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Temperature Regulation

* On the basis of body temperature animals are classified
as:

1. Warm blooded (homeothermic) animals which are
capable of maintaining a relatively constant body
temperature in spite of great variations of external
temperature.

2. Cold blooded (poikilothermic) animals in which the body
temperature varies with that of the environment.
Poikilotherms include invertebrates and aquatic animals
like fishes and amphibians.
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Endothermic

Ectothermic

Warm-blooded animals

Cold blooded

Includes birds and mammals
Maintain, a nearly constant internal

Include fish, amphibians, and reptiles.
Having internal body temperature that changes

temperature with the temperature of the environment.
] T Al S
Do not change with the temperature or . .
. They must gain heat to perform internal
environment .
activities

When the outside temperature is too hot an
endothermic animal can cool off

If the environment is cold, ectothermic animals
become slow moving and sluggish

Example: sweating, panting, changing
position and changing location
Sweating and panting generates heat loss
through evaporating water.
Changing position and location allow the
animal to find a cooler environment in the
shade or shelter
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(for ex: digesti \r;), .
Some animals must b&sk inthesun (for
examples snakes or lizards) or move to a
warmer area (for ex: some fish) before they can
move about to hunt for food.
If the temperature gets too hot ectothermic
animals wi{}\ need to find a cooler temperature

or burfow in"‘chethround to keep its body cool




* Which do not maintain constant body temperature, but
during activity they show endothermic regulation, they
are also called facultative endotherms since they are
capable of regulating physiological temperature at
certain time only. Ll ) Y e il

e jtis used as a way to dissociate the fluctuating
metabolic rates seen in some small mammals and birds

(e.g. bats and hummingbirds),
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https://en.wikipedia.org/wiki/Bat
https://en.wikipedia.org/wiki/Hummingbirds

Endotherms
(produce their own heat)

Heterotherms Homeotherms
(allow body (keep body
temperature temperature

to fluctuate) % constant)

Ectotherms
(rely on heat from environment)



The habitats of animals can be divided into

1. Animals living in terrestrial environment have an acute
problem of temperature because of the radiant heat of the
sun. Also air has a low specific heat and so it gains or loses

heat rapidly.

2. Animals living in aquatic habitats do not face acute thermal
problems because water has a high specific heat and it gains
or loses heat slowly, thus making little changes in
temperature.

3. Aerial animals like birds have a higher limit of thermal
tolerance (35C °-42C °) due to higher rate of metabolism.




Body Temperature

The normal range of human body temperature is (36
C°to 38C°), with an average oral temperature of (37C°).

Within a 24-hour period, an individual's temperature
fluctuates from 1C°to 2C°,

With the lowest temperatures-occurring during sleep.

At either end of the age fﬁectrum how%ger
temperature regulation may not be as precise as it is In
older children or younger adults.

Infants have more surface- area (skin) relative to
volume and are likely to lose heat more rapidly.

'-iﬁ']



* |n the elderly, the mechanisms that maintain
body temperature may not function as
efficiently as they once did, and changes in
environmental temperature may not be
cﬁ‘rﬁﬁéﬁsﬁéted for as quickly or effectively.

* This is especially important to remember
when caring for patients who are very young
or very old.




Heat Production

e Cell respiration: the process that releases energy
from food to produce ATP, also produces heat as
one of its energy products.

* Although cell respiration takes place constantly,
many factors influence the rate of this process:

1. The hormone thyroxin (and T3): produced by the
thyroid gland, increases the rate of cell respiration
and heat production. The secretion of thyroxin is
regulated by the body's rate of energy production,

* The metabolic rate
e When the metabolic rate decreases

3

* the thyroid gland is stimulated to secrete more
thyroxin.

3

* Asthyroxin increases the rate of cell respiration,

* a negative feedback mechanism mhfﬂ?ts fur er
secretion until metabolic rate decreases again.




2. In stress situations

* Epinephrine and norepinephrine are
secreted by the adrenal medulla

4

* The sympathetic nervous system becomes ADRENAL GLAND
more active. i

4

* Epinephrine increases the rate of cell
respiration, especially in organs such as the
heart, skeletal muscles, and liver.

4

* Sympathetic stimulation also Increases the
activity of these organs.
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* The Increased productlorggéq)j ATP | to meet
the demands of the stress Situation also

means that more heat will be produced.




3. Organs that are normally active
(producing ATP) are signititant”
sources of heat when the body is at

rest. for example:

1. The skeletal muscles: are usually
In a state of slight contraction
called muscle tone.

* Because even slight contraction
requires ATP, the muscles are also
producing heat.

* This amounts to about 25% of the
total body heat at rest and much
more during exercise, when more

ATP is produced.




2. The liver

* |s another organ that is
continually active,
producing ATP to supply
energy for Its many
functions. As a result, the
liver produces as much as
20% of the total body heat
at rest. The heat produced
by these active organs is
dlspersed t“fwoughout the
body by the blood.




4. The intake of food also increases
heat production, because:

A. The metabolic activity of the digestive tract is
increased.

B. Heat Is generated asﬂ\tapjs\ digestive organs

produce ATP for peristalsis and for the
synthesis of digestive enzymes.




5. Changes In body temperature also have an
effect on metabolic rate and heat production.
This becomes clinically Important when a person
has a fever, an abnormally high body

temperature.
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Because the skin covers the body, most body heat is
lost from the skin to the environment.

When the environment is cooler than body . ,
temperature (as it usually is), heat loss is unavoidable.

The amount of heat that Is lost is determined by:

Blood flow through the skin that influences the
amount of heat lost by the processes of radiation,
conduction, and convection. S—
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* Radiation means that heat from the body is
transferred to cooler objects not touching the

skin.

 Conduction is the loss of heat to cooler air or
objects, such as clothing, that touch the skin.

| jadl Jasll .
» Convection means that air currents move the
warmer air away from the skin surface and
facilitate the loss of heat.

Conduction Convection
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* In a cold environment, vasoconstriction
decreases blood flow through the dermis and

thereby decreases heat loss.
c-\.cjl\ @M}S

* In a warm environment, vasodilation in the
dermis increases blood flow to the body
surface and loss of heat to the environment.
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The other mechanism by which heat is lost from
the skin is sweating.

The sweat glands secr te sweat (water) onto the
skin surface and exéé s”b’day eat evaporates the
sweat.

Sweating is most efficient when the humidity of
the surrounding air is low.

Hu%ﬁgltv is the percentage of the maximum
amount of water vapor the atmosphere can
contain.

A humidity reading of 90% means that the air is
already 90% saturated with water vapor and can
hold little more. In such a situation, sweat does
not readily evaporate, but instead remains on the .cee | - -
skin even as more sweat is secreted. o R e

If the humidity is 40%, however, the air can hold a
great deal more water vapor, and sweat
evaporates quickly from the skin surface,
removing excess body heat.

In air that is completely dry, a person may
tolerate a temperature of 75C ° for nearly 1 hour.

EvEporatan
{perspiration )

conduction




Heat Loss through the Respiratory Tract

* Heat is lost from the respiratory
tract as the warmth of the
respiratory mucosa evaporates
some water from the living
epithelial surface The water vapor
formed is exhaled and a small
amount of heat is lost.

* Animals such as dogs that do not
have numerous sweat glands often
pant in warm weather.



Heat loss through the Urinary and Digestive
Tracts

* When excreted, urine and feces are at body
temperature, and their elimination results in a
very small amount of heat loss.




Homeostasis and temperature
Nervous system ContrOI heat 18 lost 15

signals dermal —— Body
blood vessels to —::" its surroundings

dilate and sweat
glands to secrete
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Hypothalamic set point )
Nervous system signals
dermal I:Iu‘::d ﬂﬂﬁgli to Body heat is

constrict and sweat glands conserved
to remain Inactive =y

If body temperature continues

to drop, nervous system signals ————=—==_> Muscle activ
muscles to contract involuntarilv generates y heat
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Heat gain mechanism
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* Shivering
* Increase in metabolism by epinephrine, nor-
epinephrine and thyroxin

e Cutaneous vasoconstriction
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Evaporation of sweat

Rad|at|0n : Physics of Heat Loss from the Body
Conduction and ) 5 -
convection i,
Cutaneous vasodilation o)
Decrease in metabolism | © { \\\\\\\\\\ S

th ro u g h FES p | rat | O n 9 Mechanisms of heat loss from the body



Regulation of Body Temperature -
Role of the Hypothalamus

Receptors: warmth & cold
receptors from skin, deep tissues,
spinal cord and hypothalamus

Heat loss center - Preoptic &
Anterior hypothalamic nuclei

Heat gain center - Posterior
hypothalamus

Set point: 37°C in hypothalamus

+ 0.1°C cause hypothalamus to
activate heat loss or heat gain
mechanism




Temperature-decreasing mechanisms
when the body is too hot

Preoptic & Ant.
Hypothalamic nuclei ‘

Posterior

Warmth receptors from skin
hypothalamus

deep viscera are stimulated

I l

Increase in body Inhibition of Sympathetic
temperature nervous system

Normal body Vasnd{!armn

temp Sweating

Set point: 370C | ‘e— decrease in thermogenesis (heat production),




Temperature-increasing mechanisms when the body is too

cold
Preoptic & Ant.
Hypothalamic nuclei ‘
Cold receptors from Posterior
skin are stimulated hypothalamus

| |

Decrease in body Sympathetic
temperature stimulation

| l

Mormal bod
temp y Skin vasoconstriction throughout the body
: Piloerection
Set point: 37°C p—————
¥ Increase in thermogenesis f{heat production).




Abnormalities of body temperature
regulation

Hypothermia: decrease in body temp below normal
range

Hyperthermia: increase in body temp above normal
range
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Heatstroke

* Occurs when body temp rises beyond the critical
temprature ranges from 105 to 108°F

* Symptoms:
Dizzinesm\ég‘#\
Abdominal distress,
Vomiting

Delirium <=

Loss of consciousness
Circulatory shock

Death
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Hypothemia

e Person to ice water for 20 to

30 minutes ordmarlly dies
because of heat fsbrllfjatlon

* The body temperature has
fallen below 85 F°, the ability
of the hypothalamus to
regulate temperature is lost




wia Frostbite

* When the body is exposed to extremely low
temperature, surface areas can freeze, the
freezing called frostbite.

e Especially in the lobes of the ears and in the
digits of the hand and feet

. Superficial Deep
Normal /| Frostnip  “erdiite”  frostbite

Epidermis

Dermis

1Sub-
cutaneous
tissue




Low temperature effects

* The protoplasm can exist in
living state and freezes a few
degrees below zero. Freezing
causes:

1. Formation the ice crystals in the
cell and disturbs the cell
organization.

2. Metabolism is greatly lowered
and as such the rate of oxygen
consumption is also very low
because the diffusion of 02 and
C02 through the ice is very low.

3. The enzymes become inactive.

Frostbite

Frostnilp

Superficial frosthite
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Fever

* A fever is an abnormally high body temperature and may
accompany infectious diseases, extensive physical
trauma, cancer, or damage to the CNS.

* Pyrogens: Is The substances that may cause a fever and
include bacteria, foreign proteins, and chemicals
released during inflammation.

* These inflammatory chemicals are called endogenous
pyrogens. It is believed that pyrogens chemically affect
the hypothalamus and “raisé thésetting” of the
hypothalamic thermostat.

+ Exogenous * Endogenous
pyrogens pyrogens
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Hypothalamus:
Thermastatic
set point

4, Core body temperature
reaches new set point

4

2

'

1. Pyrogens

Resetting of
thermostatic
sel point

\

3. Temperature-raising

responses;
Vasoconstriction
Shivering
Ploerection o=l St
Increased metabolism

i

Fever

Mechanisms
of fever

5. Temperature-reducing
responses.
Vasodilation
Sweating
Increased ventilation



* Fever may be beneficial in that it
may shorten the duratlon of an
infection by acceleratmg the
destruction of the pathoge

e Afever increases the metab
rate, which increases heat
production, which in turn ra
body temperature even mo
When the body temperatur
rises above 39.7C °, the
hypothalamus begins to lose its
ability to regulate temperature.



* A medication such as aspirin is called an
antipyretic because it lowers a fever, probably
by affecting the hypothalamic thermostat.




Nerve physiology
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Nerve physiology

* The nervous system is one of regulating system. Electrochemical impulses
of the nervous system make it possible to maintain homeostasis.

* The functions of the nervous system:

1. To detect changes and feel sensations

2. Toinitiate appropriate responses to changes

3. To organize information for immediate use and store it for future use




Nerve tissue

* Nerve cells are called R, e v
neurons, the cell hx. K BN
body contains the e VA W
nucleus, dendrites
are processes
(extensions) that
transmit impulses
toward the cell body.
The one axon of
neuron transmits
impulses away from
the cell body.

B |

dendrites

cell hody

axon
of neuron

nucleus



The one axon of neuron
transmits impulses away
from the cell body, and
axon that carries the

electrical nerve impulses.

In PNS, axons and

dendrites are (wrapped)
in specialized cells called
schwann cells, enclosing
them in several layers of

schwann cell membrane.

These layers are the
myelin sheath;

myelin is phospholipid

that electrically insulates

neurons from one
another.

Cell body,

Soma

Endoplasmic reticulum
Mucleus

/ Nucleolus

|:_'_'-'.i,. / B
[/ M % % e——23%ynaptic endings
BhA =S £y < Golgi apparatus

: Schwann cell
o +— Mitochondrion

i sheath around
\ 1 axon
Lpufuchsmﬁ\ /

hyelin sheath \\
Mode of Ranwer

Schwann cell nucleus
Muscle cell nucleus —-

Dendrite |1
«— Axon hillock

Neurumuscularjunctmn




* The spaces between adjacent schwann cells

nodes of Ranvier.

* These nodes are the parts of the neuron cell
membrane that depolarize when an electrical

impulse is transmitted.

Oligedendrocyte Making Myelin

myelin
sheaths

MNode of
Ranvier

myelin

Node of Kanvier

i P Neurolemma
- il

E * 'h' 1 t——Medullary sheath

L . . ox
ke A ris-cylinder



* The nuclei and cytoplasm of the schwann cells
are wrapped around the outside of the myelin
sheath and are called the neurolemma, in the
CNS; the myelin sheaths are formed by
oligodendrocytes, one of the

Neuroglia

uuuuu

Node of Kanvier

H—— Neurolemma
- . f
Sty < wain & W@ Medullary sheath
. d ; elin] RIS . _
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S ol emmal Nuerofibrils
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Types of neurons:

* Neurons may be classified into three groups:

1.

