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An Introduction to the Human
Body

Anatomy
science of structure
relationships revealed by dissection (cutting
apart)
imaging techniques
Physiology
science of body functions
normal adult physiology is studied in this class
some genetic variations occur




ANATOMY AND PHYSIOLOGY
DEFINED

Anatomy

the study of structure and the relationships
among structures.

Subdivisions

surface anatomy, gross anatomy, systemic
anatomy, regional anatomy, radiographic
anatomy, developmental anatomy,
embryology, cytology, and pathological
anatomy




ANATOMY AND PHYSIOLOGY
DEFINED

Physiology
the study of how body structures function
Subdivisions of physiology include
cell physiology, systems physiology,

pathophysiology, exercise physiology,
neurophysiology, endocrinology, cardiovascular
physiology, immunophysiology, respiratory
physiology, renal physiology, and reproductive
physiology
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Structural Organization of Matter
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Structural Organization of Matter
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Structural Organization of Matter
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Structural Organization of Matter

) Chemical level € Tissue level

Anatomy & Physiology o

e. Endocrine system ot R -
f. Cardiovascular system 0 £ J\zﬂ e
g. Lymphatic system o £
h. Respiratory system

I. Digestive system

j. Urinary system

k. Reproductive system

@ Cellular level

Smooth muscle cell Serous
membrane

€3 Organ level

T

ﬁduscle

u;d layers

) System level Esoon —
sophagus
_ Stomach ™ Epithelial
| WE Liver tissue

Eb ot Gallbladder
]

'. I \:_.{}-:-l___-,'.v

N .'.I |
i s i A
'\r)‘. _-,: Small intestine

“—— Large intestine
Rectum

Digestive system

@ John Wilsy & Sons, Inc.



Basic Life Processes

Metabolism

Sum of all biochemical
processes of cells, tissues,
organs, and organ systems

Responsiveness

Ability to detect and

respond to changes in the
internal and external
environment

Movement

Occurs at the intracellular,
cellular, organ levels
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Basic Life Processes

Growth

Increase in number of cells, size of

cells, tissues, organs, and the body.
Single cell to multicellular complex
organism

Differentiation

Process a cell undergoes to develop

from a unspecialized to a
specialized cell

Reproduction

Formation of new cells for growth,

repair, or replacement, or the
production of a new individual.




Basic Life Processes

Homeostasis

Equilibrium of the body’s

internal environment produced
by the interaction of organ
systems and regulatory
processes (feedback systems).
Homeostasis is a dynamic
condition in response to changing
conditions.
The two body systems that largely
control the body’s homeostatic
state:

1. Nervous system

2. Endocrine system




Control of Homeostasis

Homeostasis 1s continually being disrupted by
external stimuli
- intense heat, cold , and lack of oxygen
internal stimuli
- psychological stresses

° exercise
Disruptions are usually mild & temporary
If homeostasis is not maintained, death may result




CONTROL OF HOMEOSTASIS

Homeostatic imbalances occur because of disruptions
from the external or internal environments.

Homeostasis is regulated by the nervous system and
endocrine system, acting together or independently.

The nervous system detects changes and sends nerve
impulses to counteract the disruption.

The endocrine system regulates homeostasis by
secreting hormones.
Whereas nerve impulses cause rapid changes,
hormones usually work more slowly.
Examples: CO2, O2, temperature, pH, blood pressure, ...




Example of Homeostasis
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Receptor

monitors a controlled condition
Control center

determines next action
Effector

receives directions from the
control center

produces a response that
changes the controlled condition




Basic Components
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Feedback System
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Homeostatic Imbalances

Disruption of homeostasis can lead to disease and death.

Disorder is a general term for any change or
abnormality of function.

Disease is a more specific term for an illness
characterized by a recognizable set of signs and
symptoms.

A local disease is one that affects one part or a limited
region of the body.

A systemic disease affects either the entire body or
several parts.




Homeostatic Imbalances

Disease is a more specific term for an illness
characterized by a recognizable set of signs and
symptoms.

Signs are objective changes that a clinician can
observe and measure; e.g., fever or rash.

Symptoms are subjective changes in body functions

that are not apparent to an observer; e.qg., headache or
nausea.
Diagnosis is the art of distinguishing one disease from
another or determining the nature of a disease; a
diagnosis is generally arrived at after the taking of a
medical history and the administration of a physical
examination.
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Anatomical Position

The anatomical position is a standardized
method of observing or imaging the body
that allows precise and consistent
anatomical references.

When in the anatomical position, the
subject stands (Figure 1.5).

standing upright

facing the observer, head level
eyes facing forward

feet flat on the floor

arms at the sides

palms turned forward (ventral)




Basic
Anatomaical
Terminolog

y

Forehead (frontal)
Eye (orbital)
i Ear (otic)
{Ffz{égl " B L _' Cheek (buccal)
MNose (nasal)
Mouth (oral)

i Chin {mental})
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Skul [~
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(a) Anterior view
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Basic
Anatomical
Terminology

HEAD
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Reclining Position

If the body is lying face down, it is in the prone
position.

If the body is lying face up, it is in the supine position.




Basic body
planes or
sections

These terms are used
for planes or sections
that cut the body,
organs, tissues, or cells

Oblique plane
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Transverse
plane

— Parasagittal
plane

Midsagittal plane

Right anterolateral view




Transverse plane Frontal plane (c) Midsagittal plane

View
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DORSAL BODY CAVITY

VENTRAL BODY CAVITY
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Directional Terms Used to Describe the
Position of one Structure to Another
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Wi SUFERECA
e _%:il:{.' hacasa e fube]

Anteriox/Posterior
(Ventral/Dorsal) Pramana = | < oM
Medial/Lateral
Intermediate: Between
Ipsilateral/Contralat
eral 2
Proximal/Distal e i i
Superficial/Deep

IHFFRiE




Methods of dividing the
Abdominopelvic cavity

Clavicle
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(b) Anterior view showing abdominopelvic quadrants (a) Anterior view showing nine abdominopelvic regions
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Blood \

* Blood: A liquid connective tissue composed of extracellular
matrix called as blood plasma that dissolves & suspends

various cells & cell fragments.

* Hematology: The branch of science that deals with the study

of blood, blood-forming tissues & blood disorders.




Functions

* Transport medium
" Oxygen, nutrients & waste material
" Hormones to their target glands
® Protective antibodies to the site of infection

* Protection against infection

* Regulation of pH

* Maintenance of body temperature
* Clot formation




Physical properties

* Denser & viscous than water and sticky
* Temperature is 38°

* Slightly alkaline pH (7.35 to 7.45)

* Color of blood varies with its oxygen content

** When it has a high oxygen content, it is bright red

** When it has a low oxygen content, it is dark red

* Blood volume is 5 to 6 liters in an average adult male &

4 to 5 liters in an average adult female.




Components of Blood \

* Two components of blood:

1)Blood plasma (55%): Watery liquid extracellular

matrix contains dissolved substances

2) Formed elements (45%): Cells & cell fragments
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Blood Plasma

When the formed elements are removed from blood,

a straw colored liquid is called as blood plasma.

— (91% water, 7% Proteins & 1.5% other
solutes)

— Albumin: Responsible for maintaining osmotic pressure of
blood

— Globulins: Responsible for Immune system
— Fibrinogen: Responsible for formation of blood clots

Other regulatory substances are electrolytes, nutrients,
enzymes, hormones, gases, & waste products (urea, uric acid,
creatinine, ammonia, & bilirubin).




Plasma
(55% of whole blood)

Buffy coat:
leukocyctes & platelets
(<1% of whole blood)

Formed
elements
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* Red blood cells (Erythrocytes)

* White blood cells (Leukocytes)

— Granulocytes
“*Neutrophils
*“*Eosinophils
“*Basophils

— Agranulocytes
“*Lymphocytes
“*Monocytes

* Platelets (Thrombocytes)

Formed Elements \

- White blood cell




Haemopoiesis

* The process of formation of blood cells called as

hemopoiesis or hematopoiesis.
Red bone marrow is the primary site of haemopoiesis.

It is highly vascularized connective tissue located in the
bone.

Present mainly in bones of

v" Axial skeleton

v Pectoral & pelvic girdles

v" Humerus & femur
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Red Blood Cells (RBCs) \

* Biconcave disc shaped

* Male: 5.4 M/ mm3 of blood

* Female: 4.8 M/ mm? of blood

* Have no nuclei

* Functional for about 120 days

* Production occurs in the red bone

mMarrow
® Erythropoiesis
® Controlled by erythropoietin
* Contains Hemoglobin (280 M/RBCs)

Sectioned view

* Function: Transport of oxygen from lungs to tissues & carbon
dioxide from tissues to lungs




Normal values:

»Female: 12 to 16 gm/100 ml of blood
»Male: 14 to 18 gm/100 ml of blood
»Infants: 14 to 20 gm/100 ml of blood




Hemoglobin

Lower hemoglobin values
may be due to:

Anemia

Bleeding

Destruction of red blood cells

Leukemia
Malnutrition

Nutritional deficiencies
iron, folate, vitamin
B, vitamin B,

Overhydration

of

Higher hemoglobin values may be
due to:

Congenital heart disease
Dehydration

Erythrocytosis (Increase in RBCs)
Low blood oxygen levels (Hypoxia)
Pulmonary fibrosis

Polycythemia vera (Disorder of the
bone marrow)
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Formation & Destruction of RBCs

* Red blood cells live only about 120 days.

* Without a nucleus and other organelles, RBCs cannot
synthesize new components to replace damaged ones.

* Ruptured red blood cells are removed from circulation &
destroyed by macrophages in the spleen and liver, and
breakdown products are recycled.

