Nervous
oystem

DO NOT get nervous




* There are two systems that control homeostasis:
* 1. Hormonal system
« 2. Nervous system
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Nervous system

« Communication system of body
* Only animals have nervous systems, not plants
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Neurons

 Nevurons are specialized cells of nervous system.
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Nervous system

 Event
 Receptor-Sense
« Signal
 Neurons
 Effector organs
 Response
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Nervous system

 The nervous system connects the receptors to the
effectors, evaluates messages and transmits a
suitable signal

® Dr. Banan Dabdoub 04



Stages of nervous system

« Reception
* Transmission
* |nferpretation
(translation)
 And response
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Structure of Neurons

« Dendrites
« Cell body
e AXON

® Dr. Banan Dabdoub
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A nerve cell is composed of following components:

/ Dendrites

Myelin sheath

i Axon
. Terminals
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Dendrites

« They are short, thin projections extending from the
cell body.

« Their functionis to receive information from other
neurons.

_-Dendrites

® Dr. Banan Dabdoub e10



Cell body

« Largest part of neurons
« Cell body contains nucleus of the cell

Dendrite Axon
terminal
button

Soma (cell body)

Myelin sheath

@ 2000 John Wilay & Sons, Inc
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AXOn

Same to dendrite

But it is single and long and thick.
Length varies

Axon of giraffe is 3 meters

Axon of mouse is about 10-15 cm

® Dr. Banan Dabdoub



Structure of an axon

\ | Nodeof Ranvier

Layers of myelin
Axon

eell
Schwann

@( /ﬁ )
\ s
RO

Nodesof

Myeli R Nucleus of
n sheath nvier

Schwann cell

« Schwann cells: surround axons and protects them

* Myelin layer: insulating material, contains neuroglial
cell membrane

 Nodes of Ranvier: accelerate the speed of impulse
transmission.
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Cell body,

Soma
Endoplasmic reticulurm
MuCleus
. Mucleolus
' «——— Synaptic endings

DNA —a = B

~«— Golgi apparatus 14
Schwann cell

Diendrite sheath around

\\\ ‘ ) le— Axon hillock F=0N

Lipofuchsin \
AxOn ! "//f

Mhyelin sheath
Mode of Ranvier

achwann cell nucleus

= —= ._:".-' - i
Muscle cell nucleusf_Tr____; s T ML

«— pitochondrion

Feuromuscular junction
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Myelination of
a peripheral axon

Myelin sheath 2

 Schwann Caell
o Galial cells wrap around the axons of

cell membrane of

n erves {P N S} Schwann cell

containing myelin
forms myelin
o a fatty sheath
o whitish in color
o acts as an electrical insulator
o increase the speed and efficiency at which nerve impulses

Schwann cell

may be transmitted

15
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http://en.wikipedia.org/wiki/Image:Myelinated_neuron.jpg

Classification of Neurons

* 1. According to morphology (structure)
2. According to function

Structural classification

* Unipolar neuron: only one short projection extends
from the cell body.

« Bipolar neuron: two parallel projections extend from
the cell body. One is axon, the other is dendrite.

* Multipolar neuron: more than two projections
extend. Generally only one axon is present.

® Dr. Banan Dabdoub ®16
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Functional classification

« Sensory neurons: fransmit stimuli from sensory organs
to the CNS. They are unipolar or bipolar.

* Inter neurons: are commonly found in the CNS and
inferconnect sensory and motor neurons. Main
function is intferpretation (explaining) of information.
They are multipolar in structure.

 Motor neurons: fransmit the information from CNS to
the muscles or glands. They are also multipolar in
structure.

® Dr. Banan Dabdoub 18



Dendrite

, Dendrites
Cell body
Dendrites =

Axon

Cell body

Cell body

Axon
Axon
Axon
Axon Axon terminal
terminal /_ terminal
A Motor neuron B Interneuron C Sensory neuron
Multipolar R Different kinds of neurons
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Transmission of impulse

* Nerve impulses are electrical signals produced by
plasma membrane of a neuron.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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® Dr. Banan -Dabdoub e 20



Impulses are unidirectional.
From dendrites to axons.

dendrites
® Dr. Banan Dabdoub e2]



Threshold level

« The impulse is A

generated R IEIE Peak SRR
if the voltage reaches ¢ %
a certain critical poinf,  §  of <« - .. : E— S. v
called threshold level. § %jﬁ

é Threshold

. |f signalis lower than - '””“’“O“SW
threshold level, no i —

impulse 0 T o Zeg® % B

_Tin,w’e (ms)_ ]
iS genero’red. ThiS iS colled Schematic” Action Potential
all-or-non law.
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Generation of nerve impulses

* Neurofransmitter is generated by o
change in the degree of polarization
IN the neurofransmitter membrane, o
change in the electrical potential on
both sides of the membrane called

Resting Potential.

® Dr. Banan Dabdoub



Factors that generate
Resting Potential

1. The difference in the degree of cell membrane
exudes of some important ions ... is highly tolerant
of potassium (K*) ions and is very low for sodium
(Na*) and chlorine ions (CL").

2. The concentration of potassium ions is different in
and out of the cell, since its concentration inside is
greater than its concentration outside about 10
times.

3. The presence of negative organic ions in the cell
with large size can not pass through the cell
memlbrane such as proteins and organic acids.

® Dr. Banan Dabdoub ®24



Generation of an impulse

 There are three phases:
1. Polarization

2. Depolarization

3. And repolarization

Nerve impulse
« Starter activity

« Explain the role of the ‘nodes of ranvier’

Path of a Nerve Impulse

® Dr. Banan Dabdoub ® 25



1. Polarization

* |In aresting nerve, the outside of axon is positively
charged, and inside is negatively charged. This
situation is called polarization.

S 0T

E o

5 -w-

- _,o:

= 10

2 « Nat e Axon membrone
s ! .
c

E .........................
0

E

@ | hreoithrd ey SEXE., JERORTH SR are M i e
=

® Dr. Banan Dabdoub 026
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2. Depolarization

« A stimulus that reaches the threshold level opens
the Na gates first.

« Na goes inside the axon.
« This is depolarization.

ne Potential (mV)

mbra

® Dr. Banan Dabdoub e 28



Action potential
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3. Repolarization

« Then, Na gates are closed
and K gates are open.

« K goes out of the cell,
so the action potential returns
to the resting po’ren’riol
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Stimulus

action refractory

50 — potential period
S i E |
E depolarization —| \|<— repolarization
s 0+ i i i
—
c : | :
8 : | |
o . | :
@ (—threshold potential i :
© i S A . resting potential
_g ________ ¢ N | ) )
T t_ . _ : | |
= resting potential E E Lhyperpolarization
-100 T T O R i
0 1 2 3 4 5 6 7
Time (milliseconds)

Action Potential in a Neuron
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The Synapses

* In the nervous system,
a synapse is a .
structure that permits
a neuron to pass an
electrical or chemical
signal to
another cell (heural
or otherwise).

® Dr. Banan Dabdoub @32



1. Presynaptic cell: the neuron that carries the impulse
to the synapse.

2. Postsynaptic cell: the cell that receives impulse, and
It is located after the signal.

3. Synaptic cleft: a little gap between 1 & 2

* Nevurofransmitters are chemicals that fransmit signals
from a neuron to a target cell across a synapse.