2.

3.

sensory neurons (or afferent neurons) carry impulses
from CNS. Receptors detect external or internal changes
and send the information to the CNS in the form of
impulses by way of the afferent neurons.

Motor neurons (or efferent neurons) carry impulses from
the central nervous system to effectors.

Interneuron is found entirely within the CNS.




Nerves

* A nerve is a group of
axons and/or
dendrites of many
neurons, with blood
vessels and
connective tissue.
Sensory nerves,
motor nerves, and
mixed nerve the
three types of
nerves.




The main physiological activities of
the nerve fiber are:

[ ] “H‘-"‘ - -
1. Generation of nerve ‘1 S‘» I Neuror

impulse.

Nerve

2. Conduction of nerve
impulse.

3. Transmission of
impulse at the
synapse.

Myelin sheath

FADAM.



Generation of nerve impulse:

e Excitability

e Excitability is that
property of the nerve =
fiber by virtue of which it == .

responds by generating a \\"
nerve signal (electrical R
impulses or the so called T A
action potentials) when it

is stimulated by a suitable
stimulus which may be
mechanical, thermal,
chemical or electrical.



Resting membrane potential:

* A steady potential difference of -70 mV
(inside negative) is observed in the nerve fiber.
This is the resting membrane potential (RMP)
and indicate the resting state of cell, also
called state of polarization.

N .
a \ Sensory input
K.f
L r .

.ll.

Integration

N

R Motor output J
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Action potential

lonic Basis of the Resting Membrane Potential

* The action
potential may be WL e
defined as the brief - - () 3mee
sequence of g
changes which
occur in the resting '%' Y
membrane MR L
potential when & ",/ G
stimulated by it &
threshold stimulus. — ._,.

Extracellular fluid

Cytoplasm



* When the stimulus is sub minimal or sub
threshold, it does not produce action potential,
but does produce some changes in the RMP.

+30 m¥-
0 mY -
Threshold
/ Level
70 my ¥ H.Eﬂti".g
T Potential
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* There is slight
depolarization for

d b ou t W h | C h / K] \.\\". -~ Passive diffusion
cannot be | [ e ol

p ro p a ga te d , S | n C e k\-._\% o ///« — Facilitated diffusion

p ro p a ga t i O n O CC u rS Small K- concgntration in = Mi\Chae"s-Mentfl? e
O n Iy if t h e B Fam“tate:;l Sisrinopr:e passive diffusion

depolarization [ ——=
reaches a firing level
of 15 mV (-55 mV).



* Once the firing level is reached, there occurs
action potential there occurs abrupt
depolarization with propagation (action

potential).
__ +40-
>
£ f
T 5 'I.Depolarizationﬁ 2. Repolarization
= phase phase
]
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0
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 The adequate strength of stimulus necessary
for producing the action potential in a nerve

fiber is known as threshold or minimal
stimulus.

_ 140-
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Phases of action potential

+
S

* The action potential
basically occurs in two -

1. Depolarization
phase

2. Repolarization
phase

o
1 1

phase: 3
......................................................... Threshold
-60+
a n d —g80 Resting potential

Membrane potential (mV)

3. Undershoot

repolarization

0 1 2 3 4
Time (msec)

Figure 45-3 Binlogical Scisnce. Lin
£ 2003 Peancn Premtics Hail, Inc,



* When the nerve is stimulated, the polarized state
(-70 mV) is altered, i.e. RMP is abolished and the
interior of the nerve becomes positive (+35 mV)
as compared to the exterior. This is called

* Within no time there occurs several to the nearly
original potential and this second phase of action
potential is called repolarization phase.
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Action potential
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According to Hodgkin-Huxley theory,
the sequence of events are:

1. Polarization phase. Resting g "
membrane potential (-70 A, ,
mV) is due to distribution of
more cations outside the == o
cell membrane and more K —t+ K
anions inside the cell
membrane, with Na+ ions C|”
more abundant outside the
cell, and K+ ions and + ol +
negative ions more Na Na
abundant inside. + +

* Na+ Cannot inters the cell Inside  Qutside

due to the impermeability of cell cell

the membrane.



* 2. Depolarization phase.
When threshold
stimulus is applied to

the cell membrane, at

the point of stimulation
the permeability of the
membrane for Na+ ions

Increase.

 There occurs a rapid
influx of Na+ ions into
the cell.

* This rapid entry of Na+
leads to depolarization.

lonic Basis of the Resting Membrane Potential

Extracellular fluid |

a .
(2 )2K

Cytoplasm

= K* &5 = Large anion



3. Repolarization phase. Repolarization occurs
due to decrease in further Na+ influx and K+
efflux through the voltage-gated K+ channels
which open later than Na+ channel but remain
activated for prolonged period.

A—
K+4—_,, H:+
EI- ——|—% I-
Nat «-f-s Na+
L T

Inside  Outside
cell eall



Decrease in Na+
influx and efflux of
K+ causes net
transfer of positive
charge out of the
cell that serves to
complete the
repolarization.

Then the sodium
and potassium
pumps return Na+
ions outside and K+
ions inside, and the

Nerve Net

e Diffuse mesh of nerve

cells that take part in

simple reflex pathways

e Nerve cells interact with

sensory and contractile

neuron is ready to
respond.

cells
fi: L A nerve cells
o of nerve net
1 "'"Eh'.l
L fEoN
LYY
! i — 1 epithelial
g l‘;“-,'t- '
R R 0 2l gensory
f-»,;.“"""'_‘" —, cell
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GERY part of sheet
% of contractil
—+—— extensions of
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Main characteristics of nerve eXC|tab|I|ty

1. All or none response. A single nerve
fiber always obeys all or none law, thatis: :

* When a stimulus of subthreshold {
intensity is applied to the axon, then no :
action potential is produced (none
response)

* Aresponse in the form of spike of action
potential is observed when the stimulus
is of threshold intensity;

 There occurs no increase in the
magnitude of action potential when the
strength of stimulus is more than the
threshold level (all response). This all or
none relationship observed between the
strength of stimulus and the response
achieved is known as (all or none law).
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2. Refractory period.

Refractory period refers to
the period following action
potential (produced by a
threshold stimulus) during
which a nerve fiber either
does not respond or
responds sub normally to
a stimulus of threshold
intensity or greater than
threshold intensity.

BRAIH

CRAMIAL b gL
NERYVES % i

SPIHAL

CORD

. ulnar
nerve

lumbar
nerves
(five pairs)

sacral nerves

(five pairs)

coccygeal nerves

(one pair)

B 2001 Brooks/Cole - Thomson Learning

cenical nerves
(eight pairs)



* |tis of two types:

A. Absolute refractory period (ARP): it is a short period
following action potential during which second
stimulus, no matter how strong it may be, cannot
evoke any response (another action potential).

B. Relative refractory period (RRP): it is a short period
during which the nerve fiber shows response if the
strength of stimulus is more than normal.

/' l Integration

q Motor output J
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Conduction of nerve impulse

* Conductivity refers to
propagation of nerve
impulse (action potential)
in the form of a wave of
depolarization through
the nerve fiber.

* Normally, in the body the
action potential is
transmitted through fiber
in one direction

Nerve Conduction Velocity Test




Propagation of action potential in an
unmyelinated axon are summarized:

1. In the resting phase (polarized state) the
axonal membrane is outside positive and
inside negative

+++++++++++

+++++++++++



2. When an unmyelinated axon is stimulated at
one site by a threshold stimulus, there
occurs action potential at that site outside
membrane become negative and inside
positive (reversal of polarity) but the
neighbouring areas until now remain in
polarized state.




3. As ECF and ICF are both conductive to electricity,
a current will flow from positive polarized area to
negative activated area through ECF and in the
reverse direction in ICF. Thus, a local circuit current
flow between the resting polarized site to the
depolarized site of the membrane (current sink).




4. This circular current flow depolarizes the
neighboring area of the membrane up firing level
and a new action potential is produced which in
turn depolarizes the neighboring area ahead. Thus,
due to successive depolarization of the neighboring
area, the action potential is propagated along the
entire length of the axon.




The portion which depolarizes first also
repolarizes first. Thus repolarization also follows
the same direction as depolarization.




Propagation of action potential in a
myelinated axon

 The myelinated nerve fibers
have a wrapping of myelin
sheath with gaps at regular
intervals which are devoid of
myelin sheath (nods of
Ranvier). The axonal
membrane in the naked area
(nodes of Ranvier) bears
densely packed ion channels.
The myelin sheath acts as an
insulator and does not allow
the current flow. Therefore,
in meylinated nerve fiber the
local circuit of current flow
only occurs from one node of
Ranvier to the adjacent node.




 Thatis the impulse
(action potential)
jumps from one node
of Ranvier to next.
This is known as
saltatory conduction.
Since the impulse
jumps from one node
to other, the speed of
conduction in
myelinated fibers is
much rapid (50-100
times faster) than the
unmyelinated fiber.




Orthodromic versus antidromic
conduction

. Normallyll, the action OrtEonEaiIE Antidromic
potential is
propagated in one .
direction. That is, e
usually the nerve o
impulse from the s
receptors or synaptic |
junctions travels along [
the entire length of by
axon to their NUNVNUNPNPNPN v b - ’\
termination. This type kk Hv.] v { | AP\
of conduction is called |
orthodromic

conduction.
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Ventricle



* The conduction of nerve impulse in the
opposite direction, as seen in the sensory

nerve supplying the blood vessels, is called
antidromic conduction.

Orthodromic

Atrium
AV

BUNDLE

BUNDLE
BRANCHES

Ventricle

V1
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Antidromic

HIS
BUNDLE

BUNDLE
BRANCHES

Ventricle
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Factors affecting conduction velocity

* The velocity of conduction in nerve fiber
varies from as little as 0.25 m/sec in very small
unmyelinated fiber to as high as 100 m/sec in
very large myelinated fiber.

' Nerve conduction
measured




In general the factors affecting
conducting velocity are:
1. Temperature: a decrease in temperature

delays conduction i.e. slows down the
conduction velocity




2. Axon diameter: affects the conduction
velocity through the resistance offered by the
axoplasm (R.) to the flow of axoplasmic
current. If the diameter of the axon is greater,
the axoplasmic resistance (K) is lesser and
hence the velocity of conduction is higher.

Nerve Conduction Velocity Test




increases conduction velocity
by increases the axon diameter, and by the
salutatory conduction produced due to its
insulating effect.

Schwann cell

Depolarized region
(node of Ranvier)

Myelin
sheath

Axon

1 086 Addech Weoisy Longman, no



Synapse

* Neurons that transmitted impulses to other neurons do
not actually touch one another. The small gap or space
between the axon of one neuron and the dendrites or
cell body of the next neuron is called the synapse.




* Within the synaptic knob (terminal end) of the
presynaptic axon is a chemical neurotransmitter
that is released into the synapse by the arrival
of an electrical nerve impulse.




 The neurotransmitter diffuse across the
synapse, combines with specific receptor sites
on the cell membrane of the postsynaptic
neuron, and there generates an electrical
impulse that is, in turn, carried by this neurons
axon to the next synapse, and so forth.

. Neurotransmitters
Synaptic

vesicle
Neurotransmitter

Voltage- re-uptake pump  Axon
gated Ca"™ terminal
channel ‘\ Neuro-
) transmitter
R Jeceptors Synaptic
Post-synaptic cly;_ft [
density Dendritic

spine



* A chemical in activator at the cell body or
dendrite of the post synaptic neuron quickly
inactivates in neurotransmitter. This prevents
unwanted, continuous impulses, unless a new

impulse from the first neuron releases more
neurotransmitter.

Chemical Synapse
L plasmamembrane
1 of axan ending of
| presynapic cell Gap between
yn;g:.l; i plasma et hrane
£ 7o the terminal
& 4 aﬁé ending of an
L e T stnapt'c cleft
frietiarane receptor for neuratrans mittsr axon and the

input zone of

another cell




* Many synapses
are termed
excitatory

* because the
neurotransmitter emarapiiesmoor i
causes the seonor
postsynaptic By |
neurons to (-
depolarize .
(become more (% ) S
negative outside as ™A .
Na+ ionsinter the e e
cell) and transmit g

Postsynaptic

an electrical | menbrne
impulse to another ~__
neuron, muscle

cell, or gland.

) Dendrite 0.5 ym




* Some synapses,
however, are
inhibitory, meaning
that the
neurotransmitter
causes the
postsynaptic neuron
to hyperpolarize
(become even more
positive outside as K+
ions have the cell or
Cl™ ions inter the cell)
and therefore not
transmit an electrical
impulse.

Action potential
arrives al axon

9 73 Ay, \ \
- 2 ’ \
Presynaptic A\
neuron \
o - \
o E == A

¥

:

1

terminal.

~ ﬁ -_,._ i | _c!_ g 1 &I I\'-,
e o F.0
= ;g:-b \\..
Axon erminal
T
- N
:I "*—"‘\“-'
Ca®* entry causes re N

Synaptic

neurotransmitter-containing ici
vesicles

synaptic vesicles 1o release
their contents by exocylosis.

Synaptic cleft \ @ Voltage-gated Ca®"

chanpels open and
Ca®* enters the
axan terminal.

@ Neurgtransmitter diffuses across
the synaptic cleft and binds to
ligand-gated jon channels on the v | ( [
postsynaptic membrane. y | '|

Localized membrane
potential

Open ligand-gated ion channel
Cytoplasm

@ Binding of neurotransmitter opens ligand-gated

@ Reuptake by the presynapic neuron, enzymatic degradation,
ion channels, resulting in graded potentials.

and diffusion reduce neurotransmitter levels, terminating the
signal



* Such inhibitory synapses are important, for
example, for slowing the heart rate, and for
balancing the excitatory impulses transmitted
to skeletal muscles. With respect to the
skeletal muscles, this inhibition prevents
excessive contraction and is important for
coordination.