1 Macrophages in spleen, liver, or red bone marrow phagocytize
ruptured and worn-out red blood cells.

2 The globin and heme portions of hemoglobin are split apart.

3 Globin is broken down into amino acids, which can be reused to
synthesize other proteins.




Formation & Destruction of RBCs

4 Iron is removed in the form of Fe3, which associates with the
plasma protein transferrin.

5 In muscle fibers, liver cells, and macrophages of the spleen and
liver, Fe3 detaches from transferrin and attaches to an iron-

storage protein called ferritin.

6 Upon release from a storage site or absorption from the
gastrointestinal tract, Fe3 reattaches to transferrin.

7 The Fe3—transferrin complex is then carried to red bone marrow,
where RBC precursor cells use it in hemoglobin synthesis.

8 Erythropoiesis in red bone marrow results in the production of red
blood cells, which enter the circulation.




Formation & Destruction of RBCs

9 When iron is removed from heme, the non-iron portion of heme is
converted to biliverdin, a green pigment, and then into bilirubin, a
yellow orange pigment.

10 Bilirubin enters the blood and is transported to the liver.

11 Within the liver, bilirubin is released by liver cells into bile which
passes into the small intestine and then into the large intestine.

12 In the large intestine, bacteria convert bilirubin into urobilinogen

13 Some urobilinogen is absorbed back into the blood, converted to a
vellow pigment called urobilin and excreted in urine.

14 Most urobilinogen is eliminated in feces in the form of a brown
pigment called stercobilin, which gives feces its characteristic color.




Definition of Anemia

U Deficiency in the oxygen-carrying capacity of blood due
to a decrease in erythrocyte number.

J May be due to:
J Erythrocyte loss (bleeding)

J Decreased Erythrocyte production
Jiow erythropoietin
dDecreased bone marrow response to erythropoietin

J Increased Erythrocyte destruction (hemolysis)




Symptoms of Anemia

* Decreased oxygenation
— Exertional dyspnea
— Dyspnea at rest
— Fatigue
— Lethargy, confusion

* Decreased volume
— Fatigue
— Muscle cramps
— Postural dizziness
— Syncope




Types of Anemia

v’ Iron deficiency anemia
v Megaloblastic anemia
v Pernicious anemia

v Hemolytic anemia

v' Aplastic anemia

v Sickle-cell anemia




Anemia

lron Deficiency Anemia: Inadequate absorption or excessive loss
of iron

Megaloblastic Anemia: Due to deficiency of folic acid & vitamin
B

12

Aplastic anemia: Destruction of red bone marrow

Hemolytic anemia: Due to excessive breakdown of red blood
cells

Pernicious anemia: Due to impaired absorption of vitamin B,
because of a lack of intrinsic factor in gastric secretions.




Range: 5000 — 10,000/ mm’ of blood

Produced by leukopoiesis in red bone
marrow, Contain nuclei

Functions
— Defense against pathogens

— Removal of toxins, wastes &
damaged cells

Two types

Granulocytes: 75% of total WBC
— Neutrophils
— Eosinophils
— Basophils

Agranulocytes: 25% of total WBC
— Lymphocytes

Basnphlllc
granulocyte

Bl vonocyte.
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Leukocytosis & Leukopenia\

Leukocytosis: An increase in the number of WBCs
above 10,000, is called as leukocytosis.

Leukopenia: A decease in the number of white blood
cells below 5000, is called as leukopenia.




* 60-70% of total WBC'’s RB& F
* Granules do not stain with dyes |
* Diameter: 10-12 um

* Nucleus: Usually 2-4 lobed

Functions:
* Neutrophils are phagocytic towards bacteria (1 neutrophil

can phagocytize 5-20 bacteria)




Eosinophil

* 2-4% of total WBC's
* Granules stained by red acidic dyes
* Diameter 10-12 um

RBC

* Nucleus: Usually 2 lobes

e Functions:

* |nvolved in allergic reactions & parasitic infections.

* They destroy the antigen-antibody complexes & restrict the
process of inflammation.




Basophil \
0.5- 1 % of total WBC’s

Granules stained with basic, purple blue color
Diameter 8-10 um
Nucleus: Irregular and usually 2 lobes

g — Basophil

Granules contain heparin & histamine

Functions:

At the site of infection basophils convert into mast cells
Basophils & mast cells release histamine, bradykinin & serotonin




Lymphocyte \

20-25 % of total WBC's

Depending upon the site of production & their actions, divided
into T, B cells & Natural killer cells

They are divided into o | .
* Small lymphocytes- Diameter 6-9 um &
* large Lymphocyte- Diameter 10-14 pm

Platelet

Nucleus: Round

Functions:

Plays important role in immunity.




Monocyte \

* Nucleus: Oval or kidney shaped

* 3-8 % of total WBC's
* Diameter: 12-20 um

* Monocytes are converted into macrophages

of the tissues —

* Functions:
* Phagocytosis




Thrombocytes

Range: 250,000-500,000 /mm? of blood

Have no nuclei
Diameter: 2-4 um
Life span: 10 -12 days

Function

Involved in blood clotting mechanism

C)@@
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* When the blood vessel get damaged, platelet plays a
vital role in Hemostasis.

* 3 mechanisms are involved in hemostasis;

v" Vascular spasm

v" Platelet plug formation







Vascular spasm

* When arteries are damaged, the smooth muscle in the

walls of arteries contracts immediately, a reaction is

called as vascular spasm.

* This reduces blood loss for several minutes to several

hours.

* The spasm is caused due to r¢ ' Of liators from

the activated platelets.




Blood clotting \

* Blood clot consists of network of insoluble protein fibers

called as fibrin in which the formed elements (RBCs, WBCs &

Platelets) of blood are trapped.

* The process of clot formation is called as clotting.




Blood clotting

Blood clotting factors:
|.Fibrinogen

Il.Prothrombin

lll.Tissue factor

IV.Calcium ions

V.Labile factor- Proaccelerin
VI.Absent

VIil.Stable factor- Proconvertin
VIll.Antihaemophilic factor (A)
IX.Christmas factor or AHF (B)
X.Stuart factor

Xl.Plasma thromboplastin or AHF (C)
Xll.Hageman factor or AHF (D)
XIll.Fibrin- stabilizing factor







The Extrinsic Pathway \

Fewer steps & occurs rapidly within a seconds

* Tissue protein called tissue factor (TF) leaks into the blood
from cells outside blood vessels & initiates the formation of
prothrombinase.

* TF is a complex mixture of lipoproteins & phospholipids
released from the surfaces of damaged cells.

* In the presence of Ca}, TF begins a sequence of reactions that
activates clotting factor X .

* Once factor X is activated, it combines with factor V in the
presence of Ca’! to form the enzyme prothrombinase,
completing the extrinsic pathway.




The Intrinsic Pathway \

* More complex & occurs more slowly, requires several minutes.

* Its activators are present either in direct contact with blood or

contained within the blood.
* OQutside tissue damage is not heeded.

* If endothelial cells become damaged, blood can come in

contact with collagen fibers of the blood vessel.

* Trauma to endothelial cells causes damage to platelets,

resulting in release of phospholipids by the platelets.




The Intrinsic Pathway \

* Contact with collagen fibers activates clotting factor Xll, which

begins a sequence of reactions that activates clotting factor X.

* Platelet phospholipids & Ca’ can also participate in the

activation of factor X.

* Once factor X is activated, it combines with factor V to form
the active enzyme prothrombinase, completing the intrinsic

pathway.




The Common Pathway \

* The formation of prothrombinase starts the beginning of the

common pathway.

* In the second stage of blood clotting, prothrombinase & Ca’

catalyze the conversion of prothrombin to thrombin.

* In the third stage, thrombin, in presence of Ca’, converts

fibrinogen (soluble), to loose fibrin threads (insoluble).

* Thrombin also activates factor Xlll (fibrin stabilizing factor), which

strengthens and stabilizes the fibrin threads into a sturdy clot.
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1. Platelet Adhesion 2. Platelet release reaction

3. Platelet aggregation




Platelet Plug formation \

* Inspite of having small size, platelets store lot many

chemicals.

* |t contains ADP, ATP, Ca‘, serotonin, thromboxane A, a

prostaglandin, fibrin-stabilizing factor & platelet-derived

growth factor (PDGF).




Platelet Plug formation

* [Initially, platelets stick to parts of a damaged blood vessel,

such as collagen fibers of damaged endothelial cells.
* This process is called as platelet adhesion.

* Due to adhesion, the platelets become activated, & their

characteristics change dramatically.

* They extend many projections and they begin to liberate the

contents of their vesicles.

* This phase is as called platelet release reaction.




Platelet Plug formation

o Liberated ADP & thromboxane A, play a major role of
activating nearby platelets.

* Serotonin & thromboxane A, function as vasoconstrictors,

causing contraction of vascular smooth muscle, which

decreases blood flow through the injured vessel.




Platelet Plug formation

* The release of ADP makes other platelets sticky, & adhere to

the originally activated platelets.
* This gathering of platelets is called as platelet aggregation.

* The accumulation & attachment of large numbers of platelets
to the site of injury to form a solid mass called as platelet

plug.




BLOOD CLOTTING




Fibrin

Red cells

Platelets




“ The term means prevention of

blood loss.

is the process of forming clots
in the walls of damaged blood vessels and

preventing blood loss, while maintaining

blood in a fluid state within the vascular
system.




1. Vascular spasm
2. Platelets reaction

3. Formation of platelet plug

3. Blood coagulation




Reduces flow of blood from injured
vessel.

1- Sympathetic reflex

2- Release of vasoconstrictors
(IXA, and serotonin) from

platelets that adhere to the
walls of damaged vessels.