® Dr. Banan Dabdoub @ 33



Synapses System

When an action potential, or nerve impulse, arrives at
the axon tferminal, it activates voltage-gated calcium
channels in the cell membrane. Ca*? which is present at
a much higher concenitration outside the neuron than
inside, rushes info the cell. The Ca*2allows synapftic
vesicles to fuse with the axon terminal membrane,
releasing neurotransmitter intfo the synaptic cleft.

The molecules of neurotransmitter diffuse across the
synapftic cleft and bind to receptor proteins on the
postsynapftic cell. Activation of postsynapftic receptors
leads to the opening or closing of ion channels in the
cell membrane. This may be depolarizing make the
inside of the cell more positive or hyperpolarizing make
the inside of the cell more negative depending on the

lons involved.
® Dr. Banan Dabdoub ® 34



Presynaptic o
neuron erve impulse

eca2+

Synaptic end bulb

Voltage-gated Ca2+
_ channel

@ Action porential reoches
oaxon terwinal ond,
depolarizes wemorane.

Neurotransmit
receptor

Ligand-gated
channel closed

Ligand-gated
channel open

Postsynaptic neuron @ \J &
ottaoyg - %w\d Ca
chonne\s open ond
Col* Flowos WA,

o Postsynaptic —->0 Nerve impulse
potential

Figure 12-17 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons
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Human Nervous System

« Two main divisions:
1. Cenftral nervous system
2. Peripheral nervous system

P —

AN -’_.;' :
fr~ 1 \ Brain
i ye. i

9 I —— Peripheral nerve

A BN
BN “ :

\ 91
At

\ {
! )

® Dr. Banan Dabdoub

®37



Central Nervous System

e |t consists of the brain and spinal cord.

« These two structures are responsible for most the
Information processing.
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rReﬂex

* |s a transmission of impulses, generated by
receptors, fo the target, where a sudden response is

generated.
« Reflex is an automatic response to nerve
STimU|OTion . =pinal cord B
/4
Cﬂensnry neuran o . SClE
« Example

hot saucepan !

—y
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Reflex

* Knee-jerk reflex

Cell body of Gray
Quadriceps sensory neuron in matter
muscle dorsal root

ganglion

T e —

- oL
/ Hamstring A
,/ muscle i
Spinal cord
KEY: (cross section)

# anti-Democrat sensory neuron
& anti-environmentalism interneuron
@& pro-Republican motor neuron
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The Peripheral Nervous System
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The Peripheral Nervous System

 PNS consists of nerves that connect the brain and
spinal cord to the other organs of the body.

* It has sensory nerves, motor nerves and complex

nerves. 77 1 ™\
a8 4 :"

Brain

Wl FADAM. ®4?
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« PNS originates from brain

and spinal cord.

* |tis composed of 12 pairs
of cranial (coming from
brain) and 31 pairs of
spinal (coming from
spinal cord) nerves.

- Oltactory

- Optic

- Oculomotor

- Trochlear

- Trigeminal

- Abducens

- Facial

- Vestibulocochlear
- Glossopharyngeal
- VYagus

Xl - Spinal Accessory

Xl -

Hypoglossal

Dr. Banan Dabdoub
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Classification of PNS

« |tis divided into two systems:

1. Somaftic nervous system
2. Autonomic nervous system

® Dr. Banan Dabdoub



1. Somatic nervous System

It consists of both motor and sensory nerves.

This system conftrols and coordinates the
voluntary actions of the body.

Running
Writing
Talking
Painfing

® Dr. Banan Dabdoub ® 45



1. Somatic nervous System

oW . Sensory input
3 .
;.
¥

/' " /\
= @ A Motor output J
8 =

| S |

Integration
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2. Autonomic nervous system

« |t regulates the involuntary activities of internal
organs and basically involved in the maintenance
of homeostasis.

« Regulation of:
Respiration
Circulation
Excretion
Digestion
Nutrition
Reproduction

« Adaptation

® Dr. Banan Dabdoub ® 47



* The effector organs
of ANS are smooth
muscles of internal
organs, cardiac
muscles and glands.

® Dr. Banan Dabdoub




Classification of ANS

1. The Symp(]’rheﬂc system Autonomic Nervous System
2. The parasympathetic system = A

They function antagonistically.

Purus_vmmlhclic - "Rest and Digest”

® Dr. Banan Dabdoub @ 49



Sympathetic NS

|t initiates the fight-or-flight response.

 [tis especially important for emergency. It
accelerates the heart beat and dilates
bronchi.

o [T inhibits the digestive activity. Because we
do not need it In emergency

* The primary neurotransmitter is epinephrine.

® Dr. Banan Dabdoub ® 50
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Parasympathetlc NS

It is called “housekeeper system”

« This system prepares the body to relaxation and
digestion of food.

« Retards heartbeat.
 The main neurotransmitter is acetylcholine.

052

® Dr. Banan Dabdoub



Nervous system disorders

 akinesia - no movement.

« Alzheimer's disease - A progressive, degenerative
disease that occurs in the brain and results in
Impaired memory, thinking, and behavior.

« ataxia - loss of balance

« athetosis - slow, involuntary movements of the
hands and feet.

 stroke (also called brain attack) - happens when
brain cells die because of inadequate blood flow to
the brain.

* meningitis - an inflammation of the meninges, the
membranes that cover the brain.

® Dr. Banan Dabdoub @53



Alzheimer's disease @ Akinesia

healthy
brain

advanced
alzheimer's

® Dr. Banan Dabdoub ® 54



Athetosis

poor balance —*

— 12 This child has

severe athetosis.

arm and hand
movement

The child who
learns to walk
may do so in a
stiff, awkward
% position, with
the knees
/pu"td together
and bent. Feet
often turn in.

@ Dr. Banan Dabdoub
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Stroke

Meningitis
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Principles of Physmlogy

BIOOD, \
Composmon
and

Functions

Dr. Banan R. Dabdoub
Aminal Physiology




Blood ., , ILOS

By the end of the lecture you should be
able to:

State the Function &composition of
Blood

State the function of red blood cells,
Leukocytes and plasma

State the function of macrophages and
lymphocytes
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Blood Function

Nutritional: transport of digested
food from gut to tissue.

Respiratory: Transport O, and Co,
between lung and tissue.

Excretory: Carries waste (Co,, Urea
and lactic acid) away from cells.

Regulatory: Regulation of body PH.
and Regulation of core body
temperature.



Blood Function

Protective:

m Carries various disease-fighting cells
such as the "white" blood cells.

