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I. INTRODUCTION 2. There are three generalized regions of hu-

man cells and their functions-

See Overview for Introduction.

II. PHYSIOLOGICAL AND CHEMICAL
BACKGROUND

A. Chemical level of organization

1. The basic structure of an atom- The struc-
ture of an atom consists of the nucleus, which
contains the protons and the neutrons tightly
bound together. Protons have a positive elec-
trical charge and neutrons are neutral. Pro-
tons and neutrons have about the same mass,
which is designated as one atomic mass unit.
Each proton and each neutron is one atomic
mass unit. Electrons have a negative electrical
charge and are small in comparison to protons
or neutrons. Electrons have about 1/2000 of
the mass that a proton or neutron has and are
usually designated as zero atomic mass units.

2. lons are important in cell signaling- An ion
is an atom with a positive or negative electrical
charge. Calcium (Ca++), Potassium (K+), Chlo-
rine (Cl-) and Sodium (Na+) are all involved in
nerve impulse conduction. Ion flow across the
membrane conducts the nerve impulse.

3. Molecule- When two or more atoms combine
chemically, they form a molecule. Molecules
can consist of two or more of the same atoms
(hydrogen or H)) or they can form compounds,
which are molecules of different atoms (H,O or
water).

IIIL. HUMAN BODY ORGANIZATION
-cells-tissues-organs-systems-organism

A. CELLS

1. The cell is the basic structural and func-
tional unit of a living organism.
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a. The nucleus lies near the center of
the cell and manages the cell's activities
through its DNA construction.

b. The cell or plasma membrane
separates the cell from its internal
environment of a watery mix of ions
and nutrients, often referred to as
extracellular or interstitial fluid. The
membrane serves as a regulator
of what substances will enter the
cell and what will be excreted.
Many specialized cells have unique
molecules known as receptors, which
regulate the movements of certain ions
into or out of the cell. As a result of
this regulation, cells can have more
positive ions on the outside of the
cell membrane, which will establish a
charge difference between the outside
and inside of the cell. This is known
as a resting potential. Specialized cells
in the nervous and muscular systems
can use resting potential to conduct
impulses or action potentials. These
signals are sent to the organ systems,
instructing  specific = physiological
activity.

c. The cytoplasmis the fluid-filled region
between the nucleus and the plasma
membrane. It contains numerous
small structures called organelles that
in effect are the machinery performing
the cell’s specialized activities.

3. The plasma (or cell) membrane separates
the cell into two areas:

a. Intracellular, and

b. extracellular.
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4. Interstitial fluid is an extracellular fluid that
bathes our cells. It is derived from our blood
and contains the many substances needed for
metabolism. Cells extract the nutrients they
need from this fluid through a process known
as selective permeability. The process of
selective permeability allows needed nutrients
to enter the cell while keeping out undesirable
material.

S. Diffusion across a cell membrane occurs
when ions and molecules scatter to equalize
their concentration in an environment. Ions
and molecules tend to move from higher
concentrations to lower concentrations.
This process is called diffusing down their
concentration gradients.

a. Simple diffusion is one of two basic
diffusions that occurs when substanc-
es are able to cross the cell membrane
without having to use a channel. This
happens with such things as oxygen
and carbon dioxide. Oxygen concen-
trations are always higher in the blood
than inside the tissue cell, so oxygen
constantly enters the cell by diffusing
down its concentration gradient. Car-
bon dioxide (CO,) is one of the "waste
products”" produced by the cells and it
is in higher concentrations inside the
cell than outside. CO, diffuses down
its concentration gradient by the pro-
cess of simple diffusion.

b. Facilitated diffusion is the second
basic diffusion. It involves the move-
ment of substances across the mem-
brane that are either too large to pass
through passively, or, are lipid-phobic
(meaning they are insoluble to the lipid
bilayer that forms the cell membrane).
Facilitated diffusion wuses proteins
that construct passageways or pores
through the membrane.

c. Osmosis is a special type of diffu-
sion. Osmosis is the net movement
of a liquid (usually water) across a se-
lectively permeable membrane when
there is a difference in concentration
of solutes on either side of the mem-
brane. The liquid is driven by the dif-
ference in solute concentrations on the
two sides of the membrane. A selec-
tively permeable membrane is one that
allows unrestricted passage of water,
but not solute molecules or ions, so

204

A

only the water moves from one side to
the other.

The different concentrations of the solute
results in different concentrations of “free”
water molecules on each side of the semi-
permeable membrane. On the side of the
membrane with higher free water concentration
(i.e., a lower concentration of solute), more
water molecules are available to bounce
around and hit the pores in the membrane.
More hitting of the membrane results in more
molecules passing through the pores, which
in turn results in net diffusion (movement) of
free water from the compartment with high
concentration of free water to that with low
concentration of free water.

6. Active transport is an important process
to cell membranes. Sometimes substances
cannot passively navigate through the cell
membrane. This may be due to size, charge,
or because it cannot dissolve through the bi-
lipid (fatty) layers of material that make up
the cell walls. Active transport uses proteins
called transport systems to move ions "uphill"
against their concentration gradient. One very
important transport system is the sodium-
potassium (Na+ - K+), which helps keep the
proper concentration in intracellular and
extracellular. The concentration gradients of
sodium and potassium are essential for our
muscle and nerve cells to function properly.

7. Vesicular transport is a process whereby
large particles and molecules can be
transported across cell membranes inside of
small sacs called vesicles. This process is
called exocytosis. One way cells communicate
with one another is by the release of chemicals
called neurotransmitters. The little sacs
attach to the inside of the membrane, fuse
with it, and spill out the neurotransmitter so
it can contact the adjacent cell. The sacs are
reabsorbed by the cell, and recycle themselves
to be used again.

8. Membrane potential, or voltage, is the
amount of electrical potential energy across
a membrane. In cells, the plasma membrane
separates oppositely charged particles. If there
are more positively than negatively charged
particles gathered on one side (e.g., the outside
of the cell membrane), the difference results in
membrane potential, much like a battery. If
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there becomes a way for the charged particles
to flow, a current will arise. All cells are
said to be polarized because they establish
a membrane potential with the inside of the
cell membrane being more negatively charged
than the outside of the membrane. Cells use
this membrane potential to communicate by
opening channels that allow current to flow in
or out of the cell. This will be discussed later
in the section on the nervous system.

9. Chemical signaling is a primary way cells
in the nervous system, and hormones in the
endocrine system, communicate using neu-
rotransmitters. Different cells respond in dif-
ferent ways to the same neurotransmitter or
hormone. Some transmitters can increase the
activity in one cell and decrease the activity
in another. The end result depends upon the
receiving target cell.

B. TISSUE

1. Tissue- Groups of similar cells that combine
to perform a related function are called tissue.
There are four types of primary tissue that
form the body: epithelial, connective, muscle,
and nervous.

2. Epithelia — Epithelia forms the boundaries

between different environments for an
organism. Epithelium provides protection,
absorption, filtration, excretion, secretion,

and sensory pathways.

3. Connective Tissue — Connective tissue
"connects" body parts. Functions of connective
tissue include support, storage, and protection
of the body. Skin, blood, bone, ligaments, and
cartilage are all examples of connective tissue.

4. Muscle Tissue—Muscle tissue has the unique
ability to shorten or contract. The three types
of muscle tissues are skeletal, cardiac, and
smooth. Smooth muscle is found in the walls
of hollow organs like our blood vessels and
stomach. It is called smooth because it has
no striations or stripes. Smooth muscles can
contract (constrict) or dilate (enlarge) and can
be used to adjust the movement of substances.
Smooth muscles are highly involved in the
adjustment of blood pressure.

C. ORGAN and ORGAN SYSTEMS

1. Organ- An organ is a discrete structure
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that performs a specific function composed of
different tissue types.