Platelet adherence
Platelet activation

Platelet aggregation




Produced in the bone marrow by fragmentation of the
cytoplasm of megakaryocytes (1000-5000/cell).

I/3 of marrow output of platelets 1s trapped in spleen
(splenectomy?)

Normal count: 150,000-400,000/uL (250,000)
Life span 7-10 days.

Reémoved from circulation by tissue macrophage system
mainly in spleen.

Thrombopoietin: major regulator of platelet production
(produced by liver and kidney).

It increases no. & rate of maturation of megakaryocytes.

7




* The cell membrane of platelets contains:

— A coat of glycoprotein (receptors) that cause
adherence to injured endothelial cells and
exposed collagen.

— Phospholipids, that play an important role in
blood clotting.




» Contains:
v" contractile proteins (actin & myosin).

v Dense granules, which contain substances that
are secreted in response to platelet activation
including serotonin & ADP.

v a-granules, which contain secreted proteins e.g.
platelet-derived growth factor (PDGF) which
stimulates wound healing, fibrin stabilizing
factor (factor XIII) and other clotting factors.

» Can store large quantities of Ca*".




When a blood vessel
wall is injured, platelets adhere to the
exposed collagen and von Willebrand
factor in the wall via platelet receptors —

*Activated platelets release the contents of their
granules including ADP and secrete TXA, —
activates nearby platelets to
produce further accumulation of more
platelets (platelet aggregation) and forming
a platelet plug.
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The clotting mechanism involves a cascade of reactions
in which are activated.

Most of them are synthesized by the

liver (vitamin K is needed for the synthesis of factor
IT, VII, IX and X).

They are always present in the plasma in an inactive

form.

When activated they act as proteolytic enzymes which
activate other inactive enzymes.

Several of these steps require Ca** and platelet
phospholipid.




Table 18.1 The coagulation factors

Factor
number Descriptive name

Fibrinogen

Prothrombin

Tissue factor

Labile factor

Proconvertin
Antihaemophilic factor
Christmas factor
Stuart—Prower factor

Plasma thromboplastin antecedent
Hageman (contact) factor
Fibrin-stabilizing factor
Prekallikrein (Fletcher factor)
HMWEK (Fitzgerald factor)

* Active without proteolytic modification.
HMWEK., high molecular weight kininogen.




Prothrombin = Thrombin

Fibrinogen = Fibrin




An Intrinsic system.

An Extrinsic system




The 1nitial reaction is the conversion of inactive
factor XII to active factor Xlla.

Factor XII is activated in vitro by exposing
blood to foreign surface (glass test tube).

Activation in vivo occurs when blood is

exposed to collagen fibers underlying the
endothelium in the blood vessels.




INTRINSIC SYSTEM




Requires contact with tissue factors external to

blood.

This occurs when there is trauma to the
vascular wall and surrounding tissues.

The extrinsic system is triggered by the release

of tissue factor (thromboplastin from
damaged tissue), that activates factor VII.

The tissue thromboplastin and factor VII
activate factor X.




EXTRINSIC
SYSTEM
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Clot formation is fully developed in 3-6 min

Contraction of platelets trapped within the
clot shrinks the fibrin meshwork pulling
the edges of the damaged vessel closer
together.

During clot retraction is squeezed
from the clot.




INnjury to wall
of blood vessel

Contraction

Collagen Tissue
thromboplastin
Flatelaet Activation of
reaclt ions coagullation
aggregation
Temporary | o Detinftive ]
-hemostatic -3 | Bremostatic.
oy .
I
Limiting
reactions

Figure 27-23 Summary of reactions involved in he-
imostasis. The dashed arrow indicates inhibition. (Modi-

fied from Devkin : Thrombogenesis, N Engl J dMed
1967267622




INTRINSIC SYSTEM
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Figure 27—-24 The clotting mechanism. a, active form
of clotting factor. TPL, tissue thromboplastin: TF, tissus

factor pathway inhibitor. For other abbreviations, see
Table 27-8.
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Skin Functions of Skin

__ ° — keratin

jf; L toughens cells; fats cells cushion blows;
and pressure receptors to measure
possible damage

o — skin secretions are
acidic and inhibit bacteria.

° — melanin produced
to protect from UV damage



Skin Functions

° — regulates body temperature

--.:O-Z:Heat loss: sweat to cool the skin

e\ — contains lipids to prevent drying out
e b — urea and uric acid secreted in sweat
o — modifies cholesterol molecules in skin

and converts it to vitamin D
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Skin Structure

° — outer layer

o

Stratified squamous epithelium

fhn Often keratinized (hardened by keratin)

o

o Dense connective tissue

> hypodermis



Skin Structure

Epidermis
« Stratum——
corneum

« Stratum
lucidum
«Stratum——:—
granulosum| =~
+Stratum—{ G e
spinosum _
«Stratum——%
basale

: .
Dermis— = =
B

Summary of layers from
deepest to meost superficial:

Stratum basale
Stratum spinosum
Stratum granulesum
Stratum lucidum
Stratum corneum



Skin Structure

o ( ) is deep to dermis
> Not part of the skin

| ST TS E R LTRSS e e,
: Skin Cross-Section |
sweat pore ..y -4— hair shaft

pR o, ] .

: *"#,-* T N epidermis
melanocytes
gweat gland
dertmis

hair erector
muscle

~4— Pacinian corpuscle ]

1
subcutaneous |
tissue

..... @Enc%ntedLearning.cnm 3




Layers of the Epidermis

s O Deepest layer of epidermis

e Cells actively undergoing cell division

2w New cells are pushed upward to become the more
- superficial layers

o — intermediate layer
° — another layer



Layers of the Epidermis

- > Formed from dead cells of the deeper layers

> Occurs only in thick, hairless skin of the
palms of hands and soles of feet

o Qutermost layer of epidermis

o)

Scale-like dead cells are filled with keratin
which is a protective protein preventing
water loss from skin



Keratinization

» Cells migrate to the epidermis where eventually they

S ﬁjf . The cells in the epldermls contain a Iot of keratin
- 'which resists damage.

« Distinct layers of cells are called



Melanin

* Pigment (melanin) produced by
L melanocytes

- Melanocytes are mostly in the stratum
L basale

* Color is yellow to red to brown to black

* Amount of melanin produced depends
upon genetics and exposure to sunlight




Melanin continued....

* Large amounts of melanin
occur in some regions like
freckles, moles, and nipples.

e Less melanin occurs in the
lips, hands, and soles of the
feet.




Dermis

* Two layers

o (upper dermal region)

..... Projections called dermal papillae
A * Some contain capillary loops containing blood

Some pain receptors and touch receptors

o (deepest skin layer)
Blood vessels
Sweat and oil glands
Deep pressure receptors



What causes Normal Skin Color

o

Yellow, brown, or black pigments

o

Orange-yellow pigment from some
vegetables

o)

Red coloring from blood cells in dermal
capillaries

> Oxygen content determines the extent of
red coloring



Dermis

e Overall dermis structure

0 and located throughout the
i dermis
Collagen fibers give skin its toughness
e Elastic fibers give skin elasticity

. — extend toward the epidermis and
deliver nutrients, remove waste products (sweat =
urea and uric acid) and aid in regulating body
temperature.
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Course Description:

This course is 16 weeks long with three hours every
week.

It is an introduction to the study of the structure
and function of the human body. This course (A)
introduces the student to the concepts of anatomy

and physiology as subjects in the nursing curriculum
and begins with how the body is organized from the
chemical level to the organismal level.

A description of the various cell and tissue types

fol

INC

ows and then the student is introduced to the
ividual body systems.




Course objectives:
The Anatomy and Physiology (A) is

designed to let the student familiar with
the basic anatomical structure of the

human body.
Students will learn what the various organs
of the body do to contribute to the overall

physiology of the body as well as the
interaction between them.




CHAPTER 11

The Human Body :

An Orientation




m Anatomy — the study of the szrucrure and
shape of the body and body parts & their
relationships to one another. The term
anatomy comes from the Greek words

meaning to cut (tomy) apart ( ana) .
® Gross anatomy( macroscopic anatomy) —

the study of large, easily observable
structures (by naked eye), such as the

heart or bone.

= Microscopic anatomy (cytology,
histology) — the study of very small
structures, where a magnifying lens or
microscope is needed.




m Physiology — the study of how the body
and its parts work or function

physio =nature , ology = the study of.
m Like anatomy , physiology has many

subdivisions. For example,
neurophysiology explains the working
of the nervous system , and cardiac
physiology studies the function of the
heart. = ‘




Relationship between Anatomy

and Physiology

Anatomy and Physiology are always

related . Structure determines what
functions can take place. For example,
the lungs are not muscular chambers like
the heart and can not pump blood, but
because the walls of lungs are very thin,
they can exchange gasses and provide
oxygen to the body.




Levels of Structural Organization

The human body exhibits 6 levels of structural
complexity :

1- Chemical level , the simplest level of
structural ladder .At this level atoms
combine to form molecules such as water,
sugar, & proteins

2- Cellular level the smallest units of living
things .

3- Tissue level , groups of similar cells that
have a common function (4 basic types)




4- Organ level, an organ is a
structure composed of 2 or more
tissue types that performs a specific
function .