B Part of the body's self-repair mechanism

(blood clotting in order to stop bleeding -
using 'Platelets’)

Dr. Banan R. Dabdoub
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what's in

digested food
red blood cells ‘ white blood cells

N /

oxygen — <— I O O D —, waste (urea)

e

Plasma platelets

carbon hormones
dioxide

Dr. Banan R. Dabdoub
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COMPOSITION OF BLOOD

Wholae %l’)lood ' Blood plasma Proteins ! Albumins 54%
- e 55% 7%
I / Globulins 38%
Other fluids 2
and fissues Water Fibrinogen 7%
92% 91.5% All others 1%
— / Electrolytes
Nutrients
Gases
Regulatory
substances
0"*91’ ;g(:u‘% : , Waste products
z
PLASMA (weight) SOLUTES
Formed elements Platelets Neutrophils
_ / 45% 150,000-400,000 60-70%
@ LA T T 1 T
| D
‘ White blood cells ! '
Q ) @ 5,000-10,000 —/ '00 QQ
y — / Red bilood cells
=L Lymphocyte:
e : 4.8-5.4 million @ oo
Q Monocytes
3-8%
\ @ *
, Eosinophils
® s
" @© -
? © e @ |
BODY WEIGHT VOLUME FORMED ELEMENTS WHITE BLOOD CELLS

(number per uL)



The composition of human blood

Dr. Banan R. Dabdoub

Withdraw 4
blood b
Place in tube J!
Plasma 55%
Constituent Major functions
Solvent for
Water carrying other
substances
lons
Sodium Osmaotic balance,
Potassium pH buffering, and
Calcium ragulation of
Magnasium mambrans
Chioride permeability
Bicarbonate

Plasma proteins
Albumin

Fibrinogen
Immunoglobulins
(antibodies)

QOsmotic balance

EH buffering
lotting

Defense

Substances transported by blood
Mutrients (e.g., glucose, fatty acids, vitamins)
Waste products of metabolism
Respiratory gases (O, and CO,)

Hormones

Centrifuge

f
L

Plasma (55%) =

White blood cells
and platelets (<1%) .

Red blood cells (45%)

/.

Cellular elements 45%

Cell type Nm&lhar
(per mm* of blood)
Erythrocytes -
(red blood cells) 5-6 million
Leukocytes —
(white blood cells) At
-_-‘:-"E'_,‘ 1 1-‘; "-. :l .II
waor AW
Basophil .-  -ymphocyle
e S
Eosinophil . :
Neutrophil Mnﬁﬁny‘te
Platelets 250,000-
g W R - 400,000

Functions

Transport oxygen
and help transport
carbon dioxide

Defense and
immunity

Blood clotting
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Components of the Blood

Plasma fluid part of blood made up of
dissolved ions and various organic
molecules

3 types of plasma proteins

Albumin - creates osmotic pressure that
moves water from interstitial fluid to
capillaries

Globulins - Alpha, beta, and gamma

Fibrinogen - helps with clotting and
converts to fibrin where the fluid serum is
left after clotting



Components of the Blood

Formed elements

B Erythrocytes - Red Blood Cells that
contain hemoglobin and transport
oxygen

B Leukocytes - White Blood Cells that
help with immunity and can be granular
(eosinophils, basophils, and neutrophils)
or agranular (lymphocytes and
monocytes)

m Platelets - required for blood clotting

0
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Important terms

Hematopoiesis - formation of blood
cells from stem cells in bone marrow
and lymphoid tissue

® Erythropoiesis - forms Red Blood Cells
(RBCs)

B Leukopoiesis - forms White Blood Cells
(WBCs)

Dr. Banan R. Dabdlo%lb



Plasma Proteins

Constitute 7-9% of plasma

Three types of plasma proteins: albumins,

globulins, & fibrinogen

® Albumin accounts for 60-80%

C1Creates colloid osmotic pressure that draws H50 from
interstitial fluid into capillaries to maintain blood volume &
pressure

Globulins carry lipids

B Gamma globulins are antibodies

Fibrinogen serves as clotting factor
m Converted to fibrin

12
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What is plasma and serum?

Serum is the liquid part of blood
AFTER coaqgulation (clots) ,
therefore devoid of clotting factors
as fibrinogen.

Plasma is the liquid, cell-free part
of blood, that has been treated
with anti-coagulants.

13
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Function of plasma proteins

Regulate blood osmotic pressure
(albumin)

[ransport nutrients and hormones.
Protection against infection (y-globulin
Formation of blood clot (fibrinogen)

14
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Blood
Physical Characteristics and Volume

slightly basic (pH = 7.35-7.45)

Normal blood volume in males is 5-6
liters, and 4-5 liters for females.

' 4
7 4 (5 — Plasma
. (55% of whole blood)
4 ‘ | — Buffy coat: i
leukocytes and platelets

(<1% of whole blood)

— Erythrocytes = Flormed
(@ Withdraw blood (@ Centrifuge (45% of whole blood) SN
and place in tube
- - 15
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' Platelets . Erythrocytes Monocyte:

BSeeasd

"

P
I

Neutrophils Lymphocyte
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WBC

Granulocytes

Il
[ I

Neutrophlls Eosmophlls J Basophils

> @ @

u Agranulocytes

I
[ |

‘LMonocytes J Lymphocytes

@&
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NAME AND
APPEARANCE

Red Blood
Cells(RBCs) or
Erythrocytes

White Blood
Cells(WBCs) or
Leukocytes

Granular
Leukocytes

Neutrophiles

3]

NUMBER

4.8 million/uL in
females
4.5 million/pL in
males

5000-10,000/pL

60%-70% of all
WBCs

FORMED ELEMENTS

CHARACTERSTICS* FUNCTIONS

Hemoglobin within RBCs
transports most of the
oxygen and part of
carbon dioxide in the
blood.

7-8 um diameter,
biconcave discs,
without nuclei; live for
about 120 days.

Most live for a few
hours to a few days. Combat pathogen and
Some called Tand B other foreign substances
memory cells can live that enter the body.
for many years.

Phagocytosis.
Destruction of bacteria
with lysozymes,
defensins and strong
oxidants, such as
superoxide anion,
hydrogen peroxide, and
hypochlorite anion.

10-12um diameter;
nucleus has 2-5 lobes
connected by thin
strands of chromatin;
cytoplasm has very
fine, pale, lilac
granules.

*Colors are those seen using Wright’s stain



Neutrophil
Functions

Fastest response
& emigration to
bacteria

Phagocytosis

Secrete
lysozymes

Contain strong
oxidants: O, H,0,,
ocr

) -



Eosinophils

"%

Basophils

-
- -

Agranular
Leukocytes

Lymphocytes
(T cells, B
cells &
natural killer
cells)

10-12pm diameter;
nucleus usually has 2 lobes
2-4% of all connected by s thick strand
WABCs of chromatin; large, red-
orange granules fill the
cytoplasm.

8-10um diameter; nucleus
0.5-1% of all has 2 lobes; large
WBCs cytoplasmic granules
appear deep blue-purple.

Small lymphocytes are 6-

9um in diameter; large
lymphocytes are 10-14pm

in diameter; nucleus is
20-25% of all  round or slightly indented;

WBCs cytoplasm forms a rim
around the nucleus that

looks sky blue; the larger

the cell, the more
cytoplasm is visible.

Eliminates parasites, such as
worms which are too big to be
phagocytosed; phagocytes
antigen-antibody complexes &
combat the effects of
histamine in allergic reactions

Liberate heparin, histamine
and serotonin in allergic
reactions that intensify the
overall inflammatory response.

Medium immune response,
including antigen-antibody
reactions. B cells develop into
plasma cells, which secrete
antibodies, T cells attack
invading viruses, cancer cells,
and transplanted tissue cells.
Natural killer calls attach a
wide variety of infectious
microbes and certain
spontaneously arising tumor
cells.




Acts on the
12-20um hypothalamus, causing
diameter; nucleus the rise in body
is kidney shaped temperature with
3-8% of all or horseshoe .mlcroblal mfectlons;.
shaped. stimulates the production
WBCs . :
= Cytoplasm is blue- of some globulins by the
Y :
(&» grey and has liver; enhances the
foamy production of activated T-
appearance. lymphocytes;
Phagocytosis

Monocytes

2-3um diameter
cell fragments
150,000- that live for 5-
400,000/pL 9days; contains
many vesicles but
no nucleus.