2. Organ system- Organ systems are composed
of organs working together for a common
purpose. There are 11 organ systems in
the human body. They are: cardiovascular,
respiratory, nervous, integumentary,
muscular, skeletal, digestive, endocrine,
lymphatic, urinary, and reproductive systems.

3. In PDD, we are primarily concerned with
the respiratory, cardiovascular, nervous,
and integumentary systems. These systems
contribute to the physiologic measurements
we collect during PDD exams. A Dbasic
understanding of the physiologic properties
underlying the measurements is essential for
a sound foundational knowledge base.

a. Respiratory system- (air movement
through the nasal cavity, pharynx, lar-
ynx, trachea, bronchus, lung). This
system removes carbon dioxide and
continually supplies blood with oxy-
gen.

b. Cardiovascular system- (heart,
blood vessels). The heart pumps our
blood and our blood vessels transport
it throughout the body to all cells.
Blood carries oxygen, carbon dioxide,
nutrients, waste and more throughout
the body.

c. Nervous system- (brain, spinal cord,
nerves). This is the control system of
the body. It responds to internal and
external changes, and activates mus-
cles and glands.

d. Integumentary system- (skin, hair,
nails). This system forms the external
body covering and protects deeper tis-
sues from injury. It houses cutaneous
receptors, sweat glands, oil glands,
and synthesizes (makes) vitamin D.

D. ORGANISM

1. Organism- The living organism (animal
or plant) that represents the sum total of all
organ systems working together.

E. HOMEOSTASIS & ALLOSTASIS

1. Homeostasis- Homeostasis is a term used
within the scientific community to describe
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the maintenance of the internal viability of
organisms. The word homeostasis is derived
from the Greek homeo, which means “same,”
while stasis means “stable;” thus, “remaining
stable by staying the same.” American
physiologist Walter Cannon coined the term
“homeostasis” to refer to the processes
by which constancy of the fluid matrix
is maintained. It is used to describe the
maintenance of internal parameters within
a relatively narrow window. Homeostasis is
maintained through the "integrated" actions
of numerous body systems. For example,
sufficient nutrients must be present in the
blood and the cardiovascular system must be
functioning properly to provide those nutrients
to all of the cells in the body. Waste products,
like CO,, must not be allowed to accumulate in
the cells and must be continuously removed.
The core temperature of a healthy person is
maintained within a relatively narrow band in
spite of the changing climates.

2. Homeostatic mechanism of actions-
Homeostatic reflexes adjust to maintain
a constant set point or level, much like a
thermostat in a home. Homeostasis involves
a negative feedback loop because it walits
for something to happen before acting. A
feedback loop involves a central control module
which receives input regarding a condition,
processes it, and then sends an output signal
to maintain a set point. The central control
center in a negative feedback system sends
a correction to reverse the change from a set
point to maintain a constant or fixed state.
Positive control feedback systems enhance a
stimulus that is already present. The classic
feedback control model of homeostasis in
psychophysiology describes compensatory
responses to restore detected imbalances
rather than enhancing what is already there
and thus is considered negative. Homeostasis
describes the regulation of the body to a
balance, by single point tuning such as blood
pressure, blood oxygen level, blood glucose,
or blood pH. Baroreceptor reflex in blood
pressure is the classic, prototypic homeostatic
system whose inputs, outputs, and controls
are well characterized. But blood pressure set
points can, and do, change depending on the
circumstances. Additionally, blood pressure
can be changed through a variety of ways,
not necessarily through one simple negative
feedback system.
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3. Allostasis- Allostasis is the process of
achieving stability, or homeostasis, through
physiologic or behavioral change. This term is
derived from the Greek: allo meaning change,
and stasis meaning “stable”. That is, some
changes are necessary to maintain stability
or viability. These changes are presumed to
be aimed at ensuring the overall viability of
the organism. Allostasis encompasses both
behavioral and physiologic processes directed
towards maintaining adaptive states of the
internal environment. One common example
is the ever changing relative blood pressure
in a person over the course of the day.
Researchers have found mean arterial blood
pressure will fluctuate to meet demands, or in
an anticipation of a demand.

4. Allostasis as a feed-forward regulatory
process- The allostatic model acknowledges the
organism can use prior information to predict
demand and adjust proactively before the
demandisneeded. Cannonrecognized the body
can respond in anticipation of a disturbance
or agitation. For example, blood pressure
typically rises slightly during the moments
just before a person stands after having been
sitting or relaxing. The anticipatory increase
in blood pressure is adaptive, and serves
to prevent lightheadedness by preventing
the gravitational pull of blood to the feet by
this positional change. The anticipatory
increase in blood pressure is not in response
to environmental or physiologic feedback,
but can be thought of as a form of adaptive
learning from past experiences with the action
of standing. If a subject takes medication
which blocks these blood pressure changes,
the feed forward action can be blocked and the
subject becomes dizzy.

F. ANATOMICAL NOMENCLATURE

1. The standard body position known as the
anatomical position- A position in which the
body is standing erect, feet slightly apart,
palms facing forward with the thumbs pointing
away from the body. The terms "right" and
"left" are used with reference to the body being
described and not the person observing that
body.

2. Sagittal plane- A sagittal is a vertical plane
that divides the body section being viewed into

right and left. Mid-sagittal describes a sagittal
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plane directly down the middle of the part
viewed. Imagine splitting your body from the
top of your head down through your crotch
and then being able to look into either the left
or right half of your body.

3. Frontal or Coronal plane- A frontal or coronal
plane splits a body into anterior (front) and
posterior (back) views. Imagine splitting your
body from the top of your head through both
shoulders, down to your feet and looking at
the front half or back half of your body.

4. Horizontal or Transverse plane- A horizontal
or transverse plane runs across and separates
the body viewed into superior and inferior
planes. These are sometimes referred to
as cross-sectional planes. Imagine cutting
straight across your stomach and being able
to look at the upper or lower half of your body.

a. Superior (cranial)- A direction to-

wards the head or upper end of the
structure.
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b. Inferior (caudal)- A direction away
from the head end and towards the
lower part of the structure.

c. Posterior (dorsal)- A direction to-
wards the back or behind.

d. Anterior (ventral)- A direction to-
wards the front or in front of some-
thing.

e. Medial- On the inner side or towards
the center.

f. Lateral- On the outer side or away
from the middle.

g. Proximal- Closer to the origin of the
body part or the point of attachment.

h. Distal- Farther from the origin of the
body part or point of attachment.

5. View orientation and anatomical planes

below:

Tpp——
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6. The dorsal body cavity and the two subdi-
visions- The dorsal body cavity encases the
organs that comprise the central nervous sys-
tem, the brain and the spinal cord.

7. The ventral body cavity and the two major
subdivisions- The two major subdivisions of
the ventral body cavity are the thoracic cavity
and the abdominopelvic cavity.

8. The thoracic cavity- The thoracic cavity con-
tains the pleural cavities which encase the
lungs and the medial mediastinum. The me-
diastinum encloses the thoracic organs as well
as the pericardial cavity, which surrounds the
heart.

9. The diaphragm- The diaphragm is a dome
shaped muscle that is extremely important
for breathing. It separates the thoracic cavity
from the inferior abdominopelvic cavity.

10. The abdominopelvic cavity- The abdomi-
nopelvic cavity contains two parts. The supe-
rior abdominal cavity contains the stomach,
liver, spleen and intestines, as well as related
organs.

11. The pelvic cavity lies inferior and contains
some reproductive organs, the bladder, and
the rectum.

IV. THE NERVOUS SYSTEM
A. The basic functions of the nervous system-

1. The nervous system monitors informa-
tion about changes inside and outside
of the body. It perceives or senses the
information about change and forms
decisions.

