac
Yes

Yes
Involuntary
Autonomic

Varicosities—diffuse

Epinephrine

SR and ECF

Troponin

Yes

Yes
Intermediate
No



Comparisons Among Skeletal, Smooth, and Cardiac
Muscle

Property Skeletal Smooth (single-unit) Smooth (multi-unit) Cardiac
Striations (sarcomeres)  Yes No PIORIEERD,
Actin and myosin Yes Yes NEUTDNS

Nucleus
Level of control Voluntary Involuntary
Neural input Somatic Autonomic

Neuroeffector junction

Hormonal control

Source of calcium

Regulatory protein that
binds calcium

Gap junctions
Pacemaker activity
Myosin ATPase activity

Recruitment

Neuromuscular
junction—specific

None

SR

Troponin

No
No
Fastest

Yes

Varicosities—diffu:

Several, depending

on location
SR and ECF
Calmodulin
Yes

(&) Visceral (single-unit)
Yes _smooth muscls lissua
Slowest " Slowest

No Yes

(B) Multiunit smooth
muscle lissye

Intermediate
No



Comparisons Among Skeletal, Smooth, and Cardiac

Muscle
Property

Striations (sarcomeres)
Actin and myosin

Level of control

Neural input

Neuroeffector junction
Hormonal control

Source of calcium

Regulatory protein that
binds calcium

Gap junctions
Pacemaker activity
Myosin ATPase activity

Recruitment

Skeletal
Yes

Yes
Voluntary
Somatic

Neuromuscular
junction—specific

None

SR

Troponin

No
No
Fastest

Yes

Smooth (single-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

Yes
Yes
Slowest
No

Smooth (multi-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

No (or few)
No
Slowest

Yes

Cardiac
Yes

Yes
Involuntary
Autonomic

Varicosities—diffuse

Epinephrine

SR and ECF

Troponin

Yes

Yes
Intermediate
No



Muscle
Property

Striations (sarcomeres)
Actin and myosin

Level of control

Neural input

Neuroeffector junction
Hormonal control

Source of calcium

Regulatory protein that
binds calcium

Gap junctions
Pacemaker activity
Myosin ATPase activity

Recruitment

Skeletal
Yes

Yes
Voluntary
Somatic

Neuromuscular
junction—specific

None

SR
Troponin

No

No
Fastest
Yes

Autonomic
neuron

Digestive ! neurc
tract |  variscosity —o

Smooth (single-unit)
No
Yes

Involuntary
Autonomic

Smooth muscle cell

Varicosities—diffuse
Gap junctions

Several, depending
on location

SR and ECF
Calmodulin

Yes
Yes
Slowest
No



Comparisons Among Skeletal, Smooth, and Cardiac

Muscle
Property

Striations (sarcomeres)
Actin and myosin

Level of control

Neural input

Neuroeffector junction
Hormonal control

Source of calcium

Regulatory protein that
binds calcium

Gap junctions
Pacemaker activity
Myosin ATPase activity

Recruitment

Skeletal
Yes

Yes
Voluntary
Somatic

Neuromuscular
junction—specific

None

SR

Troponin

No
No
Fastest

Yes

Smooth (single-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

Yes
Yes
Slowest
No

Smooth (multi-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

No (or few)
No
Slowest

Yes

Cardiac
Yes

Yes
Involuntary
Autonomic

Varicosities—diffuse

Epinephrine

SR and ECF

Troponin

Yes

Yes
Intermediate
No



Central

nervous system
I

Peripheral nelrw:ms system

Effer:tm; organs

Acetylcholine —\_\

Skeletal
muscle

hﬁ;ﬂlchuﬁneq‘
=

4 o =

A

Sympathetic Ganglion
L ﬂﬁi!lﬁii‘- cetylcholine Epinephrine and
Autonomic . norepinephrine
nervous =)
system Adrenal medulla

Smooth
muscle
(e.g., in
a blood
vessel)

Glands

Cardiac
muscle

KEY:

- Preganglionic
axons
(sympathetic)

- - - Postganglionic
axons
(sympathetic)

~— Myelination = Preganglionic

axons
(parasympathetic)

- - - Postganglionic

axons
(parasympathetic)




SmOOth MUSCIQ TiSSue L 0

: i Autonomic
e Usually activated involuntarily Digesive | | neUOn ol
e Action potentials are spread through the ; ad VY P
fibers by gap junctions vewo | s A VA
transmitter—'@-@._. %x’ ! #
. . . Receptor —— = lu Py
e Fibers are stimulated by certain . s
neurotransmitter, hormone, or autorhythmic R W Smooth muscle cel
SlgnaIS [ .-i Gap junctions
A

e Found in the
e Walls of arteries and veins

e Walls of hollow organs gt
e Walls of airways to the lungs B2
e Muscles that attach to hair follicles I s
e Muscles that adjust pupil diameter _ i
e Muscles that adjust focus of the lens — :

in the eye

Neuron



Single unit Smooth Muscle

Tissue

e Smooth muscle fibers are spindle-
shaped and, unlike skeletal muscle
fibers, have a single nucleus; individual
cells range in size from 30 to 200 pm.

e Smooth muscle fibers are often found
forming sheets of tissue and function in
a coordinated fashion due to the

presence of gap junctions between the
cells.

EEEEEEEEEEEEEE

EEEEEEEEEEEE

prossiniosmccl e lows: ol siri ot

& - Autonomic =i
gl neurons
s Mucleus

Muscla
fibers

(&) Visceral (single-unit) () Multiunit smoath
~ smoocth muscle lissua muscle tissus



Single unit Smooth Muscle

Tissue

e Termed unitary smooth muscle or
visceral muscle, this type of smooth
muscle is the most common observed in
the human body, forming the walls of
hollow organs.

e Hollow organs; visceral organ that is a
hollow tube, such as Stomach,
Intestines, uterus, and urinary bladder

e Single-unit smooth muscle produces
slow, steady contractions that allow | . o
. (&) Visceral (single-unit) () Multiunit smoath
substances, such as food in the .. smooth musce tissue muscle tissue
digestive tract, to move through the
body.

prossiniosmccl e lows: ol siri ot

=~ Autonomic =3
gl neurons
2 Mucleus

Muscla
fibers




Multiunit Smooth Muscle Tissue

e Multi-unit smooth muscle, the second
type of smooth muscle observed, are
composed of cells that rarely possess
gap junctions, and thus are not
electrically coupled.

= - Autanomic =y
gl Neurgns
- Nucleus

e As a result, contraction does not spread |
from one cell to the next, but is instead
confined to the cell that was originally
stimulated. (a) Visceral (single-unit) () Multiunit smoath

SMootn muscla Essua mMescle liesus




Multiunit Smooth Muscle Tissue*

e This type of smooth muscle is
observed;
e in the large airways to the lungs,

e in the large arteries, the arrector pili
muscles associated with hair follicles,

e and the internal eye muscles which
regulate light entry and lens shape.

::_-‘1'-':"
Quter Root 94

(a) Visceral (single-unit)
~ smooth muscle kssua

. Autonomic = -

Neursns
Nucleus

Muscla
fibers

sssss

Arrector Pili

(B} Multiunit smoath
muscle issus



Smooth Muscle Tissue

e Microscopic Anatomy of S—
SmOOth MUSCIe Dense body

Intermediate
filament

e Contains both thick filaments and
thin fllaments

e Not arranged in orderly sarcomeres s

e No regular pattern of overlap thus ., umen
not striated Thin flament

e Contain only a small amount of
StOI’ed Ca Relaxed Contracted

Figure 10.18 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.



Smooth Muscle Tissue

e Microscopic Anatomy of Sarcolemma
Smooth Muscle Dense body

Intermediate
filament

e Filaments attach to dense bodies
and stretch from one dense body to
another

Nucleus

e Dense bodies

e Function in the same way as Z i fiament
discs Thin filament

e During contraction the
filaments pull on the dense Relaxed Contracted
bodies Causch; a shortening St w s manes
of the muscle fiber



Smooth Muscle
Unstriated muscle associated with visera.

(Compare to skeletal muscle)

e Controlled by autonomic
nervous system, hormones
and paracrine.

eactin/myosin structure
allows sustained
contraction in different
directions

erole of calcium in
contraction



Smooth Muscle | /S
tract : \ J)/ 0 A
e Found in walls of hollow organs and ranemor— Al \

tubes, where its contraction will change =& ,, AT
the shape of an organ 7

" \— Smooth muscle cell

Gap junctions

e Generates force to move material
through the lumen of an organ

e Smooth muscle is controlled by
hormones and paracrines, as well as
autonomic nervous system
neurotransmitters




Contractile fibers are arranged in oblique
bundles rather than in parallel sarcomeres

(a) Relaxed smooth (b) Contracted
muscle fiber ?Eunth muscle
iber

Filament bundles
: ofactin and
myosin

Dense
bodies

Contraction




Smooth Muscle Tissue

e Physiology of Smooth Muscle

e Contraction lasts longer than
skeletal muscle contraction

+

e Contractions are initiated by Ca
flow primarily from the
interstitial fluid

e Ca move slowly out of the
muscle fiber delaying relaxation

(a) Relaxed smooth (b) Contracted

muscle fiber smooth muscle
) fiber
/ Filament bundles
f ~ ofactinand
myosin
' W Dense
: .\‘: .n'::"r.l. .I::'.
7 |
! Lt’ ; IJ Contraction
\ S i
N/
.? ! .-::;;I
‘-. A\ / f|
',HI .r. '-.Il
Y
| |