Form platelet plug in
homeostasis; release
chemicals that promote
vascular spasm and blood
clotting.




Haemopoiesis: Stages in the development of

blood cells

Pluripotent stem cell

Dr. Banan R. Dabdoub ‘

!

Proerythroblast
| ! !
Erythroblast Megakaryoblast l_ Myeloblast —l Monoblast Lymphoblast
Reticulocyte Megakaryocyte Basophil Eosinphil Neutrophil Lymphocyte
¢ myelocyte myelocyte myelocyte
v Platelet ¢ ¢ Y * +
Erythrocyte (thrombocyte) Basophil Eosinophil Neutrophil Monocyte T-lymphocyte B-lymphocyte

O

O

®

Granulocytes

Agranulocytes

-2
s
RS A
Ve

-t
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Erythrocytes

— 7.5 um
]—2.5 pm

Side view

Top view

23
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Red blood cells

1) Flattened & 2) no nucleus & mi.’roc.}'tondr'ia
biconcave shape — extra space inside

3) contain haemoglobin

\>) ' — the oxygen carrying
/-s molecule

mcreases ’rhe
surface area so
more oxygen can be 4) Count: 5-6 milions per mm3

C C( r‘ r‘ i e d Dr. Banan R. Da%)‘(‘ioub



Hemoglobin =

By

J l

/
) {
——— Polypeptide

chain

(a) Hemoglobin (b) Iron-containing heme group 25



Red Blood Cells
* Red blood cell production

In the embryo and fetus, red blood cell
production occurs in the yolk sac, liver,
and spleen; after birth, it occurs in the
red bone marrow.

The average life span of a red blood cell
is 120 days.

26
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Erythrocyte Production

The total number of red blood cells
remains relatively constant.. Why??

due to a negative feedback mechanism
utilizing the hormone erythropoietin,
which is released from the kidneys
and liver in response to the detection
of low oxygen levels.

Any thing else????

27
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Erythrocyte Production

T ""b, "'heg

Homeostasis: Normal blood oxygen levels

Start

Stimulus: Hypoxia due to
""6 decreased RBC count,
QIQ"e
e

decreased amount of
hemoglobin, or decreased
availability of O,

Increases
0,-carrying
ability of blood

Reduces 02 levels
in blood

- /: \
Enhanced /4 Kidney (and liver to a smaller
erythropoiesis \ ) Erythropoietin extent) releases erythropoietin
increases | 88 stimulates red

RBC count bone marrow

28
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Erythrocyte Production

Any thing else????




N iITarnmMiirna
Erythrocyte .
Production e e i (G

Vit B 9(Folic acid)
Vitamins B,
Tron (Fe)

are needed for
RBCs production

Food sources of
vitamin B12: «*

Eggs, meat, poultry,
o shellfish, milk and

The best source of iron is lean
milk products

red meat. lron can also be
found in chicken, turkey, eggs,
and cereals.

30
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Red Blood Cells

* Red blood cell destruction

With age, red blood cells become
increasingly fragile and are damaged by
passing through narrow capillaries.

Macrophages in the liver and spleen
phagocytize damaged red blood cells.

31
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Red Blood Cells

Hemoglobin from the decomposed red
blood cells is converted into heme and
globin.

Heme is decomposed into iron, which is
stored or recycled, and biliverdin and
bilirubin, which are excreted in bile.

32
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Fate of RBCs

(= :*[2:::

Biliverdin
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(1) Low O, levels in blood stimulate
kidneys to produce erythropoietin.

(@) Erythropoietin levels
rise in blood.

(3 Erythropoietin and necessary
raw materials in blood promote
LN erythropoiesis in red bone marrow.

(@ New erythrocytes
enter bloodstream;
function about

(8) Aged and damaged red 120 days.

biood cells are enguifed by
macrophages of liver, spleen,
and bone marrow; the hemoglobin
is broken down,

Bllirubin /
iron stored
as ferritin,
hemosiderin

Iron is bound to
transferrin and released
to biood from liver

as needed for
erythropolesis

Bilirubin Is picked up from
blood by liver, secreted into
intestine in bile, metabolized
10 stercobilin by bacteria
and excreted in foces

y
~—— Circulation

Food nutrients,

Including amino

acids, Fe, By;, Raw materials are
and folic 'b.‘-": made available in
:’:m ‘°‘°‘.M blood for erythrocyte
5 setine g synthesis,
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Leukocytes

Dr. Banan R. Dabdoub

Complete cells with nucleus &
mitochondria

Make up less than 1% of total blood
volume

Important for defense against disease.

- ?.

. ‘ .-. LI -‘ p “ g .‘. ‘.,.
. : " L .
7 T ; -~ ; J "' .‘ .. .
A gy 4 . > %
. RS ';-..;.. '-.'. ,.\ .. .0
. » e T .
8 o o y
5 2 4
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Differential
WBC count

Granulocytes (A total 4800-

10,800/ul)

Main group of leukocytes

Large cells with lobed .
nuclei. — « Neutrophils (50-70%)

Cytoplasm contains

visibly staining granules.  ~ Eosinophis -4

All are phagocytic. .« Basophils (0.5-1%)
iy,

Agranulocytes
— ¢ Lymphocytes (25-45%)

gfi;\', —« Monocytes (3-8%)
X .4

‘ ‘ 38
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Gr

anulocytes

1 Neutrophils

H B O BT n

The most numerous type of leukocyte.

They are chemically attracted to sites
of inflammation (chemotaxis)

They are active phagocytes.

. Eosinophils
relatively few
attack parasitic worms.

. Basophils
the least numerous leukocyte

Release histamine to promote
inflammation.

Dr. Banan R. Dabdoub




Agranulocytes

1 The main group of lymphocytes
without staining granules

Lymphocytes

® T lymphocytes
1 directly attack viral-infected and tumor

cells
® B lymphocytes 4
1 produce antibody cells. 9 | "
Monocytes > (Q\ g /
B become macrophages \,j '

40 Lymphocytes Monocytes



Platelets (thrombocytes) g 1

The smallest of formed elements " I
lack nucleus

Are fragments of megakaryocytes; Platelets
amoeboid

Constitute most of mass of blood clots

Release serotonin to vasoconstrict &
reduce blood flow to clot area

Secrete growth factors to maintain
integrity of blood vessel wall

Survive 5-9 days

41
Dr. Banan R. Dabdoub



Activated platelets Thrombopoietin
- : :
From kidneys and liver

Myeloid stem cell

Platelets

Platelet precursor
‘ extensions

l Donlt Cam Platelets




Haemostasis (stop bleeding) ® .
Blood Clotting -

2

Platelets plug formation \

CLOT

Platelets
+RBCS

+

Fibrin

1
Blood vessel spasm
(constriction)

3
Clotting cascade
activated

43
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Blood clotting

2 4

= DAL .‘;- s : g RO
b Gl TS JENCE IRCLDEIORA R

Prothrombin Thrombin
Inactive enzyme — Active enzyme

Fibrinogen Fibrin threads CLOT
Soluble plasma E—) Insoluble Platelets
protein Fibrous protein *RBCS

Fibrin

44
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-
1 Anemia

B Decrease in the number of RBCs or hemoglobin
content (due to bleeding or Fe deficiency) symptom

1 polycythemia

B abnormal increase in the number of RBCs in the
blood (due to excess production of these cells by the
bone marrow).