5- Organ System is a group of

organs that work together to
accomplish a common purpose
(each organ has its own job to do)
6- Organismal level , represents the
highest level of structural
organization( total of 11 organ
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BOdY SYS"'ZmS:The human body has 11
systems
1-INTEGUMENTARY

ORGANS
m Skin

FUNCTIONS

Waterproofs, cushions, protects deeper
tissue

Excretes salts & urea; pain, pressure

Regulates body temp; synthesize vitamin
D

@ (a) Integumentary system




2-SKELETAL

ORGANS

= Bones, cartilages, ligaments, joints

FUNCTIONS
m Protects & supports body organs
®# Framework for muscles & movement

Hematopoiesis; store minerals

P

_ ) (b) Skeletal system




3- MUSCULAR

ORGANS

m Skeletal muscle (attached to bone)

FUNCTIONS
m Contraction & mobility (locomotion)
m Facial expression, posture

® Produce body heat

{'bb- I;Lr-'-:ﬁn- :

@ (c) Muscular system




4- NERVOUS

ORGANS
Brain

S SEENEPYWW = DBrain, spinal cord, nerves, & sensory

RFapIRE receptots

Spinal
FUNCTIONS

Fast-acting central control system -

Responds to external/internal stimuli
via nerve impulses (electrical

messages)

@ (d) Nervous system




5- ENDOCRINE

ORGANS
. __—Pineal gland

"-* — m Pituitary, thyroid, parathyroids,
=i adrenals, thymus, pancreas, pineal,

R (parathyvoid glands ovaries, testes.....etc.
., | on posterior aspect)

T,

|
& ~—Thymus gland
|

| =\ RO CLUEE FUNCTIONS

o “:l ,_-:':__

m Slow -acting control system

= Glands produce hormones that
regulate growth, reproduction,
metabolism,.... etc.

i b
|

@ (e) Endocrine system




6- Circulatory

ORGANS

m Heart, blood vessels, capillaries &blood

FUNCTIONS

m Carries O, nutrients, hormones, & other
substances to and from tissue cells

White blood cells protect against
bacteria, toxins, tumors

. (f) Cardiovascular system




7- LYMPHATIC

ORGANS

m Lymphatic vessels, lymph nodes,
spleen, tonsils

FUNCTIONS

m Complements circulatory system by
returning leaked fluid back to blood

vessels

m Cleanses the blood; involved in

Lymphatic immunity
vessels

e
1

."l' -
o L'L"\-
] _f "!’l:f'

':::J (g) Lymphatic system




8- RESPIRATORY

ORGANS

m Nasal cavity, pharynx, larynx,
trachea, bronchi, & lungs

___—— Nasal cavity
Pharynx

FUNCTIONS

m Keeps blood supplied with O, &
removes CO,

m Carries out gas exchanges through air
sacs in lungs

| {.

G L
. (h) Respiratory system




9- DIGESTIVE

ORGANS

Oral cavity ® Oral cavity, esophagus, stomach,
small intestine, large intestine,

Esophagus rectum, anus (liver & pancreas)

% Stomach

A EEEIN FUNCTIONS

intestine -
& > Large m Breaks food down into absorbable

o -intestine units that enter the blood;
Sl L indigestible food eliminated as feces

Ny
",

LY
— Anus

@ (i) Digestive system




10- URINARY (EXCRETORY)

ORGANS

m Kidney, ureter, urinary bladder,
urethra

FUNCTIONS
e Urinary

JEesCa B Eliminates nitrogenous waste from
the body (urea & uric acid)

= Regulates water, electrolytes, & acid-
base balance of the blood

S Urethra

. (j) Urinary system




11- REPRODUCTIVE

ORGANS
m Male

“= "/ glands = Seminal vesicles, prostate, penis,

f.
Seminal ||f {4 o ¥ | (nbroasts) vas deferens, testis, scrotum
vesicles _]"-..,.. . "~ 1 | ~Uterine

® Female

m Opvaries, mammary glands, uterus,
vagina, uterine tube

FUNCTIONS

= Primary function for both sexes is to
produce offspring

.'.I i\

'\ | '||~"‘—S|::rntum
L]

W W Male — testes produce sperm & male sex
. (k) Male reproductive (1) Female reproductive

hormones
system system

Female — ovaries produce eggs &
female sex hormones; mammary glands
for nourishment
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metabolic wastes iz
accomplizhed by the
urinary and
respiratory

sy stems.




Maintaining Life

I-Necessary Life Functions : All living organisms
carry out certain vital functional activities necessary for
life, including :

1-Maintenance of boundaries: Every living organism
must maintain its inside distinct from outside.

-All the cells are surrounded by a selectively permeable
membrane.

-The body as a whole is enclosed and protected by the
integumentary system, or skin, which protects our

internal organs from drying out, bacteria, heat, sunlight,

and chemicals .




2-Movement :

-It includes the activities promoted by the
muscular system , the skeletal system provides
the bony framework that the muscles pull on as
they work.

-Movement also occurs when substances such

as blood, foodstuffs, and urine are propelled

through internal organs .

- On the cellular level, the muscle cell’s ability to
move by shortening is more precisely called
contractility.




3- Responsiveness or irritability, is the ability
to sense changes (stimuli) in the environment and
then respond to them.

-you involuntarily pull your hand away from the
painful stimulus .

-When carbon dioxide in your blood rises to

dangerously high levels, your breathing rate speeds

up.

Because nerve cells are highly irritable and
communicate rapidly with each other via electrical
impulses, the nervous system is most involved with
responsiveness. However, all body cells are irritable
to some extent.




4-Digestion :1s the breaking down of ingested
foodstuffs to simple molecules that can be
absorbed into the blood. The nutrient-rich
blood is then distributed to all body cells by the
cardiovascular system.

In a simple, one-celled organism such as an
amoeba, the cell itself is the “digestion
factory,” but in the multicellular human body,

the digestive system performs this function for
the entire body.




5- Metabolism is a broad term that includes all
chemical reactions that occur within body cells. It
includes breaking down substances into their simpler
building blocks (catabolism), synthesizing more
complex cellular structures from simpler substances
(anabolism), and using nutrients and oxygen to
produce (via cellular respiration) ATP, that power
cellular activities.

Metabolism depends on the digestive and respiratory
systems to make nutrients and oxygen available to be
distributed throughout the body. Metabolism 1s

regulated largely by hormones secreted by endocrine

system glands.




6- Excretion is the process of removing
excreta (ek-skre'tah), or wastes, from the body.
— The digestive system rids the body of
indigestible food residues in feces.

-The urinary system disposes of nitrogen-

containing metabolic wastes, such as urea, in

urine.

- Carbon dioxide, a by-product of cellular
respiration, is carried in the blood to the lungs,
where it leaves the body in exhaled air.




7- Reproduction : 1s making a whole new person which
is the major task ot the reproductive system.

- When a sperm unites with an egg, a fertilized egg
forms, which then develops into a baby within the
mother’s body.

- The reproductive system 1s regulated by hormones of
the endocrine system.

- Because males produce sperm and females produce
eggs (ova), there is a division of labor in the

reproductive process, and the reproductive organs of

males and females are different .

- The temale’s reproductive structures provide the site
for tertilization ot eggs by sperm, then protect and
nurture the developing fetus until birth.




- Growth 1s an increase 1n size of a

body part or the organism. It is usually

accomplished by increasing the number
of cells. However, individual cells also
increase in size when not dividing. For
true growth to occur, constructive
activities must occur at a faster rate than
destructive ones




I1.Survival Needs

Survival needs include:

1-nutrients

Nutrients, taken in via the diet, contain the chemical
substances used for energy and cell building.

-Carbohydrates are the major energy fuel for body cells.
-Proteins, and to a lesser extent fats, are essential for building
cell structures.

- Fats also provide a reserve of energy-rich fuel.

- Selected minerals and vitamins are required for the
chemical reactions that go on in cells and for oxygen transport
in the blood. The mineral calcium helps to make bones hard
and is required for blood clotting.




2- Oxygen : All the nutrients in the world are
useless unless oxygen is also available. Because
the chemical reactions that release energy from
foods are oxidative reactions that require
oxygen, human cells can survive for only a few
minutes without oxygen. Approximately 20% ot

the air we breathe is oxygen. It is made available
to the blood and body cells by the cooperative
efforts of the respiratory and cardiovascular

systems.




3- Water accounts for 60-80% of body
weight and zs the single most abundant

chemical substance in the body. 1t provides the

watery environment necessary for
chemical reactions and the fluid base for

body secretions and excretions. Water is

obtained chiefly from ingested fo
liquids and is lost from the body |

ods or
Oy

evaporation from the lungs and s

in body excretions.

<in and




4- It chemical reactions are to continue at life-
sustaining rates, normal body temperature
must be maintained. As body temperature
drops below 37°C (98.6°F), metabolic
reactions become slower and slower, and
finally stop. When body temperature 1s too
high, body proteins lose their characteristic
shape and stop functioning. At either extreme,

death occurs. Most body heat is generated by the

activity of the muscular system.




5- Atmospheric pressure is the force that air exerts on
the surface of the body. Breathing and gas exchange in
the lungs depend on appropriate atmospheric pressure.
At high altitudes, where atmospheric pressure is lower
and the air 1s thin, gas exchange may be inadequate to
support cellular metabolism.

Notice : 1 he mere presence of these survival factors is
not sufficient to sustain life. T'hey must be present in

appropriate amounts, excesses and deficits may be equally
harmful. For example, the food we eat must be of high

quality and in proper amounts; otherwise, nutritional

disease, obesity, or starvation is lifkely.




Homeostasis

m Describes the body’s ability to
maintain relatively stable internal
conditions even though the outside
wotld is continuously changing

m The literal translation of homeostasis
is “unchanging,”( homeo= the same,
stasis = standing still which is not
grue), o e




The term does not really mean a
static, or unchanging, state. Rather,
it indicates a dynamic state of
equilibrium, or a balance, in which
internal conditions vary, but always
within relatively narrow limits. [»
general, the body is in homeostasis when its

needs are adequately met and it is functioning

s1m00thly.