Contractile fibers are arranged in
oblique bundles rather than in parallel
sarcomeres



Smooth Muscle Tissue

e Physiology of Smooth Muscle

e Able to sustain long-term muscle
tone
e Prolonged presence of Ca” in the

cell provides for a state of continued
partial contraction

e Important in the:

e Gastrointestinal tract where a steady
pressure is maintained on the contents of the
tract

e In the walls of blood vessels which maintain
a steady pressure on blood

(a) Relaxed smooth (b) Contracted
muscle fiber ?gﬂaoth muscle
iber

Filament bundles
= ofactinand
myosin

Contraction

Contractile fibers are arranged in
oblique bundles rather than in parallel
sarcomeres



Smooth Muscle Tissue

e Physiology of Smooth Muscle

e Most smooth muscle fibers contract or relax in
response to:

e Action potentials from the autonomic nervous system
e Pupil constriction due to increased light energy

e |n response to stretching
e Food in digestive tract stretches intestinal walls initiating peristalsis

e Hormones

e Epinephrine causes relaxation of smooth muscle in the air-ways and in
some blood vessel walls

e Changes in pH, oxygen and carbon dioxide levels



Smooth Muscle:

e Slower in developing
tension

e Sustain contractions for
extended periods
without fatigue

e Allows the walls of
organs to maintain
tension with a continued
load




Dense body Thin actin filament

Smooth Muscle e

e, —3 f-*ﬂ“-f,

;" /attachment N
;.' f*ﬂf‘"
i » ¢ membrane

"\ One contractile unit
in relaxed state

Sarcolemma

Dense body

Intermediate % H
filament % X
1.1‘ |'

L] (]

i ]

K = !

T
Contracted state

Nucleus

Thick filament

Thin filament

Relaxed Contracted

Figure 10.18 Tortora - PAP 12/e
Copyright @ John Wiley and Sons, Inc. All rights reserved.

Actin thin filament



Myosin of Smooth Muscle

e Different isoform than tha | /;wm Lo
found in skeletal muscle Ll et
Myosin head x One contractile unit
ial light chain (yellow) ‘ W ';
.SmOOth mUSCIe myOS|n o %egulatowlightchain[RLC]u i =
ATPase activity is much Contracted state
slower, contraction is
longer

e Myosin light chain in the BB ———
myosin head regulates e

contraction and relaxation s Bl




Anatomy (cont.)

e Relatively little sarcoplasmic reticulum
e Lacks T-tubules

e Chemically linked to the cell membrane, rather than
mechanically linked

eCa " storage is supplemented by caveolae, small
vesicles that cluster closgzto the cell membrane.
Voltage/ligand gated Ca ~ channels



Response of Smooth Muscle to Stimuli

e Neurotransmitters and hormones acting on smooth
muscle can INHIBIT contraction as well as stimulated it.

e Ca"” influx through sarcolemma voltage gated Ca™
channels is the signal for SR Ca" release

+2 . .
e Ca " storage is supplemented by caveolae, small vesicles
that cluster close to the cell membrane.



Smooth Muscle Contraction: Mechanism

ECF

C:E.E+

0|0

Sarcoplasmic
reticulum €Pp
-H\"-_

Ca?r ——» Ca®"

i
ca?- G
Inactive
MLCK ©
Octive
ATP MLC K

Active myosin
ATRPase

muscle

Myosin head

Essential light chain (yellow)

Rod y & Regulatory light chain (RLC)

Intracellular Ca2+ concentrations increase
when Ca2+ enters cell and is released from
I sEl__r::G;J-IEsmiG reticulum,

$ Ca2+ binds to calmodulin {CaM).

9 CaZ2+—calmodulin activates myosin light
chain kinase (MLCK).

MLCK phosphorylates light chains in myosin
- heads and increases myosin ATPase activity.

ﬁ Active myosin crossbridges slide along actin
and create muscle tension.

| I



Smooth Muscle Relaxation: Mechanism

Ga2+ GE:E-l- MNa*
ECF T

ATP _
o = o

Ga**‘*-:—ﬂ*F — Ca®+

My osin
phosphatase B

Myosin ATPase
activity decreases.

ot 58

i e
“Decreased 7,
muscle

Wigosiond

Inactive myosin

Free Ca2+ in cytosol decreases when Ca=+
is pumped out of the cell or back into the
sarcoplasmic reticulum.

&332+ unbinds from calmodulin (Gah).

=

Myosin phosphatase removes phosphnate
from myosin, which decreases myosin
ATPase activity.

Less myosin ATPase results in decreased
muscle tension.



(a)

Myosin
regulation

Unphosphorylated S ATPase activity — No

myosin light chains inhibited contraction
A
MLCK Phosphatase

Phosphorylated —  ATPase activity — Contraction
myosin light chains restored



Central

nervous system
I

Peripheral nelrw:ms system

Effer:tm; organs

Acetylcholine —\_\

Skeletal
muscle

hﬁ;ﬂlchuﬁneq‘
=

4 o =

A

Sympathetic Ganglion
L ﬂﬁi!lﬁii‘- cetylcholine Epinephrine and
Autonomic . norepinephrine
nervous =)
system Adrenal medulla

Smooth
muscle
(e.g., in
a blood
vessel)

Glands

Cardiac
muscle

KEY:

- Preganglionic
axons
(sympathetic)

- - - Postganglionic
axons
(sympathetic)

~— Myelination = Preganglionic

axons
(parasympathetic)

- - - Postganglionic

axons
(parasympathetic)




Beta Blockers

Beta blockers, also known as beta-
adrenergic blocking agents, Relaxation

phosphodiester bond

are medications that reduce blood pressure. /7 By enrge ot bk

Beta Blockers; any class of drugs which
prevent the stimulation of the adrenergic

lCa?t

receptors CA;"P‘PK 5'-AMP
cAMP" \rp  PDE
Beta blockers work by blocking the effects =

of the hormone epinephrine, also known as
adrenaline.

B-Agonists



Calcium channel blockers

Calcium channel blockers are medications
used to lower blood pressure. L

Ca-channel
blockers

They work by preventing calcium from
entering the cells of the heart and arteries.
lCa?*

_ ) 4 MLCK
Calcium causes the heart and arteries to C2tom —2

squeeze (contract) more strongly.

Myosin —> Myosin-P
® + Actin

By blocking calcium, calcium channel (=) c.,,,,,utﬁm i

blockers allow blood vessels to relax and P
open. S
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Muscles Physiology

Cardiac muscle



Central
nervuuls system Peripheral nelwﬂus system Effer:.tm; organs

Ai:atyll:hnllna
o sy _‘%}-__ ‘ Skeletal
" W TR By S, TR LTI o WSS S T - W mugcla

Acetyl:hutine\ Hnrapmephrine\ — Smooth
o s T ————— o muscle
=

jj . (e.g., in
etic l\.. Ganglion a blood

ﬂhriilnn cetylcholine Epinephrine and vessel)
Autonomic - norepinephrine :
nervous oy W ~ Glands
system -

Cardiac

2 muscle
Ganglion
KEY:
- Preganglionic --- Postganglionic -~ Myelination — Preganglionic - -~ Postganglionic
axons axons axons axons

(sympathetic) (sympathetic) (parasympathetic) (parasympathetic)



Cardiac Muscle Tissue

Mitochondria Intercalated di

e The heart is composed of cardiac
muscle cells which have specialized
features that relates to their function:

\ Cardiac
\ muscle fiber

e Cardiac muscle cells contract without @ | .
stimulation by the central nervous .V
system (contraction is myogenic)

e Cardiac muscle cells are branched,
allowing for faster signal propagation
and contraction in three dimensions

Gap junction

Abshd | band
ic)



Cardiac Muscle Tissue

Mitochondria Intercalated di

e The heart is composed of cardiac
muscle cells which have specialized
features that relates to their function:

\ Cardiac
\ muscle fiber

e Cardiac muscles cells are not fused @ | .
together, but are connected by gap .V
junctions at intercalated discs

e Cardiac muscle cells have more
mitochondria, as they are more reliant
on aerobic respiration than skeletal
muscle

Gap junction

Abshd | band
ic)



Cardiac Muscle Tissue

e Principal tissue in the heart
wall

e Intercalated discs connect the
ends of cardiac muscle fibers
to one another

e Allow muscle action potentials
to spread from one cardiac
muscle fiber to another




Cardiac Muscle Fibers

e Interconnected by intercalated
discs and form functional syncytia;

syncytia; from Greek: o0v (syn) = "together” +
kutog (kytos) = "box, I.e. cell

e Within intercalated discs — two
kinds of membrane junctions

e Desmosomes

e (Gap junctions

Cesmosome

N ] | ] : -\_‘::1_'.":'
‘% Gap junction

é%ﬁ

A band I ba nd

Plasma membranes of

Gap junction Action potential
Intercalated disc
(c) Intercalated discs contain two types of membrane

junctions mech c.sallg.r mpola Idesmusomes
and electrically important gap junctio



Intercalated discs

Plasma membranes of

Desmosome adjacent cardiac muscle fibers

Gap junction Action potential

Intercalated disc

(c) Intercalated discs contain two types of membrane
junctions: mechanically important desmosomes
and electrically important gap junctions,

Gap junction




Cardiac Muscle Tissue
Unique Microanatomy of Cardiac Muscle

Cells

e 1% of cardiac cells are autorhythmic
e Signal to contract is myogenic
e Intercalated discs with gap junctions and
desmosomes
e Electrical link and strength

e SR smaller than in skeletal muscle
e Extracellular Ca” initiates contraction (like

smooth muscle)