SA node

I.- Py AV node

’y
v
i _l h AV bundle
el
A\ N
. 1" . -“- L 4
L] f - 3 a'l

Purkinje fibers



 An example of
neurotransmitter is
acytylcholine, which is
found at neuromuscular
junctions, in the CNS, and

in much of the peripheral "
nervous system. i
H L)
Acytylcholine usually o Acetylcholine
o

makes a postsynaptic
membrane more
permeable to Na+ ions,
which brings about
depolarization of the =
postsynaptic neuron. Acetylcholine receptor
Cholinesterase is the Post-synaptic membrane
inactivator of ©2000 How Stulf Works
acetylecholine.

Axon
terminal




There are many other neurotransmitters,
especially in the central nervous system. These

include

 Dopamine o 1 ™

. : i i ne  Norepinephrine
gapc? m(?AaBTno butyric /& Hi ine & Acetylcholine
acid ( ) f ition Attention . Yigilance

* norepinephrine [ e RN R

¢ glutamate ‘. wo— ﬂ:’ ::-::l I--.:.-.j r

* serotonin. \

 Norepinephrine is \ A e
inactivated by either . “PPEHEE e
catechol-o- *‘“ _-.."-'_-‘:r;tunln T
methyltransferase e
(COMT) or monamine ' !- Glutamate JI T
(MAO). \ Sk



Nervous system divisions

* The nervous system has

TP Central nervous
two divisions M [ gystem
1. The central nervous '~ ] |___Brain
system (CNS): consists K E’l Spinal cord
of brain and spinal cord /R \\ .
1/ HABNN \\ Peripheral
2. The peripheral nervous 2/ 400V & -
system (PNS): consists ~ # | [} /7~ 2o
. ' \ LY - —{ Peripheral
of cranial nerves and WA nerves

spinal nerves. The PNS
includes the autonomic \ |
nervous system (ANS). Jil

Copynghl D 2007 Pearson Education, bng., publiahing as Barmmm Cummings



Spinal cord reflexes:

* Areflexis an it
involuntary response to |
a stimulus, that is, an
automatic action
stimulated by a specific
change of some kind.
Spinal cord reflexes are
those that do not
depend directly on the
brain, although the A A
brain may inhibit or o
enhance them.

A spinal cord Injury above

T12 would typleally result
in & Refox Boweal.

Bowal type determinsd
by injury lavel

Image & www.apparelyzed.com



3.

A reflex arc is the
pathway that nerve
impulses travel when a
reflex is elicited, and
there are five essential
parts:

Receptors- detect a
change (the stimulus)
and generate impulses.

Sensory heurons-
transmit impulses from
receptors to the CNS

Central nervous
system- contains one or
more synapses
(interneurons may be
part of the pathway).

Motor neurons-
transmit impulses from
the CNS to the effector.

Effector- preforms its
characteristic action.

Reflex Arc

Copyright © The McGraw-Hlll Com panles, inc. Perm lssion required for reproduction or display.

A reflex arc showing the path of a spinal reflex

dorsal dorsal-root
horn ganglion

white
matter

cell body
of sensory
heuron

receptor
(in skin)
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matter
7 axon of
sensory neuron
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L p \
axon of \E \}\
motor neuron

Ventral ventral :“‘_;_, <3
ventral cell body root ~
horn of

effector
motor neuron (muscle)
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A reflex arc showing the path of a spinal reflex

white dorsal dorsal-root
matte horn ganglion
gr Dorsal
matter > ﬁ_\‘[/\qm
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interneuron | __seeme—
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\
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* |n this reflex, a tap

on the patellar e

tendon just below Knee-Jerk Reflex
the kneecap causes ™= oo
extension of the oY é
lower leg. This is a l/f
stretch reflex, which =&
means that a muscle it | ~8
that is stretched will e, e 3| @\ e
automatically e L]
contract.

dweiion or display.

Stretch receptor
™ (muscle spindle)
4 "’ “' Specialized -~ \

muscle fibers S Sk

synapse




* In the quadriceps
femoris muscle are -
stretch that detect =
stretching produced
by striking the o
patellar tendon. i
These receptors
generate impulses
that are carried along
Sensory neurons in
the femoral nerve to
the spinal cord, in the
spinal cord, the
Sensory neurons RN
synapse with motor \ 'y
neurons (this is a |
two-neuron reflex).

Quadriceps

Rectus Femoris

Vastus Intermedius
e e Under the
Rectus Fermoris

Vastus Medialis

Vastus Lateralis



 The motor neurons
in the femoral nerve
carry impulses back
to the quadriceps
femoris, the
effector, which
contracts and
extends the lower
leg. The patellar
reflex is one of many
used clinically to
determine whether
the nervous system
is functionally

properly.



* If the patellar reflex
were absent in a
patient, the problem
could be in the tight simus f(C
muscle, the femoral \
nerve, or the spinal
cord. If the reflex is
normal, however,
that means that all
part of the reflex arc _
are intact. Since =/
these are spinal cordfg_/’f
reflexes, the brainis =~

not directly involved.

(b) Patellar reflex



Flexor reflexes (or withdrawal reflexes)

* |n this reflex, the
stimulus is something
painful and potentially
harmful and the
response is to pull away "
from it. If you
inadvertently touch a
hot stove, you
automatically pull your
hand away.

Fain



* Flexor reflexes are three neuron reflexes,
because sensory neurons synapse with
interneurons in the spinal cord, which in turn
synapse with motor neurons.

sensorny Merve

Nﬁﬂuecle
1

Exdensor Muscle

[nterneuron

/

"'-.__________-—

Pain MMortor Merse



* Again, however, the brain does not have to
make a decision to protect the body; the
flexor reflex does that automatically.

Famn mcepiomn Axon of
i mkin afferant navron

Call body
ol allarant
MEunon

Dendrte of
afferent
Mo

Epan.al cord

Gnll body of
afferant newron

Muscle contracts and withdraws
par beng shmulaled




The autonomic nervous system

 The autonomic nervous system (ANS) is actually part of the
peripheral nervous system in that it consists of motor portions of
some cranial and spinal nerves.

 The ANS has two divisions: sympathetic and parasympathetic.
Often, they function in opposition to each other.

Supenior
& cervical

gnngiiug__..l

Parasympathetic division

Cranial ?’ = Parasym-
. path:. tic .
Cervical {4 o Cervical
' ; o f ‘
ﬂ—ffrhmpdl‘ht tic =
panglia b
8 L Stomach "9 .
Thoracic e ~7a ) ¥ Stamach L-'.-. ¥ | r Thoracic
?mﬂ]'“'}:}f-'ﬂ\}{-—
—~Callbladder Gallbladder ;
T | ll .-' fi—= .
£ == -'J- “ Pancreas F.ancr'eql.rl' e
Lumbar | Sl \.}_F:__ - _ 1_,_,_ - + Lumbar
= Liver Liver} T — \
- ’---'-.- - -
To lower —_— f

extremities .
via spinal e g
METVEs |



Autonomic pathways

e Autonomic nerve pathway consist of two motor neurons
that

1. The first neuron is called the preganglionic neuron, from
the CNS to the ganglion.

2. The second neuron is called the ganglionic neuron, from
the ganglion to the visceral effectors.

Autonomic pathways consist of two neurons
that synapse in an autonomic ganglion.

Preganglionic Postganglionic
neuron neuron
% : 4% E |
CNS Autonomic Target

ganglion tissue




Sympathetic division:
* The sympathetic

division brings about T = FLaHT <
widespread e i mi;?
responses in many \ErrecTs [ JRESRIE  |Errecs
organs. e qous sy G R A5 Fom AcTion
* The sympathetic
division is dominant i S R v e "
in stressful v, S o o e
situations, which :’ﬁf‘ifm T o
include + sirnsew - ol gronns

v anger, fear, or P | Stommeie
anxiety, as well as
exercise.



For our prehistoric ancestors, stressful situations often involved
the need for intense physical activity- the (fight or flight
response).

The heart rate increases,
vasodilation in skeletal muscles

supplies them with more FIGHT /‘7[?,”

oxygen,

the bronchioles dilate to take in
more air

the liver changes glycogen to
glucose to supply energy.

At the same time digestive
SecrEtionS decrease and H.-l%'ﬂa?ﬁr.gruund. ::‘:;:ﬂi Give way, rntrﬁal.ﬂl'l:::;i-.l

peristalsis slows; these are not ERaa i vy ki
important in a stress situation.

Vasoconstriction in the skin

viscera shunts blood to more
vital organs such as the heart,
muscles, and brain.




* The
parasympathetic
division
dominates in

to promote
normal
functioning of
several organ
systems.

The Parasympathetic Nervous System

lacrimal gland —&;-: ] 5

salivary gland —=5—

hnart;& —— -

lung »—_ﬂg

stomach,

large -
intestine ')\

&,

bladder —q e

reproductive
glands | &

pancreas,
small intestine 33

spinal cord
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Urinary system

Ureter '




Urinary system

 Urinary System is a

group of organs in URINARY SYSTEM
ANATOMY

the body concerned
with filtering out
excess fluid and other
substances from the
bloodstream.

e The substances are
filtered out from the
body in the form of

FOR SAMPLE USE DNLY =2008 TRIALSIGHT MEDICAL MEDA F‘E




is a transparent yellow fluid containing
unwanted wastes mostly excess water, salts, and
nitrogen compounds (In general 95% water and 5%

solutes).

Excretion is the process of eliminating, from an
organism, waste products of metabolism and other
materials that are of no use.




* The kidneys are the most important

excretory organ; they also
accomplish several other functions:

Regulation of plasma ionic
composition such as sodium,
potassium, calcium, magnesium,
chloride, bicarbonate, and
phosphates

Regulation of plasma osmolality

Regulation of plasma volume by
controlling how much water a
person excretes. ..

Regulation of plasma hydrogen ion
concentration (pH) with the lungs
(regulated the acid- base balance)

Removal of metabolic waste
products and foreign substances
from the plasma like nitrogenous
waste (urea, ammonia, creatinine
and uric acid)

Kidnay
(inside
view)

Renal
pelvis

Ureter

Bladder

] d 3 Illl 1 )

I i (14 .
- v
Opening of :

uretar
(ureteral orifice)

Internal
sphincter

External

Urethra :
sphincter

Calyx



Urea comes from combines that ammonia with carbon
dioxide by the liver.

Creatinine comes from the metabolic breakdown of

creatine phosphate (a high-energy phosphate in muscles).
Uric acid comes from the breakdown of nucleotides. Uric

acid is insoluble and too much uric acid in the blood will
build up and form crystals that can collect in the joints and
cause gout.




6. Secretion of hormones like
Renin, it is needed to W e
stimulate the secretion of |
aldosterone by the adrenal
cortex which promotes the
kidneys to reabsorb the !.
(Na+) ions. i

7. The kidneys also secrete /
erythropoietin when the
blood doesn't have the f
capacity to carry oxygen; |
erythropoietin stimulates ]
red blood cell production. | Urinary
Vitamin D from the skinis | i
also activated with help !
from the kidneys. Calcium |
(Ca+) absorption from the !
digestive tract is promoted ™
by vitamin D.

right & 2004 Paarson Education, nc., p



* All vertebrates dispose of excess
water and other wastes by means
of kidneys.

 The kidneys of fish and
amphibians are comparatively

simp
are t

e, while those of 'mammals
ne most complex. Fish and

amp

nibians absorb a great deal of

water and, as a result, must
excrete large quantities of urine in
contrast, the urinary systems of
birds and reptiles are designed to
conserve water; these animals

prod
semi

uce urine that is solid or
solid.

kidneys

||\
1|

wfl.-r-

.9

bladder

cloaca

- ,-'.-. . “'
.rf.- I: K"‘l
/ S Kidneys
I .
|

— ureters —

bladder

urathra

2I:II:IEnfEn cyclopaedia EFr'it-an]'i'uic-al1~ In.



* Kidneys and Their Structure:-

* The kidneys are pair of bean shaped, reddish
brown organs, weights 140- 160 g, they are
covered by the renal capsule, which is a tough
capsule of fibrous connective tissue.

Abdominal Aorta




 Adhering to the surface of
each kidney is two layers
of fat to help cushion
them. There is a concaved
side of the kidney that has
a depression where a

renal artery enters, and a
. RENAL FELVIS ==
renal vein and a ureter ~N H"";_,_

exit the kidney. They are ! s ‘
considered Renal Hulum{ |

retroperitoneal, which
means they lie behind the ‘ ’

peritoneum.




* Each kidney has an indentation called the
hilum on its medial side, at the hilum, the
renal artery enters the kidney, and the renal
vein and ureter emerge, the renal artery
delivers over 1700 liters of blood to the
kidneys each day, which these organs filter
and return to the heart via the renal vein.

Renal Hilum {ﬁg 1 '

—



 There are three major regions of the kidney, renal cortex, renal medulla
and the renal pelvis.

* The outer, granulated layer is the renal cortex; the cortex stretches down in
between a radially striated inner layer.

* The inner radially striated layer is the renal medulla, this contains between
8 and 18 cone- shaped sections known as pyramids called the renal
pyramids, separated by renal columns. The ureters are continuous with the
renal pelvis and are the very center of the kidney.

Renal pyramids _
kidney medulla

-kidney cortex

renal artery
renal vein

renal pelvis

renal capsule

ureter

1997 Wiadsworth Publishing Companyd TP



The Nephron:-

 The nephron is the
structural and
functional unit of
the kidney; each
kidney contains
approximately 1
million nephrons. It
is in the nephrons,
with their
associated blood
vessels, that urine is
formed.

Bowman's
capsule

|
Glomerulus FADAM.



Each nephron has two major

portions:
Bowman's capsule
Gl | € Proximal tubule
e Renal corpuscle MRPSE= Ty; gieioe
from renal g V) A\
artery SN s .
® Renal tUbU,le #::t;ri;lfmerulus :OPUIEE:L
| o van d g
* Each of these major i e
B Ko

parts has  further

Loop of Henle < |
with capillary f
network

subdivisions.




Renal Corpuscle:

* Arenal corpuscle

consists of a W
g|0meru|u S - Glomerulus  (visceral layer)  arteriole
surrounded by a r——"
Bowman’s capsule. '

Granular
B cells

Ascending
limb of
W henle loop

e The is a
capillary network that
. Proximal convoluted  + . Efferent
arises from an tuble s
. Capsular space -
afferent arteriole and Giamenier ——
empties into an qenal corpuscle SR

efferent arteriole.