Homeostatic Control Mechanisms
Communication within the body is essential

for homeostasis.

Communication is accomplished chiefly by

the nervous and endocrine systems, which use

neural electrical impulses or blood borne

hormones, respectively, as information

carriers. S |
Regardless of the factor bemg regulated(the
variable)all homeostatic control mechanisms
have at least three interdependent components




The first component, the receptor, 1s some
type ot sensor that monitors the
environment and responds to changes,

called stzzmuli, by sending information (input)

to the_second component, the control
center. Input tlows from the receptor to
the control center along the so-called
afferent pathway. The control center,
analyzes the input it receives and then

determines the appropriate response or
course of action.




The third component, the effector,
provides the means of response (output) to

the sttimulus. Information tlows from the
control center to the etfector_along the
efferent pathway. The results of the
response then feed back to intluence the
stimulus, either depressing it (negative
teedback) so that the whole control

mechanism is shut off or enhancing it
(posttive feedback) so that the reaction
continues at an even faster rate.




@ Input:
Information
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affarant
pathway fo
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@l Change
detected

by receptor
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FIGURE 1.4
Output: The
Information sent elements of
along efferent a _
pathway to homeostatic
control
system.
Communication
between the
Eftectoy receptor,

control center,
and effector is
essential for
normal
operation of
the contraol
system.

(5) Response of
effector feeds
back to influence
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returns variable o

Variable (in homeostasis)
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B Homeostatic control mechanisms are
TWO:

= Negative feedback mechanisms — the net
effect of the response to the stimulus is
the shut off of the original stimulus or to
reduce its intensity

mE.g. — body temp, blood chemical levels

m Positive feedback mechanisms — tend to
increase the original disturbance
(stimulus) and push the variable farther
from its original value

mE.g. — ovulation, blood clotting, birth




Negative Feedback Mechanisms

Most homeostatic control mechanisms are
negative feedback mechanisms. In these
systems, the output shuts ott the original
stimulus or reduces its intensity. These

mechanisms cause the variable to change in a

direction opposite to that of the initial
change, returning it to its “ideal” value; thus
the name “negative” feedback mechanisms.




A good example of a nonbiological negative

feedback system is a home heating system
connected to a temperature-sensing
thermostat . If the thermostat is set at 20°C
(68°F), the heating system (effector) is
trigogered ON when the house temperature
drops below that setting. As the furnace
produces heat and warms the air, the

temperature rises, and when it reaches 20°C

or slightly higher, the thermostat triggers the
furnace OFE




This process results 1n a cycling ot
“furnace-ON”’ and “furnace-OFF”’

so that the temperature in the house

stays very near the desired
temperature of 20°C. Your body

“thermostat,” located 1n a part of
your brain called the hypothalamus,

operates 1n a similar tashion.




Positive Feedback Mechanisms

In positive feedback mechanisms, the result
or response enhances the original stimulus
so that the activity (output) 1s_accelerated.
This teedback mechanism is “positive”

because the change that occurs proceeds in

the same direction as the initial disturbance,
causing the variable to deviate further and
further from its original value or range.




In contrast to negative feedback controls,
which maintain wany physiological
functions or keep blood chemicals within
narrow ranges, positive feedback
mechanisms usually control zufrequent

events that do not require continuous

adjustments. However, TWO familiar

examples of their use as homeostatic
mechanisms are the enhancement of /lzbor
contractions during birth and blood clotting.




The body’s ability to regulate its internal
environment 1s fundamental, and all

negative feedback mechanisms have the

same goal: preventing sudden severe
changes within the body. Body temperature
and blood volume are only two of the
variables that need to be regulated. There are
hundreds! Other negative feedback
mechanisms regulate heart rate, blood
pressure, the rate and depth of breathing,
and blood levels of oxygen, carbon
dioxide, and minerals.




Homeostatic Imbalance

Homeostasis 1s so important that most disease can be
regarded as a result of its disturbance, a condition
called homeostatic imbalance. As we age, our body’s
control systems become less efficient, and our internal
environment becomes less and less stable. These events

increase our risk for illness and produce the changes we

associate with aging.

Examples of homeostatic imbalance are provided
throughout this course to enhance understanding of
normal physiological mechanisms.
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The Language of Anatomy




Anatomical Position

= Standing erect

= Feet parallel

= Arms hanging at the sides
m Palms facing forward

Anatomical position — body is erect with the

feet parallel and the arms hanging at the
sides with the palms facing forward. (It’s
important to note throughout this coutse,
most terminology refers to this position
regardless of the position the body
happens to be in at the time)




Directional terms

Superior (cranial or cephalad) — toward the head
end or upper part of a structure or body; above

Inferior (caudal) — away from the head end or
toward the lower part of a structure or body; below

Anterior (ventral) — toward or at the front of the
body; in front of

Posterior (dorsal) — toward or at the backside of
the body; behind

Medial — toward or at the midline of the body; on
the inner side of

Lateral — away from the midline of the body; on the
outer side of




m Proximal — close to the origin of the
body part or the point of attachment of
a limb to the body trunk.

m Distal — farther from the origin of a
body or the point of attachment of a
limb to the body trunk.

m Superficial (external) — toward or at the
body surface. T,

B Deep (internal) — away from the body
surface; more internal.




Examples:
The navel is inferior to the breastbone
The heart is posterior to the breastbone
The arms are lateral to the chest
The elbow is proximal to the wrist
The skin is superficial to the skeleton
The forehead is superior to the nose
The breastbone is anterior to the spine
The heart is medial to the arm

The armpit is intermediate between the breastbone and the
shoulder

The kneeis distal to the thigh

. The lungs.are deep:to the rib.cage




1.
4,
3.
4.
5.
6.
7.
8.
9.

The navel is to the breastbone
The heart is to the breastbone
The arms are to the chest

The elbow is to the wrist

The skin is to the skeleton
The forehead is to the nose
The breastbone is to the spine
The heart is to the arm

The armpit is between the breastbone
and the shoulder

. The knee is to the thigh

The lungs are to the rib cage




Body planes and sections

A section is a cut made along a plane

Sagittal — cut made along the lengthwise or
longitudinal plane of the body dividing it into left
and right parts

Midsagittal (median) plane — right and left parts
are of equal size

Frontal (coronal) plane — cut made along a
lengthwise plane that divides the body into
anterior and posterior parts

Transverse plane (cross section) — cut made along
a horizontal plane dividing the body or organ into
superior and inferior parts




Planes

m Sagittal Plane — divides
body into right and left
parts.

m Midsagittal =median
plane —divides body into
two equal halves.

4 u

Sagittal Anteroposterior
Plane




Planes

m Frontal = coronal plane
— divides body into
anterior and posterior
parts

Frontal Lateral
Plane




Planes

m Transverse plane = cross

Section= horizontal section
divides into upper and
lower parts

Horizontal/ Transverse
Plane




Regional terms

There are many visible landmarks

on the surface of the body:
- Anterior body landmarks |
- Posterior body landmarks -
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Body Cavities

There are two sets of internal body cavities called
the dorsal and ventral body cavities. These
cavities are closed to the outside.

1-Dorsal Body Cavity

Which protects the fragile nervous system organs

has two subdivisions. The cranial cavity, in the
skull, encases the brain. The vertebral, or spinal,
cavity, which runs within the bony vertebral
column, encloses the delicate spinal cord. The
cranial and spinal cavities are continuous with one
another




2- Ventral Body Cavity

The more anterior and larger of the closed body
cavities 1s the ventral body cavity .It has two major
subdivisions, the thoracic and the abdominopelvic
cavities. It houses internal organs collectively called the
viscera .

They are separated by the diaphragm, a dome-shaped
muscle important in breathing.

The abdominopelvic cavity, as its name suggests, has
two parts not physically separated by a muscular or
membrane wall.

The inferior part, the pelvic cavity, lies in the bony
pelvis .
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HOMEOSTATIC IMBALANCE
When the body is subjected to physical

trauma (as often

happens in an automobile

accident), the abc

ominopelvic organs are

most vulnerable. This is because the walls of

the abdominal cavity are formed only by

trunk muscles and are not reinforced by

bone. The pelvic

oreater degree of
pelvis

organs recetve a somewhat
protection from the bony




Abdominopelvic Regions and Quadrants

Because the abdominopelvic cavity is large and
contains several organs, it helps to divide 1t into smaller
areas for study.

One division method, used primarily by anatomists,
uses two transverse and two parasagittal planes. These
planes, divide the cavity into nine regions :

-The umbilical region is the centermost region deep to
and surrounding the umbilicus (navel).




Abdominopelv

Right

hypochondriac -

region

Right
lumbar
region

Right
inguinal
region

Left
hypochondriac
region

Laft
lumbar

region

Left
inguinal
region




-The epigastric region is located superior to the umbilical
region (epi = upon, above; gastri = belly).

-The hypogastric (pubic) region is located inferior to the
umbilical region (hypo = below).

-The right and left iliac, or inguinal, regions (ing'gwi-nal) are

located lateral to the hypogastric region (iliac = superior part of
the hip bone).

-The right and left lumbar regions lie lateral to the umbilical
region (lumbus = loin).

-The right and left hypochondriac regions flank the epigastric
region laterally (chondro = cartilage).




A simpler scheme to localize the

abdominopelvic cavity organs is to imagine

one transverse and one median sagittal plane
pass through the umbilicus at right angles.
The resulting quadrants are named according
to their positions from the subject’s point of
View:

right upper quadrant (RUQ), left upper
quadrant (LUQ),

right lower quadrant (RLQ)), and left lower
quadrant (LLQ).