2. It causes muscles, glands, organs, and
additional portions of the nervous sys-
tem to respond (monitor, interpret and
command). The nervous system is the
master control/coordinator system in
the body. Control/coordination is ac-
complished through:

a. Monitoring changes inside and out-
side body sensory input

b. Integrating sensory input and deter-
mining output

c. Affecting responses (motor output)

3. The Nervous system partners with the
endocrine system. Nervous system
responses are quick and short lived,
while endocrine responses are slower
and longer lasting.

B. The structural and functional divisions of
the nervous system-

1. The nervous system can be broadly
separated into two primary divisions,
the central nervous system (CNS) and
the peripheral nervous system (PNS).

2. The CNS consists of the brain and spi-
nal cord and can be considered the
command center of the body. The CNS
receives information, interprets the
information, and then commands ac-
tions based on the interpretation. The
PNS can be thought of as the system
that carries messages to and from the
CNS.

3. The subdivisions of the PNS-

a. The PNS can be broken down
into two subdivisions, one that
carries information into the
CNS (the sensory or afferent di-
vision) and one that carries the
impulses away from the CNS
(motor or efferent system).

i. Sensory fibers from all
over the body, such as
the eyes, ears, nose,
mouth, skin, joints, in-
ternal organs, and mus-
cles send impulses to
the CNS via the afferent
or sensory division of
the PNS.

b. The motor or efferent division
transmits commands from the
CNS to all body parts, which
are called effector organs, be-
cause nerve impulses affect
them. Effector organs then re-
spond to the commands of the
CNS to perform functions the
CNS has determined are nec-
essary.

4. The motor division of the PNS-
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a.

The motor division can be
thought of as having two ma-
jor parts, the somatic nervous
system and the autonomic ner-
vous system (ANS).

The somatic nervous system is
often called the voluntary ner-
vous system because the nerve
fibers control voluntary move-
ment of skeletal muscles. For
example, we use these nerves
to command our fingers to type
on a computer keyboard, or to
pick up a book to study.

The ANS consists of nerves that
regulate the activity of smooth
muscles (like blood vessels,
cardiac muscles, and glands).
These activities are general-
ly considered outside of our
control and so this system is
sometimes referred to as the
involuntary nervous system.
The ANS has two functional
subdivisions, the sympathetic
branch and the parasympa-
thetic branch.

5. The historical view of the functional
division of the ANS-

a.

The purpose of sympathetic
branch of the autonomic ner-
vous system has been thought
to be related to mobilizing the
body systems for stressful or
emergency situations; the fight
or flight response. The para-
sympathetic branch has been
proposed to support conserva-
tion of energy, nonemergency
functions, '"resting and digest-
ing," etc.

i. These descriptions
of function are often
based on the seminal
work of Walter Cannon
in the first half of the
20th century. Cannon
and others analyzed the
function of the ANS in
experimental animals
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ii.

iii.

and developed theories
that drive our current
conceptual approach to
the ANS.

Cannon coined the
phrase "homeostasis,"
which he used to de-
scribe the coordinated
physiological processes
that maintain a steady
state within the organ-
ism. Cannon believed
the sympathetic ner-
vous system was pri-
marily responsible for
maintaining homeosta-
sis. Cannon also be-
lieved the sympathetic
nervous system acted
broadly (all at once and
hence the name sympa-
thetic) to restore imbal-
ances in homeostasis.
He believed there was a
widespread and diffuse
output aimed at return-
ing the body's inter-
nal state to the narrow
band needed to support
life.

In contrast, the para-
sympathetic branch
functions were consid-
ered to be more dis-
creet, having greater
specificity. Cannon be-
lieved the effects of the
sympathetic and para-
sympathetic nervous
systems were generally
opposite in the same or-
gan and his ideas of an
all or nothing sympa-
thetic defense response
and a specific restor-
ative parasympathetic
nervous system have
influenced the concep-
tion of the functionality
of the ANS.

6. A current view of the functional divi-
sion of the ANS-
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Wilfrid Janig, a modern phys-
iologist, points to a number of
inconsistencies in the histor-
ical functional separation of
the divisions of the ANS. Janig
makes a very convincing case
for the idea that the separation
between the sympathetic and
parasympathetic branches of
the ANS is anatomical as op-
posed to functional.

The parasympathetic outflows
are cranial (from the head area)
and sacral (from the lower
spine area) while the sympa-
thetic braches originate in the
thoracolumbar (from the tho-
racic and lumbar parts of the
spinal column).

Some organs are "dually inner-
vated" meaning they are inner-
vated by both branches of the
ANS and these innervation ac-
tions are antagonistic. The end
result however is a coordinated,
and conceivably larger or more
"fine-tuned" response. Dual
innervation allows the CNS to
activate both the sympathetic
and parasympathetic branch-
es of the ANS, which can act
synergistically to improve the
response. Heart rate is an ex-
ample. Parasympathetic ac-
tivation may result in slowing
the heart while sympathetic in-
nervation will speed the heart.
A coordinated (integrative) ac-
tion comprised of a reduction
of parasympathetic innervation
and increase in sympathetic
innervation can result in a po-
tentially greater and faster re-
sponse.

Janig points out that modern
evidence more strongly sup-
ports a theory of integrative ac-
tions of the ANS, as opposed to
a simple all or nothing action of
one branch or the other.

Berntson and Cacioppo have
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also questioned the historical
doctrine of the two branches
being functionally opposing
systems. They point out that
both branches can have similar
effects on certain organs. They
have shown that in some cases,
one system activates at certain
times, while the other system
activates at other times. For
example, at higher blood pres-
sures, heart rate is controlled
primarily by vagal (parasympa-
thetic) activity, while at lower
blood pressures, by sympathet-
ic activity.

i. Berntson and Caciop-
po proposed a multi-
dimensional model of
autonomic regulation to
account for conditions
where the two systems
are not reciprocal, but
instead uncoupled (not
acting at the same time)
or coactive.
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7. A general outline of the nervous system

Central nervous system

Brain & spinal cord
Integrative & control centers

Peripheral nervous system (  PNS)

Cranial & spinal nerves (outside of brain & spinal cord)
Communication lines between CNS & rest of body

%'
&
rd \
%
i

Motor (efferent) division

Sensory (afferent) division
Motor nerve fibers

Somatic & visceral sensory nerve fibers Conducts impulses from the CNS to effectors
Conducts impulses from receptors to the CNS (muscles and glands)

Sympathetic division -
Autonomic Nervous System ( ANS ) Somatic nervous system
Preganglionic neurons in spinal column gray matter from T1-L2 .
Sl 1 " " Involuntary (visceral motor) Voluntary (somatic motor)
Postganglionic  neurons are located in the chain ganglia )
Conducts impulses from the CNS Conducts impulses from the
to cardiac muscle, smooth muscle CNS to skeletal muscles
& glands
Parasympathetic division
Preganglionic neurons in brain nuclei of several cranial nerves and
in S2 through S4 levels of spinal cord
Postganglionic  neurons are located terminal ganglia near organ
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8. Organs innervated by the parasympathetic nervous system.

Stimulates
secretion by
sweat glands

Constricts
blood vessels

ALV VM A

Dilates pupil

Decreases
salivation

Accelerates
heartbeat

Relaxes
airways

Inhibits
digestion

Stimulates
secretion of
epinephrine and
norepinephrine

Inhibits gut
motility and
secretions

Relaxes
W/ urinary bladder

LifeART Collection Images Copyright © 1989-2001 by Lippincott Williams & Wilkins, Baltimore, MD
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9. Organs innervated by the parasympathetic nervous system.