 The diameter of the efferent arteriole is smaller
than that of the afferent arteriole, which helps
maintain a fairly high blood pressure in the
glomerulus.

Af!‘_'fn:m artericle
resisiance

tEﬁ]:r-r:n: arteriole
resistance

Glomerular
capillanes



 Bowman’s capsule (or glomerular capsule) i1s the expanded end of a

renal tubule; it encloses the glomerulus.

* The inner layer of Bowman’s capsule is made of ; the name

means “foot cells,” and the “feet” of the podocytes are on the surface of

the glomerular capillaries.
Renal Corpuscle and the Filtration Membrane

Glomerular
Efferent capsular space
arteriole

b b | ot - ‘“_}_ Cytoplasmic extensions
artericle - ‘f’ of podocytes
Proximal éﬁit&e% T, Filtration siits = spaces

Glomerular capillary \ fung:;mm between foot processes,
covered by PodocyTes Parletal layer Podocyte IEWI‘-'_I_'ﬂﬁ by very thin siit
(Podocytes are the epithelial cells ©f glomerular cell body
that make up visceral layer of :"PE:“";E;”"PFE
glomerular capsule) EgJFH'EIrUm]

Fenestrations
(a) Renal corpuscle (pores)

Glomerular

capillary endothelium Sy

(podocyte covering “=Fool processes
and basement of podocyte

membrang removed)
(b) Glomerular capillary surrounded by podocytes



* The arrangement of
podocytes creates pores,
spaces between adjacent
“feet,” which make this

layer ve ermeable. _ glomerular
4 b pedicas  capillary

* The space between the \. <«

inner and outer layers of

Bowman’s capsule ‘7~

contains renal filtrate, / -
the fluid that is formed ~ Podocytes

from the blood in the

glomerulus and will

eventually become urine.



Renal Tubule:

 The renal tubule continues from
Bowman’s capsule and consists of
the following parts:

1. Proximal convoluted tubule (in the
renal cortex and contains the
microvilli),

2. Loop of Henle (or loop of the
nephron, in the renal medulla),

3. Distal convoluted tubule (in the
renal cortex).

The distal convoluted tubules from
several' nephrons empty into a
collecting tubule.

e All parts of the renal tubule are
surrounded by peritubular
capillaries

* The peritubular capillaries will
receive the materials reabsorbed by
the .

Bowman’s capsule

Arteriole
from renal
artery

Arteriole
from glomerulus

Branch of
renal vein

© Loop of Henle <
with capillary
network

7 i From
‘/—another
1 _ nephron

— Collecting
- duct




Blood Vessels of the Kidney:-

*  (Renal blood flow about 21% of cardiac output).
*  Blood from the abdominal aorta
* Enters t*e renal artery,

. Smaller arteries.

<

. Afferent arterioles in the renal cortex.

<

*  Glomeruli (capillaries)

<

*  Efferent arterioles
. peritubular capillaries
*  Veins within the kidney

. The renal vein

*  Finally to the inferior vena cava.



The efferent arteriole drains the glomerulus. Between the two
arterioles lies specialized cells called the macula densa.

The juxtaglomerular cells and the macula densa collectively form
the juxtaglomerular apparatus. It is in the juxtaglomerular
apparatus cells that the enzyme renin is formed and stored.

Histology of Juxtaglomerular
Apparatus

Afferent
arteriole

Efferent

B Wy ¥
arteriole Endaothelium

M g
Smooth muscle
cells

Distal convoluted
tubule '
." Juxtaglomerular

' cells
Macula

densa




Ureters:

The ureters are two tubes that drain urine from the Kkidneys to the bladder; each

ureter is a muscular tube about (25 cm) long.
Kidney——"

Muscles in the;y walls of the ureters
Ureter< \

Send the urine in small spurts into the bladder.

\4

After the urine enters the bladder from the ureters, B'ﬁ“ﬁ*“(vﬁ%-

4

4

Small folds in the bladder mucosa act like valves preventing backward flow of the

urine.

4
The outlet of the bladder is ‘flontrolled by a sphincter muscle.
A full bladder stimulates sensory nerves in the bladder wall

\4

Relax the sphincter and allow release of the urine.
Relaxation of the sphincter is also in pa@ a learned response under voluntary control.

The released urine enters the urethra.



Urinary Bladder:

 The urinary bladder is a
hO”OW, muscular and URINARY BLADDER
distensible or elastic
organ that sits on the
pelvic floor (superior to
the prostate in males) Y

* On its anterior border lies s GRS
the pubic symphysis and, =
on its posterior border, |
the vagina (in females)

and rectum (in males). - ‘



* The urinary bladder can hold approximately (500 to
530 ml) of urine; when the bladder fills with urine
(about half full), stretch receptors send nerve
impulses to the spinal cord, which then sends a reflex
nerve impulse back to the sphincter (muscular valve)
at the neck of the bladder, causing it to relax and
allow the flow of urine into the urethra..

Uretir

& > et L F_-.;.E -

Periloneum —— E"h-

! )

Detrusor
muscle e, "

ape
Intarnal urathral 4’\ r.;:- \
sphincler f )

External urethral — |
sphincter

&)



* The Internal urethral
sphincter is involuntary.
The ureters enter the
bladder diagonally horn its
dorsolateral floor in an
area called the trigone.

is a triangular
shaped area on the

4 ' -"'
Openings == 'ﬁ\.,__ AN
-___I I_.‘.-' '-.I

Trigone

. . of ureters
postero- inferior wall of ) Prostate
Internal .
the bladder. The urethra  sehincter N T
exits at the lowest point of External Urogenita
sphincter diaphragm

the triangle of the trigone



The _is a muscular tube
that connects the bladder with
the outside of the body.

The function of the urethra is
to remove urine from the body,
it measures about (3.8 cm) in
the human female and opens in
the vulva between the clitoris
and the vaginal opening.

In the human male, the urethra
is about (20 cm) long and opens
at the end of the penis.

Because the Urethra is so much
shorter in a woman it. makes it
much easier for a woman to get
harmful bacteria in her bladder
this is commonly called a
bladder infection or a UTI.

Distal and Proximal Urethra

Female Male

7——Proximal
. urethra

Proximal urethra— ;
Distal urethra

—Distal
urethra

Testis—

Mons pubis

Urethral
apening
Labia minora —

Vagina




is a collective name for the muscles

used to control the flow of urine

from the urinary bladder; these

muscles surround the urethra, so  misae
that when they contract, the

M,

urethra is closed. =
There are two distinct areas of R |
urine = > __ sphincter
muscle: —— usdles
The internal sphincter, at the el E
bladder neck E_} ~

urethra ™ urethra

opening

The external, or distal, sphincter

Human males have much stronger
sphincter, muscles than females,
meaning that they can retain a large
amount of urine



@’“‘”‘3' convoluted tubule Distal convoluted tu®

* The formation of urine
involves three major o
processes: =~

1. The first is glomerular Bovman's capsue
filtration, which takes place || i
in the renal corpuscles. i

. : %

2. The second and third are > sl )
tubular reabsorption and p—— \J|/_
tubular secretion, which \ (
take place in the renal _ T
tu QUIeS. Urine{;i,orage

and elimination




* Filtration is the process in which blood pressure forces
plasma and dissolved material out of capillaries.

* |n glomerular filtration, blood pressure forces plasma,
dissolved substances, and small proteins out of the
glomeruli and into Bowman’s capsules, this fluid is no
longer plasma but is called renal filtrate.

* The blood cells and larger proteins are too large to be
forced out of the glomeruli, so they remain in the

bIOOd. Blood flow 4

Efferent

Afferent i
arteriole

arteriole
Bowman's Glomerulus
capsule

Proximal
tubule

Filtrate



 The glomerular filtration rate
(GFR) is the amount of renal
filtrate formed by the kidneys
in 1 minute, and averages 10C
to 125 ml per minute (remove
about 19% of blood plasma).

* GFR may be altered if the rate
of blood flows through the
kidney changes.

*»* If blood flow increases, the
GFR increases, and more
filtrate is formed.

*» If blood flow decreases (as
may happen following a
severe hemorrhage), the GFR
decreases, less filtrate is
formed, and urinary output
decreases.




Tubular Reabsorption:

—p= Blood flow

* Tubular reabsorption takes place
from the renal tubules into the = @ glomeruiar fitration
peritubular capillaries (the blood fitratesfthe biood
pressure in the peritubular

capillaries is 15 mmHg).
@Tubu!ar reabsorption

¢ In d 24' hOur pe”Od, the kldneyS Remaves useful solutes
. . from the filtrate, returmns
form 150 to 180 liters of filtrate,  themwo e biod
and normal urinary output in o3

Tubular secretion

that time is 1 to 2 liters. PO ot
Therefore, it becomes apparent  addsthemiothe fitate
that most of the renal filtrate

does not become urine.
e Approximately 99% of the

. . . (3) Water conservation \
filtrate is reabsorbed back into Removes water from the l§:

Renal corpuscle

ST ate

Peritubular
capillaries

Reanal tubula

uring and relums il 1o

the blood in the peritubular blodd; concemnes |
capillaries. Only about 1% of the |
filtrate will enter the renal pelvis

as urine. Urine



 Glomerular filtrate has now been
separated into two forms:
reabsorbed filtrate and non-
reabsorbed filtrate.

1. Non-reabsorbed filtrate is now
known as tubular fluid as it passes
through the collecting duct to be
processed into urine.

* Most reabsorption and secretion
(about 65%) take place in the
proximal convoluted tubules
whose cells have microvilli that
greatly increase their surface
area. Water, Na*, CI~, K*, glucose,
amino acid are reabsorbed in
proximal convoluted tubules
whale other does not reabsorb
like inulin, creatinine .




1. About 20% of filtered Na* and
Cl~, 15% of filtered water and
cations such as K*, Ca?* and Mg?
are reabsorbed in the loop of
Henle.

2. In thin descending limb of loop
of Henle water absorption
occurs passively (because of
hypertonic interstitial fluid) in
this part of loop of Henle. It is
accompanied by diffusion of
sodium ions from interstitial
fluid into tubular lumen.




4. The thick ascending limb
of loop of Henle is
impermeable to water Alorsrt  Eforent
but is involved, in the —— I IR | o

reabsorption of 20 % of ... | 2. Reabsorption
the filtered Na*, and Cl~ owitaries 0)) s

and other cations.

5. The distal convoluted ppeille |
tubules and collecting 2 _
tubules are also (0) capllaree.
important sites for the LAY
reabsorption, _
approximately 7% of the f = vein
filtered NaCl and about l

8-17% of water is Urinary excretion
reabsorbed Excretion = Flliration — Reabsorption + Secretion




e Early distal tubule (initial segment of distal tubule)
reabsorbs Na*, CI- and Ca?*, and is impermeable

to water.

e Late distal tubule and collecting duct have two cell
types (principal cells and intercalated cells) which

perform both reabsorption and secretory functions.

* Sodium chloride reabsorbed into the system

\4

* Increases the osmolality of blood in
comparison to the glomerular filtrate.

4
* Allows water (H20) to pass from the

glomerular filtrate back into the circulatory
system.

ipyrarnids]_.__ 3

Papilla of
medilla

Majar
calyx

Capaule

Madulla

A longitudinal section of the right kidney.



Glucose and various amino acids also are reabsorbed

(Towards the end of the proximal convoluted tubules)

\4

Into the circulatory system,

\4

Nutrients have carrier molecules that claim the glomerular molecule

\4

Release 1t back into the circulatory system.

e If all of the carrier molecules are used up, excess glucose or amino

acids are set free into the urine.



Reabsorption of Water and Salt:

* Direct control of water excretion in the kidneys is exercised by the anti-diuretic

hormone (ADH).

- Posterior lobe of the pituitary gland

4
*  Anti-diuretic hormone (ADH)
4

» Causes the insertion of water channels into the membranes of cells lining

the collecting ducts,

\4

* Allowing water reabsorption to occur.

e Without ADH, little water is reabsorbed in the collecting ducts and

dilute urine is excreted.



There are several factors that
influence the secretion of ADH.

 The first of these happen

* When the blood plasma gets
too concentrated T 3 Hypothalamus s stimulated,

2) Sweating + blood plasma
& stimulates posterior pituitary

‘ (called hemnmncenlratnj:j/:? cl
e Special receptors in the \

hypothalamus release ADH.

¥

* When blood pressure falls

et

* Stretch receptors in the aorta
and carotid arteries

At

e Stimulate ADH secretion to
increase volume of the blood.

\
~¢d 4) ADH secreted

1) Workout
\.‘- L J-

5) ADH acts on kidneys;
v |reabsorb more water

L % 6) *Plasma Volume




How helps maintain normal blood
volume and blood pressure?

* Aldosterone is secreted by the
adrenal cortex in response to a high -
blood potassium level, to a low %ﬁ_fff'"'mw e
blood sodium level, or to a decrease == v o / oumanis

frarespe] .a_-n.|ls.ar~

in blood pressure. o) L

* Aldosterone promotes the excretion \I/'
of potassium ions and the
reabsorption of sodium ions, when /l\
aldosterone stimulates the
reabsorption of Na* ions, water s acas

follows from the filtrate back to the  ==reem
blood.




* The release of
Aldosterone is initiated
by the secretion of
renin the enzyme that
converts
angiotensinogen (a
large plasma protein
produced by the liver) !
into Angiotensin | and
eventually into
Angiotensin Il which
stimulates the adrenal
cortex to produce
aldosterone.

| Angiotensin | _|

Blood
pressure
rises
e

""'\-\.._H‘_ —
Eal'r r&tanﬂnn ]

Angmlanﬁm ! | _|.ﬂ'-|-|:ll::|5temny
4'“" Angiotensin-

comvarting
ENZyme

I

|Angin!eﬁﬁinagan

(2 ..-—-11
<—— Ranin . P 5

Blood
pressure
falls



 The antagonist to aldosterone
is atrial natriuretic peptide
(ANP), which is secreted by
the atria of the heart when
the atrial walls are stretched
by high blood pressure or
greater blood volume. ANP
inhibits the secretion of reni
by the juxtaglomerular
apparatus and the secretion
of the aldosterone by the
adrenal cortex.

* This promotes the excretion
of sodium. When sodium is
excreted so is water. This
causes blood pressure and
volume to decrease.