Abdominopelvic Quadrants

Right Upper Quadrant (RUGQ): ' Left Upper Quadrant (LUCQ):

Right lobe of liver, gallbladder, Left lobe of liver, stomach,
right kidney, portions of stomach, L i pancreas, left kidney, spleen,
small and large intestine : ot portions of large intestine

Right Lower Quadrant (RLQ): | 8 ' o | Left Lower Quadrant (LLQ):

Cecum, vermiform appendix, [ i Most of small intestine,
portions of small intestine, [ i portions of large intestine,
reproductive organs right | | e left ureter, reproductive
ovary in female and right |+ S | organs (left ovary in female

spermatic cord in male), right| e and left spermatic cord

ureter — in male)
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JOINTS AND THEIR CLASSIFICATION

Arthrology is the study of the joints

Kinesiology is the study of
musculoskeletal movement

Joints are classified by their freedom
of movement

diarthrosis (freely movable); amphiarthrosis (slightly

movable) and synarthrosis (little or no movement)
Joints are classified by the manner adjacent
bones are joined -- fibrous, cartilaginous, bony
and synovial joints



JOINT CLASSIFICATION

' Structural classification | Functional classification
Based on the way bones are held together Baszed on relative joint mobility

Diarthroses: Freely movable synovial joints
Mwﬂbﬂq arpal joints

i, ke, ferwad Toite

Interphalangeal jolms

Amphiarthroses: Slightly movable joints
Examples:
intervertebral discs

joints between articular processes of cervical to
lumbar vertebras

costosternal joints (ribs 2=T)

pubic is

distal radioulnar joints

tibiofibular joints

Jalmis with (ittle or ne movement




FIBROUS, CARTILAGINOUS & BONY JOINTS

Fibrous joints have collagen fibers spanning the
space between bones

sutures, gomphoses & syndesmoses

Cartilaginous joints have 2 bones bound to each
other by cartilage

synchondroses or symphyses

Bony joints have 2 bones fused by osseous tissue
synostoses in early adulthood



FIBROUS JOINT -- SUTURES T
Immovable fibrous joints that bind H*i

the bones of the skull to each other 3]

Serrate sutures appear as
interlocking wavy lines

coronal, sagittal & lambdoid sutures gy

Lap or squamous sutures are 2 bones with overlapping
beveled edges

temporal & parietal bones
Plane or butt sutures have straight, nonoverlapping
edges

palatine processes of the maxillae



TYPES OF SUTURES

==

Dovetail joint Miter joint Butt joint




FIBROUS JOINT -- GOMPHOSES

Attachment of a tooth to its
socket 1s a joint called a
gomphoses

Tooth held in place by fibrous
periodontal ligament

collagen fibers that extend from
bone of jaw to tooth

Allows tooth to move a little while chewing



FIBROUS JOINT -- SYNDESMOSES
Joint in which two bones are bound /
by a ligament only (interosseus '
membrane) |
Most movable of fibrous joints A
" i

Interosseus membranes unite radius to ulna (.

fibula



CARTILAGINOUS JOINT --

SYNCHONDROSES

Bones are joined by hyaline cartilage
rib attachment to sternum by
epiphyseal plate in children binds epiphysis and Aiarnhveia

Sternum— . =—Clavicle

_ g_ Costal cartilage
J/
—t Rib

_—




CARTILAGINOUS JOINT -- SYMPHYSES

o 2 bones joined by fibrocartilage
» pubic symphysis and intervertebral discs

o Only slight amount of movement 1s possible

Intervertebral disc—=
(fibrocartilage)

Body of vertebra

—Pubic symphysis
(fibrocartilage)




BONY JOINTS (SYNOSTOSES)

2 bones, once separate, fused by osseous tissue

Ossification occurs with age
left and right mandible present at birth
left and right frontal bones present at birth
epiphyses and diaphysis of the long bones



SYNOVIAL JOINT

Proximal
phalanx
ity | — Ligament
Fibrous
capsule
Synovial
Joint cavity membrane
containing | , Articular
synovial fluid K ﬁ;;:m..:w cartilage
Periosteum ' %@3@,}%{%\“’; Middle
Bune = e S T Y phalanx

Joint 1n which two bones are separated by a space
called a joint cavity

Most are freely movable



GENERAL ANATOMY OF SYNOVIAL JOINTS

Articular capsule

fibrous capsule lined by synovial membz ‘Fiﬁru“ﬁ" :
. . . ﬁ‘f*fﬁiﬁn \
continuous with periosteum / RIS
Synovial fluid

viscous slippery fluid rich in albumin &
hyaluronic acid & similar to raw egg wh

Articular cartilage

_l-

. . . .. I | At

hyaline cartilage covering the joint surf: -g;iﬁtiﬁ:&

. . . . . el th iy

Meniscus 1s pad of fibrocartilage in ety
jaw, wrist, knee and sternoclavicular joints

absorbs shock, guides bone movements & distributes
forces

Tendon attaches muscle to bone
Ligament attaches bone to bone

i
nih

e | £

I “" 'l_—_'—‘_H_‘\\ f
i1 B 11‘1!{"‘ s
%éﬁ!-ﬁf[ﬂj f




TENDON SHEATHS AND BURSAE

Tendons of flexor
digitorum
superficialis and
flexor digitorum
profundus

Inar bursa (cut)

Tendon of flexor
carpi radialis
Tendon of flexor
pollicis longus

Radial bursa

Flexor
retinaculum (cut)

~Lumbrical muscles

Tendon of flexor
digitorum
superficialis

Tendon sheath
(opened)

Tendons of flexor 3
digitorum superficialis
Tendon of flexor
digitorum profundus

Tendon sheaths

Bursa 1s saclike extension of joint capsule that extends between
nearby structures allowing them to slide more easily past each

other

Tendon sheaths are elongated cylinders of connective tissue
lined with synovial membrane & wrapped around a tendon

numerous 1n hand and foot



BALL-AND-SOCKET JOINTS

o Smooth hemispherical head fits within a cuplike
depression
» head of humerus into glenoid cavity of scapula
* head of femur into acetabulum of hip bone

o Multiaxial joint

Head of humerus

Ball-and-socket joint
(humeroscapular)

Scapula




HINGE JOINTS

One bone with convex surface that fits into a
concave depression on other bone

ulna and humerus at elbow joint
femur and tibia at knee joint
finger and toe joints

Monoaxial joint

Humerus

Hinge joint
(humeroulnar)

Ulna




SADDLE JOINTS

Each articular surface is shaped like a saddle, concave in
one direction and convex in the other

trapeziometacarpal joint at the base of the thumb
Biaxial joint

more movable than a condyloid or hinge joint forming the

primate opposable thumb

Carpal bone

Metacarpal
bone

Saddle joint
(carpometacarpal 1)




PIVOT JOINTS

One bone has a projection that fits into a ringlike
ligament of another

First bone rotates on its longitudinal axis relative to the
other
atlantoaxial joint (dens and atlas)

proximal radioulnar joint allows the radius during pronation
and supination

Pivot joint
(radioulnar)




GLIDING JOINTS

Flat articular surfaces in which bones slide over
each other

Limited monoaxial joint
Considered amphiarthroses

Carpal
bones

Gliding joint
(intercarpal)




CONDYLOID (ELLIPSOID) JOINTS

Oval convex surface on one bone fits into a
similarly shaped depression on the next
radiocarpal joint of the wrist

metacarpophalangeal joints at the bases of the
fingers

Biaxial joints

|

Metacarpal
bone

Condyloid joint
(metacarpophalangeal)

Phalanx




FLEXION, EXTENSION & HYPEREXTENSION

Flexion decreases the angle
of a joint
bending elbow or wrist

Extension straightens a
joint and returns a body

part to the anatomical
position

Hyperextension 1s

extension of a joint beyond
180 degrees




ABDUCTION & ADDUCTION

Abduction 1s spreading the fingers away from the
midline (middle finger)

Adduction 1s movement is returning the fingers t0
the anatomical position



Elevation 1s a movement that raises a bone
vertically

mandibles are elevated during biting & clavicles
during a shrug

Depression 1s lowering the mandible or the
shoulders

Protraction 1s movement of a bone anteriorly (forward)
on a horizontal plane
thrusting the jaw forward, shoulders or pelvis forward

Retraction is movement of a bone posteriorly



LATERAL & MEDIAL EXCURSION

Lateral excursion is sideways movement to right or left
Medial excursion 1s movement back to the midline
Side-to-side grinding movements occurring during chewang



CIRCUMDUCTION

Movement in which one end
of an appendage remains
stationary while the other
end makes a circular motion

Sequence of flexion,
abduction, extension &
adduction movements

baseball player winding up for
a pitch



Movement of a bone turning on its longitudinal axis

rotation of trunk, thigh, head or arm
Medial rotation turns the bone inwards
Lateral rotation turns the bone outwards



SUPINATION & PRONATION

Occurs 1n the forearm and foot
Supination
rotation of forearm so that the
palm faces forward

inversion and abduction of foot
(raising the medial edge of the
foot)

Pronation

rotation of forearm so the palm
faces to the rear

eversion and abduction of foot
(raising the lateral edge of the
foot)




OPPOSITION & REPOSITION

Opposition 1s movement of the
thumb to approach or touch
the fingertips

Reposition 1s movement back
to the anatomical position

Important hand function that
enables the hand to grasp
objects




DORSIFLEXION & PLANTAR FLEXION

Dorsiflexion is raising of the toes as when you swing the
foot forward to take a step (heel strike)

Plantarflexion is extension of the foot so that the toes
point downward as 1in standing on tiptoe



INVERSION & EVERSION

Inversion 1s a movement 1n which the soles are turned
medially

Eversion 1s a turning of the soles to face laterally
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ORGANS OF IMMUNE SYSTEM

Lymphoid Organs
Bone marrow

Thymus

Spleen

lymph node

Tonsils

T T ) S ! Sy

Small intestine & appendix
aggregated lymphoid nodules

Tonsils (in
pharyngeal
region)

Thymus (in
thorax; most
active during

T~ youth)

Spleen (curves
around left side
of stomach)

Aggregated
lymphoid nodules

(in intestine)

Appendix




Lymphoid system:

1.Lymphoid organs are stationed throughout the body

2. They are concerned with the growth, development and
differeciation of lymphocytes.

3.There are structurally and functionally
diverse lymphoid organs and tissues

4. They are interconnected by the blood vessels and lymphatic
vessels through which lymphocytes circulate.

5.These organs are involved in specific as well as non-specific
immunity
CLASSIFICATION

Based upon the functional development of the lymphatic cells
the lymphoid organs are classified into 2 groups

1.PRIMARY LYMPHOID ORGANS / central/ generative organs
2. SECONDARY LYMPHOID ORGANS /perpheral
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Lymphoid Organs

Adenoids
Tonsils

Thymus

Lymph nodes

Bone Marrow
T Spleen

Peyer's patches
Appendix
\(\“’D Lymph nodes

Secondary Organs I

Primary Organs I
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BONE MARROW

Bone marrow 1s the primary lymphoid organ .It is a
soft tissue within the cavity of bones .Bone marrow is
divisible into 2

1.vascular region 2, haemtopoietic region.