Slows heartbeat

Y

Constricts pupil

(

w5

Stimulates secretion
from lachrymal gland

Constricts airways

>}

Stimulates
digestion

Stimulates

— intestine activity

Exocrine secretions
stimulated

- T Stimulates
. O / \ gallbladder to
Stlmulgtes / \ excrete bile
salivation = X
. \
~
\ . /’/< Stimulation of motility
DR \_ /
Stimulates |/ . e Stimulates
salivation /,// \‘ /| urinary bladder
‘ % contraction
S @
M Stimulates
) penile arousal
Stimulates

clitoral arousal

LifeART Collection Images Copyright © 1989-2001 by Lippincott Williams & Wilkins, Baltimore, MD
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10. The location of the CNS-

Lateral view of figure showing
central nervous system and its
associated encasing skeletal
structure.

LifeART Collection Images Copyright © 1989-2001 by Lippincott Williams & Wilkins, Baltimore, MD
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11. The two principle types of nervous
cells

a. Nervous system tissue can be
essentially divided into two
main types of cells: neurons,
the nerve cells that transmit
signals, and neuroglia or sup-
porting cells that surround, as-
sist, and support the neurons.

b. Some of the functions of neu-
roglia- Neuroglia or "glial" are
support cells that make up
about 85-90% of all brain cells.
There are five main different
types of neuroglia cells.

c. In the CNS there are four dif-
ferent "glial" cells; astrocytes,

CNS Neuroglia Cells

Microglia

Ependymal

microglia, ependymal, and oli-
godendrocytes.

The glial cells of the PNS are
Schwann cells. All glial have
unique functions but one im-
portant purpose is to provide
support for neurons by keeping
them separate from one anoth-
er. Also, some glial cells im-
prove communication between
cells by wrapping themselves
around a portion of the neuron,
thus insulating it. This results
in faster conduction, much
the same as wrapping a leak-
ing garden hose with duct tape
moves the water faster from
one end of the hose to the other
by reducing leakage.

+» SmartDraw

Oligodendrocyte

Image showing the four types of CNS neuroglia cells.

LifeART Collection Images Copyright © 1989-2001 by Lippincott Williams & Wilkins, Baltimore, MD
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12. The basic parts of the neuron and a
description of their purposes-

a.

Cell body- The cell body (or
soma) contains the nucleus and
other organelles involved in the
biosynthetic activities to sup-
port cell life and function.

Dendrites- The dendrites com-
prise the main input or re-
ceptive areas of the cell. They
receive incoming information
from numerous sources and
convey this information on to-
wards the cell body.

Axons- Each neuron has a sin-
gle axon that projects from a
part of the neuron called the
axon hillock. Once the axon
leaves the axon hillock, it nar-
rows to a relatively uniform
diameter for the remainder of
its length. Axons can range
in length from non-existent to
several feet. Axons are usual-
ly a single process for most of
their length, though they can
have branches or collaterals.
At the end of axons, there are
numerous (thousands) of ter-
minal branches called axon ter-
minals. Axons are the conduct-
ing component of the neuron
during its communication with
other neurons. Axons transmit
nerve impulses away from the
cell body to the axon terminals.

Axon Terminals- Axon termi-
nals are the knob-line bulbs
at the terminal end of the
axon. They contain the secre-
tory component of the neuron.
Upon reaching the terminals,
an impulse causes chemicals
(neurotransmitter) stored there
to be released from the axon
terminals. These neurotrans-
mitters interact with adjacent
cells and can cause those cells
to become excited or inhibited.

Myelin- Myelin is a white col-
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ored, fatty tissue that covers
some axons. Myelin protects
the axon and insulates the
axon from others. Myelinated
fibers are able to conduct nerve
impulses faster than those that
are unmyelinated.

i. Myelin in the PNS is
composed of Schwann
cells and myelin in the
CNS is composed of oli-
godendrocytes. In the
PNS, Schwann cells
wrap around the axon
but leave small gaps
called Nodes of Ranvier.
These gaps occur at reg-
ular intervals along the
axon because of the size
of the Schwann cell pro-
viding the myelination.
The gaps contribute to
the increased speed of
conduction.
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13. Major parts of the sensory or motor “model neuron”

NERVOUS SYSTEM
Types of Neurons

@

OO

@

SENSORY NEURON

MOTOR NEURON

1. DENDRITE/RECEPTOR...

a slender, branched projection of a
neuron, which conducts the electrical
stimulation received from other cells
to and from the cell body, or soma, of
the neuron from which it projects.

2. CELL BODY (SOMA)...

the bulbous end of a neuron,
containing the nucleus and is where
most protein synthesis occurs.

3. NUCLEUS...

controls chemical reactions within the
cytoplasm and stores information
needed for cellular division.

4. AXON...

a long slender projection of a neuron
which conducts electrical impulses
away from the neuron's cell body.

5. MYELIN SHEATH...

an electrically insulating phospholipid
layer that surrounds the axons of
many neurons, composed of about
80% lipid fat and about 20% protein.
It helps prevent the electrical current
from leaving the axon and causing a
short circuit in the brain.

6. AXON TERMINAL...

a specialized structure at the end of
the axon that is used to release
neurotransmitter and communicate
with target neurons.

KMG Kurtsdale Medical Group

LifeART Collection Images Copyright © 1989-2001 by Lippincott Williams & Wilkins, Baltimore, MD
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14. Action potentials- An action potential
is the conductance of an electrical im-
pulse along the length of an axon. The
way most excitable neurons communi-
cate is through action potentials.

a.

Recall our discussion about
cells. The cell membrane has
a potential (voltage difference)
across it like a battery. This
negative membrane potential
(more negative inside the cell
membrane compared to the
outside of the cell membrane)
results from the ion concen-
tration. An action potential
results in a brief (a couple of
milliseconds or thousandths of
a second) depolarization of the
membrane and this continues
along the axon until it reaches
the terminals where the neu-
rotransmitters are released.

Action potentials are not grad-
ed; they keep the same strength
from start to finish. If a neuron
is sufficiently stimulated, it can
transmit an action potential
or nerve impulse. The propa-
gation of the action potential
comes from opening gates on
the axon that are sensitive to
voltage changes and that allow
certain ions to pass through
because of the decrease in volt-
age.

Remember when we discussed
sodium and potassium earlier
and mentioned they were ions
involved in neuronal commu-
nication. Changes in voltage
open and close gates along the
axon that allows ions to enter
or leave. This lowers the volt-
age of the adjacent section of
the axon and gates open and
close there allowing more ion
movement and this decreases
the voltage of the next adjacent
part of the axon. This "chain
reaction" of depolarization and
opening of gates allows a cur-
rent to move down the axon to
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the axon terminals where it ul-
timately results in the release
of the neurotransmitter from
the terminal bulbs.

15. The two types of gated membrane ion
channels- Plasma or cell membranes
contain two basic types of gated ion
channels: chemically gated and voltage
gated. The term gated is used to de-
scribe the idea that there is a gate in
the membrane that is open or closed.

a.

Chemically gated or neu-
rotransmitter gated channels
open or close when the appro-
priate neurotransmitter binds
there. It can be visualized as a
locked open or closed gate and
only when the correct key (neu-
rotransmitter) is used can the
gate become unlocked and then
change from opened to closed
or visa-versa.

Likewise, voltage gated ion
channels open or close based
on membrane potential.

i. Each ion channel is
generally selective for
just which ion or ions it
will allow to pass when
open. Once opened,
ions pass very quickly
through the gate based
on the electrical charge
and chemical or concen-
tration gradient. Ions
will move away from an
area of similar charge
towards an area of op-
posite charge which is
along their electrical
potential. Ions will low
from areas of higher to
lower concentration,
which is called the con-
centration gradient. To-
gether the electrical and
concentration gradients
are referred to electro-
chemical gradients and
they are what effect ion
movement across open
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ion channels. Ions will
tend to Dbalance out
based on the electro-
chemical gradients.