Tubular Secretion:

 Some substances are removed from
blood through the peritubular Tubular Secretion
capillary network into the distal
convoluted tubule or collecting duct
and K* and H* are secreted in these
segments. This mechanism also
changes the composition of urine.

* |n tubular secretion, substances are
actively secreted from the blood in
the peritubular capillaries into the
filtrate in the renal tubules. Waste
products, such as ammonia and
some creatinine, and the metabolic
products of medications may be
secreted into the filtrate to be
eliminated in urine.




* Hydrogen ions (H*)
may be secreted by
the tubule cells to
help maintain the
normal pH of blood.
Hypernatremia:

* Hypernatremia is an
increase in plasma
sodium levels above
normal.

;‘-? » » » ) .y w» wr wr o’ w) -

T is reserved

HYPERNATREMIA

“"THE MODEL"
(Causes of | serum sodium)

Medications, meals
(too much sodium intake)

E Osmotic diuretics

E Diabetes insipidus

E Excessive H20 loss

Low H20 intake




What is importance of sodium?

1. Sodium is the primary solute in
the extracellular fluid.

2. Sodium levels have a major role in
osmolality regulation.

3. For excitable cells the

electrochemical gradient for o2 Dilutional
sodium across the plasma perima
membrane is critical for life. et can

Pulse

4. \Water retention and an increased f e sp Gy
blood pressure usually are signs
of hypernatremia.

e |f plasma sodium levels are below
normal it is called
Signs of this are low plasma the
volume and hypotension




Diuretics:

A diuretic is any drug that elevates
the rate of bodily urine excretion

(diuresis),
Diuretics also decrease the , i
extracellular fluid (ECF) volume, and i el

are primarily used to produce a
negative extracellular fluid balance.

Caffeine, cranberry juice and alcohol
are all weak diuretics.

In medicine, diuretics are used to
treat heart failure, liver cirrhosis,
hypertension and certain kidney

diseases.

Diuretics alleviate the symptoms of
these diseases by causing Na+ and
water loss through the urine.




* Chemically, diuretics are a
diverse group of
compounds that either

Leuretcs @
stimulate or inhibit various B convts e e
hormones that naturally Vil ) (8 |
occur in the body to 5 |
regulate urine production 17/ %[ || -
by the kidneys. | ']L_’ -/
e Alcohol produces diuresis o S

through modulation of the
vasopressin system.



Diseases of the Kidney:-

Diabetes Affects the Kidney
1. Diabetic nephropathy; Is a @
progressive kidney disease caused aney e
by angiopathy of capillaries in the
kidney glomeruli. It is
characterized by nodular
glomerulosclerosis. It is due to
longstanding diabetes mellitus.

* |n medicine hematuria (or
"haematuria") is the presence of T A——
blood in the urine. It is a sign of a ﬁ R
large number of diseases of the o -
kidneys and the urinary tract, ]
ranging from trivial to lethal.

Healthy
Fi (o

L i i { HITETIND l |
Deatein Protei
1 1 'I | - ' (REEsEn, § Frotein
] ] 15 eakings_ N urin
| i rine: 1
L |
~ |

Microscopic hematuria means blood can be
seen only with a microscope.



2. Kidney stones:

Also known as nephrolithiases,
urolithiases or renal calculi, are solid
accretions (crystals) of dissolved
minerals in urine found inside the

kidneys or ureters. —
They vary in size from as small as a €.
grain of sand to as large as a golf ball. L
Kidney stones typically leave the ﬁ

body in the urine stream; Kidney stones in

If they grow relatively large before e |
passing (on the order of millimeters), ~ ° e e
obstruction of a ureter and distention ﬁg@ﬁ‘g’;/
with urine can cause severe pain

most commonly felt in the flank,
lower abdomen and groin.

Kidney stones are unrelated to
gallstones.



3. Pyelonephritis:

 When an infection of the renal
pelvis and calices, called pyelitis,
spreads to involve the rest of the
kidney as well, the result is
pyelonephritis.

Pyeloncphritis
2 ,

e |t usually results from the spread ‘_,-«‘I w

of fecal bacterium Escherichia coli | \&? '
from the anal region superiorly & —— 8 o
through the urinary tract. In W o B
severe cases, the kidney swells B e AR
and scars, abscesses form, and the
renal pelvis fill with pus.

e Left untreated, the infected
kidney may be severely damaged,
but administration of antibiotics
usually achieves a total cure.



4. Urinary tract infections (UTI’s):

e The second most common
type of bacterial infections
is UTI's. In the hospital
indwelling catheters and UTls @ et

straight Catheterizing o (R G lovpen
- - malaise

prediSpOse the Opportunlty - ;Q!‘" - WBCs & bacteria in urine

. . . | - urinary symptoms similar
for urinary tract infections. _ = B ooysis
Cystitls : |'- Empiric Rx:
(Bladder infection) | P

* |n females there are three “icreased unary frequency ‘ e e g 4, O

- urgency Altemative:

Sta ge S i n | ife t h a t - dysuria (painful urination) Piperaciliin/Tazobactam (Zosyn @)

- pain above the pubic region

predispose urinary tract e hpacteranune | o m m e = Pathogens:
infections that is menarche, e emennuene -
manipulation between ey S0 s ammen)
intercourse, and |

menopause.

Alternatives:

TMP/SMX (if not resistant) ES B L S RﬁXr ,9_?,:9? p?pfim .

nded Spectrum Bela Laclamases — inactivate Pen's,Ceph's & Azlrecnam




5. Glomerulonephritis:

* |nflammation of the glomerular
can be caused by immunologic
abnormalities, drugs or toxins,
vascular disorders, and
systemic diseases.
Glomerulonephritis can be
acute, chronic or progressive.

 Two major changes in the urine
are distinctive of
glomerulonephritis:

 hematuria and proteinuria
with albumin as the major
protein. There is also a
decrease in urine as thereis a
decrease in GFR (glomerular
filtration rate).

i ad i anussulasse (H b | staini b Budana® vl sl missdo JH and £ siain
© ELEEVIER. INC. - NETTERIMAGES .COM



6. Renal Failure:

* Uremia is a syndrome
of renal failure and . Uremia |
includes elevated
blood urea and
creatinine levels.
Acute renal failure can
be reversed if
diagnosed early.

f
« Acute renal failure ( ‘@ -

can be caused by
severe hypotension or \ |
severe glomerular | A
disease.

Ureter

Kidney Failure

|
Bladder
Urethra



Diabetes Insipidus (DI):

This is caused by the deficiency of or
decrease of ADH. The person with (DlI)
has the inability to concentrate their
urine in water restriction, in turn they
will void up' 3 to 20 liters/day.

There are two forms of (DI):

Neurogenic: it is usually caused by Ry
head injury near the hypophysisal Vasopressin
tract. DDAVP

Nephrogenic, In nephrogenic (DI) the
kidneys do not respond to ADH.

Usually the nephrogenic (Dl) is
characterized by: The impairment of
the urine concentrating capability of the
kidney along with concentration of
water. The cause may be a genetic trait,
electrolyte disorder, or side effect of
drugs.

DIABETES INSIPIDUS

Hiamyoh-_ig} o XY
R T

mjury Cranigtomy




Dialysis and Kidney Transplant:-

* Generally, humans can live
normally with just one

kidney. Dialysis is a medical
procedure, performed in
various different forms,
where the blood is filtered
outside of the body. There 4 .
are two types of kidney @ :
transplants: B SR B

solulion solution (with urea
and excess salfs)

* Living donor transplant

e Cadaveric (dead donor)
transplant.



* When a kidney from a living
donor, usually a blood
relative, is transplanted into
the patient's body, the

donor's blood group and

tissue type must be judged __ "’ |

compatible with the
patient's.

* In both cases, the recipient | =

of the new organ needs to

T solullen

take drugs to suppress their
immune system to help
prevent their body from
rejecting the new kidney.




The Urination Reflex:

* Urination may also be
called micturition or
voiding. This reflexisa ||
spinal cord reflex over |
which voluntary contro
may be exerted.

e The stimulus for the reflex

is stretching of the detrusor
muscle of the bladder.

Trigona

Internal urethral sphincler

Internal urethral orifica L
(involurdary)

Urathra

urogenital diaphragm
(voluntary)

Hip bone

(pubis) External urethral sphincter

External urathral orifice

Extarnal urathral sphincter in



 The bladder can hold as much as 800 mL of urine,
or even more, but the reflex is activated long
before the maximum is reached. When urine
volume reaches 200 to 400 ml, the stretching is

sufficient to generate sensory impulses that travel
to the sacral spinal cord.

* Motor impulses return along parasympathetic
nerves to the detrusor muscle, causing
contraction. |




* At the same time, the internal urethral sphincter relaxes.
If the external urethral sphincter is voluntarily relaxed,
urine flows into the urethra, mad the bladder is emptied.
Urination can be prevented by voluntary contraction of
the external urethral sphincter. However, if the bladder
continues to fill and be stretched, voluntary control is
eventually no longer possible.

—_— Ureters
(o . 0
| "\.,:_/‘ l] Uretaral openings
| L |‘---|[J
07 5
| V/ i Frontal A—
o= ( plane Rugae of mucosa
‘ 1 e A
| 4 ]
L1 I |I Paritonaum
Detrusor
muscle
Trigone

Internal urethral sphinctar

Internal urethral orifice L 3
(imveluntary)

Urathra External urethral sphincter in
urogenital diaphragm

Hip bone (voluntary)

{pubis})

Extarnal urathral sphincter

External urathral orifica

Anterior view of frontal section

26.21



The Kidneys and Acid- Base Balance:-

* The kidneys are the organs most
responsible for maintaining the

pH of blood (nhormal 7.35 - 7.45)

and tissue fluid within normal ACID-BASE BALANCING BY THE KIDNEY

ranges. o -~
* They have the greatest ability to £ 1 T o
compensate for the pH changes
that are a normal part of body @ @
metabolism or the result of
necessary corrections. excretion.

+If P, rises, proton secretion becomes dominant and the kidney
excretes acid, raising blood pH.

* Acid- base balance is controlled +If [HCO,), rises, HCO, filtration increases and the kidney excretes
by renal regulation of HC03- and ™" ™™™
H* ions and by pulmonary
excretion of C02.



**If body fluids are becoming too
acidic, the kidneys will secrete
more H* ions into the renal
filtrate and will return more
HCO3" ions to the blood. This
wills help raise the pH of the
blood back to normal.

“*If body fluids are becoming too
alkaline, the kidneys will return
H* ions to the blood and excrete
HCO3 ions in urine. This will
help lower the pH of the blood
back to normal.

ACID-BASE BALANCING BY THE KIDNEY

e LIERN oy
N e [“::::‘ W’

« The response of the kidney to acid-base imbalances is governed by

the relative magnitudes of proton secretion and HEQ, filtraticn
because these two factors affect the rates of acid and alkali

ﬂﬂﬂﬂﬂﬂﬂ "

off PI:,U! rises, profon secrtion becomes dominant and the kidney

excretes acid, rmising blood pH.

« If [HCO], rises, HCO, filtration increases and the kidney excretes

alkali, reducing blood pH.



Digestive system
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Digestive system

 The digestive system: It is referred
to as the gastrointestinal (Gl), can
be divided into the

1. Tubular gastrointestinal (Gl) tract
2. Accessory digestive organs

 The Gl tract is approximately 9 m
long and extends from the mouth
to the anus.

* The organs of the Gl tract include
the mouth, pharynx, esophagus,
stomach, small intestine, and large
intestine.

 The accessory digestive organs are
not part of the tract but secrete . W
substances into it via connecting
ducts, they include the salivary
glands, liver, gallbladder, and
pancreas.




* The functions of the Gl system can be described in terms of the following
four processes:

1. Digestion: this refers to the breakdown of food molecules into their
smaller subunits, which can be absorbed. During digestion, two main
processes occur at the same time.

A. Mechanical digestion: larger pieces of food get broken down into smaller
piece while being prepared for chemical digestion. Mechanical digestion
starts in the mouth and continues into the stomach.

B. Chemical digestion: several different enzymes breakdown
macromolecules into smaller molecule that can be absorbed. Chemical
digestion starts in the mouth and continues into the intestines.

——

Mechanical Enzymatic
digestion digestion

A




2. Secretion: this include both
exocrine and endocrine secretion

A. Exocrine secretions: water,
hydrochloric acid, bicarbonate,
and many digestive enzymes are
secreted into the lumen of the Gl
tract

B. Endocrine secretions: the
stomach and small intestine
secrete a number of hormones
that help to regulate the digestive ..o . -

Substance onto a Surface, Secretes Substance

S St e I I l Usually Through a Duct Into the Bloodstream
52401031 www.fotosearch.com

3. Absorption: this refers to the
passage of digested and products
from the lumen of the Gl tract across
a layer of epithelial cells into the
blood or lymph




4. Motility: this refers to the movement of blood
through the digestive tract through the processes of :

A. Ingestion: taking food into the mouth

B. Mastication: chewing the food and mixing it with
saliva.

C. Deglutition: swallowing food

. Peristalsis: Rhythmic, wavelike contractions that
move food through the Gl tract.

O

Relaxation

Contraction

Orad Caudad

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition,
Copvyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



To achieve these different functions the
following mechanisms are involved:

s L
1. Section of digestive juices
such as saliva, gastric HCI,
Normal

enzymes and b||e. Egﬂphﬂgem A\
Valve

2. Gl tract motility for mixing
with digestive juices and
passage the Gl tract

3. Secretion of Gl tract
hormones.



Layers of the Gl tract

 The Gl tract composed of four layers, each layer has
different tissues and functions. From the inside out they
are:

1. Mucosa: is the inner layer of the Gl tract that surrounding
the lumen. It is composed of simple epithelium cells and
a thin connective tissue. This layer comes in direct
contact with the food and is responsible for absorption
and secretion

ain

Supmucosal plexus

{plexus of Meissner) Mesentary
Arte
Glands in Y
submucosa
Merye

Submucosa

Gland in mucosa

Duect of gland
outside tract \ 2

Lymphatic issue

Myenteric plexus

= i .-. |II e
- -
- ‘kﬁema:
x Areclar connective tissus

Epithelium

Luman

Mucosa:
Epithelium
Lamina propria
Muscularis mucosag

Muscularis:
Circular muscle
Longitudinal muscie



2. Submucosa: consists of a dense irregular layer of
connective tissue with large blood vessel, lymphatic
and nerve branching into mucosa and muscularis.