Sarcolemma

/) e = Sarcoplasmic
[/ — reticulum
/
: T |
—p===B____ Teminal cisternae
. —
T-tubule
=

—y M

e Abundant mitochondria extract about 80% of O-

Triad




Cardiac Muscle Tissue

e Principal tissue in the
heart wall

e Cardiac muscle tissue
contracts when
stimulated by its own
autorhythmic muscle
fibers

e Continuous, rhythmic
activity is a major
physiological difference
between cardiac and
skeletal muscle tissue



Cardiac Muscle Tissue

e Principal tissue in the heart
wall

e Contractions lasts longer than
a skeletal muscle twitch

e Have the same arrangement
of actin and myosin as
skeletal muscle fibers

e Mitochondria are large and
numerous




Cardiac Muscle Tissue

e Principal tissue in the
heart wall

e Depends on aerobic
respiration to generate
ATP

e Requires a constant
supply of oxygen

e Able to use lactic acid
produced by skeletal
muscle fibers to make ATP

{ ATP }> . cm,m { ATP }

[ Glucose |
Ener 93" —_
for muscle 1 Glycolysis
r'IUEC i ;
= 2 ﬁi}’} (net gain)

hosph ata _ ‘\_'}

aaaaa —— Gontractmg == .
muscle | 2 Pyruvic acid |

(&) ATP from creatine phosphate

2tacicacd =) |

(b} ATP from anaerobic glycolysis

. Pyruvic acid
fram glycolysis

ke \
Amino acids from

- , . 4
protein breakdown = T

Fatty acids liberated
from adipose cells

Qxygen from
hemoglobin in biood
or from myoglobin
in muscle fibers

/o)A o
H at 8 CDE
JaTe}
(c) ATP from aerobic cellular respiration

10, ra -
Copyright @ John Wilsy and Sons, Inc. All ights resared



Cardiac Muscle Tissue

e These structural features contribute to the unique
functional properties of the cardiac tissue:

e Cardiac muscle has a longer period of contraction
and refraction, which is needed to maintain a viable
heart beat

e The heart tissue does not become fatigued (unlike
skeletal muscle), allowing for continuous, life long
contractions

e The interconnected network of cells is separated
between atria and ventricles, allowing them to
contract separately




Types of Cardiac Cells

e Auto-rhythmic cells = pacemaker cells (depolarize
spontaneously)

e Contractile cells — myofibrils —connected well together to form
“functional Syncitium” for myocardium contraction

Ease of movement between cells (conductivity)



CARDIAC MUSCLE

e Atrial muscle

" 1 | Membrane potential
/L L\ of contractile cell

e Ventricular muscle

e Specializes excitatory
&conductive muscle fibers




Electrical Activity of Heart

e Heart beats rhythmically as result of action potentials it
generates by itself

e Two specialized types of cardiac muscle cells

e Contractile cells
e 99% of cardiac muscle cells
e Do mechanical work of pumping
e Normally do not initiate own action potential

e Autorhythmic cells
e Do not contract

e Specialized for initiating and conducting action potentials
responsible for contraction of working cells




Mechanical and Electrical

e Critical to remember that there is e wire ™
mechanical aspects to heart raroas — (8 s
function=myofibrils and electrical ... ‘@S ...
aspect s

e Pacemaker cells and

e Resulting AP from these cells to
working muscle cells causes
depolarization and repolarization







Conduction System of Heart

Autorhythmic Cells
Cells fire spontaneously, act as
pacemaker and form
conduction system for the
heart

e SA node

e cluster of cells in wall of Rt.
Atria

e begins heart activity that
spreads to both atria

e excitation spreads to AV node

e AV node

e in atrial septum, transmits
signal to bundle of His

1
" The sinoafrial (SA) node

| The impulses pause (0.15) |

3 The atrioventricular

3 The bundle branches

3 The Purkinje fibers

Superior vena
cava Right atrium

(pacemaker) generates
impulses.

Internodal pathway

at the atrioventricular
(AV) node.

(AV) bundle connects |
the atria to the

ventricles. Inter-venfricular

septum

conduct the impulses |
through the septum
interventricular septum

depolarize the

contractile cells of both ' . : ;
vantricles. Figure 7.8 'The sequence of electrical conduction of heart.



Conduction System of Heart

Cells fire spontaneously, act as
pacemaker and form
conduction system for the
heart

e AV bundle of His

e the conne,c}ion between atria
and ventricles

e Bundle branches

e To right and Iert side of heart
along ventricular septum

e Purkinje fibers,

e large diameter fibers }hat
conduct signals quickly in

ventriccfes

1
" The sinoafrial (SA) node

| The impulses pause (0.15) |

3 The atrioventricular

3 The bundle branches

3 The Purkinje fibers

Superior vena
cava Right atrium

(pacemaker) generates
impulses.

Internodal pathway

at the atrioventricular
(AV) node.

(AV) bundle connects |
the atria to the

ventricles. Inter-venfricular

septum

conduct the impulses |

through the septum
interventricular septum

depolarize the
contractile cells of both

ventricles. Figure 7.8 The sequence of electrical conduction of heart.



Rhythm of Conduction System

e SA node fires spontaneously 80-100 times
per minute

e AV node fires at 40-60 times per minute =™

Sinoatrial

Atrioventricular
{AV) node

. (SA)node—__ | m
e If both nodes are suppressed fibers in o A NG — Lot v
ventricles by themselves fire only 20-40 e = AREEE oo

= Left ventricle

times per minUte Right ventricle ,,,
e Artificial pacemaker needed if pace is too  mameee
SlOW of His

e Extra beats forming at other sites are
called ectopic pacemakers
e caffeine & nicotine increase activity

Purkinje
fibers



How does these cells automatically fire??

3 :
Presenter



Timing of Atrial &
Ventricular Excitation

¢ SA node setting pace since is the -
fastest (SR noce
Atrioven- -

e In 50 msec excitation spreads through  tieuar
both atria and down to AV node o

¢ 100 msec delay at AV node due to (AV) bundle
smaller diameter fibers- allows atria to R
fully contract filling ventricles before ~ bundie branches ~Syy
ventricles contract Buridnjeibers

e In 50 msec excitation spreads through
both ventricles simultaneously

Left atrium

Left ventricle



Pacemaker Potential

e The pacemaker potential occurs at the
end of one action potential and just

before the Start Of the neXt. -~ | Pacemaker Action Potential
e It is the slow depolarization of the -
pacemaker cells e.g. cells of the o
sinoatrial node, towards threshold.
* " (out) 1= !Ph??ne}d
i | (e

e This is sometimes referred to as the
funny’ current, or Iz



Pacemaker Potential

e The pacemaker potential is achieved by ) ,I, __ Extracellula
activation of HCN channels (hyperpolarization woocoo! 0 oooooooc
activated cyclic nucleotide gated channels). "

e Hyperpolarization-activated cyclic nucleotide-
gated (HCN) channels are integral membrane
proteins that serve as nonselective voltage-
gated cation channels in the plasma
membranes of heart and brain cells.

e HCN channels are sometimes referred to as
pacemaker channels because they help to
generate rhythmic activity within groups of
heart and brain cells




Pacemaker Potential

e These allow Na+ entry into the cells, e l \__ Extracellular
enabling slow depolarization. COCOOCE AR HPO00000C

e These channels are activated at
membrane potentials which are more
negative than -50mV.

e Once the membrane potential has
reached the threshold, an action
potential can be fired.




SA Node Action

POte t. I l b Fxtrmviilyléus
e Once the HCN channels have brought the
membrane potential to around -40mV, voltage ® o
gated calcium channels open. j’“ ’g‘}“i
. . . o ” J(t -
e This allows an influx of Ca2+ which — @
produces a faster rate of depolarization to
reach a positive membrane potential Fasmn Pacemaker Action Potential
(responsible for the upstroke of the action e e
potential). s
e HCN channels start to inactivate. o
PREPOTENTIAL Phase 3 : i acali
. . * K- (out) 1° - Na+ (in): I;
e At the peak of the action potential, Ca2+ el
channels inactivate, and K+ channels open. | i



SA Node Action
Potential

e This allows an efflux of K+ ions out of the
cells. The membrane repolarizes and this is
seen as the downstroke of the action
potential.

e Unlike the ventricular action potential, the
opening of Ca2+ channels is not sustained, e

and there is no ‘plateau’ stage, hence the gl

action potential is triangular in shape.

e After the action potential, repolarization must
occur and the membrane potential must
reach negative values in order for the HCN
channels to get reactivated again, enabling
another action potential to be generated.
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Pacemaker Action Potential
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SA Node Action

PO 1. ‘Funny’ sodium channels (I; channels) are open (TPy,*); and closing K* channels.
2. Transient Ca?* (T-type) channels open, pushing the membrane potential to threshold.