16. The action of neurotransmitters- Neu-
rotransmitters are chemicals that neu-
rons release that stimulate or inhibit
other neurons or effector cells.

a. Neurons use neurotransmitters
and their electrical signals to
communicate with other cells
(neurons, glands, and mus-
cle). The cell releasing the neu-
rotransmitter is called the pre-
synaptic cell and the cell upon
which it acts is called the post-
synaptic neuron.

b. The neurotransmitter is re-
leased into a small fluid filled
gap between the neuron and
the effector cell which is called
the synaptic cleft. This func-
tional space or point of close
contact between two neurons
or between a neuron and an ef-
fector cell is called the synapse.
Some neurons release only one
neurotransmitter at a synapse
but most make and/or release
more than one neurotransmit-
ter. Some of the neurotrans-
mitters we will discuss are;

i. Acetylcholine (ACh)-
This was the first neu-
rotransmitter to be
identified and prob-
ably the most stud-
ied. ACh is released at
neuromuscular  junc-
tions, which are where
neurons synapse with
muscle cells for move-
ment. In the ANS,
ACh is the presynaptic
neurotransmitter for
all preganglionic neu-
rons both sympathetic
and parasympathetic.
ACh is the postsynap-
tic neurotransmitter
for all parasympathetic
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ii.

iii.

iv.

postganglionic fibers. It
is also the neurotrans-
mitter for postganglion-
ic fibers for the eccrine
sweat glands which are
a member of the sympa-
thetic nervous system
and are responsible for
the electrodermal activ-
ity measured in poly-
graph.

Norepinephrine (NE) -
An excitatory or inhib-
itory neurotransmitter,
depending on the recep-
tor. NE is found in the
CNS and the PNS. In
the PNS, NE is the main
postganglionic cells of
the sympathetic ner-
vous system.

GABA- This is the prin-
ciple CNS inhibitory
neurotransmitter in the
brain. Alcohol and an-
tianxiety drugs of the
benzodiazepam  class
enhance GABAs ef-
fect. GABA manifests
its inhibitory effect on
cells by opening chlo-
ride channels and al-
lowing extra negatively
charged chloride to en-
ter the cell. This extra
negative charge hyper-
polarizes the cell, bring-
ing it further away from
threshold and making
it harder for the cell to
fire and initiate an ac-
tion potential. It tends
to make the cells less
active.

Glutamate- This is a
principle excitatory
CNS neurotransmitter
in the brain. Gluta-
mate is very important
for learning and memo-
ry because of its action
in the medial tempo-
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ral lobe of the brain. A
little goes a long way,
however, as excess glu-
tamate leads to excito-
toxicity.  This occurs
when neurons literal-
ly excite themselves to
death, and is common
during strokes. Some
medical treatments
for stroke now include
drugs to combat the
excessive glutamate re-
leased during strokes to
prevent cell death in the
brain.

17. The spinal cord- This bundle of ner-
vous tissue runs from the base of the
brain stem to somewhere between the
first to the third lumbar region and it
provides the afferent (to the brain) and
efferent (away from the brain) conduc-
tance pathways.

a.

The spinal cord is composed of
"white matter" and "gray mat-
ter.” The gray matter consists
mostly of neuron cell bodies
and neuroglia, and is shaped
like a butterfly or the letter H.
The gray matter can be divided
into a dorsal half (in the back)
which is generally the sensory
input and a ventral half (in the
front), which is generally the
motor output.

The sensory afferent fibers enter
through the dorsal half where
they connect to the sensory
cell bodies in an area known as
the dorsal root ganglion. The
cell bodies for the motor out-
put mostly lie in an area called
the ventral horn, sending their
fibers out through the ventral
roots.

White matter in the spinal cord
is composed of nerve fibers,
both myelinated and unmy-
elinated. There are fibers that
ascend to the brain, carrying
sensory input, and fibers that
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descend for motor output. Ad-
ditionally, there are fibers that
cross from one side of the spi-
nal cord to the other called
transverse or commissural fi-
bers. The white matter is the
communication transport sec-
tion of the spinal cord, much
like phone lines for telecommu-
nication.

18. The brain stem- Working from an in-
ferior to superior direction, the brain
stem is comprised of the medulla ob-
longata, pons, and midbrain.

a.

The brain stem contains many
important nuclear groups that
result in the automatic behav-
ior programs necessary for sur-
vival. The brainstem provides
a pathway for fiber tracts run-
ning between the higher and
lower brain center.
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MIDBRAIN
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Occipital Lobe

19. The functions provided by the cerebel-

lum- The cerebellum is a large struc-
ture located dorsal to the pons and
medulla. It processes inputs from
the cortical areas responsible for mo-
tor actions, sensory receptors, and
brain stem inputs. The cerebellum is
concerned with coordination of move-
ments.

20. The lobes of the human brain- The

hemispheres of the brain are subdivid-
ed into five major lobes on the basis of
some of the major grooves.

a. The frontal lobe consists of the
area in front of what is known
as the central sulcus and is the
largest of all lobes. It contains
important motor and language
related areas in posterior part
and many functions related
to social behavior and higher

Parietal Lobe

Cerebellum

mental activities towards the
frontal part.

b. The parietal lobe is located par-
allel to the central sulcus and
contains much of the somato-
sensory related cortex.

c. The occipital lobe is primarily
related to visual functions and
is located at the back of the
brain.

d. The temporal Ilobe contains
many different regions includ-
ing sensory areas for auditory
and olfactory functions. This
lobe contains two very import-
ant structures related to mem-
ory and emotion called the
amygdala and the hippocam-
pus.

central sulcus
,/

-

Frontal Lobe

Temporal Lobe

Lateral view of the brain with the different lobes depicted with color.

ifeART Collection Images Copyright €

1989-2001 by Lippincott Williams & W

Ikins, Baltimore, MD
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21. The diencephalon and some functions
- The diencephalon forms the central
portion of the forebrain and consist of
the thalamus, the hypothalamus, and
the epithalamus.

a. The thalamus is the largest
part of the diencephalon and
contains about fifty smaller nu-
clei which each have their own
functional specialty. Thalamus
is a Greek word meaning "inner
room." It receives virtually all
inputs to the brain including
sensory, emotional, and motor
related input. The only sen-
sory input that bypasses the
thalamus is the olfactory sys-
tem. The Thalamus plays a key
role in integrating and mediat-
ing motor activity, sensation,
cortical arousal, learning, and
memory. The thalamus is the
means by which almost all in-
formation gets to the cortex to
be processed.

b. The hypothalamus is named
for its position directly below
the thalamus (hypo means low-
er). In spite of its small size,
the hypothalamus is the grand
conductor of homeostatic con-
trol of the body. Hypothalamus
is part of the autonomic control
center, the emotional response
control center, and directs life
supporting behaviors such
as food and water intake and
sleep. The hypothalamus con-
trols the release of hormones
from the endocrine system
which also helps maintain ho-
meostatic balance of the body.

c. The epithalamus consists of
the pineal gland, which helps
regulate sleep, and the choroid
plexus, which manufactures
cerebrospinal fluid.

22. Psychophysiology concepts relating
to the CNS. The concept of the "limbic
system” from a historical, anatomical,
and present day perspective-
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a.

Around 1939, an American
anatomist named James Pa-
pez proposed that the central
parts of the brain including the
hypothalamus, parts of thala-
mus, the cingulate gyrus, the
hippocampus, and their inter-
connections, form a "harmoni-
ous mechanism" by which all
emotion is generated, and from
which emotional expressions
result. Following Papez’ pro-
posal, the size and structures
attributed to this "limbic sys-
tem" have expanded to include
a substantial portion of the
brain. Modern neuroscientists
seem to agree there is no sci-
entific justification for a "limbic
system." Many of the so-called
limbic structures have multiple
purposes that go beyond emo-
tion. Indeed, some do contrib-
ute to generation and expres-
sion of emotion, but this poorly
reasoned association does not
justify a specific "system" of the
brain dedicated solely to emo-
tion.