3. Muscularis: is composed of two layers of muscle an
inner circular and outer longitudinal layer of smooth
muscle. The circular muscle layer prevents the food
from going backwards and the longitudinal layer
shorten the tract (peristalsis).

 The muscularis is responsible for segmental
contractions and peristaltic movement in Gl tract.

Wain

Subrnucosa)l phexus

(plexus of Meaissner) Mesentery
Arte
Glands in Y
submucosa
Mere

Submucosa

Gland in mucosa

Duct of gland
outside tract \

|

J = ‘_ E Myentaeric plexus

Lymphatic lissue —?OZJ ’ A
| = g \Eema:
Lurmen - \x Areclar connectiva tissue
g Epithelium
Mucosa:
Epithelium Muscularis:

Lamina propria
Muscularis mucosas

Circular musgcle
Longitudinal muscie




4. Serosa or adventitia: consists of several
layers of connective tissue and simple
squamous epithelium. This last layer is a
protective layer, it secrets lubricating serous

[ ] Caopyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
fl u |d .  Blood vessel

Nerve A0 B¢ = Gland outside
/,- = gastrointestinal
VNG - tract

Mucosa

Lumen

Submucosa

Myenteric v/
plexus - ~Circular Iaye}
- 29 Muscularis
Submucosal Longitudinal layer
plexus

Gland in Connective tissue layer
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Phases of digestion:

* Oral cavity and esophagus:

 The Gl tract begins with the
mouth, and digestion starts there
with chewing, which breaks up
large pieces of food into smaller SR
particles that can be swallowed. "

« Saliva was secreted by three pairs ™ mi}-/
of salivary glands, they are:

parotid glands s s ———
submandibular glands i @l cas sl \
sublingual glands. .ol cas sal

Saliva, which contains mucus, small intestine ) : -'
moisteRgahdlubricates the food |
particles before swallowing.

* [t also contains the enzyme
amylase, which partially digests
polysaccharides

stomach

* WM E

large intestine



* The next segments of the Gl tract, the
pharynx and esophagus, contribute nothing
to digestion but provide the pathway by which
ingested materials reach the stomach. The
muscles in the walls of these segments control

swallowing.

pharynx

ras

oral :avit;_)

|

| stomach
esophagus

large intestine



Stomach

* The stomach is a saclike organ, Ioc between the esophagus and the
small intestine, it is the most dist Ie part of the Gl tract.

* The stomach is divided into four sectlons:

1. Cardiacregion is where the contents of the esophagus empty into the

stomach PRRRI

2. Fun%luus is formed by the upper curvature of the organ
Bog\u\s the main central region

4. Pylorus is the lower section of the organ that facilitates emptying the
contents into the small intestine

w

Fundus

Longitudinal
layer

{ourter)
Circular
layer - Three layers
{rrmchilles) of smooth
Oblique muscle

layer
{irrerk

Body

Pyloric = =
arifice Pyloric Lessar |
Duodenum | sphincter  curvatune / Eeesee =
i
v/

Greater curvature

Gastric folds



** There are two sphincters keep the
contents of the stomach:

1. Cardiac or esophageal sphincter
dividing the tract above

2. Pyloric sphincter dividing the
stomach from the small intestine.

+¢* The functions of the stomach are :
1. To store food

2. Toinitiate the digestion of
proteins,

3. To kill bacteria with the strong
acidity of gastric juice

4. To move the food into the small
intestine as a pasty material
called chyme, which contains
molecular fragment of proteins
and polysaccharides, droplets of
fat, and salt, water, and various
other small molecules ingested in
the food.

Mormal
Stomach

@09 MiEb0, LLC.



The glands lining the stomach wall are called
gastric glands, these glands contain several
types of cells that secrete different products:

1. Goblet cells secrete mucus
2. Parietal cells secrete hydrochloric acid (HCI)

3. Chief cells secrete pepsinogen, an inactive
form of the protein-digesting enzyme pepsin.

|| }— Gastric pit

Muscularis — "
axtarma Longitudinal

layar

Serosa



Small intestine

* The small intestine is divided
into three segments:

1. short segment (the
duodenum) i WY g
Sl | Tleum

2. jejunum ilal intestine
3. longest segment (the iléum)

* Normally, most of the chyme
entering from the stomach is PHARGR g
digested and absorbed in the
first quarter of the small
intestine, in the duodenum
and jejunum

[ Duodenum —

Jejunum




* Digestions final stage and
most absorption occur in the
small intestine.

* Here molecules of intact or

part|a”y dIgEStEd small intestine /i

carbohydrates, fats, and
proteins are broken down by
hydrolytic enzymes are on the
luminal surface of the
intestinal lining cells, while
others are secreted by the
pancreas and enter the
intestinal lumen




. R csely by | SitéofOcourrénce
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Starch + Hgﬂ -rmaltnse a. Saiivmv amyiase a. Salivary gland a. Mouth
b. Pancreatic amylase | b. Pancreas b. Small intestine
Maltose + H20 — glucose Maltase Intestinal cells Small intestine
Protein + H20 — pepfides a. Pepsin a. Gastric glands a. Stomach
b. Trypsin b. Pancreas. b. Small intestine
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Fats+ Ha0 — glycerol + falty acids | Lipase Pancreas Small intestine _




* The mucosa of the small intestine contain many folds that
are covered with tiny fingerlike projections called villi.

* |nturn, the villi are covered with microscopic projections
called microvilli.

* These structures create a vast surface area through which
nutrients can be absorbed. The products of digestion are
absorbed across the epithelial cells and enter the blood

an d or | m h . Gyl Thes MicOrw-Hll e b, Panissione reegares hr syruacion ue isplay
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e Each villus has a network of capillaries and fine
lymphatic vessels called lacteals close its surface.

* The epithelial cells of the villi transport nutrients from
the lumen of the intestine into these capillaries (amino
acids and carbohydrates) and lacteals (lipids).

 The food that remains undigested and unabsorbed
passes into the large intestine.

Anatomy of Small Intestine
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Large intestine

The large intestine is divided into the:

Cecum _s=Y!
Colon osisdl

Rectum adill
Anal canal z_&

Chyme from the ileum passes into the cecum, which is a blind pouch
containing appendix (open only at one end) at the beginning of the
large intestine.

Rectum




 The large intestine has little or no digestive function,
but it does absorb water and electrolyte from the
remaining chyme.

e Bacteria residing in the intestine, primarily the colon-
collectively referred to as the intestinal microflora,
they ferment undigested nutrient, make gas and
produce significant amount of vitamin K and folic
acid, which are absorbed in the large intestine.

Sigmoid
-~ Colon

Appendix —
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Waste material then passes in
sequence through the:

aelial wsrsx\ .

Ascending colon

S e RO
Transverse colon

. O gl A
Descending colon

: 2hial 6l sl

Sigmoid colon o
Rectum aiwd

S|kt
A Na I Cand I EM ° Anatomy of Large Intestine

Waste material (feces) is excerted through the
anus, the external opining of the anal canal.



, liver, and gallbladder

 The pancreas, liver, and
gallbladder are essential for

: . liver
digestion.

that help digest  gall
proteins, fat and bladder _
carbohydrates. "

2. Liver produces bile that
helps the body absorb fat.

3. Gallbladder stores the bile
until it is needed.

* The enzymes and bile travel
through ducts and into the
small intestine where they
help break down the food.

duodenum




is an elongated
gland located behind the
stomach and in close
association with the duodenum.

The pancreas has both
endocrine and exocrine
functions.

The exocrine portion of the
pancreas secretes digestive

enzymes and a fluid rich in e,
bicarbonate ions. e st
The high acidity of chyme -
coming from the stomach E

would inactive the pancreatic
enzymes in the small intestine if
the acid were not neutralized by
the bicarbonate ions in the
pancreatic fluid.

Fagrs and 'l Nepaic Sucty

Cysiic duct
.,

By

Man pancreabc duct

Uncnale process



Liver

o Th&lgi_’\ﬂ is located under the The Liver
diaphragm on the right side of —

the upper abdomen; it lies on it s N
the right side of the stomach __E___

and makes a kind of bed for the
gallbladder.

fy

* The liver plays a major role in : ——
. =S
metabolism and has a number N
of functions. \v@
* |talso produces and excretes =

bile, which is important in
digestion, it requires for
dissolving fats.



Gallbladder

* The gallbladder is a pear
shaped organ that stores
about 50ml of bile unit the
body needs it for digestion, gﬁ
the gallbladder is dark ) |
green in appearancedueto
its contents (bile), not its | ol 4
t|:<;s u.e. .} l@ |=x
* Bileis stored between |
meals in the gallbladder. At | |
mealtime, it is squeezed |
out of the gallbladder,
through the bile ducts, and
into the intestine to mix
with the fat in food.

Cystic duct

— Common
bile duct
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Neural and endocrine regulation of
the digestive system

Neural and endocrine control mechanisms modify the activity of the
digestive system
Neural regulation

The Gl tract has it is own nervous system, known as the enteric nervous
system, in the form of two nerve networks:

Myenteric plexus, lies between longitudinal and circular muscles
layers

Meissners or submucous plexus, lies in the submucosa.

Serosa
huscularis externa

Iilnsculans interma

Subrnucosa

Myenteric plexus
aubmucous plexus
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In addition, nerve fibers from both the sympathetic and
parasympathetic branches of the autonomic nervous
system enter the intestinal tract and synapse with neurons
in both plexuses:

Parasympathetic nervous stimulate motility and
secretions of the gastrointestinal tract.

Sympathetic nerves the effects to reduce peristalsis and
secretory activity and stimulate the contraction of
sphincter muscles along the Gl tract

Serosa
Ilusculans externa

Musculans mterna

Subrcosa

Myenteric plexus
aubmucous plexus



It should be noted that
not all neural reflexes
are indicated by signals
within the tract.

Myenteric plexus

* The sight or smell of
food and the emotlonal
state of an individual
can have significant
effects on the Gl tract,
effects that are
mediated by the CNS
via autonomic neurons.




Hormonal regulation:

* The major hormones that control
the functions of the Gl system are
produced by endocrine cells in
the mucosa of the stomach and
small intestine.

e One surfaces of each endocrine
cell is exposed to the lumen of
the Gl tract.

e At this surface, various chemical
substances in the chyme
stimulate the cell to release its
hormones from the opposite side
of the cell into the blood.




The main hormones that control digestion and
their effects are summarized in the following
table

Gastrointestinal Harmunes

R
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The Circulgtory System

Capillaries of
head and
forelimbs

Anterior
vena cava

Pulmonary
artery

Capillaries

Capillaries
of right lung

Pulmonary
vein

Right atrium 10 Left atrium

Right ventricle

Posterior
vena cava

Capillaries of
abdominal organs
and hind limbs

I
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The Circulatory System

* The circulatory system consists of a muscular
chambered heart, a network of closed Branching
blood vessels and blood, the fluid which is circulated.
Together, the heart and blood vessels comprise the
cardiovascular system.

LCirculatony Syetem

* Humans have a closed circulatory system; this means  surer . Capibaries il band
A I 4 =" andforokmbs
that the blood is always contained in tubes and :
vessels.

i E, 1“:& m:::-nnn
-I ¥ I-I

; Capillares
{ ol iet lung

2\

Capiitering 5"\.
of right fing

» The circulatory system has the following three main
functions:

1. It transports gases, nutrients, waste materials, and  rumoay— .

[ L]

chemical substances from one part of the body to  mamaun"
Fibght veniricie <}

the other. g

AHITH e

i~ T Puimonary vein
=
" Lal% akrium

- Capillpres ol
abdomingl angars
argl hintl Hmhe

2. ltregulates internal temperature by altering the
blood flow through the skin..

3. It protects against blood loss from injury and against
disease-causing microbes or toxic substances.



The Heart

* The heart is a muscular cone-shaped organ about the size of a closed fist; it
is located in the center of the thorax between the lungs, slightly tilted to the

left.
» The heart wall is composed of three layers of tissue:

Copynght © The Molaw-Hill Companies. ng. Permission reguired for teproductson o display.

1. The Epicardium _ Simple squamous epithelium
2. The Myocardium : i Loose connective

3. The Endocardium. B Jissue and fat

Epicardium
(visceral
pericardium)

Myocardium

Fenheculae Endocardium

carneae



The heart has four chambers:

1. Two relatively small upper Left
chambers called atria Atrium

2. Two larger lower chambers
called ventricles.

Right

Slaae DA e Atrium

 The heart can be thought of as
two pumps sitting side by side.
Vertically dividing the two sides
of the head is a wall, known as
the septum.

* The septum prevents the mixing ‘I}ight ]'
of oxygenated (left side) and entricle
deoxygenated (right side) blood.

2 3 ]_ﬁft
_~ Ventricle

---L_..‘ b b



 The blood pumped by the
right ventricle enters the
pulmonary artery, whereas
the left ventricle pumps
blood into the aorta.

* The deoxygenated blood
pumped into the :
pulmonary artery is passe e NN
on to the lungs from where ¢
the oxygenated blood is = e o
carried by the pulmonary
veins into the left atrium.
This pathway constitutes
the pulmonary circulation.

Pulmonary circulation




e oxygenated blood

entering the aorta is
carried by a network of
arteries, arterioles and
capillaries to the tissues
from where the
deoxygenated blood is
collected by a system,af ,
venules, veins and vena
cava and emptied into
the right atrium. This is
the systemic circulation.

The heart itself is
supplied by blood vessels
that are in the heart
muscle; the movement of
blood through the heart
tissues is called cardiac
circulation.

Systemic Circulation
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Heart-Valves

The heart has four valves inside it. These
valves ensure that blood flows in the correct
direction.

The atria and ventricles are separated from

each other by two valves called
atrioventricular valves.

The atrioventricular valve on the right side
is called the tricuspid valve because it is
made up of three flaps.

The atrioventricular valve on the left side
is called the bicuspid valve (or mitral
valve) because it has only two flaps.

The aorta and pulmonary trunk possess
aortic and pulmonary semilunar valves,
respectively. They so called because of theirn

half-moon shape. The valves in the heart
allows the flow of blood only in one
direction, i.e., from the atria to the
ventricles and from the ventricles to the
pulmonary artery or aorta. These valves
prevent any backward flow.