“Funny" currents 3. Long-lasting Ca?* (L-type) channels open, giving rise to the action potential.
(phase 4); slow Na 4. Opening of K* channels, (TPx *), and closing of CaZ* (L-type) channels,
channels that hyperpolarising the cell
initiate spontaneous
depolarization +20]

+10|
No fast sodium of 1P, +

K
channels 10k
J'vEQAH

K* efflux

Calcium channels
(slow)

e Long-lasting, L-type

e Transient, T-type -50
60 Pacemaker
potential

Potassium channels

— -Threshold

Membrane potential (mV)
)
o

800msec
Time



Electrical Activity of Heart

e Ca” entry through L-type Channels in T tubules
triggers larger release of Ca” from sarcoplasmic
reticulum

e Ca’ induced Ca" release leads to cross-bridge cycling
and contraction
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Action potential of cardiac muscles ks iinvyiiovand Eiliing

Phase 4 Phase 0 Phase 1 Phase 2 Phase 3
ECF Na+ Ca2+
e I L ? S
{11 -
T EXX’ :
ICF K+ K+ K+ K+
Transient K+ channels open and
K+ efflux returns TMP to OmV
1
S
E 07
S
3 Rapid Na+ infl =
£ Apic Da e TRk Influx of Ca2+ through
o through open fast
= T — L-type Ca2+ channels
g_ is electrically balanced Ca2+ channels close but
@ 0 by K+ efflux through 3 delayed rectifier K+
c delayed rectifier K+ channels remain open and
o l channels return TMP to —90mV
a —50
E Na+, Ca2+ channels
p— closed, open K+
rectifier channels keep
TMP stable at —90mV
4
—-90 -
~100

Time
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phase 1 phase 2 Plateau due to opening of voltage-gated slow calcium channels
and closing of some of the potassium channels

Repolarization due to opening of
voltage-gated potassium channels
and closing of calcium channels

phase 3

phase 0
Rapid depolarization due to opening
of voltage-gated fast sodium channels

[ 0.3 sec = 300 msec >

Depolarization Repolarization

Time (sec)



Ventricular action potential

Membrane potential (mV)

—+ 30

— 70

—-EN0)

} Pras + P (transient)

T
= 4+ Pz, L3 | P~ (both transient and leaky)
f

T .

Ca<*in slow

Plateau
rhase of
action

potential

¥y Pca?+s L3 t P
(ordinarvy
voltage-gated)

s >
D -+
—— o
= =
-4 —,

]
= 23

Threshold
Y Pryat potential

} P+~ (ordinary
voltage-gated);
t Pk (leaky)

250

Time (msec)



* K, CI (out)

* lto1,; [transient outward) »Ca’* (in), K* (out)
° ° ° N el 2
APs in Contractile Myocardial ¢ DR -
e bdl 2 + K* (out)
*| Ks (Kslow delayed rect.)

‘|KR{K apid delayed rect.)
* [ (inward rect )

e Similar to skeletal muscle
. *Na* (in)
e Phase 4: Stable resting pot. ~-90 mV ~ Lwws 0

v

~
.
3“

96 MYV —

200 ms

e Phase O: Depolarization due to voltage , =
movement?)

e Phase 1: Partial Repolarization as Na channels close and voltage-
gated K' channels open (K movement?)

e Phase 2: Plateau: K'permeabilityand Ca” permeability

e Phase 3: Repolarization: Back to resting potential
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THE CONDUCTING SYSTEM
OF THE HEART

SA node

Internodal
pathways

branches — , Purkinje
fibers

SA node depolarizes.

Electrical activity goes
rapidly to AV node via
internodal pathways.

Depolarization spreads
more slowly across
atria. Conduction slows
through AV node.

Depolarization moves
rapidly through ventriculzs
conducting system to the
apex of the heart.

Depolarization wave
spreads upward from
the apex.







Electrical Activity of Heart

e Because long refractory period occurs in conjunction with
prolonged plateau phase, summation and tetanus of cardiac
muscle is impossible

e Ensures alternate periods of contraction and relaxation which are
essential for pumping blood



Relationship of an Action
Potential and the Refractory
Period to the Duration of the
Contractile Response in
Cardiac Muscle

Membrane potential (mV)
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Aging and Muscular Tissue

e Aging
e Brings a progressive loss of skeletal muscle mass
e A decrease in maximal strength
e A slowing of muscle reflexes
e A loss of flexibility

e With aging, the relative number of slow oxidative
flbers appears to increase

e Aerobic activities and strength training can slow
the decline in muscular performance



Comparisons Among Skeletal, Smooth, and Cardiac

Muscle
Property

Striations (sarcomeres)
Actin and myosin

Level of control

Neural input

Neuroeffector junction
Hormonal control

Source of calcium

Regulatory protein that
binds calcium

Gap junctions
Pacemaker activity
Myosin ATPase activity

Recruitment

Skeletal
Yes

Yes
Voluntary
Somatic

Neuromuscular
junction—specific

None

SR

Troponin

No
No
Fastest

Yes

Smooth (single-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

Yes
Yes
Slowest
No

Smooth (multi-unit)
No

Yes

Involuntary
Autonomic

Varicosities—diffuse

Several, depending
on location

SR and ECF

Calmodulin

No (or few)
No
Slowest

Yes

Cardiac
Yes

Yes
Involuntary
Autonomic

Varicosities—diffuse

Epinephrine

SR and ECF

Troponin

Yes

Yes
Intermediate
No
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Cardiovascular
System

Cardiovascular Physiology




concepts:

m Fluid flow

® APs in contractile & autorhythmic cells
m Cardiac cycle (elec. & mech. events)

® HR regulation

m Stroke volume & cardiac output
BECG



Overview of Cardiovascular System

3 basic components: ?

Right pulmonary

artery

Focus: Left pulmonary

S artery
The cardiovascular Eadt S
system is built to Capillaries
: in lungs
rapidly transport ke
- eft pulmonary
t?lqod to every Right atrium - e
living cell in the o
body. Right ventricle ffk SN
Left ventricle
Systemic — Systemic
veins arteries

The heart is a dual

Capillaries in

pump! peripheral tissues

NS



Introduction

e The cardiovascular system consists of:
e The heart; main pumping organ,

e Blood vessels types; arteries, Arterioles,
capillaries and veins, Venioles

e Blood

e A functional cardiovascular system is vital
for supplying oxygen and nutrients to
tissues and removing wastes from them.




e Structure of the Heart

— The heart is a hollow, cone-shaped, Gadlal
muscular pump within the thoracic cavity.

aoria

superior vena cava — A ! trunk of

— The average adult heart is 14 cm long
and 9 cm wide.

left semilunar
valve

W .;I— left pulmanary
i veins

right pulmonary veins

right atrium left atrium

[ oft AV

right AV valve (opened) L2
MR | (opened)
TR

— The heart lies in the mediastinum under  onvenice

muscles that keep valve

the sternum; its apex extends to the fifth == TR

inferior vena cava

intercostal space.

y myocardium
the heart into two halves) y

L \ S
Sl TR left
; A 1 ventricle

[ | endothelium,
- connective
i J tissue
pericardium




Heart

e Heart; A Double Pump

Focus:

Vv In a lifetime of 70 years, the human heart
beats some 2.5 billion times.

v This durable pump is the centerpiece of
the cardiovascular system.

right lung left lung

A 2

aorta

superior vena cava trunk of

pulmonary
arteries

right semilunar valve
left semilunar
valve

right pulmonary veins left pulmonary

VEINS
left atrium

"ﬂ left AV
A 4 (opened)

right atrium

right AV valve {opened) —

" A L
\ == left

@ ventricle
muscles that keep valve — \m-\ L endaothelium,
from pointing wrong way v k.,;. -+ connective

tissue

inferior vena cava ; z
pericardium

septum (partition that divides
the heart into fwo halves)

myocardium



Heart

The Heart Has Two Halves «.oeior vena cava

and Four Chambers

e Septum: thick wall divides
heart in half

e Chambers of the heart:
m | eft and Right Atrium
m | eft and Right Ventricle

aorta

trunk of
pulmonary
arieries

right sermilunar valve

left semilunar
valve

right pulmonary veins __ left pulmonary

vains
left atrium

left AV
(opened)

right atrium

right AV valve (ocpened) &

right ventricle

muscles that keep valve
from pointing wrong way

endothelium,
connective

cons tissue
inferior vena cava

septum (partition that divides
the heart into two halves)

myocardium



Heart

aorta

‘ Va | VeS : superior vena cava
e Atrioventricular: ht semiunar vave

o Tricuspid (right o pumonary veins
Side) and right atrium

. . . right AV valve (opened)
e bicuspid (left side)

right ventricle

trunk of
pulmonary
arteries

left semilunar
valve

—— left pulmonary
veins
left atrium

-- left AV
| {opened)

-— left
A ventricle

muscles that keep valve
from pointing wrong way

. d| endothelium,
. t- connective

) 3 j\gfﬂ:"%‘\‘ / tissue

& pericardium

inferior vena cava
septum (partition that divides
the heart into two halves)

myocardium



Heart

e Valves:

e Semilunar
e Right semilunar valve
e Left semilunar valve

Front of chest

three two

cusps cusps

_ left

right atrioventricular

atrioventricular
valve

ol P _
- valve (bicuspid

——— or mitral valve)

(tricuspid) R
il - .. _
dl/ 7 i left semilunar
- Jf = valve (between
right Ty . left ventricle
semilunar M and aorta)

=
n i
-t

valve (between
right ventricle
and pulmonary
arteries)

.



Heart

aorta
e Coronary arteries: Letlparior
vena cava) (left pulmonary
artery)
e branch off of the aorta ~—=\l81 ELIerery
veins)
. cardiac vein
e Delivers blood & oxygen to th‘rigm left coronary
heal’t coronary artery
artery

cardiac vein —

(inferior vena cava)



Path of Blood through the Heart

Superior _ \
vena cava .,
g —~ Pulmonary
= S artery

/@, Pulmonary
W, vein

— Blood low in oxygen returns to
the right atrium via the venae
cavae and coronary sinus.