1 Leukopenia
B Decrease in number of WBCs

1 Leukemia

B Abnormal increase in the number of WBCs ( due to
bone marrow tumor) ... Blood Cancer

Blood diseases

45
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Sickle Cell Anemia

46
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a) lﬂl‘ﬂﬂing Factors

Prothrombin NS Thrombin

{fnactive enzyme)

Fibrinogen EEEEMJp  Fibrin
(Soluble plasma €  (Fibrous protein)
protei)

9} Fibrin + Red Blood Cells = Clot

b) ~ (active enzyme)

Dr. Banan R. Dabdoub

[1Mechanism

B a) Platelets or damaged cells release a
group of proteins called clotting factors.
These clotting factors are released into
the plasma a wound site.

B b) Clotting factors activate the enzyme
Thrombin from its inactive form
prothrombin

B c¢) Thrombin turns the soluble plasma
protein fibrinogen into its insoluble
fibrous form Fibrin.

B d) Fibrin binds together platelets and

47

wound. This plug is called a clot.



Summary of Formed Elements of the

DURATION OF
DEVELOPMENT (D)
CELLS/ul (mm?) AND LIFE
CELL TYPE ILLUSTRATION DESCRIPTION* OF BLOOD SPAN (LS) FUNCTION
Erythrocytes Biconcave, anucleate 4-6 million D: about 15days  Transport oxygen and
(red blood cells, disc; salmon-colored; LS: 100-120 days  carbon dioxide
RBCs) diameter 7-8 um
Leukocytes Spherical, nucleated 4800-10,800
(white blood cells
cells, WBCs)
Granulocytes
= Neutrophil > Nucleus multilobed; 3000-7000 D: about 14 days  Phagocytize bacteria
@ inconspicuous cyto- LS: 6 hours to
w plasmic granules; a few days
diameter 10-12 um
= Eosinophil - Nucleus bilobed; red 100400 D: about 14 days  Kill parasitic worms;
[ } cytoplasmic granules; LS: about 5days  destroy antigen-
M diameter 10-14 um antibody complexes;
inactivate some
inflammatory
chemicals of allergy
= Basophil Nucleus lobed; large 20-50 D: 1-7 days Release histamine and
purplish-black cyto- LS: a few hours other mediators of
plasmic granules; to a few days inflammation; contain
diameter 10-14 um heparin, an
anticoagulant
Agranulocytes
* Lymphocyte Nucleus spherical or 1500-3000 D: days to Mount immune
indented; pale blue weeks response by direct cell
cytoplasm; diameter LS: hours attack or via antibodies
5-17 um to years
= Monocyte Nucleus U or kidney 100-700 D: 2-3 days Phagocytosis; develop
shaped; gray-blue LS: months into macrophages in
cytoplasm; diameter the tissues
14-24 um
Platelets P Discoid cytoplasmic 150,000-400,000 D: 4-5 days Seal small tears in
@ & fragments containing LS: 5-10 days blood vessels;
@ granules; stain deep instrumental in blood
@ ® | 4 purple; diameter clotting
é ¢ 2-4 um
& ?

*Appearance when stained with Wright's stain.
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| Endocrinology

The Endocrine Sy'm 3

Dr. Banan R. Dabdoub
Animal physiology



The endocrine

glands.

PN~ ASE
—
B
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Function of Endocrine system

Control the internal environment by regulating its chemical
composition and volume.

Respond to changes in the environmental conditions to help
the body cope with emergency demands such as infection,
trauma, emotional stress, dehydration, starvation,
hemorrhage, and temperature extremes.

Integration of growth and development.
Contribute to the basic processes of reproduction.
Help regulate organic metabolism and energy balance.

Dr. Banan Dabdoub



hormone

A hormone is a chemical released by a cell or
a gland in one part of the body and affect cells
in other parts of the organism

* Controls the processes involved in body
activities and physiological equilibrium

e Secretion of most hormones is regulated by a
negative feedback system

Dr. Banan Dabdoub




Chemical Classification of Hormones

e Steroid Hormones:

y NUCLEUS
« s Steroid —
— Lipid soluble ieioe 97-/\
. o eceptor o
— Diffuse through cell e
Hormone-
membranes o [ )
com ex—‘vj o
— Receptors are found in the om AN/
) o
cell’s cytoplasm or in its - je
nucleus -
protein
— Endocrine organs /
* Adrenal cortex E?EE:?:/ 32 0
* QOvaries CELL - CYTOPLASM
* Testes

 Placenta Dr. Banan Dabdoub



Chemical Classification of Hormones

e Nonsteroid Hormones:

— Not lipid soluble

— Received by receptors
external to the cell
membrane

— Endocrine organs
* Thyroid gland
e Parathyroid gland
* Adrenal medulla
* Pituitary gland

* Pancreas

Nonsteroid | CYTOPLASM
hormone Activated
(first messenger) | ' enzyme
ATP
Second
CAMP - rhessenger

0

Effect on cellular function,

Receptor such as glycogen
protein " breakdown
Plasma membrane
of target cell
GAddison Wesley Longman, Inc
Dr. Banan Dabdoub 6
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Nonsteroid Hormones

* Derived from one amino acid

— Thyroid hormones
* Peptides
— Antidiuretic hormones ’

* Proteins

— Growth hormone

| Don't Care

Dr. Banan Dabdoub 7



Mechanisms of (a) Humoral: in response to changing levels of
h ions or nutrients in the blood
ormone

(b) Neural: stimulation by nerves
release (c) Hormonal: stimulation received from other

Thyroid Adrenal Gonad
gland cortrx (Testis)

hormones
(@ capillary blood contains low (@) Preganglionic SNS fiber stimulates (1) The hypothalamus secretes
concentration of Ca?*, which adrenal medulla cells... hormones that...
stimulates... alamus
Capillary
(low Ca?* in blood) ~
Dy
- Thyroid gland L A
. (posterior view) ~ CNS———— ‘ @) ...stimulate
Parathyroid \ (spinal cord) [ Eregengonic the anterior
n | SNS fiber pituitary gland
: ‘ to secrete = o
| |
) ’ | W = hormones ;::::;ary
,,‘ H ! 1/ A that... olee
g Medulla of
: \ adrenal
_ & gland
: A

.} Parathyroid
v glands

PTH

@ ...secretion of parathyroid
hormone (PTH)

to secrete hormones

: 8
(a) Humoral (b) Neural (c) Hormonal



\Learn the 3 endocrine organs on this slide:
Hypothalamus
Pituitary (hyophysis)
Pineal

Hypothalamus

Anterior pituitary
(adenohypophysis)

Posterior pituitary
(neurohypophysis)

Dr. Banan Dabdoub



Hormone Actions

* “Lock and Key” approach: describes the interaction
between the hormone and its specific receptor.
— Receptors for non-steroid hormones
are located on the cell membrane
— Receptors for steroid hormones are
found in the cell’s cytoplasm or in its
nucleus

why do target cells only respond to specific receptors ?
a hormone's target cells have specific receptors that other cells lack.

these receptors are proteins or glycoproteins with binding sites for
a specific hormone.