Cardiac Cycle

The cardiac cycle is the sequence of events in
one heartbeat. In its simplest form, the cardiac
cycle is the simultaneous contraction of both
atria, foll%@g a fraction of a second later by
the simultaneous contraction of both
ventricles.

The Cardiac Cycle

—= BT

A heartbeat has two phases:

Supartor Yaria Cov -~

-~ Pumonary Arery

Phase 1: Systole is the term for contraction.
This occurs when the ventricles contract,
closing the atrioventricular valves and opening
the semilunar valves to pump blood into the bosiouil
two major vessels leaving the heart. D e

and Filling and Enclion

= Paimonary Velni —

-
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Phase 2: Diastole is the term for relaxation.
This occurs when the ventricles relax, allowing
the back pressure of the blood to close the
semilunar valves and opening the
atrioventricular valves.



During each cardiac cycle two prominent sounds are
produced which can be easily heard through a
stethoscope.

The first heart sound (lub) is associated with the closure
of the tricuspid and bicuspid valves

the second heart sound (dub) is associated with the
closure of the semilunar valves.

These sounds are of clinical diagnostic significance. If any
of the valves do not close properly, an extra sound called
heart murmur may be heard.

Diastole systole Diastole




Cardiac Output and Stroke Volume

cardiac output: The amount of
blood pumped by the heart is
often and is measured in
ml/min. Cardiac output is an
indicator of the level of oxygen
delivered to the body.

Two factors contribute to
cardiac output:

heart rate is the number of
heart beats per minute

| 3aa

stro e volume. is the amount of
blood forced out of the heart
with each heartbeat.

To increase cardiac output

Increase stroke volume
or

Increase heart rate
ar
increase both




Cardiac output = heart rate * stroke volume.

The average person has a stroke volume of about 70

ml and a resting heart rate of about 70 beats per
minute.

This means that the cardiac output for a typical adult
at rest is 70 * 70, or 4900 ml/minute.

Recall that the average adult human has about 5 L of
blood in their circulatory system.

W Cikoiec outeun '
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Contraction of the Heart

 Within the heart, a bundle of
specialized muscle tissue, called
the sinoatrial (SA) node, stimulates
the muscle cells to contract and
relax rhythmically. SA e

* The SA node is also referred to as
the pacemaker, because it sets the | v
pace for cardiac activity.

 The SA node is in the wall of the
right atrium, it generates an
electrical signal that spreads over
the two atria and makes them
contract simultaneously.

Conduction
Pathways




As the atria contract, the signal reaches another node,
called the atrioventricular (AV)node,

The AV node transmits the electrical sighal through a
bundle of specialized fibers called the bundle of His.

These fibers relay the signal through two branches of
bundles that divide into fast conducting Purkinje fibers.

The Purkinje fibers initiate the almost simultaneous
contraction of all cells of the right and left ventricles.

Copyright & Th

Sinoatrial
(SA) node

Atrioven-
tricular
(AV) node

Left atrium

Atrioven-
tricular

(AV) bundle Left ventricle

Left and right
bundle branches



* A wave of contraction is initiated by the SA
node, which forces blood from the atria into
the ventricles.

* A subsequent wave of contraction begins at
thgﬁqgex of the heart causing the ventricles to
forcibly expel blood into the pulmonary artery
and the aorta. |

Sinoatrial '
(SA) node 4 ’-ri-"il‘
-

Atrioven-
tricular
(AV) node

Left atrium

Atrioven-
tricular

(AV) bundle Left ventricle

Left and right
bundle branches



The Electrocardiogram (ECG)

The electrical pulses that cause the
heart to beat create small voltage
changes that can be measured by
electrodes placed on the skin of
the chest.

These voltage measurements
produce an electrocardiogram
(ECG) that physicians use to
diagnose the health of the heart.

This type of machine
(electrocardiograph) is used to
obtain an electrocardiogram (EGG).

ECG is a graphical representation of
the electrical activity of the heart
during a cardiac cycle.

. Electrocardiogram




 To obtain a standard ECG, a
patient is connected to the
machine fifth three I |
electrical leads (one to each nn i
wrist and to the left ankle)

that contmuo.u.sly monitor mﬁ y7. s Vv
the heart activity. ) 2 /» e it N
’f \‘3{3 f‘"
* Each peakin the ECG is W
identified with a letter from FADAM

P to T that corresponds to a
specific electrical activity of
the heart.



* The P-wave: represents the depolarization of the atria,
which leads to the contraction of both the atria.

* The QRS complex: represents the depolarization of the
ventricles, which initiates the ventricular contraction. The
contraction starts shortly after Q and marks the beginning
of the systole.

* The T-wave: represents the return of the ventricles from
excited to normal state (repolarization). The end of the T-
wave marks the end of systole.

e e e ey

P = Atrial = Ventricular

Contractmn che]anzatmn
/

QRS = Ventricular
Contraction



Normal activities of the heart are
regulated intrinsically, ie., auto regulated
by specialized muscles (nodal tissue),
hence the heart is called myogenic. ..,

A special neural center in the ?neduﬁa
oblongata can moderate the cardiac
function through autonomic nervous
system (ANS).

Neural signals through the:

Sympathetic nerves (part of ANS) can
increase the rate of heart beat, the
strength of ventricular contraction and
thereby the cardiac output.

Parasympathetic neural signals
(another component of ANS) decrease
the rate of heart beat, speed of
conduction of action potential and
thereby the cardiac output. Adrenal
medullary hormones can also increase
the cardiac output..

Sympathetic chains

Sympathetic ‘k\ﬁ

nerves

Sympathetic
nemveas
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Blood vessels

There are three main types of blood vessels in the human body.
Arteries carry blood away from the heart
veins carry blood toward the heart.

Smaller-diameter arteries are called arterioles,

smaller-diameter veins are called venules,

A network of capillaries joins the arteries and arterioles with venules and
veins.

The one-cell-thick capillaries are the sites where gases, nutrients, and other

materials are transferred from blood to tissue cells and from tissue cells to
blood

Arteriole “enule

“ein

Artery capillaries Tissue cells



Artery versus Vein

The wall of the artery is thicker.
The lumen of the artery is much narrower.
Arteries do not have valves along their length, veins do.

Blood flows away from the heart in arteries; blood flows towards the
heart in veins.

Blood pressure in arteries is higher and so also the speed of blood flow.
Pulsed flow in an artery, steady flow in a vein.

Bazement
membrang yalwe. 9

Endotheliurm

Tunica intima
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membrane

Tunica media
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Capillaries

Capillaries are the link between
arteries and veins - where
exchange with tissues occurs, the
capillary wall is one cell thick and
somewhat porous — ideal to
allow materials to pass in and
out.

All tissue cells very close to K
capillary so exchange is very j ,

Ay

efficient.

Exchange at the capillariesis by £~
diffusion, mass flow and active y
transport.

Blood flow in capillaries is slow
giving enough time for effective
exchange.

Capillary




Blood and Its Components

* An average adult human has about 5
liters of blood moving continuously
through the circulatory system.
Blood consists of two distinct
elements:

1. The fluid portion, called plasma,
consists of water plus dissolved
gases, proteins, sugars, vitamins,
minerals, and waste products.
Plasma makes up about 55% of the
blood volume.

2. The solid portion of the blood
consists of red blood cells, white
blood cells, and platelets. These
cells and platelets are produced in
the bone marrow. The. solid
portion makes up the other 45% of
the blood volume.




* Plasmais a clear, yellowish fluid Normal
composed of about 92% water and
7% dissolved blood proteins. The
remaining 1% percent of plasma
Consists of other organic substances
and inorganic ions such as sodium,
potassium, chloride, and Plasma »
bicarbonate.

 The main proteins in blood are
albumin, globulins, and fibrinogen.
Other substances transported by the
blood include nutrients (glucose,
fatty acids, and vitamins), Erythrocytes
respiratory gases (02and C02), and
the waste products of metabolism.

Buffy coat




RBCs WBCs

Physical features  pgcs are bi-concave disc shaped, and

WBCs are irregular in shape, but have a

have no nucleus. size is roughly nucleus and an outer buffer coat.
approximately 6-8 um

Life span 120 days. 4-30 days depending on body
Types There is only one type of RBCs found There are various types of WBCs with
in the blood. distinct functions in the

blood:neutrophils, T lymphocytes, B
lymphocytes (plasma cell) monocytes
(macrophage), eosinophils, basophils.

Circulatory Cardiovascular system Cardiovascular and lymphatic systems.
system
Functions Supplies oxygen to different parts of Producing antibodies to develop
the body and carries carbon dioxide immunity against infections. Some are
and other waste products. phagocytic
Production Produced in red bone marrow. Produced in lymph nodes, spleen, etc.
Movement they move in blood vessels they leave the blood vessels and move
eventually squeezing through to the injury site. Capable of diapedesis-

capillaries giving O2 and nutrients to squeeze between cells of blood vessel
body cells. walls to exit circulation.

Nuclei RBC do not have nuclei in humans WBC have nuclei in humans



Platelets and Their Functions

Platelets (also called
thrombocytes) are the third major

substance in the solid portion of
the blood.

Platelets are membrane-bound
fragments of cells that form when
larger cells in the bone marrow
break apart.

Platelets do not contain nuclei and
they breakdown in the blood
within 7 to 10 days after they have
formed.

Platelets play a key role in clotting
blood, which prevents excessive
blood loss after an injury.

Blood vessel

3
White blood cell /f

Red blood cell — /

Platelet
virtualmedicalcentre.com



Blood Pressure

As blood passes through the vessels in the
body, it exerts pressure against the vessel
walls. This, is called blood pressure.

Changes in blood pressure correspond to the
phases of the heartbeat. When the
ventricles contract and force blood into the
pulmonary arteries and the aorta, the
pressure increases in these vessels.

The maximum pressure during the
Ventricular contraction is called systolic
pressure. The phase during which this
occurs is called systole.

The ventricles then relax and the pressure in
the pulmonary arteries and the aorta drops.

The lowest pressure before the ventricles
contract is called the diastolic pressure. The
phase during which this occurs is called
diastole.




* A blood pressure reading shows how
much pressure the blood exerts
against the vessel walls and indicates
the condition of the heart and
arteries.

* Blood pressure is usually measured at
an artery in the arm, using a device
called a sphygmomanometer.

* The systolic pressure is presented over
the diastolic pressure in the form of a
fraction. The blood pressure of an
average healthy young person is
below 120 mmHg over 80 mmHg, or
120/80 (systolic/diastolic).
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Blood pressure is affected by:

Genetics

Activity

Stress

Body temperature
Diet

Medications

However, continuous high blood pressure, also called
hypertension, causes the heart to work harder for
extended periods of time. This can cause damgggdg%‘
arteries and increases the risk of he'aff’éttack, stroke, and
kidney failure.



Blood Group

e Various types of grouping of blood
have been done. Two such groupings,
the ABO and Rh, are widely used all

over the world.

 ABO grouping is based on the

presence or absence of two surface /
antigens (chemicals that can induce
immune response) on the RBCs
namely A and B. Similarly, the plasma
of different individuals contains two
natural antibodies (proteins produced \
in response to antigens).

* During blood transfusion, any blood
cannot be used; the blood of a donor
has to be carefully matched with the
blood of a recipient before any blood
transfusion to avoid severe problems
of dumping (destruction of RBC).

N

4




Rh grouping is based on the
another antigen, the Rh antigen
similar to one present in Rhesus
monkeys (hence Rh), is also
observed on the surface of RBCs of
majority (nearly 80 percent) of
humans.

Such individuals are called Rh
positive (Rh+ve) and those in whom 'eFPnanticen

this antigen is absent are called Rh
negative (Rh-ve).
An Rh-ve person, if exposed to

Rh+ve blood, will form specific
antibodies against the Rh antigens. Ph-ve
Therefore, Rh group should also be  redblood cel
matched before transfusions.

A special case of Rh incompatibility
(mismatching) has been observed e s
between the Rh-ve blood of a

pregnant mother with Rh+ve blood

of the fetus.

P antigen

red blood cel

Ph anfibody



* Rh antigens of the fetus do not get exposed to the Rh-ve
blood of the mother in the first pregnancy as the two
bloods are well separated by the placenta. However, during
the delivery of the first child, there is a possibility of
exposure of the maternal blood to small amounts of the
Rh+ve blood from the fetus, in such cases, the mother
starts preparing antibodies against Rh antigen in her blood.

Rh negative
blood cell

Antibody

RH positive
blood cell




* |In case of her subsequent pregnancies, the Rh
antibodies from the mother (Rh-ve ) can leak into the
blood of the fetus (Rh+ve) and destroy the fetal RBCs.
This could be fatal to the fetus or could cause severe
anemia and jaundice to The baby. This condition is
called erythroblastosis fetalis.

* This can be avoided by administering anti-Rh
antibodies to the mother immediately after the
delivery of the first child.
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Muscle Physiology
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Muscle tissue:

is composed of specialized
cells (fibers) that respond to stimulation
from the nervous system by undergoing
internal changes that cause them to BloGH yemael:
S h O rte n. Perimysium

As muscle tissue shortens, it exerts
physical forces on other tissues and orga
to produce movement; these movement

Epimysium

" Fascicle

P

include voluntary motion of body parts, | - §y  (wreppedby
blood circulation, respiratory activities, | 4 t
propulsion of materials along the \ Y Endomysium
digestive tract and waste elimination. \ 7 / fibers)

—— Tendon
In muscle tissue, muscle cells or fibers Bone
usually are grouped into bundles, and ha |
a rich network of blood capillaries to

provide food and oxygen and to eliminate
toxic waste products.
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The blood vessels are carried in
fibroconnective tissue, which also serves
to bind together the muscle fibers. The
three histological types of muscle in the
body are skeletal muscle, cardiac muscle,
and smooth muscle. Skeletal muscle

They vary in
appearance.
Location.

Physiology.

Internal organization.
Means of control by the nervous systém.

Smooth muscle

Cardiac muscle

Regular transverse bands along the length
of the fibers are present in striated muscle
and absent in smooth muscle.
Functionally, muscle either is under the
control of the will (voluntary muscle) or is
not (inveluntary muscle)




Skeletal muscle tissue:

Is composed of long, cylindrical
muscle cells, called muscle fibers,

the individual skeletal muscle
fibers or cells are striated in both
longitudinal and transverse
directions and vary from 1 to
40mm in length and 10 to 100
microns, in diameters,

multinucleated; some contain
hundreds of nuclei.