V. EDA AND THE INTEGUMENTARY
SYSTEM-

A. The Integumentary System

1.

The skin consists of a complex set of
organs called the integumentary sys-
tem, which serves a protective func-
tion. We will limit our discussion of
skin to predominately those aspects
related to understanding the mecha-
nisms of electrodermal activity (EDA).

a.

Skin protects the body from
environmental threats such
as temperature, chemical, me-
chanical, and infectious micro-
organisms.

From a sensory standpoint,
skin houses various receptors
to provide afferent information
related to touch, pain, and tem-
perature.

Skin participates in
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perspiration, which keeps the
skin moist and allows the body
to excrete fluids. Skin can be
hairy or glabrous (hairless).

A typical cross section of the skin and
some of the important features-

a. Skin is composed of various

characteristic layers, though
all layers are not uniformly
found in all skin. Skin essen-
tially consists of two main lay-
ers; an outer layer called the
epidermis, and a thicker lower
layer, the dermis.

The epidermis is composed of
five layers with each layer be-

Spiral-formed sweat gland duct

Pore

coming progressively hornier
(tough and calloused). The out-
er layer of the epidermis is the
stratum corneum. The epider-
mis, the layering most import-
ant to EDA, consists of regular-
ly arranged cells that become
drier as they move towards the
The gla-
brous skin found on the palms
(palmer) and soles of the feet
(plantar) has a thick epidermis
and also a relatively thick stra-
The stratum

stratum corneum.

tum corneum.
corneum has a very important
role in producing the EDA we
measure in polygraph.

Epidermis

Secretory segment
of the sweat gland
duct.

Copyright LIFEART.
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3. The action of sweating of the eccrine
sweat glands-

a.

Sweat glands secrete direct-
ly onto the skin surface. The
greatest density of sweat glands
is found on the forehead, the
palms, and the soles.

The sweat glands of the palm
are considered eccrine sweat
glands, which means the secre-
tions do not contain something
called cytoplasm.

The sweat glands can be subdi-
vided into the secretory portion
and the duct. The secretory
section is located deep within
the skin and is comprised of
an irregularly coiled duct. The
duct extends from the secretory
section to the sweat gland pore
opening on the surface of the
skin.

Efferent fibers from the sym-
pathetic nervous system inner-
vate the eccrine sweat glands.
These are referred to as sudo-
risecretory fibers. The sudo-
risecretory fibers use acetyl-
choline to innervate the secre-
tory part of the sweat gland.

The hypothalamus is general-
ly regarded as the controlling
center for all ANS function in-
cluding sweat gland innerva-
tion. Hypothalamic sympa-
thetic activity can be elicited by
a number of brain structures,
not the least of which includes
the cerebral cortex. A variety
of mental functions have been
found to demonstrate the abili-
ty to activate the eccrine sweat
glands and cause an EDA reac-
tion.

4. A mechanism of sweating and how that
contributes to EDA-

a.

Human sweat contains a cer-
tain amount of sodium and
chloride ions. The precursor

Polygraph & Forensic Credibility Assessment , 2017, 46 (2)
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of sweat in humans has a con-
siderably higher concentra-
tion of both. As sweat makes
its way up through the duct, it
loses some of the sodium and
chloride ions. This is the the-
ory behind NaCl reabsorption,
that reabsorption may prevent
excessive loss of NaCl. Sweat
does not continuously flow out
of the sweat duct but rather
is ejected in pulses. Rhyth-
mic contractions of the secre-
tory and sweat duct portions
are thought to be the source
of pulses that are suspected
of being the force that drives
sweat up and out of the ducts.

5. "Emotional sweating"- Increased sweat-
ing as a result of mental activity, es-
pecially during emotional arousal, is
referred to as "emotional sweating."
Emotional sweating occurs primari-
ly on the glabrous skin on the palmer
and plantar surfaces of the body and is
likely activated via the hypothalamus.
EDA reactions during polygraph test-
ing can be a result of emotional sweat-

ing.

6. Some of the putative CNS origins of

EDA-

a.

EDA can be elicited by higher
level CNS processes (cortical)
but can also come from struc-
tures considered to be subcor-
tical. The hypothalamus seems
to be one of the primary initia-
tors of EDA reactions from an
emotional standpoint. A part of
the brain called the basil gan-
glia may contribute to EDA re-
sponses in preparation for mo-
tor actions.

7. Some of the suggested biological roles
of EDA-

a.

Sweating may be a biologically
adaptive function that serves a
number of purposes. Hydra-
tion provides optimal friction
and tactile sensitivity. One is
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able to feel and grip better when
their hands are slightly moist.
Footing is arguably better when
the feet are slightly moist or
tacky. Skin is also less likely
to sustain injury when slightly
moist.

Skin is more resistant to abra-
sion and cutting when moist
then when dry.

Parts of the Internal Heart

Superior Vena Cava

Right atrium

Tricuspid valve

Right ventricle

Chordae tendonae

Interventricular septum

LifeART Collection

VI.

THE CARDIOVASCULAR SYSTEM

A.

The chambers of the heart-

1. The heart has four
chambers, two ventricles and
two atria. The ventricles are
the discharge chambers and
discharge blood to the body (left
ventricle) or to the lungs (right
ventricle). The atria are the
receiving chambers for blood
returning from the body (right
atria) or the lungs (left atria).

Aorta

Pulmonary Artery

Left atrium

Pulmonary valve

Mitral valve

Left ventricle

Papillary muscle
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B. The major heart valves- valve as it is said to re-
1. There are two atrio- semble a miter, the hat
ventricular (AV) valves, one on worn by a bishop.
each side of the heart, which 3. There are two semilu-

separate the atria from the ven-
tricle, preventing back flow.

2. The right AV valve is
called the tricuspid valve be-
cause it has three flexible cusps
or flaps. The left AV valve is
called the bicuspid valve be-

nar valves (SL), one at the dis-
charge site of each ventricle.
The SL valves guard against
backflow by flattening out and
slamming shut when pressure
is higher on the discharge side.

cause it has only two cusps or a) SL valves are so

flaps. named because of their
a) The bicuspid three crescent moon
valve is sometimes re- shaped cusps.

ferred to as the mitral

Heart Valves

1. Pulmonary semilunar valve

2. Aortic Semilunar valve

3.Tricuspid valve (right AV valve)

4.Bicuspid (left AV valve)
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C. The pathway of blood flow
through the heart-

1. The right side of the
heart is the pulmonary circuit
which directs carbon dioxide
rich blood to the lungs. Return-
ing blood enters and fills the
right atria. The right atria con-
tracts, forcing blood through
the tricuspid valve and into the
right ventricle. The right ventri-
cle compresses, sending blood
out the pulmonary semilunar
valve to the lungs via the pul-
monary arteries. It is here that
carbon dioxide is exchanged for

2. The left side of the heart
is the systemic circuit pump. It
is responsible for transporta-
tion of blood through the car-
diovascular system. The fresh-
ly oxygenated blood is returned
to the left atria of the heart
via the pulmonary veins. The
left atria contracts and directs
blood through the bicuspid or
mitral valve to the left ventricle,
which pumps blood out of the
aortic semilunar valve into the

oxygen. aorta.
Deoxygenated
Blood from body
Aorta
Superior Pulmonary Artery
Vena Cava
To Lung Pulmonary
artery flow
to Lung
OxygenateGe = Oxygenated
blood return blood return
from Lung from Lung
Pulmonary Pulmonary
Valve Vein

Atrioventricular
Valve
Aortic Semilunar

Inferior Valve

Vena Cava
Deoxygenated

Blood from body

Oxygenated
Blood to body

LifeART Collection Images Copyright © 1989-2001 by Lippincott Williams & Wilkins, Baltimore, MD
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D.