... Mitral

valve

. . TR =il Aortic

— The right atrium contracts, Pumorary \§ valve
forcing blood through the SRR\

tricuspid valve into the right
ventricle.

Inferior vena cava ™ Pericardium



Path of Blood through the Heart

Superior

- The right ventricle contracts,
closing the tricuspid valve, and [ -
forcing blood through the pulmonary
valve into the pulmonary trunk and
arteries.

S = artery

Pulmonary 4\

- The pulmonary arteries carry ave T\ A
blood to the lungs where it can rid ™ [NaSQ vetes \|
itself of excess carbon dioxide and N N\
pick up a new supply of oxygen.

Pulmonary

@, Pulmonary
) vein

™ Pericardium



Path of Blood through the Heart

- Freshly oxygenated blood is v cava  Pulmonary

returned to the left atrium of the = v T .

heart through the pulmonary veins. | “\%a
s MRS

- The left atrium contracts, forcing || S

blood through the left bicuspid A\

valve into the left ventricle. T IS

Inferior vena cava ™ Pericardium



Path of Blood through the Heart

- The left ventricle contracts,
closing the bicuspid valve and

forcing open the aortic valve as

blood enters the aorta for
distribution to the body.

Superior _ \
vena cava .,
g ~ Pulmonary
- = artery

/@, Pulmonary
= vein

_________ Mitral

; valve

\l \ “wetd Aortic

Pulmonary R\ valve
valve 7

Tricuspid =™ |\ z
valve

Inferior vena cava ™ Pericardium



Follow Path of Blood through Heart

deoxygenated blood
oxygenated blood to lungs

oxygenated
from lungs

deoxygenated
blood from body



— Heart sounds are due to vibrations
in heart tissues as blood rapidly
changes velocity within the heart.

— The first sound (lubb) occurs as
ventricles contract and A-V valves are
closing; mitral valve and the tricuspid
valve.

— The second sound (dupp) occurs as Sounds caused by vibrations within
- - ventricle and major artery walls during
ventricles relax and semilunar valves valve closure - not by valves snapping
close; aortic and pulmonary valves shut.

are closing.



Cardiac Conduction System

— A self-exciting mass of specialized

cardiac muscle called the
sinoatrial node (S-A node or
pacemaker), located on the

posterior right atrium, generates
the impulses for the heartbeat.

— Impulses spread through the atria,
causing atrial contraction, to the
atrioventricular node (A-V node)
located in the septum causing the

ventricles to contract.

aorta

(to body) | pulmonary

artery
(to lungs)

sinoatrial

SA d
(SA) node atrioventricular

bundle of His

atrioventricular
(AV) node

. left bundle
right branch

atrium

right bundle _ /
branch I left

_ ventricle

right

ventricle septum

© 2010 Encyclopeedia Britannica, Inc.



Cardiac Cycle

The Heart Beats in a
Sequence Called the
Cardiac Cycle

4 Fluid pressure in ,
filling atria opens AV {9
valves; blood flows

into ventricles. 1 Atria contract,

and fluid pressure
in ventricles rises
sharply.

3 Ventricles relax
even as the atria
begin to fill and

start another
cycle.

2 Ventricles
contract; blood is
pumped into the
pulmonary artery
and the aorta.



Cardiac Cycle

— |In a Heartbeat, the Heart'’s

Chambers Contract, Then Relax

— Heartbeat: one cycle of contraction

and relaxation of the heart

chamhere
Cardiac cycle

Systole: contraction

Diastole: period of time when the heart fills with

blood after systole
Relaxation
“Lub-dup” sound
Cardiac output
Every 60 seconds ~5 liters/ventricle

aorta

(to body) pulmonary

artery
(to lungs)

sinoatrial

SA) nod
(SA) node atrioventricular

bundle of His

atrioventricular
(AV) node

. left bundle
right branch

atrium

right bundle

branch left

, ventricle
right

ventricle septum

© 2010 Encyclopeedia Britannica, Inc.



Cardiac Cycle: some definitions

e Systole (time during which cardiac muscle contracts)
e atrial
e ventricular

e Diastole (time during which cardiac muscle relaxes)
e atrial
e ventricular\

e EDV = End diastolic volume; 135 mL
e ESV = End systolic volume; 65 mL

e SV = Stroke Volume—that which is pumped in one stroke

e Heart at rest; atrial & ventricular diastole



Cardiac output
Every 60 seconds ~5 liters/ventricle

~ SV = EDV - ESV
CO = X calculate for 70mL =135mL - 65 mL
average person!



Cardiac Output (CO) — a Measure of Cardiac Performance

CO = X cali:ulate for average person!

controlled by ANS

e parasympathetic influence ?

e sympathetic influence ?
e without ANS, SA node fires 90-100x/min

e What happens with ANS when resting HR goes up (e.g. during
exercise)?



Foxglove for a Failing Heart

e Cardiac glycosides from Digitalis purpurea

\

digoxin

e Highly toxic in large dosage: destroys all
Na'/K pumps

e In low dosage: partial block of Na' removal
from myocardial cells




Foxglove for a Failing Heart

e Cardiac glycosides from Digitalis purpurea are used
therapeutically mainly in the treatment of cardiac failure.

e These effects are caused by the ability to increase
cardiac output by increasing the force of contraction by
increasing intracellular calcium, increasing calcium-
induced calcium release and thus contraction.

e Drugs such as ouabain and digoxin are cardiac
glycosides.

e digoxin from the foxglove plant is used clinically,
whereas ouabain is used only experimentally due to its
extremely high potency.




e Why does blood flow through cardiovascular system? (teleological
vs. mechanistic answers)

e Teleological: ( ) Because diffusion is too slow to support a
large and complex organism

e Mechanistic: ( ) Because the contractions of the heart
produce a hydrostatic pressure gradient and the blood wants to flow
to the region of lesser pressure. Therefore, the Pressure gradient
( P)is main driving force for flow through the vessels

Hydrostatic pressure is what exerted by a liquid when it is at rest.

P; pressure deference

Blood Flow Rate P/R

R; resistance



Pressure

e Hydrostatic pressure is in all directions

e Measured in mmHg: The pressure toraisea1cm
column of Hg T mm

e Sphygmomanometer

e Flow is produce by Driving Pressure

e Pressure of fluid in motion decreases over distance
because of energy loss due to friction



Pressure

e Blood pressure: fluid pressure that blood exerts
against vessel walls

surenitIniRNIRRY
suscnifilnzning

e Systolic (ventricular contraction) and diastolic

pressure (ventricular relaxation): ba
e Normal: 120/80 ‘\\
4
e Hypertension 5 D
A \
e Chronically elevated blood pressure é @& Q

® HypOTenSiOn - Reset Animation

e Abnormally low blood pressure




Blood Pressure Values (mm of Hg)

TABLE 7.1 Blood Pressure Values (mm of Hg)

Systolic Diastolic
Normal 100-119 60-79
Hypotension Less than 100 Less than 60
Prehypertension 120-139 80-139

Hypertension 140 and up 90 and up



A Variety of Factors May Cause Hypertension

Risk Factors for Hypertension

Smoking
Obesity
Sedentary lifestyle

Chronic stress

S0 O/

A diet low in fruits, vegetables, dairy
foods, and other sources of potassium
and calcium

6. Excessive salt intake (in some individuals) ®% . 7%

7. Poor salt management by the kidneys, _
usually due to disease
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Millivolts

Electrocardiogram ECG
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Electrocardiogram ECG (EKG)

Surface electrodes record electrical activity deep within body - How possible?

Reflects electrical activity of whole heart not of single cell!
EC fluid = “salt solution” (NaCl) good conductor of electricity to skin surface
Signal very weak by time it gets to skin

e ventricular AP=?mV
e ECG signal amplitude = 1TmV

EKG tracing =
given moment

of all electrical potentials generated by all cells of heart at any




Depolarization = signal for contraction

v

Segments of EKG reflect mechanical heart events

atrial/
atrial ventricular ventricular
systole systole diastole

O Millivolts




Components of EKG

)

¢ (PQRS, T) e fE e

O (PR, ST)

I A . o
e
-
—_—

——
——

e (wave- segment combos: PR, QT) J\/\ /\
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ECG

e 3 distinct waves are produced
during cardiac cycle [

- Repolarization

e P wave caused by atrial
depolarization

" {c) P wave: Atria depolarize
and contract

[ Depctarization

e QRS complex caused by R
ventricular depolarization

e T wave results from ventric — _ VA
repolarization /b v e
[ oepoienzation

Il Focoiasization

I Fepoiznzstion



Elements of the ECG:

P wave: Depolarization of both atria;

e Relationship between P and QRS helps distinguish various
cardiac arrhythmias

e Shape and duration of P may indicate atrial enlargement
e PR interval: from onset of P wave to onset of QRS

e Normal duration = 0.12-2.0 sec (120-200 ms) (3-4 horizontal
boxes)

e Represents atria to ventricular conduction time (through His
bundle)

e Prolonged PR interval may indicate a 1st degree heart block



Elements of the ECG:

QRS complex: Ventricular depolarization

QQQQQQQQQQ

e Larger than P wave because of greater muscle mass
of ventricles

e Normal duration = 0.08-0.12 seconds

e Its duration, amplitude, and morphology are useful in
diagnosing cardiac arrhythmias, ventricular hypertrophy,
MI, electrolyte derangement, etc.

e Q wave greater than 1/3 the height of the R wave,
greater than 0.04 sec are abnormal and may represent
M