Dr. Banan Dabdoub o —a e



Hormone Actions

Activates
specific enzyme

PLASA § g (6]
MEMBRANE o
OF TARGET e

SR CYTOPLASM

Cytosol

©1569 Aadeon Weshey Longman inc
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Negative Feedback

* Negative feedback is the main mechanism
by which endocrine system maintains
homeostasis

* Secretion of a specific hormone is turned
on or off by specific physiological changes

e EXAMPLE: plasma glucose levels and
insulin response

Dr. Banan Dabdoub



Number of Receptors

 Down-regulation: is the decrease of
hormone receptors which decreases the
sensitivity to that hormone

* Up-regulation: is the increase in the number
of receptors which causes the cell to be more
sensitive to a particular hormone

Dr. Banan Dabdoub 13



The Endocrine Glands and Their
H OrMmoNes rwevmrmcioms »

Cerebellum

* Pituitary Gland
— Located at the base of the brain Pos ————-

Medulla oblongata —

<——— Spinal cord

— Controlled by the hypothalamus.
* Posterior Lobe

—Antidiuretic hormone
(ADH): responsible for
fluid retention & excretion ...
. drd 1'.eizh'r'dt3 .
by kidneys
Process of purs inlerimedia
—Oxytocin: contraction of e
the uterus

Posterior Tobe

Pars intermedics

Dr. Banan Dabdoub 14
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The Endocrine Glands and their
Hormones

Pituitary Gland
— Anterior Lobe
e Adrenocorticotropin (ACTH)

— Control adrenal cortex

 Growth hormone (GH)

— Control growth
— Control metabolism

* Thyroid stimulating hormone (TSH)(
Thyrotropin)
— Control thyroid gland

Dr. Banan Dabdoub 15



The Endocrine Glands and their
Hormones

Pituitary Gland
— Anterior Lobe

* Gonadotropic Hormones

— Follicle-stimulating hormone (FSH)
» Gamete production,
» Sex hormone secretion
— Luteinizing hormone (LH)
» Gamete production,
» Sex hormone secretion

* Prolactin
— Milk synthesis

Dr. Banan Dabdoub 16
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Hypothalamus controls anterior pituitary
hormone release

* Releasing hormones (releasing factors)

Secreted like neurotransmitters from
neuronal axons into capillaries and veins to
anterior pituitary (adenohypophysis)

TRH-----turns on TSH

CRH----- turns on ACTH

GnRH (=LHRH)---turns on FSH and LH
PRF-----turns on PRL

GHRH----turns on GH

* Inhibiting hormones
PIF-----turns off PRL
GH inhibiting hormone ---turns off GH

Dr. Banan Dabdoub 17



What the letters mean...

* Releasing hormones (releasing factors) of hypothalamus

Secreted like neurotransmitters from neuronal axons into capillaries and veins
to anterior pituitary (adenohypophysis)

TRH (thyroid releasing hormone) ----- turns on* TSH

CRH (corticotropin releasing hormone) ----- turns on ACTH

GnRH (gonadotropin releasing hormone) ---turns on FSH and LH
PRF (prolactin releasing hormone) ----- turns on PRL

GHRH (growth hormone releasing hormone) ----turns on GH

* Inhibiting hormones of hypothalmus
PIF (prolactin inhibiting factor) ----- turns off PRL
GH (growth hormone) inhibiting hormone ---turns off GH

The hypothalamus controls secretion of hormones which in their turn
control the secretion of hormones by the thyroid gland, the adrenal
cortex and gonads: in this way the brain controls these endocrine

glands

*Note: “turns on” means causes to be released

Dr. Banan Dabdoub 18



So what do the pituitary hormones do?

The four tropic ones reqgulate the function of other hormones:

* TSH stimulates the thyroid to produce thyroid
hormone

* ACTH stimulates the adrenal cortex to produce
corticosteroids: aldosterone and cortisol

* FSH stimulates follicle growth and ovarian estrogen
production; stimulates sperm production and
androgen-binding protein

* LH has a role in ovulation and the growth of the
corpus luteum; stimulates androgen secretion by
interstitial cells in testes

Dr. Banan Dabdoub 19



The others from the anterior pituitary...

* GH (aka somatrotropic hormone) stimulates

growth of skeletal epiphyseal plates and body
to synthesize protein

* PRL stimulates mammary glands in breast to
make milk

 MSH stimulates melanocytes; may increase
mental alertness

Dr. Banan Dabdoub 20



From the posterior pituitary (neurohypophysis)
structurally part of the brain

 ADH (antidiuretic hormone AKA vasopressin)
stimulates the kidneys to reclaim more water from
the urine, raises blood pressure

* Oxytocin prompts contraction of smooth muscle in
reproductive tracts, in females initiating labor and
ejection of milk from breasts

Hypothalamus
Pituitary
Thyroid

Pancreas

Adrenal
Ovaries

Dr. Banan Dabdoub Testes -




The Thyroid Gland

e Anterior neck on trachea
just inferior to larynx

e Two lateral lobes and an
isthmus

e Produces two hormones

— Thyroid hormone: tyrosine
based with 3 or 4 iodine
molecules (14-13: 20-1)

* T4 (thyroxine) and T3

— Calcitonin involved with
calcium and phosphorus
metabolism

Dr. Banan Dabdoub

THYROID

Lobes

Follicle
Isthmus

Parathyroid
glands

Hyoid bone

Thyroid cartilage Epiglottis

— External carotid
/ artery

Internal carotid
artery

Superior thyroid

Common carotid artery

artery

Inferior thyroid

anery lsthmus Of

thyroid gland

Trachea ' '* /‘ 4
- '.'n

Brachiocephalic
artery

Left subclavian
artery

Left lateral lobe
of thyroid gland

Aorta
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Some Effects of Thyroid Hormone
(Thyroxine)

* |ncreases the basal metabolic rate

— The rate at which the body uses oxygen to transform
nutrients (carbohydrates, fats and proteins) into energy

e Affects many target cells throughout the body; some
effects are
— Protein synthesis
— Bone growth
— Neuronal maturation
— Cell differentiation

Dr. Banan Dabdoub 23



The Effects of Calcitonin

e Secreted from thyroid parafollicular (C)
cells when blood calcium levels are
high

e Calcitonin lowers Ca++ by slowing the
calcium-releasing activity of osteoclasts =
in bone and increasing calcium (a5
secretion by the kidney

* Acts mostly during childhood

Dr. Banan Dabdoub




Thyroid Gland

* Thyroid hormone

Supearior

— Controls the rate at Sy
ynx
which glucose is
ubu rnedn Thyroid gland
Isthmus
o CaICitonin Common carotid artary
Trachaa
— Decreases calcium RO IR
levels in blood deposits
on bone

Dr. Banan Dabdoub 25



The Endocrine Glands and Their
Hormones

° TherId G | a nd Thyroid and Parathyroid Glands

— Located along the midline of the neck Thyrid gland
— Secretes two nonsteroid hormones W

* Triiodothyronine (T3) FC%}—l

* Thyroxine (T4) (
— Regulates metabolism

Parathyroid gland

* increases protein synthesis

* promotes glycolysis, gluconeogenesis, glucose
uptake

Dr. Banan Dabdoub 26
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Parathyroid Gland

* Parathyroid hormone
(PTH)- regulates Ca2+
in blood

— If Caz+ level drops
bones is broken down

Dr. Banan Dabdoub



The Parathyroid Glands

* Most people have four

* On posterior surface of
thyroid gland

(sometimes embedded)

Pharynx
(posterior
aspect)