.....Vascular region 1s the circulatory system that supplies
nutrient and removes waste from actively growing blood
vessels.

Red marrow is actively involved in haemtopoiesis
Red marrow contains titipoent cells called stem cells. leét
devlopment of blood cells from stem cells is called |
Haematopoies.

Haematopoies is forms RBC,WBC- granulocytes,
lymphocytes, monocytes and platlets.




Blood Cell Development

Platelets B cell Eosinophil Monacy’ra

l Basophil Neu’fruphll + Red cell
T cell @}
development Macrophage

in the thymus in tissues




[IStemcells = /¥,
inred bone, "*’

FlSome
marrow give .

undifferentiated

rise to \“ . lymphocytes are

undifferentiated, processed in the

lymphocytes. thymus gland to
_ become T cells.

Blood transport

E]Some undifferentiated

lymphocytes are
processed, probably [1Both T cells and B cells are transported through
within the bone marrow, the blood to lymphatic organs, such as the

to become B cells. lymph nodes, lymphatic ducts, and spleen.



Majority of lymphid progenitors develop into B-

lyphocytes in the bone marrow.

Some of lymphoid progenitors migrate into the

thymus , where they develop into the
T-lypmhocytes.

During secondary immune response large number

of plasma cells are produced in the bone marrow.

They secrete large amount of abs. So bone marrow

1s a source of ab synthesis.

The bone marrow 1s the site of generation of all

circulating blood cells 1n the adult including

lympocytes and 1s the site of B- cell maturation




Bone marrow

The bone marrow 1s the site of generation of all
circulating blood cells 1n the adult, including
immature lymphocytes, and 1s the site of B cell
maturation.

Functions of bone marrow

» The site of generation of all immunocytes

» The site of differentiation and maturation of
Immunocytes

» The site of immune response of B cell,

specifically in secondary immune response.
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% All the cells of the immune system are initially derived from
the bone marrow through a process called
hematopoiesis

**In human bone marrow is the site for B- cell origin
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secrete cytokines and help in the maturation of b-cells . s
(T cells)

bursa of
Fabricius

¥'In Birds — B-cell development in Bursa of Fabricus Fbrice:

» Specific immune organs in birds
»The site of differentiation and proliferation

of B cells in birds. s ‘~
v In cattle and sheep —fetal stage- spleen L
A Y |
Later- small intestine [ e~ [
v'In Rabbit- gut associated tissue- appendlx k [ 23~ /
e S 2 e
—_ N




THYMUS:

Thymus is the site of T cell differentiation and maturation

It is a bilobed gland, Situated above heart in the thorax region

each lobe is encapsulated and it is divided into lobules i

which are separated by strands of connective tissue -

called trabeculae |
Each lobule contains — lymphocytes & each lobule organized into ?', .

2 compartments 1...Outer cortex 2.Inner medulla i

Capie Dead cell
Site of T cell Trabecula Thymocyte

maturation. Dividing thymocyte

Nurse cell

o<\ Cortical epithelial
s cell

Relative Size
Greatest in
Newborn

Absolute Size
Greatest at
Puberty

«— Medulla— «— Cortex —

] .'. -‘? 2L h“"

FL_% ¢ Interdigitating

- ' dendritic cell
s vessel Medullary epithelial cell

Macrophage Hassall's corpuscles
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The cortex contains mostly immature & proliferating thymocytes, Medulla 1s
sparly populated with thymocytes.
some of which mature and migrate to the medulla -

in medulla they learn to discriminate between self and non-self during fetal
development and for a short time after birth.
T cells leave the medulla to enter the peripheral blood circulation, through which
they are transported to the secondary lymphoid organs

About 95% of all T cells die in the thymus.

Besides lymphoid cells it is composed of
1.Epithelial cells (cortical and medullary)

2. Macrophages

3. Dendritic cells

4. Nurse cells

5. Hassall’s corpuscles

Lymphocytes in the thymus are called thymocytes




Thymus Structure
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Function of the thymus
= Generate and select T- cells

* Through clonal selection mechanism , thymus cause the death of
those T- cells that cannot recognize Ag- MHC- complexes and
those that react with self Ag- MHC & stop danger of causing autoimmune
diseases.

® Thus about 95% of all T cells die in the thymus.

Role Of Thymus In Immune Function

Thymectomy. , ~
* Thymectomy 1s the surgical removal of thymus
" Thymectomized mice show decrease \ Runviice
n CiI'CLllﬂtng lymph{}cy’[es & absence of ! ,ﬁ" incision

cell mediated immunity ~ “sternum

Thymus
gland

|
]




Digeorge’s syn.

» (Congenital birth defect in humans

» A Mutation on the 22™ Chromosome

» Absence of thymus and so T- cell deficiency

Nude lnice t"i'-"il-'ﬂeu.umal‘.i -

Thymus fails to develop

Mutation in the gene encoding a transcription
factor

Nude mouse is unable to produce T-cells, Nude mice
and 1s, therefore, immunodeficient & increase
in infections




Aging and thymic function

The thymic gland involutes with age Thymic lobes
® Thymus diminishes in size with age .

® Thymus attains maximum size at puberty

WEIGHT (g)

® Then degenerates with decrease in both
cortical & medullary cells

Mogdulla

ANRTG & 0 S| M TR M I OAD &5 R 6% S 0S TD TR MO0

Prenatal (moridbg) L. |

e

®" An increase in total fat content

"In infants the average wt. of thymus is 70g Newborn
*® In elders the average wt. is 3¢g

* The age dependent involutions leaves an organ the reduced wt.

Evidence for the effect of age on the immune function

Thymus from 1day old mouse and 33 month was removed
and grafted to thymectomized adult.

Thymus form lday —old- mouse showed large improvement in immune function
than mice recetving the 33 month old thymus




One way system: to the heart

Return of collected excess tissue fluid

Bone

Splasn oW

Return of leaked protein
“Lymph” is this fluid Lyeh " —
Edema results if system blocked or _ |
surgically removed 4

Lymph duct
Lymph trunk

Lymph capillaries
Have one way minivalves
allowing excess fluid to enter
but not leave l.
Picks up bacteria and viruses
as well as proteins,
electrolytes
and fluid
(Ilymph nodes destroy
most pathogens)




SECONDARY LYMPHOID ORGANS

Tissue space Lymphatic
\ capillaries

Primary follicle

Unactivated lymphoid
follicle

Secondary follicle

Follicle that is activated
by antigen
Ring of B cells that

surround germinal center

Proliferating B cells and
T helper cells

Efferent

Figure 2-14
Kuby IMMUNOLOGY. Sixth Edition
© 2007 W, H. Freeman and Company




LYMPHATIC SYSTEM

Interstitial fluid (the portion that doesn’t enter
venous system) is returned to circulatory
system by lymphatic vessels

Largest lymphatic vessel - thoracic duct

Enters left subclavian vein

Lymph from right arm and right side of head enters
through right lymphatic duct, drains into right subclavian

Antigen is carried by lymph to lymph nodes




Cortex

Paracortex
Medulla

Figure 2-16a
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company




Capsule
Germinal  Subcapsular  (dense fibrous




Afferent
lymphatic,
vessels

Lymphocyte —@

Germinal

Valve centers

Postcapillary
B lymphocytes venule
Extravasating

lymphocyte

Bloodstream

Primary Capsule
lymphoid - BT
follicle ;_,:,;“;E:_ﬁ
o G
" -, . ol t@:
Capsule Cross section
postcapillary
venule
Germinal
centers
, . Lymphocyte
Iy " p Valve
Lymphatic artery
: Efferent lymphatic
Lymphatic vein veisal
Figure 2-16b
Kuby IMMUNOLOGY, Sixth Edition

© 2007 W.H, Freeman and Company




Gastric

Renal surface surface

Splenic artery

Splenic vein

Figure 2-17a
Kuby IMMUNOLOGY, Sixth Edition
€ 2007 W.H.Freeman and Company




Capsule

Trabecula

Primary “
Vascular follicle

sinusoid | 6 ']
\_;:___ NN Marginal
| W zone
Periarteriolar
lymphoid
sheath (PALS)

Red pulp Germinal center

Artery

Figure 2-17b
Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company

L White
pulp




Generalive Peripheral
ymphoid organs ymphoid organs

B ymphocytes Recirculaton

Bone marrow —_—
demcel B lymphocyte | Bursa of Fabricius (birds)|

Ineage | Bon marrow (mammels)| 38 J

Lymph nodes
il _W

- ' Mucosal and
. = et e, (B1000 5 | Cutaneous

lineage T
%7 lymph| - {lymphoid tissugs

T mphocye k/

Recirculation

Figure 2-2 Maturation of lymphocytes.
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® What is lymph ?