Elements of the ECG: 4\}\
P PN

ST segment:
e Connects the QRS complex and T wave
e Duration of 0.08-0.12 sec (80-120 msec

T wave:
e Represents repolarization or recovery of ventricles
e Interval from beginning of QRS to apex of T is referred to as the
absolute refractory period

QT Interval
e Measured from beginning of QRS to the end of the T wave
e Normal QT is usually about 0.40 sec
e QT interval varies based on heart rate



Heart Disease

e Detectable by changes in S-T segment of ECG
e Myocardial infarction (Ml) is a heart attack

e Diagnosed by high levels of creatine phosphate (CPK) &
lactate dehydrogenase (LDH)

EEMEL ARmEEEEN

Normal Ischemia



Arrhythmias Detected on ECG

e Arrhythmias are abnormal heart rhythms

e Heart rate <60/min is bradycardia; >100/min is tachycardia

Fig 13.35

(@)

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Arrhythmias Detected on ECG co ’\ N

e AV node block occurs when node is damaged

e First—degree AV node block is when conduction thru AV node >
0.2 sec

e Causes long P-Rinterval

Fig 13.36

b B SEOCONDS

First-degree AV block

13-83



Arrhythmias Detected on ECG cont 4J\ A

e Second-degree AV node block is when only 1 out of 2 4
atrial APs can pass to ventricles

e (Causes P waves with no QRS

Fig 13.36

6 SECOMNDS

Second-degree AV block

13-84



Arrhythmias Detected on ECG co ’\ N

e In third-degree or complete AV node block, no atrial
activity passes to ventricles

e Ventricles are driven slowly by bundle of His or Purkinjes

Fig 13.36

Third-degree AV block

13-85
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Arrhythmias Detected on ECG cor = I\ T

e AV node block occur when node is damaged

e First—degree AV node block is when conduction through AV
node > 0.2 sec

e (Causeslong P-Rinterval

e Second-degree AV node block is when only 1 out of 2-4 atrial
APs can pass to ventricles

e (Causes P waves with no QRS

e In third-degree or complete AV node block no atrial activity
passes to ventricles

e Ventricles driven slowly by bundle of His or Purkinjes

13-82




il Prolonged QRS complex

AV node i i A y 1 '

AV bundle

Bundle branches

ternodal
ithways

Purkinje fibers sEEaN sesnEng 1L

—

‘-H*H.-
-

L

Injury to AV bundle can increase duration of QRS complex
(takes longer for impulse to spread throughout

ventricular walls).
Fig 14-23



Myocardial Infarction

The End




Urinary System



The urinary system

e Urinary system is one of the excretory systems of the
nody,

e Plays a major role in the elimination of metabolic waste
oroducts and toxic substances,

e Regulating the rates of elimination of water and
electrolytes from the body.




The kidneys which filter blood and
secrete urine.

The ureters which transport urine the
bladder

ureters

The urinary bladder where urine
collects and temporarily stored.

The urethra through which the urine
Is discharged to the exterior.

Kidneys

urinary
bladder




The Kidneys

Homeostatic regulation of
ECF volume and BP
Osmolarity

290 mOsm
lon balance

Na+ and K+, etc.
pH (acid-base balance
Excretion of wastes & foreign substances
Hormone production

EPO

Renin

Functional unit of kidneys: ??




Functions of the kidney

Funstions of the kidnoys

. Exoratan I

wealer

Salts
Rleraknlic

'ﬁ'ﬂEt_E'F
Forahgn
st e,

2o Hegrensslasis I

ALwkLas= Lalziree

tlerrakete hﬁ:ﬂr-f:r______l,_.--"‘

3. Hommore 'Fg.'l'llj'lE:i_iEI

W ow H ! e Enrthropoiatin

Calcitricd

4. Wicbalsdism I

Clucoss - == Blood

. T Lluconea-
Srriires g is
acicls i

-
T
L

MH; ——&= LIrirue




Kidneys;

e The kidneys are two bean-shaped organs
situated behind the peritoneum on the
posterior wall of the abdominal cavity, on
either side of the vertebral column.

e The kldneys extend from approximately
the 12 "thoracic vertebra to the third
lumber vertebra.

e The right kidney is situated a little lower
than the left, due to the heavy liver on it.

e Kidney weights between 120-170g, is from
10-13cm in length, 5-6cm wide, and 3-4cm

thick. About the size of a large bar of soap.

Frontal section through the Kidney
1 ——— Corex

tedulls ) -
edulla “ Fenal column

; Fyrarmid
Henal vein - -
Fenal pelis

hlajar calyx
Minar calyx

Renal artery”

I._.Ireter i S
Fapillae

L
Capsule




INTERNAL ANATOMY OF THE KIDNEY

Renal cortex _ RenalEanex eV , minor
_ 136 o we il N calyces

renal columns Renal medulla ; i
nephrons 5 ¢ PN Y W\ _Renal papila N N o

Renal medulla

renal pyramids
renal papillae

Renal sinus | |
Renal pelvis - v/ -

: Minor calyx GapEvIo
minor calyces g

major calyx Kidney Anatomy




NEPHRON

Functional unit of kidneys ~ luxamedulay nephren
filtration

reabsorption
secretion

cortical nephron

TypeS Of N eph rons (with relatively short loop of -

cortical (85%)
juxtamedullary (15)

Su bd|V|S|OnS Bowman’s capsule W oroximal

" convoluted
L ]

renal corpuscle gomenius - gY@ ) g I tubule
glomerulus s
Bowman's capsule | convoluted
(parietal vs. visceral layer) gtrfafg[]‘f' tubule
renal tubule et »
proximal convoluted straight - taigh

loop of Henle
distal convoluted straight collecting duct



Jlamerulus

Bowman's
capsule

proximal
conwaluted
tubule

| a0 FI |:|f
Henle

distal conwvaluted tubule

collecting duct

Glomerulus

Bowmans capsule

Proximal tubule

Loop of Henle

Di%‘l’ﬂl tubule

Collecting
duct



BASIC FUNCTIONS OF THE NEPHRON

Control blood concentration and volume
Regulate blood pH
Remove toxic wastes from the blood

THREE PROCESSES IN URINE FORMATION

Glomerular filtration by the renal corpuscle
Tubular reabsorption by the renal tubule
Tubular secretion by the renal tubule

10



SUMMARY OF NEPHRON FUNCTIONS

PROXIMAL TUBULE RENAL CORPUSCLE

Reabsorbs: Filtration = 125 ml/min
water (osmosis) Filtrate includes all solutes in plasma except plasma proteins
sodium (active transport Controlled by: autoregulation, angiotensin Il, sympathetic
potassium (active transport)

glucose (active transport)
amino acids (active transport)
chloride (simple diffusion)
bicarbonate (simple diffusion)

DISTAL TUBULE

Reabsorbs:
water (osmosis)

urea (simple diffusion) e W P e W™ sodium (active transport
- . R b LA chloride (active transport)
Secretes: | — £ i .
hydrogen e . L VR | Secretes:
ammonium N == s e g potassium
urea ' i '
creatinine

LOOP OF HENLE ' T * COLLECTING DUCT

Reabsorbs:
bicarbonate
urea

Reabsorbs:
water (osmosis)
sodium (active transport
potassium (active transport)

chloride (active transport) Secretes:

hydrogen

Secretes:
urea




A Representative Nephron
Distal convoluted tubule

Reabsorption of Secretion of ions, acids, drugs,
water, ions, and all toxins

arganic nutrients Variable reabsorption of water
sodium ions, and calcium ions

' {under hormonal contral)

Capsular space
Glomerulus -_

o

& - { COLLECTING SYSTEM

‘f - = | Ascending
| Descending limb of
imb of 1 |loop ends

loop begins |

Collecting duct

Variable reabsorption
of water and
reabsorption or
secretion of sodium,

Thick *
ascending =7
limb

a
-..r_-

and bicarbonate ions

descending e
limb
Descending | || Ascending "'-.;\ :

Water limb E J limb
= Solutes e ,],
Filtrate
oSl
reabsorption Further reabsorptionof water
or secretion {descending limb) and both
sodium and chloride ions
(ascending limb)

,'l potassium, hydrogen,




Five Processes of Urinary System

e Filtration,

e Reabsorption,

e Secretion,

e Excretion

e Micturition; Urination

180 L / day filtered, Figs 1 0-2/3
>09% reabsorbed,

1.5 L/day excreted



1) Filtration

= Movement of fluid from blood to

lumen of nephron (rel. nonspecific
process)

Once in lumen — consider it
outside body

Composition of filtrate?

Fig 19-4



1) Filtration, cont'd: Passage across 3 Barriers

e Capillary endothelium is |
fenestrated Rnol : Capsular epithelium

e Basal lamina
m Filters proteins

e Bowman's capsule epithelium
(visceral layer), including
podocytes

- Proximal

SO NN al I mQ I ecu IeS " .. - "'f'f“ Glomerular
(Ca2+; |OW m.w. fatty aCidS) = o= = capillary
b|nd 'to plasma owman's capsule
proteins ?