Parathyroid
glands

29
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Parathyroids
(two types of cells)

e Rare Chief cells

 Abundant Oxyphil cells
(unknown function)

Chief cells

e Chief cells produce PTH

— Parathyroid hormone, or
parathormone

Oxyphil
cell

Blood

— A small protein hormone capillary

Fibrous
capsule of the
parathyroid gland

Dr. Banan Dabdoub 29



Function of PTH
(parathyroid hormone or “parathormone”)

Increases blood Ca++ (calcium) concentration
when it gets too low

Mechanism of raising blood calcium
1. Stimulates Osteoclasts to release more Ca++ from bone

2. Decreases secretion of Ca++ by kidney

3. Activates Vitamin D, which stimulates the uptake of Ca++
from the intestine

Unwitting removal during thyroidectomy was
lethal

Has opposite effect on calcium as calcitonin
(which lowers Ca++ levels)

Dr. Banan Dabdoub 31



Parathyroid Glands

— Secretes parathyroid hormone (PTH)
* regulates plasma calcium (osteoclast activity)
* regulates phosphate levels

Anatomy of the Thyroid and Parathyroid Glands

Front View of Neck
N i \ ,
\v T Enlargement of
Parathyroid Gland
Thyroid gland (front view) v ‘ i

ll
Isthmus
/ ‘ y
( > A
% | '
b

. //;‘
| 7{ 7

Trachea

Thyroid gland

e

Oy PBanan

2045
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The Endocrine Glands

e Adrenal Medulla

— Situated directly a top of each kidney and stimulated
by the sympathetic nervous system

— Secretes the catecholamines

e Epinephrine: (Adrenaline)
* responsible for a fight or flight response
— Increase H.R. and B.P.
— Increase respiration
— Increase metabolic rate
— Increase glycogenolysis

— Vasodilation

* Norepinephrine (NorAdrenaline)

— Housekeeping system
Dr. Banan Dabdoub 32



Adrenal (suprarenal) glands
(“suprarenal” means on top of the kidney)

e Each is really two endocrine glands
— Adrenal cortex (outer)
— Adrenal medulla (inner)

* Unrelated chemicals but all help with extreme situations

|—Capsule —L a
"l

Zona | f
glomerulosa [
{ HE
| N Zona
Adrenal gland NP0 fasciculata
* Medulla AT
» Cortex NN = S
. 1 = o Zona
Kidney ! . Vi reticularis

4

B ’ r

IS AAAE I SIZA 2 7) — Adrenal —| f

= 5 . Vo' < i
WA AYA 2T @Y Vo 2> 6V, Y% medulla | [

= 4

- A TV
LH L2 o m BV s A RN |




Adrenal Gland

e Adrenal cortex

— Secretes lipid-based steroid hormones, called
“corticosteroids” — “cortico” as in “cortex”

* MINERALOCORTICOIDS

— Aldosterone is the main one

* GLUCOCORTICOIDS

— Cortisol (hydrocortisone) is the main one

* Adrenal medulla
— Secretes epinephrine and norepinephrine

Dr. Banan Dabdoub
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Aldosterone, the main mineralocorticoid

* Secreted by adrenal cortex in response to a
decline in either blood volume or blood
pressure (e.g. severe hemorrhage)

— Is terminal hormone in renin-angiotensin
mechanism

* Prompts distal and collecting tubules in kidney
to reabsorb more sodium
— Water passively follows
— Blood volume thus increases

Dr. Banan Dabdoub 36



Cortisol, the most important g/ucocorticoid

(Glucocorticoid receptors are found in the cells of most vertebrate tissues)

e |tis essential for life

* Helps the body deal with stressful situations within
minutes
— Physical: trauma, surgery, exercise
— Psychological: anxiety, depression, crowding
— Physiological: fasting, hypoglycemia, fever, infection
 Regulates or supports a variety of important

cardiovascular, metabolic, immunologic, and
homeostatic functions including water balance

People with adrenal insufficiency. these stresses can cause hypotension, shock
and death: must give glucocorticoids, eqg for surgery or if have infection, etc.
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Cortisol, continued

Keeps blood glucose levels high enough to support
brain’s activity

— Forces other body cells to switch to fats and amino acids as
energy sources

Catabolic: break down protein

Redirects circulating lymphocytes to lymphoid and
peripheral tissues where pathogens usually are

In large quantities, depresses immune and
inflammatory response

— Used therapeutically
— Responsible for some of its side effects

Dr. Banan Dabdoub
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The Endocrine Glands

e Adrenal Cortex

e Secretes (corticosteroids)

— Mineralocorticoids
* Aldosterone: maintains electrolyte balance (Na*, K*)

— Glucocorticoids
e Cortisol:
— Stimulates gluconeogenesis
— Mobilization of free fatty acids
— Glucose sparing
— Anti-inflammatory agent

— Gonadocorticoids

* testosterone, estrogen, progesterone

Dr. Banan Dabdoub
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Adrenal Gland

e Adrenal Cortex

— Releases hormones that
regulate mineral content in (PPN
b | O O d Cut-section of adrenal gland T ebradsenal

Right adrenal / gland
 Adrenal Medulla

gland.\
— Produces epinephrine and
norepinephrine

— Medulla

— Helps with stressful situation

4 Left kidney
Right kidney

Dr. Banan Dabdoub 39



The Endocrine Glands

Pancreas:

Located slightly
behind the
stomach

Gallbladder / Cbmmon b||e .
AT o Pancreas
Pancreatic duct

4 s a2 W ~ AN N
D PO S
g - - -~ ) ) \

)} Ay FAN )
- — - D
¢ '&{ S
B NS

Pancreas

Small intestine

Digestive enzyme- <7
secreting cells

Islet of Langerhans -

Hormone-secreting-
islet cells

Capillary
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The Endocrine Glands

* islets of Langerhans

 |nsulin:

— reduces blood glucose
— Facilitates glucose transport into the cells
— Promotes glycogenesis

— Inhibits gluconeogenesis
— muscle development and maturity

* Glucagon:
* increases blood glucose

Dr. Banan Dabdoub
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The Endocrine Glands

* Islets of Langerhans are the regions of the pancreas
that contain its endocrine

— Alpha cells producing glucagon (15—-20% of total islet cells)

Glucagon is a peptide hormone, produced by alpha cells of the pancreas.
It works to raise the concentration of glucose in the bloodstream. Its
effect is opposite to that of insulin, which lowers the glucose

— Beta cells producing insulin and amylin (65—80%)

The primary function of a beta cell is to store and release insulin. Insulin
is @ hormone that brings about effects which reduce blood glucose
concentration. Beta cells can respond quickly to spikes in blood glucose
concentrations by secreting some of their stored insulin.

Amylin, is a peptide hormone. It is consecrated with insulin from the
pancreatic B-cells in the ratio of approximately 100:1. Amylin plays a role
in glycemic regulation by slowing gastric emptying and promoting satiety,
thereby preventing after eating a meal spikes in blood glucose levels

Dr. Banan Dabdoub 42
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-Delta cells producing somatostatin (3—10%)

Somatostatin, also known as growth hormone—inhibiting hormone
(GHIH) , is a peptide hormone that regulates the endocrine system
and affects neurotransmission and cell proliferation via interaction
with G protein-coupled somatostatin receptors and inhibition of the
release of numerous secondary hormones. Somatostatin inhibits
Insulin and glucagon secretion.