The purpose of the cardiovas-

cular system-

E.

1. The cardiovascular
system is a completely closed
structure consisting of the
heart muscle, arteries, capillar-
ies, and veins. A primary pur-
pose of the cardiovascular sys-
tem is to transport nutrients
and oxygen to body tissues and
remove metabolic wastes and
carbon dioxide from the body
tissues.

Blood pressure and how is it

measured-

G.

1. Blood pressure is a
measurement of force per unit
of area exerted on a blood
vessel wall. It is typically ex-
pressed in units of millimeters
of mercury, written “mmHg.”
Blood pressure is usually ex-
pressed medically in terms of
systolic pressure over diastolic
pressure.

2. In polygraph testing,
the cardiograph waveform de-
picts changes in relative blood
pressure throughout the ex-
amination. For the sake of our
paper, when we discuss blood
pressure, we refer to systemic
blood pressure as measured at
the monitoring site, unless oth-
erwise stated.

Peripheral resistance-

1. Blood flow occurs with-
in the body’s closed circula-
tory system and is normal-
ly expressed in milliliters per
minute, written as “ml/min.”
Peripheral resistance is a term
used to describe the overall
restriction to blood flow with-
in the blood vessels and it is a
function of blood viscosity, ves-
sel length, and vessel diameter.
Thicker blood, longer vessels, or
smaller diameter vessels each
increase resistance to flow.

How cardiac output and pe-

ripheral resistance effect blood pres-

sure-
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1. Blood pressure is deter-
mined by cardiac output and
peripheral resistance. Cardiac
output is the amount of blood
the heart is pumping for a giv-
en time period. Cardiac output
is a function of stroke volume
times the number of beats per
minute.

2. Stroke volume is how
much the heart pumps (ml/
beat) and is a function of how
hard the heart beats (contrac-
tile force) and how much blood
is available to pump (end dia-
stolic volume, or EDV).

3. EDV is the volume
of blood in a ventricle at the
end of filling. The greater the
EDV, the greater the distention
(stretching) of the ventricle. An
increase in EDV increases the
preload on the heart. It increas-
es the amount of blood ejected
from the ventricle, during sys-
tole, through the Frank-Star-
ling mechanism. EDV is gen-
erally controlled by venous re-
turn or the blood returned to
the venae cavae prior to being
delivered to the right atrium.

4. Additionally, a physi-
ologist named Bainbridge ob-
served that right atrial disten-
tion produced an increase in
heart rate. Bainbridge found
the reflex arc responsible for
this tachycardia was mediated
through an increase in sympa-
thetic effect and a decrease in
parasympathetic effect.

5. There are two primary
factors that increase venous
return: the respiratory pump
and the muscular pump. The
respiratory pump describes
pressure changes in the venae
cavae that result from breath-
ing. As we inhale, chest pres-
sure decreases, negative pres-
sure is generated, and blood
is “sucked” back towards the
heart. The greater the depth
or length of inhalation, the
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greater the amount of negative
pressure influence created for
venous return. The muscular
pump describes the manner in
which the skeletal muscle con-
traction presses against veins
to force blood back towards the
heart.

0. Peripheral resistance
affects blood pressure by in-
creasing or decreasing the
pressure against which the
heart pumps. The greater the
overall vasoconstriction, the
greater the pressure. As vaso-
dilation occurs, blood pressure
decreases.

7. In summary, there are
several factors affecting blood
pressure. Cardiac output in-
creases by accelerating the
heart rate, contractile force, or
end diastolic volume. Alter-
ing the diameter of the blood
vessel increases or decreases
peripheral resistance to flow.
Any combination of these fac-
tors can result in a rise in blood
pressure.

The electrical conduction system
h the heart-

1. The Theart is able
to contract (beat) without
influence from outside nervous
systems. There is, however, a
great deal of neural input to the
heart, which coordinates the
heart's activities with that of
other systems that support life.

2. Electrical = conduction
begins at the sinoatrial (SA)
node in the right atria, which
intrinsically generates impulses
at the rate of about 75 times
per minute. This small mass
is known as the "pacemaker,"
as it sets the cadence that is
known as sinus rhythm.

3. From the SA node,
the signal is sent through
intermodal fibers into both
atrial muscle walls, and then
into the atrioventricular node
located near the tricuspid valve.
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This node holds the signal for a
moment, allowing the atria to
fully contract before it passes
the signal on.

4. From the AV node,
the signal progresses to the
atrioventricular (AV) bundle,
which is located in the upper
portion of the septum that
separates the ventricles. This is
sometimes called the bundle of
HIS, named after its discoverer.

S. From the bundle of HIS,
the signal splits into the right
and left bundle branches as
they progress down the septum.
The right and left bundle
branches send the impulses
to the Purkinje fibers that are
located in the ventricles. The
left ventricle has a thicker
muscular wall due to greater
pressure requirements needed
to pump blood through the
increased resistance of the
entire body than the right
ventricle has pumping just to
the lungs.
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Electrical Conduction System of the Heart
(cardiac conduction system)

The heart’s electrical system controls all the events
that occur when your heart pumps blood.
Each beat of your heart begins with an electrical

. . signal from the sinoatrial node, called SA node.
Sinoatrial Left

SA) node Atrium
(
The signal is generated as the two vena cavae fill your
e
/

heart’s right atrium with blood from other parts of your
body. The signal spreads across the cells of your
heart’s right and left atria. This signal causes the atria
to contract. This action pushes blood through the
open valves from the atria into both ventricles.

f The signal arrives at the AV node near the ventricles,
Atrium N ) ; i
where it slows for an instant to allow your heart’s right
and left ventricles to fill with blood. The signal is

released and moves to the His bundle located in the
walls of your heart’s ventricles.

The signal is released and moves next to the bundle
. . of His located in your heart's ventricles. From the
Atrioventricular bundle of His, the signal fibers divide into left and right
(AV) node bundle branches which run through your heart's
septum.

The signal leaves the left and right bundle branches
through the Purkinje fibers that connect directly to the
cells in the walls of your heart’s left and right
ventricles.

As the signal spreads across the cells of your heart’s
ventricle walls, both ventricles contract, but not at
exactly the same moment. The left ventricle contracts
an instant before the right ventricle. This pushes blood
through the pulmonary valve (for the right ventricle) to
your lungs, and through the aortic valve (for the left
ventricle) to the rest of your body.

Right
Ventricle

Left and right

bundle branches urkinje fibers | As the signal passes, the walls of the ventricles relax

and await the next signal.
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VII. THE RESPIRATORY SYSTEM

A. The function of respiration-

1.

The primary function of the respiratory
system is to supply the cells of the body
with oxygen, and to vacate the body of
carbon dioxide.

Pulmonary ventilation (breathing)
describes the collective actions that

move air into and out of the lungs.

External respiration describes the
exchange of oxygen for carbon dioxide
in the alveoli, the microscopic air sacs
in the lungs.

Internal respiration describes the
exchange of oxygen for carbon dioxide
between blood and tissues.

Cellular respiration describes the
cellular metabolic reactions that
consume oxygen to produce energy
molecules and carbon dioxide.

Respiratory System

Copyright

1. Nasal cavity

o Right primary bronchus

3. Superior lobar bronchus

4. Middle lobar bronchus
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5. Pharynx

9. Larynx

6. Trachea

7. Left primary bronchus

8. Diaphragm
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B. Describe breathing-

1. Breathing involves moving air
through the airway (dead air space) composed
of the nasal cavity, pharynx, larynx, trachea,
bronchi bronchial tree, then into the lungs.

2. The airway, through which the
air travels, warms, humidifies, and cleans the
air before directing it to the lungs.

3. The nasal passageway contains
olfactory receptors which are unusual in that
their input bypasses the thalamus and is sent
directly to cortical and limbic system areas of
the brain that stimulate memory.