Cause of Filtration

Three types of pressures are at work:

e Hydrostatic pressure in capillaries ﬁ( :
(see exchange in tissues) _
Efferent

arteriole /2 —— S\ —
o Osm. Pcapillaries > Osm. P Bowman's capsule / L — = :ﬂ;;'f.'ﬂf“ =
4 Bl :: 10 mm Hg
e Hydrostatic fluid P from presence - -
c o ) ) N owman’'s
of fluid in Bowman'’s capsule Moot T capue
arteriole omeruius
Net (?) driving pressure: ~ 10 mmHg [ B o [ S

55 mm Hg - 30 mm Hg-15mm Hg = 10 mm Hg

KEY
Py = Hydrostatic pressure (blood pressure)
w = Colloid osmotic pressure gradient
due to proteins in plasma but not
in Bowman’'s capsule
Pjiuig = Fluid pressure created by fluid in
Bowman’'s capsule

Copyright © 2007 Pearson Education, Inc.. publishing as Benjamin Cummings.




GFR = Glomerular Filtration Rate

Describes filtration efficiency: Amount of Fig 19-5
fluid filtered per unit of time

Average GFR ~ 180 L/day!

Filtration Coefficient is influenced by

e Net filtration pressure

e Available surface area of glomerular
capillaries

GFR is closely regulated to remain
constant over range of BPs
(80 - 180 mm Hg)

Goal is to control blood flow though both
afferent and efferent arterioles — via ?



Reqgulation of GFR

e Several mechanisms provide close control
of GFR;
m Filtration Pressure (BP) |
e Hydrostatic, colloid S //; copie
e Resistance in afferent vs. efferent arterioles s /4
B Tubuloglomerular feedback

e JG Apparatus Ascending
limb of loop \ /%
®m Hormones and ANS Al
e Angiotensin |l (vasoconstrictor) . W prosiml
acuia densa celis y _..5.4 ubule
e Prostaglandins (vasodilator) kit s 14

TN N\ e
.._'.I \ " T - .
iE o s 4
paracrines that affect =\ X <P .
atferent arteriole diameter. {7="\ \ Y =

= Granular cells
= \
. A,

S \Endothelium
Afferent arteriole

Copyright & 2007 Pearson Education, Inc., publishing aa Benjamin Cummings,




Regulation of GFR via

Tubuloglomerular Feedback

Efferent
Distal arteriole

convoluted
tubule

Juxtaglomerular
apparatus

As GFR , flow through DCT

g

Macula densa cells:
release paracrines

U

juxtaglomerular cells (smooth
muscle fibers from afferent

arteriole). contract

A

Thus GFR

Fig 19-10



2) Tubular Reabsorption

Highly selective Am

variable Urine produ
reabsorbed?

(99% of filtrate)

ount of filtrate / day? an
ction / day? %

.

Mostly transepithelial transport

(examples: Sodium and

Reabsorption may be active (Na,
glucose) or passive (urea)

glucose)

Figs 19-12/13




2) Tubular Reabsorption (99% of filtrate)

e May be active
®m Na transport
eRecall Antiports and Symports

e or Passive (think concentration and osmotic [
grad|ent8) similar to ‘ 0 J

interstitial fluid.

B Paracellular O E
m E.g,urea © snkons— '
e Transcytosis

s © Ho
m Proteins
O «*,ca®,
urea :
Tubular

Tubule lumen | epithelium | Extracellular fluid L

-
o Na* is reabsorbed
Lby active transport.

é Electrochemical
gradient drives
l anion reabsorption,
—
e Water moves by
| osmosis, following
solute reabsorption.

—

Concentrations of
' other solutes increase
as fluid volume in lumen
decreases. Permeable
solutes are reabsorbed
by diffusion.

Copynight © 2007 Pearson Education, inc., publishing a3 Benfamin Cummings.

Fig 19-11



KEY

i = Meambrane channel

Filtrate is
similar to
iNnterstitial
Fluid

= Active trans e
CATED Active transporter

Apical: Leak  memen  E T [

[Ma™) high

channels for
Na'.
Movement
down conc.

. <> MNat is pu :;?_E;f'allllf-f{ﬂjeﬁt;-lzd-_
gradient. ——

Proscirmal
fubufe caell

o =5 ce r ) annels,

gradisrnt.

fnterstitial fluic

Fig 19-12



HKEY

CLATRE ) Active transgorier

) Secondary active transporter
- C} Fac ated diffusion carrier
Filtrate is
irmilar to

[Ma™] high

o] o

Sy, 5 -—gu-— e

Ma’ —— —mat

Proximal

rferborle call fritersoitial Ao

TLfnafe frmreaen \r:__'__'l

o [ b=l g p L]

glucosa

Apical: Na- s ——

e Mat s pumpead out by Mat--K+-ATPo

cotransport

Fig 19-13



Efferent Interatltlal

Passive Urea pawr_—\/ ”"“"‘“‘*
Reabsorption E::;L".i“

™ Peritubular

N a+ a Ct | Ve |y _ capillaries

Primary and
reabsorly |d secondary
active d
transport P Na’f_.-:.r- Nat —

solite j_'#-anlutP

H-0 folloﬂs passively

o HaO foliows ——= Hal.

Volume | |
r
but amount f--

[urea] passive
reabsorption
(diffusion into —_
blood) “down "

i 2 =
ca”f:g;trﬂtt'c'” o 21" Proximal —t!
aracie T N
4 ‘) tbule  Tg systemic
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of urea not |
.|| changed » I3

e A e
L 3




Saturation of Renal Transport

Saturation = Maximum rate of transport (tm)

Same 3 characteristics as (d) Composite graph shows the
. . . relationship between filtration,
discussed in mediated reabsorption, and excretion

of glucose.

transport

Transport maximum determined

£9
e o
g3
R Transport
by E 0 % 375 1™ maximum
. 8§82
* Saturation Renal Scf
o= Renal
Threshold 5 thresholc
=
i '@ I

Plasma glucose
(mg/100 mL plasma)

e Com pet ition Gopyich ©.2007 Pearson Educaon, . pubtening s B Cuegs,

(Fig 19-15d)




3) Secretion

e 2" route of entry (from ECF) into tubules for selected
molecules

e Mostly transepithelial transport (analogous to
reabsorption). Depends mostly on active membrane
transport systems

e Provides mechanism for rapid removal of

substances (most important for H', K', foreign organic ions and
drugs such as penicillin etc.)



4) Excretion = Urine Output

e Excretion of excess ions, H-0, toxins, “foreign molecules”
“nitrogenous waste” (NH.4 ', urea)

e Depends on Filtration, Reabsorption, Secretion
B E=F-R+S

e Direct measurement of F, R, S impossible

®m infer from comparison of blood & urinalysis

® For any substance: (Renal) Clearance = plasma volume
completely cleared of that substance per minute

m  Typically expressed as ml/min



Clinical Importance of GFR and Clearance

e GFR is indicator for overall kidney function

e Clearance non-invasive way to measure GFR

B |nulin (research use)

e Neither secreted nor reabsorbed

m Creatinine (clinically useful)

e If a substance is filtered and reabsorbed but not secreted clearance
rate < GFR

e If a substance is filtered and secreted but not reabsorbed clearance
rate > GFR



5. Micturition

Spinal cord integration: 2 simultaneous
efferent signals

In infant just simple spinal reflex

Later: learned reflex under conscious
control from higher brain centers

Various subconscious factors affect
reflex

{Streich receptors fire,
(b) Micturition

Srech Higher CNS
" receptors Sensory neuron input may
facilitate or

) inhibit reflex.
Parasympathetic

neuron

_ / Tonic
|n§erna| 7" discharge
sphincter (@) inhibited

External
sphincter

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.

Fig 19-18




Renal Failure & Artificial Kidney

Symptoms when < 25% functional
nephrons

due to:
e Kidney infections

Hemodialysis: 3/week
4-8h/session

Line from artery
to apparatus

e Chemical poisoning (lead, paint-thinneZ &

etc.

selectively permeable
membrane

Line from
apparatus
to vein




Alternative: CAPD

CAPD: permanently implanted catheter to abdominal
cavity. 2 L of dialysis fluid are inserted and removed
several times a day.

Advantage: patients can self-administer it. Blood is
continuously purifled and adjusted. Patient can engage in
normal activities while dialysis is being accomplished.
Disadvantage: increased risk of peritoneal infections.

C Continuous Dialysis carries on all the time.

A Ambulatory Unlike Haemodialysis you can move
around as normal and carry out your daily activities.

P Peritoneal An enclosed layer of tissue where Dialysis
takes place. The Peritoneal surrounds your intestines.

D Dialysis Dialysis removes waste products from your
blood.

EXCHANGE
DIAGRAM

Dialysis
Solution
Bag




Alternative: CAPD

EXCHANGE
DIAGRAM
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Renin-Angiotensin System
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Neurotransmitters and The
Synapse




Synapse
Sin-aps, si-naps
Synapse

(noun) Small gap between nerve cells
Use inia sentence: A synapse is cool.



Synapse

» Synapse: unigue junction that mediates information flow
from one neuron to another or effector cell...

MNeurotransmitlar
Meurotransmiller attached to receplor
released inlo synspse

7 ©
Neuralransmitter ™ Enzyme that deslroys

stored in vesicles neurotranamifler




Synapse

> IMost synapses occur
between axon of one nerve
and the dendrite of another...




Synapse

» Synapses are one of the means by which excitable
cells communicate with one another.