The nuclei are ovoid, and located
at the edge of the cell (called the
periphery), adjacent to the
sareolemma.

Skeletal muscle is described as
striated and voluntary




* Under the light microscope,
the cells of skeletal muscle
exhibit alternating light and
dark bands, termed
striation, that reflects the
overlapping pattern of
parallel thick and thin prae il
contractile protein filaments F = &
inside the cell. s

e Additionally, skeletal muscle
is considered voluntary
because it usually dose not
contract unless stimulated
by the somatic (voluntary)
nervous system




 The power of a muscle is dependent not upon the
length of the component muscle fibers but upon
the total number of fibers found present in the
muscle.

e With exercise muscles increase in size is due to an
increase in size of each individual fiber
(hypertrophy) not to an increase in number of
fibers (hyperplasia). Striated muscle contracts
more rapidly than smooth  seeue s scesise
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Myofibrils and myofilaments

* The sarcoplasm of a skeletal fiber contains hundreds to
thousands.of long, cylindrical structures termed myofibrils.
Each myofibril is about 1-2 micrometers in diameter and
extends the length of the entire muscle fiber.

* During contraction, the myofibrils shorten as their
component proteins change position. Because myofibrils
are attached to the ends of the muscle fiber, the shortening
of the myofibrils during a contraction causes the fiber to
shorten.

e Myofibrils consist of bundles of short myofilaments.
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Thin and thick filaments

Thin filament Thick filament

About 5-6 nm

Composed of 2 strand of protein actin
twisted around each other form helical
shape

In helical strand many small spherical
molecules as long filament resembling
string of beads

Have tow regulatory protein tropomyosin
resemble short thinner twisted filament
cover small section of actin strand
While troponin tow function, attaching
actin to anchor the troponin in place and
attach tropomyocin to hold it in place
over the surface of the actin

About 11 nm

Bundle of protein myocin consist of two
strand : free globular head and attached
elongated tail

Myocin head are referred as crossbridges

Myocin head are referred to crossbridge
because during contraction they bind
thick filament to thin filament thus
forming bridge between them



 Myosin heads are also referred to as
crossbridges because during a contraction
they bind thick filaments to thin filaments,
thus forming a "bridge" between them.
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Myofibrils and striation:

* As mentioned previously, skeletal muscle has striation. This
striated appearance is due to size and density differences
between thick and thin filaments. Under the light

microscope, tow differently shaded bands are observed.
Z line Sarcomere

‘ M line ‘

Thin filament Thick filament

Myofibril



 The dark bands, called A bands, and the light
bands, called | bands, (the designation A band and
| band are derived: from Anisotropic and Isotropic).
Anisotropic means the area appears dark when
viewed under polarized light, whereas Isotropic

means the area appears light when viewed under
polarized light.




The dark A bands contain the entire thick
filament. At either end of a thick filament is a
region where thin filaments extend into the A
band between the stacked thick filaments. The
light | bands, contain thin filaments only. An |

band is lighter than an A band because only the
thin filaments occupy this region.




Within both the A bands and | bands, other important
structures can be clearly observed using an electron
microscope:

* The H zone is a light, central region in the A band.
It is lighter shaded because only thick filaments
are present; that is, there are no thin filaments in
H zone in a relaxed muscle fiber. At maximal
contraction, the thin filaments are pulled into this
zone, and the H Zone disappears.
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 The M line is a thin protein meshwork structure
in the center of the H zone of a relaxed fiber. It
serves as an attachment site for the thick
filaments and keeps the thick filaments aligned
during contraction and relaxation events.
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 The Z disc (also called the Z line) is a thin
protein structure in the center of | band that
serves as an attachment site for thin filament
ends. Although the Z disc is circular, when
viewed "head-on", only the edge of the circle
is visible, so it sometimes looks like a line.
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* Connectins are Z disc proteins that anchor and
interconnect the thin filament ends at either end
of a sarcomere. Additionally, elastic proteins
called titin attach thin filaments, thick filaments,
and M line proteins to the Z disc to maintain their

organization and order.
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Contraction of skeletal muscle fibers:

* A contracting muscle fiber typically shortens in length
and exerts tension on the portion of the skeleton
where it is attached. The thick and thin protein
filaments in sarcomeres interact to cause muscle
contraction. The mechanism for contraction is
explained by the sliding filament theory.
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The sliding filament theory:

* According to the sliding filament theory, when a
muscle contracts, thick and thin filaments slide
past each other, and the sarcomere shortens
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* The following changes occur within a
sarcomere during contraction:

1. The width of the A band remains constant,
but the H zone disappears.

2. The Z discs in one sarcomere move closer
together.

3. The sarcomere narrows.
4. The | bands narrows.



e Thick and thin filaments maintain their same
length, whether the muscle is relaxed or
contracted. However, during muscle contraction,
the relative position between the thick and thin
filaments changed markedly.




* Muscle contraction begins
when a nerve impulse
stimulates an impulse in a
mUSC|e flbe r Neuromuscular Junction

* Each muscle fiber is controlled
by one motor neuron. |

 The motor neuron transmits
the effect of a nerve impulse
to the muscle fiber at a
neuromuscular junction, the
point where a motor neuron
meets a skeletal muscle fiber




The neuromuscular junction has the
following components

1. The synaptic knob of the
neuron is an expanded tip of
an axon. A nerve impulse
travels through the. axon to
the synaptic knob.

_f:. .60 sarcolemma
at mator and

2. The synaptic knob cytoplasm = ._T,:___.?__#_ Jioi - piso

houses numerous synaptic - Se= [ T
vesicles (small membrane *®.__ . .

sacs) filled with molecules of

the neurotransmitter

acetylcholine (ACh).




The motor end plate is a
specialized region of
sarcolemma. It has folds and
indentations to increase the
membrane surface area
covered by the synaptic knob.

The synaptic cleft is a narrow
space separating the synaptic
knob and the motor end plate. - T—_

ACh receptors in the motor end - )&
plate act like doors that e PEF

Synaptic end Bulb

normally are closed. AChisthe .=~ = . i
only "key" to open these NI T \/
receptor doors. MitorEnd Plte

The enzyme

acetylcholinesterase (AChE)
resides in the synaptic cleft and
breaks down molecules of ACh.



Physiology of muscle contraction:

* The arrival of a nerve | G ErES
impulse 'at the synaptic e
knob causes synaptic

vesicles to release ACh
into the synaptic cleft
(figure 10.9).

 ACh attaches to =R —0% 320 1
receptors in the motor  comsmmees oo
end plate' ThIS CausSes ’*”" e -
the receptors to open,
allowing sodium (Na+) e
ions to enter the i
muscle fiber.
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* This ion movement changes the voltage (potential) across the .
sarcolemma, and a muscle impulse is initiated. The muscle impulse

travels along the sarcolemma and into the muscle fiber by the T-
tubules.

 The muscle impulse continues to spread throughout the muscle fiber as
long as ACh keeps the receptors open. Usually ACh is quickly broken
down and removed from the receptor by acetylcholinesterase.
Action
potential Presynaptic

Neuromuscular Junction i i e—
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Interaction between the T-tubules

e Recal
iImpu

and terminal cisternae:

that T-tubules distribute the muscle
se through the inside of the muscle fiber,

and t

ney are sandwiched by terminal cisternae,

which are reservoirs storing the calcium ions
required for muscle contraction.
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* Spread of a muscle impulse along the T-tubule
membrane causes calcium ions to leak out of the
terminal cisternae into the sarcoplasm of the
muscle fiber. These calcium ions diffuse
throughout the sarcoplasm and attach to the
troponin In the thin filaments.

Troponin C

Troponin T

Tropomyosin



Interaction between thick and thin
filaments:

e As the calcium ion concentration rises in the sarcoplasm, some
calcium ions bind to one troponin molecules subunit, causing
the troponin to change conformation.

* Recall that troponin molecules are attached to tropomyosin.
When the fiber is at rest, the tropomyosin molecules block
active sites for myosin on the actin. Thus, the thick filaments
are unable to attach to thin filaments.

Interaction of Thick and
Thin Filaments




* So as troponin changes shape, the tropomyosin is
moved away from the active sites on actin
molecules.

* Contraction of muscle fiber requires that the
myosin heads in the thick filament bind to active
site on actin molecules within the thin filaments.

Thin filament
Thick filament

M line
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Mechanism of sliding

After Myocin heads bind to thin filaments myofilament sliding begins

Crossbridges Myocin head pivot toward the
isor vowon form center of sarcomere

|

The actin pulls
thin filament
toward

siiiccionansn sarcomere center

Synaptic cleft /

Invaginations of

the sarcolemma

at motor end plate

Axonal terminal of

(a) a motor neuron

Synaptic vesicles
containing acetylcholine

T tubule

Z disk move closer
partofa together

Copyright © 2005 Pearson ion, Inc.,

When myocin head complete pivoting the
crossbridge detaches and returns to its original
ready to repeat cycle



The Lymphatic System
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The Lymphatic System

 Water and plasma are forced from the capillaries into intracellular
spaces; this interstitial fluid transports materials between the cells.
Most of this fluid is collected in the capillaries of a secondary system
which is called the lymphatic system.

The lymphatic system consists of:

1. Fluid (lymph).

2. Lymphatic vessels that transport the lymph.
3. Lymphatic organs.

Interstitial fluid

Adenoid
Tonsil \ ¢

Lymph nodes Thoracic duct, Lymph node
Right lymphatic entering vein _ / /
duct, enterlng Masses of
vein lymphocytes and

_ 7|} macrophages

Thymus n.k. i % ._._

Thoracic N | P Valve

duct——771F A il , ' = _ Lymphatic vessel

-' X A L AN Blood capillary
/i Tissue cells
b =l

Appendix

|
Bone \ A X
% Lymphatic

marrow

B vessels
Lymphatic
capillary



The lymphatic system has three basic
functions:

1. Removal of excess fluids from body tissues and its
return to the bloodstream.

2. Absorption of fatty acids and subsequent
transport to the blood.

3. Formation of white blood cells, and initiation of
immunity through the formation of antibodies.




Lymphatic Vessels and Ducts

 The lymphatic vessels are similar in structure to the
cardiovascular veins, meaning they also have valves.

e They are dependent upon:
1. The contraction of skeletal muscle.

2. Respiratory movements and valves that do not allow
backward flow.
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The vessels merge before entering one of
two ducts:-

Thoracic duct: This
duct serves the Lymphatic Ducts
ademen, |Ower Right Lymphatic Duct m = a\

empties at junction of <\

extremities and the  ront nemaijuguiar
anda rignt supciavian

left side of the upper ‘er-
body.

Right lymphatic

duct: This duct serves

all of the right side of

the upper body and
thoracic area.

"¢~ Thoracic Duct - empties
. into junction of left
internal jugular and left
subclavian veins

= — Cisterna Chyli—
most inferior part
of thoracic duct



Lymphatic Organs

* Lymphatic orga

ns are

subdivided into:
* The primary lymphatic

organs are the

red bone

marrow and the thymus.

* Function: They
production anc
lymphocytes, t

are the site of
maturation of
ne type of

white blood ce

| that carries

out the most important work

of the immune

system.
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The secondary lymphatic organs

* Include the lymph ’"“\,

| | = Adenoids
nodes splieen, tonsi S, lr;’ S Tonsils

Peyer's patches, and i

the appendix. | Lymph nodes
* Function: They also J/_:,}‘ 1"-;4*}_\: Spleen
play an important role = l(\l" Peyer's patches
in the immune system _,r ‘g \ ‘ Appendix
as they are places a1 B Lymph nodes

where lymphocytes \ \D)
find and bind with
antigens.

Secondary Organs I



Red Bone Marrow

* |tis soft, spongy, nutrient rich tissue in the cavities
of certain long bones.

 Function:

1. Is the organ that is the site of blood cell
production.

2. Is the site of maturation of B lymphocytes.

Hematopoietic ‘. Red blood
stem cells (HSCs) .. cells
- Y e": /
i K L.
Red i ) 4 5 -
bone marrow | _— \A j White blood
: = 4B cells
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Thymus Gland

It is a soft organ with two lobes
that is located in the upper
thoracic cavity posterior to the
sternum.

It is divided into: an outer cortex
and an inner medulla.

It is an organ that is more active
in children, and shrinks as we get
older.

T- lymphocytes mature in the
thymus.

the thymus gland produces a
hormone, thymosin which
thought to aid in the maturation
of T- lymphocytes.

The Thymus

b Cortex



Lymph nodes

* The lymph nodes are
small oval shaped
structures located along
the lymphatic vessels.

* Function: They act as
filters, with an internal
connective tissue filled
with lymphocytes that
collect and destroy
bacteria and viruses.

* They concentrated in the
neck, armpit, groin, and
abdominal cavity.

Collarbone
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The spleen

* |tis the largest of the lymphatic
organs and lies in the left part of the
abdominal cavity between the

stomach and the diaphragm. Sl

* [tis divided into two partial
compartments:

1. White pulp contains lymphocytes.
2. Red pulp contains venous sinuses.

* Function: When blood enters the
spleen and flows through the sinuses
for filtration, lymphocytes react to
pathogens; macrophages engulf
debris and remove old, worn out red
blood cells.

Splenic artery—— ; 'Z_-'-;'.""-- i) G

= k A ; o - .:-,‘- .4.
Splenic vein———! -‘ < 3

Artery of pulp
White pulp
Venous sinus

Red pulp > Capillary
Connective
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Tonsils

* Are a group of small rounded organs in the
pharynx.

* They are filled with lymphocytes, macrophages,
and macrophage-like cells.

* Function: Their lymphocytes respond to microbes

that arrive by way of ingested food as well as
inspired air.

\

' — Pharyngeal

\/ tonsil

- Palatine —.
tonsil

“— Lingual —
tonsil




Peyer’s patches

* Are lymphoid tissues found in the wall of the
small intestine, although they’re more

concentrated in the ileum.
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Appendix
* |ts extends from the inferior end of the large
intestine’s cecum.

 The sub-mucosa of the appendix contains many
masses of lymphoid tissue.

* The presence of lymphoid tissue suggests that
the appendix my play a role in immune system.