4. The pharynx connects the
nasal cavity and mouth to the larynx.
5. The larynx is composed

primarily of cartilage, vocal cords, and other
connective tissue, and connects the pharynx
to the trachea.

6. The trachea, composed of C
shaped cartilaginous rings, is a flexible tube
that connects the larynx to the bronchi.

7. The bronchi enter the lungs
and branch out to form secondary and tertiary
bronchi leading to terminal bronchioles and
finally into alveoli air sacs.

8. Pulmonary capillaries surround
the alveoli sacs providing the pathway for
blood flow to and away from them. It is at this
junction the exchange of oxygen for carbon
dioxide takes place.

C. The mechanics of breathing-

1. The mechanics of breathing
generates a pressure differential
between the inside and outside
of the lungs, causing air to
move one direction or the other.

2. Air, as with fluids, moves from
areas of higher pressure to lower pressure
regions. Just before inspiration, the differential
pressure between the inside and outside of the

lungs (intrapulmonary pressure) is zero. At
zero, there is no air movement.
3. The act of breathing causes

the pressure inside of the lungs to be lower
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than that outside and thus air flows inward
(Boyle’s Law), similar to the concept of drawing
a fluid up into a syringe. This negative
intrapulmonary pressure is made possible by
the expansion of the lungs resulting from the
ventilation dynamics of the diaphragm and
intercostal muscles.

4, The muscles of normal, quiet
inspiration (eupnea) include the diaphragm
and the external intercostals. The diaphragm
is a large, domed shaped muscle that separates
the abdominal cavity from the thoracic cavity.
The diaphragm is attached to the sternum and
is the muscle most responsible for eupneic
breathing. During normal quiet breathing the
diaphragm contracts, causing it to descend
about one half inch into the abdominal cavity.
This results in stretching the thoracic cavity
downward, increasing its volume.

S. Simultaneously, contraction
of the external intercostal muscles lift the rib
cage and pull the sternum outward, like a
handle on a bucket. The external intercostal
muscles are innervated by nerves leaving the
first through the eleventh thoracic segments
of the spinal column.

6. The lungs are passive. They
have no capacity to expand or contract
on their own and are subject to external
forces, much like a sponge absorbs and
releases water. Each lung is encased by one
continuous serous tissue folded over itself
called the pleural membrane. The parietal
pleura portion is attached to the outer wall
of the thoracic cavity with the visceral pleura
bonding directly to the lungs. This creates a
small space between the two pleurae which
is called the interpleural space, or pleural
cavity. Both pleurae secrete a fluid into the
cavity which reduces friction between them.
Just prior to inspiration, the pressure within
the pleural cavity is about 4mmHg below
atmospheric pressure. This negative pressure
between the pleura membranes keeps the
lungs sucked to the chest wall thus preventing
them from collapsing inward. As the thoracic
cavity expands, the lungs are pulled into an
expanded mode, reducing the pressure in the
alveoli (intrapulmonic pressure), resulting in
air being pulled into the lungs.



Reicherter, Handler

7. The combination of the
contractions of the diaphragmatic and
intercostal muscles results in an action that
increases the thoracic cavity by approximately
500 miilliliters. This increase causes a drop of
intrapulmonary pressure of about 1-2 mmHg
and air rushes into the lungs.

8. Expiration during eupneic
breathing is passive and is accomplished
through the elastic nature of the lungs and
relaxation of the inspiratory muscles. As the
muscles relax and the lungs recoil, the volume
of the thoracic cavity decreases and there is
no longer a difference in pressure between the
inside and outside of the lungs. Additionally,
alveoli ducts and bronchioles have elastic
fibers that recoil inward, expelling air. Finally,
inward pull resulting from the surface tension
of water vapor in the alveoli also contributes
to lung volume decrease. The intrapulmonary
pressure rises to about 1 mmHg above
atmospheric pressure to force air out of the
lungs.

D. The regulatory control of breathing-

1. Vegetative regulations of
visceral body organs, including breathing
dynamics, are controlled in part by nuclei and
centers in the brain stem.

2. The respiratory rhythmicity
centers are located in the lower brain stem,
medulla oblongata, with refining regulatory
centers in the pons.

3. In the medulla, the rhythmic
respiratory center is comprised of two distinct
respiratory areas known as the dorsal
respiratory group (DRG) and the ventral
respiratory group (VRG). The DRG neurons
are the primary innervators of the phrenic
nerve and thus the diaphragm muscle.

4. The VRG, a column of individual
nuclei stacked upon one another, contains
mostly expiratory neurons and receives drive
input from the DRG. The VRG is also involved
in innervating the larynx and pharynx via vagal
motoneurons, which assists in maintaining
airway patency. During inhalation, the VRG
innervates the external intercostal muscles
and has some connection to the phrenic nerve.
Expiratory neurons, originating in the VRG,
project to the internal intercostal muscles and
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abdominal muscles. These muscles, however,
function mostly during intense and rapid
exhalation, such as during exercise when
passive exhalation would take too long.

S. Modulatory centers such as
the pontine respiratory group (formerly called
the pneumotaxic) and a putative “apneustic
center,” located in upper area of the pons,
appear to be associated with phase-related
activity. If nuclei exist that form an apneustic
center it seems they may function as a “cut off
switch,” terminating inspiration. While this
center has not been positively identified, it is
presumed to be located at about the same level
as the pontine respiratory group. Investigators
who have experimentally transected the brain
stem at this level have been able to produce
apneusis (inspiratory spasms or cramps), but
only if they also serve the vagus nerve. This
suggests any “apneustic center” that exists
receives input via the vagus nerves in order to
prevent apneusis. While not well defined, the
function of the respiratory related neurons in
the pons seems to be to “fine tune” the action
of eupneic respiration, helping to provide a
smooth transition between inspiration and
expiration. The ponto-medullary respiratory
rhythmicity center, however, can be influenced
by the emotional limbic system centers as well
as the cognitive cerebral cortical areas.
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E. The major reflexes that affect the breathing
cycle-

1. A number of reflexive (automat-
ic) actions can have an effect of the depth and
rate of breathing.

2. Stretch receptors within the
airways have the potential to influence the
respiratory cycle. One such stretch receptor
reflex, known as the Hering-Breuer inflation
reflex, can result in decreased respiration
drive. As the lungs expand through pulmonary
inflation, it activates the sensors of these
stretch receptors, which project via the vagus
nerve to the DRG and the pontine respiratory
group. The end result is bronchial dilation
and increased expiration time, resulting in a
decrease in respiration rate. This seems to
be a protective reflex, which has developed to
prevent the lungs from over-expanding.

3. Irritant receptors are located
throughout the airway and can be activated by
certain chemicals, gasses, smoke, dust, and
very cold air. Activation by these vectors is
transmitted primarily by the vagus nerve and
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can result in bronchial constriction, which
functions to protect the airways from the
noxious agent.

4. Chemoreceptors are located
centrally in the medulla and peripherally in
the great vessels of the neck. The central
chemoreceptors are exquisitely sensitive
to carbon dioxide, which is the most tightly
controlled chemical factor. Carbon dioxide
diffuses into the cerebral spinal fluid and forms
carbonic acid, which liberates hydrogen ions,
resulting in a drop in the pH of the cerebral
spinal fluid. It is these hydrogen ions that
actually excite the central chemoreceptors
in the medulla, which in turn stimulates
ventilation. The peripheral chemoreceptors,
however, are more responsive to oxygen levels
in the blood. Chemoreceptors sensitive to
oxygen are located in the aortic and the carotid
bodies. If the circulating level of oxygen drops
substantially, these act to stimulate respiration
rate and depth. Under normal conditions,
oxygen levels in the blood affects breathing
only indirectly by enhancing the sensitivity of
the central carbon dioxide sensors.
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