> Nerve to nerve synapse,
» Nerve to muscle - neuromuscular junction, and
» Nerve to gland - neuroglandular junction



Pre vs Post

Presynaptic neuron- carries impulse
towards a synapse “Sender” A Symapss

nauratransmitbor

terminal v /

Postsynaptic neuron- carries impulse
away from a synapse ‘receiver”

reuptake of
neurstransmittor




Central

I'IEWﬂIJlﬁ system Peripheral nelr'mus system EffEEtﬂI‘l organs
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Types of synapse

» There are two general types of synapses

« Electrical Synapses (Gap Junctions)
« Chemical Synapses (Neurological)



Electrical Synapse

» Electricall Synapses -

» 1. Characteristics of electrical
Synapses
« a. Gap junctions

« b. Cytoplasmic continuity - direct ionic
pathway cell to cell

» C. No delay in transmission of the AP
o d. Can be unidirectional or bidirectional

« €. lLocations - cell membrane to; cell
membrane protein interconnection

B Electrical synapse

Action
potential

PFESYHE ptic ._.._._-;:.'.'-:':::::.'3-"' IT-_E
terminal /7

|l Gap junction channels

Intercellular . ‘\

gap (20-40 A‘C““‘z_ 9 D0 9 §

Postsynaptic =
terminal




Electrical Synapse

B Electrical synapse

» Allow current carrying ions to e m
flow directly from one neuron to
t h e n eXt Presynaptic ;, )

terminal

|I Gap junction channels

Intercellular . r

» Found in the brain, limited in wun — JHHHHH
adulthood f

Postsynaptic .

» Viost are replaced by
chemical synapses



Chemical Synapses

B. Chemical Synapses

> Important characteristics
> 1. one way transmission
> 2. time delay

> 3. exocytosis

> 4. diffusion

> 5. receptor activation




Chemical Synapses

» Release/Reception of
neurotransmitters

» Neurotransmitters act to
open/close ion channels




Anatomy of the chemical synapse

» 1. Neuron structures - dendrites,
soma (body), axon, terminal end or  peeemecm.
bouton, and axon hillock

> 2. synapse

» axonal terminal
» synaptic vesicles
> receptor region
» synaptic cleft




Information Transter Across Chemical Synapses

» Synaptic Transmission
« Presynaptic action potential.

» 1. Calcium gates open in the presynaptic axonal terminal

» Depolarization causes voltage-gated Ca2+ channels to
open



» 2. Neurotransmitter is released
Direct result of calcium being present Exocytosis

Transmitters diffuse from the presynaptic membrane to the
postsynaptic membrane passing through the basement
membrane.

e ey o :
T Foes S st
] belwetby o oo e i

- Meurarecepior

Nymaprise Vs lex e
Corilaaieng Maroiioes L IveineT
Tl s Larss o




» 3. Neurotransmitter binds to post-synaptic
receptors

» Postsynaptic membrane

« a. Contains receptors for the neurotransmitters

 b. Binding of the neurotransmitter causes a change in
the postsynaptic membrane potential (excitatory
postsynaptic potential (EPSP) or inhibitory postsynaptic
potential (IPSP)

 C. No single excitatory or inhibitory input can bringthe
soma membrane to threshold



» 4. lon channels open in the post-synaptic
membrane

» Receptors
« a. Excitation
> 1) opening of Na+ channels
»2) depressed conduction through CL- or K+ channels
o D. Inhibition
> 1) opening Cl- channels
»2) Increased conduction through K+ channels



> 5. Summation

 a. Ifithe momentary sum of all of the EPSP bring the axon hillock
membrane to threshold it will fire an action potential

« b. Summation is the nerve process of integrating various inputs
(decision making process - To fire an AP or not to fire an AP)

e C. Special summation
» 1) Occurs when two or more inputs arrive simultaneously

» 2) Two inputs are added and two EPSP inputs will' depolarize
the membrane twice as much as a single input

» 3) one IPSP + one EPSP. = zero postsynaptic membrane
change



Neurotransmitters

-language of the nervous system
-50 known NT

[Acetyl CoA] + [Choline]

Acetylcholine




* Synthesized in cytosol of presynaptic terminal and absorbed by
active transport into transmitter vesicles.

* Transmitter vesicles release their transmitter into synaptic cleft in
response to action potential within a millisecond or less.

* The subsequent action of small molecule trans mitter on
postsynaptic receptors also occurs within another millisecond or
less.

* Transmitter vesicles are continually recycled. After fusion of
vesicle with presynaptic membrane and release transmitter, the
vesicle portion of the membrane invaginates back to inside of
presynaptic terminal and pinches of to form a new vesicle.



* Synthesized In presynaptic terminal from acetyl coenzyme A and
choline in the presence of choline acetyltransferase enzyme and it is
then transported into its specific vesicles.

*Vesicles release acetylcholine into synaptic cleft.

* Once finish its action on postsynaptic receptors, acetylcholine is
rapidly split again to acetate and choline by cholinesterase enzyme.

* Vesicles are recycled and choline is actively transported back into
presynaptic terminal to be used again for synthe sis of new
acetylcholine.



* Acetylcholine is secreted by:

- Terminals of the large pyramidal cells from motor cortex

- Neurons in basal ganglia

- Motor neurons that innervate skeletal muscles

- Preganglionic neurons of autonomic nervous system

- Postganglionic neurons of parasympathetic nervous system

- Some of postganglionic neurons of sympathetic nervous system.

* Acetylcholine has an excitatory effect on small intestine and
inhibitory effect on heart by vagus nerve.
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* Secreted by terminals of many neurons In brain stem and
hypothalamus to help control overall activity and mood of the mind,
such as increasing the level of wakefulness.

‘Also secreted by most postganglionic neurons of sympathetic
nervous system, where it excites some organs e.g. the heart but
inhibits others e.q. the intestine.

* Secreted by neurons that originate In the substantia nigra and
terminate in basal ganglia.

* The effect of dopamine is usually inhibition.



* Secreted at synapses In spinal cord and act as an inhibitory
transmitter. However glycine can act as an excitatory transmitter on
NMDA receptor. which is believed to be involved in memory.

The N-methyl-D-aspartate
receptor is a glutamate receptor

and ion channel found in
neurons

* Secreted by nerve terminals in spinal cord, cerebellum, basal ganglia
and many areas of the cortex.

* The effect of GABA is usually inhibition through GABA receptors

Activated NMDAR

- GABAA receptors: allow chloride ions influx. A g s

Glutamate

Giyc.l e
luta
Glutamate Glycin

- GABAE receptors: allow potassium ions efflux. W | - l | =



* Secreted by presynaptic terminals in many sensory pathways entering
CNS, as well as in many areas of cerebral cortex.

* The effect of glutamate is usually excitation through glutamate receptors:
- lonotropic receptors: allow sodium ions influx.
- Metabotropic receptors: act through second messenger system.

- N-methyl D- aspartate (NMDA) receptors: In addition to sodium ions influx
and potassium ions efflux, NMDA receptors allow calcium ions influx which
are believed to be involved in memory.

* Secreted by nuclei that originate in brain stem and project to, many brain
and' spinal cord areas, especially to dorsal horns of spinal cord and to
hypothalamus.



* Serotonin acts as an inhibitor of pain pathways in spinal cord and its

Inhibitor action in higher regions is believed to control the mood,
perhaps even to cause sleep.

* ijs. especially secreted by nerve terminals in areas of the brain
responsible for memory.

* is not preformed and stored in vesicles in presynaptic ter minal.
Instead, it is synthesized instantly as needed and then diffuses out of
presynaptic terminals to nearby postsynaptic neurons to change
intracellular metabolic functions that modify neuronal excitability for
seconds, minutes, or perhaps even longer.



* Synthesized as integral parts of large protein molecules by
ribosomes in neuronal cell body which enter spaces inside
ER and subsequently inside Golgi apparatus, where two
changes occur:

1. Neuropeptide forming protein is enzymatically split into. smaller
fragments, some of which are either the neuropeptide itself or a precursor
o) i} &

2. Second, Golgi apparatus packages the neuropeptide intor minute
trans mitter vesicles that are released into the cytoplasm and then
transported all the way to axonal terminals by axonal streaming and finally
release their neuropeptides in response to action potentials. However, the
vesicle is autolyzed and is not reused.



* Neuropeptides are released in much smaller amounts than small molecule

transmitters. However, this difference is compensated for by the more potent
action of neuropeptides.

* Neuropeptides cause much more prolonged actions (Last for days, months or
years) which include:

- Prolonged closure of calcium channels
- Prolonged changes in the metabolism

- prolonged change in activation or deactivation of specific genes in the cell
nhucleus, and/or

-Prolonged alterations in numbers of excitatory or inhibitory receptors.

-Example oxytocin and vasopressin



Effect of drugs on Synaptic Transmission

, Which are found in coffee,
tea and cocoa, respectively, all increase neuro nal excitability,
presumably by reducing threshold for excitation of neurons.

increases excitability of neurons by inhibiting
the action; of some inhibitory transmitter. substances, especially the
inhibitory effect of glycine in the spinal cord resulting in severe tonic
muscle spasms.

increase neuronal membrane threshold for
excitation and thereby decrease synaptic transmission. Because
many anesthetics are lipid soluble, it has been reasoned that some
of. them might change physical characteristics of the neuronal
membranes, making them less responsive to excitatory agents.



* Alkalosis greatly increases neuronal excitability e.g. a rise in arterial
blood pH from 7.4 to 7.8 to 8.0 causes cerebral epileptic seizures. In a

person who is predisposed to epileptic seizures, hyperventilation may
cause an epileptic attack

* Acidosis greatly depresses neuronal activity; a fall in pH from 7.4 to
below 7.0 causes a comatose state e.g. in very severe diabetic or
uremic acidosis, coma develops.

* Cessation of oxygen for only a few seconds can cause complete
inexcitability of neurons. This effect is observed when brain's blood
flow is temporarily interrupted because within 3-7 sec, the person
becomes unconscious.



Thank you