-PP cells producing pancreatic polypeptide (3—-5%)
The function of PP is to self-regulate pancreatic secretion activities
(endocrine and exocrine); it also has effects on hepatic glycogen levels
and gastrointestinal secretions.
Its secretion in humans is increased after a protein meal, fasting,
exercise, and acute hypoglycemia and is decreased by somatostatin and
Intravenous glucose..

-Epsilon cells producing ghrelin (<1%)

When the stomach is empty, ghrelin is secreted. When the stomach is
stretched, secretion stops. It acts on hypothalamic brain cells both to
Increase hunger, and to increase gastric acid secretion and
gastrointestinal motility to prepare the body for food intake
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The Pancreas

Exocrine and endocrine cells

* Acinar cells (forming most of the pancreas)

— Exocrine function

— Secrete digestive enzymes

* |slet cells (of Langerhans)

— Endocrine function R

Alpha cell
(secretes
glucagon)

Beta cell-
(secretes
insulin)

LY 8

(secretes ,
somatostatin)

"1.,,-\.-_, 07,

Pancreatic islet
cells secrete
hormones.

Exocrine
pancreas
~.“ (acinar cells

. and duct cells)
AL

Pancreatic duct

Common bile duct

Pancreatic duct

\—Tail of

J pancreas
/{”

( | Lobules
\

\
\ A\

\ .
4 Acinar cells secrete

X . .
< digestive enzymes.

I
Exocrine cells secrete pancreatic juice.
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Pancreatic islet Alpha cells: secrete glucagon

endocrine cells raises blood sugar
mostly in periphery

Beta cells: secrete insulin
lowers blood sugar

central part (are more abundant)
.. Also rare Delta cells:secrete

somatostatin
Inhibits glucagon

-

of pancreas

Pancreatic

islets

4 = Alpha (o) cells,

'1\\.;\ 8 L e secrete glucagon
o 4 A‘{’%\;ia ::m-.

Beta () cells,
secrete insulin

(a) - )
Copyright @ 2005 Pearson Education, Inc., publishing as Benjamin Cummings. Dr. Banan Dabdoub 46



Pancreas

* |nsulin- increases glucose
uptake into cells and
stores in liver ;:m:. —

Duodenum

e Glucagon- stimulates \
breakdown of glucose

stores in the liver (A i
7\ 4 }
. A 431
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Pancreas: Islets of Langerhans

L~

Pancreas
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The Endocrine Glands
e Gonads

— testes (testosterone) = sex characteristics

muscle development

4 maturit Gonads
anNd Maturil
y * The gonad is the organ that makes gametes. The
— ova ries (estrogen) — gonads in males are the testes, and the gonads in
females are the ovaries. The product, gametes, are
sex Cha racte ristics haploid germ cells. For example, spermatozoon and
egg cells are gametes

maturity and coordination

\

Dr. Banan Dabdoub 47



The Gonads (testes and ovaries)

main source of the steroid sex hormones

e Testes

Interstitial cells secrete androgens
Primary androgen is testosterone

 Maintains secondary sex characteristics
 Helps promote sperm formation

e (Qvaries

Androgens secreted by thecal folliculi (Theca cells are a group of

endocrine cells in the ovary made up of connective tissue surrounding the follicle that has
many diverse functions during folliculogenesis)

 Directly converted to estrogens by follicular granulosa cells

Granulosa cells also produce progesterone

Corpus luteum (La=Y! ~uall )also secretes estrogen and
progesterone

Dr. Banan Dabdoub 50



The Endocrine Glands

* Pineal Gland (pineal body) secrets melatonin

— regulates biological clock (Circadian clock)

— Antioxidant

Pituitary and Pineal Glands
Fineal gland

Cerebellum

Pons

Medulla oblongata ———=
-«———— 5Spinal cord

Dr. Banan Dabdoub
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Pineal Gland

e Melatonin

— Establishes body’s day/ night cycle

- Cerebral

| =35 cortex

Suprachiasmati
nucleus

Optic
chiasm

Pituitary

Hypothalamus\ |

Dr. Banan Dabdoub
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The Pineal Gland

e At the end of a short stalk on the roof of the
diencephalon

* Pinealocytes with dense calcium particles
Can be seen on x-ray (because of Ca++)

* Melatonin helps regulate the circadium
rhythm

— The biological clock of the diurnal (night/day)
rhythm

— Complicated feedback via retina’s visual input

Dr. Banan Dabdoub
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The Endocrine Glands

* Thymus secrets thymosin

— regulates immune system

Circulation
Lymph node
Dr. Banan Dabdoub 52



Endocrine cells in various organs

* The heart: atrial natriuretic peptide (ANP)
— Stimulates kidney to secrete more salt

— Thereby decreases excess blood volume, high BP and
high blood sodium concentration

e Gl tract (gastrointestinal tract) & derivatives:
Diffuse neuroendocrine system (DNES)

Dr. Banan Dabdoub 55



Endocrine cells in various organs continued

* The placenta secretes steroid and protein hormones
— Estrogens, progesterone
— CRH
— HCG
* The kidneys
— Juxtaglomerular cells secrete renin
* Renin indirectly signals adrenal cortex to secrete aldosterone
— Erythropoietin: sighals bone marrow to increase RBC production
* The skin

— Modified cholesterol with uv exposure becomes Vitamin D
precursor

— Vitamin D necessary for calcium metabolism: signals intestine to
absorb CA++
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Pathology

* Pituitary
— Gigantism —too much GH in childhood
— Acromegaly —too much GH in adulthood
— Pituitary dwarfs — too little GH in childhood ¥
— Diabetes insipidus - too much ADH (antidiuretic hormone) |

* Pancreas 2
— Diabetes mellitus — one type of insulin (not enough)

* Thyroid

— Hyperthyroidism, commonest is Grave’s disease
(autoimmune)

Graves' disease, also known as toxic diffuse goiter, is an autoimmune disease that affects the thyroid
— Hypothyroidism

* In childhood leads to cretinism

* Endemic goiter from insufficient iodine in diet

* Adult hypothyroidism (myxedema): autoimmune

Dr. Banan Dabdoub




Exophthalmos of
Grave’s disease

Enlarged thyroid (goiter) from
lodine deficiency

(b)

Hypothyroidism (myxedema)
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Pathology, continued

e Adrenal gland

— Cushing’s syndrome (see next pic)

» Usually caused by an ACTH (Adrenocorticotropic
hormone)-secreting pituitary tumor

* Rarely by tumor of adrenal cortex

° Iatrogenic (induced inadvertently by a physician or surgeon or by
medical treatment or diagnostic procedures)

— Addison’s disease
* Hyposecretion (under secretion) of adrenal cortex

e Usually involves cortisol and aldosterone: low blood
glucose and sodium, severe dehydration, fatigue, loss
of appetetie, abdominal pain

Dr. Banan Dabdoub
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Before and after onset of Cushing’s disease

(a)

Before

Dr. Banan Dabdoub
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Addison’s disease
ARRISON'S DISEASE

Bronze _‘
Figmentation .
of Skin —— Hypoglycemia
Changes In — —— Fostural
Distribution \ Hypotension
of Body Hair

Gl Disturbances

’) — Weight Loss
Weakness —— ¢

Adrenal Crisis:

Profound Fatigue
Dehydration
Vascular Collapse (BF)
Renal Shut Down
YSerum NA
TSerum K
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