Tissue fluid (interstitial fluid) that
enters the lymphatic vessels




FORMATION AND TRANSPORT OF
TISSUE FLUID

Loose connective
tissue around  prtericle
capillaries
Lymph node
Lymphatic
system

Lymphatic

i J Lymphatic
{‘E?SUE cell capillaries capillary

capillaries Filaments
anchored to i
connective e
tissue

Endothelial
cell
Flaplike
minivalve

Fibroblast in loose ; :
connactive Hesue ol

(b)




Essentially a

drainage system
accessory to venous

system

larger particles that
escape into tissue fluid can

only be removed via
lymphatic system




Functions of the Lymphatic
System

22-

5@ Reabsorbs excess interstitial fluid:
> returns It to the venous circulation
> maintain blood volume levels

> prevent interstitial fluid levels from rising out of
control.

® Transport dietary lipids:
> fransported through lacteals
> drain into larger lymphatic vessels
> eventually info the bloodstream.

® lymphocyte development, and the immune
response.




Components of the Lymphatic

System
24-
s © Lymph
® Lymphatic Vessels
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Lymphatic system

® Lymphatic cells




Lymph Vessels

tic capillaries —

tic collecting vessels
tic tfrunks —

tic ducts —




Lymphatic capillary

&

Lymphatic vessel

\ 4

Lymph node

4

Lymphatic vessel

\ 4

Lymphatic trunk

\ 4

Collecting duct

\ 4

Subclavian vein



Lymphatic Capillari es{ @

23-
9

® Blind end

@ Single layer of overlapping
endothelial cells

® More permeable than that
of blood capillary

® Absent from avascular
structures, brain, spinal cord
splenic pulp and bone
marrow




Lymphatic Capillaries — Lacteals

@ The small intestine contains special
types of lymphatic capillaries called
lacteals.

@ Lacteals pick up not only interstitial fluid,
but also dietary lipids and lipid-soluble
vitamins.

@ The lymph of this area has a milky color
due to the lipid and is also called chyle.




JThree layered wall
but thinner than vein,

- More numerous
valves than in vein

JInterposed by lymph
nodes at intervals

- Arranged in iy
superficial and deep/y;, .




LYMPH TRUNKS

Left jugular trunk

—— Internal jugular veins

Left subclavian @

Left subclavian vein

Left brnnchnmedi@
runk

Entrance of thoracic duct
into left subclavian vein

Right jugular trunk

Brachiocephalic veins

Superior vena cava
Azygos vein
istarna chyli

1 right and left unks
1 right and left n trunks

1 right and left ediastinal

Esophagus
Trachea
Ribs

Thoracic duct

Hemiazygos vein

1 right and left unks
a

Left lumbar @
gstinal trunk




Intest




LYMPHATIC DUCTS

14

u

@ Begins in front of L1 as a
dilated sac, the

4

@ formed by left and right
lumbar trunks and
intestinal trunk

@ Enter thoracic cavity &
ascends

@ Travels upward, veering
to the left at the level of T5




THORACIC DUCT..

15

@ At the root of the
neck, it turns laterally

® arches forwards and
descends to enter
the left venous angle

® before termination, it
receives the left
jugular, Subclavian
and broncho-
mediastinal trunk




DRAINAGE PATTERN

rea drained by
ight iymphatic duct

L Lk

(b) Lymph drainage pattern




Lymphatic Cells

® Also called lymphoid cells.

® Located in both the lymphatic system
and the cardiovascular system.

® Work together to elicit an immune
response.

@ Types of lymphatic cells are:
> macrophages
> epithelial cells
> dendritic cells
> lymphocytes




LYMPHATIC ORGANS

> Red bone marrow
> Thymus gland

> Lymph nodes
> Lymph nodules
> Spleen




Ly mp h Thoracic

cavity Cervical
Nodes nodes nodes
24- Axill
1® Smaill, round or oval n:;:f T T
@ located along the iy 1 Supratrochlear
pathways of lymph ) I nodes
vessels. Y AN i
| U omina
X !ﬁ“l?lﬂ\"ef’r"gg‘ e e cavity nodes
. Oammi
® Typically found in Inguinal - ol

clusters nodes

® receive lymph from
many body regions.
@ Lymph nodes are also

found individually
throughout the body

fissues.







Santinel

Cervical
nodes

Thoracic
cavity nodes /

Supratrochlear
nodes

Axillary
nodes

Abdominal

Inguinal 1\ cavity nodes
nodes _
Pelvic
® Regional Lymph Node '“ cavity nodes

Sentinel Lymph Node in clinic



22

dLocation
Left epigastri@
between 9M-11Mrib
in line of 10t rib

® Largest lymphatic organ
INn the body.

@ Can vary considerably in
size and weight

- Function

Trabecuias

~Cantral artery

in splanis
nadule

White pulp of
splanic nodule




THYMUS

0 Consists of two
elongated lobes

ad Is alarge organ in

the fetus

1 Occupies the
thoracic cavity
behind the sternu

0 Secrete
lymphopoietin

— Thyrold gland

e Lt lungy




Lymphatic Nodules

2
@

@ Filter and attack antigens.

® In some areas of the body, mOﬂY \isslelalelife
a

nodules group together to form larger structures.

> Jrrnuc,oso—cssociofed lymphatic tissue (MALT) or
onsils

> very prominent in the mucosa of the small
intesfine, primarily in the ileum

> also present in the appendix




MALT

* MALT — mucosa-associated lymphatic
tissue:

— Peyer's patches, tonsils, and the appendix
(digestive tract)

— Lymphoid nodules in the walls of the
bronchi(respiratory tract)

* MALT protects the digestive and
respiratory systems from foreign matter




Tonsils

2%

% clusters of lymphatic cells and
extracellular matrix not completely
surrounded by a connective fissue capsule.

@ Consist of multiple germinal centers and
crypts

@ Several groups of tonsils form a protective
ring around the pharynx.

> pharyngeal tonsils (or adenoids) in
hasopharynx

> palatine tonsils in oral cavity

> lingual tonsils along posterior one-third of
the tongue




MALT (Mucosa Associated
Lymphoid Tissue)

r - Pharyngeal
tonsil
Opening of
auditory fube
Palate
Palatine tonsil
Lingual tonsil

sl

Simple columnar apithelium MALT {Peyer paiches)
of small intestine




DISORDERS OF LYMPHATIC
SYSTEM




LYMPHANGITIS

Inflammation of the
lymph vessels

Commonest cause
- bacteria called
streptococcus
pyogenes(most
common).

® Lymph vessels appear
as red streaks through
the skin




FILARIASIS

30 [
person enter the mosquito (b) Microfilaria
in a blood meal develop into
infective larvac
n the mosquito
and are injected
mto a new host

(¢) Larvae mature into
adult worms and spread through the lvinphatic vessels,
where they mate and lay eggs




LYMPHEDEMA

® Occurs due to

in
the interstitial tissue

® Sometimes can be
appreciated after
wearing tight
clothing or
jewellary on
affected limb




LYMPHADENOPATHY

® Means a

® Lymph nodes
become swollen/
and
may be painful to
fouch




LYMPHOMAS

KK

® Cancers
originating either
from the
lymphocytes in
the lymph nodes
or the lymphatic
tissue in organs

® Risk factors --




TONSILLITIS

34

®

® Tonsils are swollen,

® Fever and pain
during swallowing
usually present

@ —
surgical removal of

tonsils
(TONSILLECTOMY)




SPLENOMEGALY

@ Enlarged
Spleen

® Various
causes
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| Nervous System }

]
I I

Central nervous Peripheral
‘ system nervous system

|
— .
Afferent division ‘ Efferent division

(Sensory) (Motor)
I _ I
Somatic system ‘ Autonomic nervous
(voluntary) (involuntary)
I 1 |
Parasympathetic system Enteric nervous

Sympathetic system
(thorcolumbar outflow)

(craniosacral outflow) | system

Come from the thoracic Come from brainstem
and lumbar regions (T1 (Cranial Nerves lil, VII, IX, X)
to L2/3) of the spinal or the sacral spinal cord (S2,

cord S3, 54)




C1 (AHas)
C2 i Axksh
3
4

Spinal nerves

s
o
[ 4

/The human spinal column is made\ |
up of 33 bones. e nmd‘
* 7 -cervical region

* 12 -thoracic region
* 5-lumbar region

* 5-sacral region

\' 4 - coccygeal region /
Thoracic nerves |

* There are 31 pairs
spinal nerves

b Spinal cord

End of spinal cord

— 8 cervical
— 12 thoracic

— 5 lumbar

Lumbar narves

s Cauda aguina

— 5 sacral

Sacral and coccygeal nervas—

Filum terminale

— 1 coccygeal



Peripheral Nervous System

* Most of the nerves of the peripheral nervous system
are composed of sensory nerve fibres conveying
afferent impulses from sensory end organs to the
brain and motor nerve fibres conveying efferent
impulses from the brain through the spinal cord to
the effector organs.

Peripheral nervous system

_ N
‘ Afferent division
(Sensory)

Efferent division
(Motor)
I

I I
Somatic system ‘ Autonomic nervous

(voluntary) (involuntary)




Somatic Nervous System

* The somatic nervous system (SNS or voluntary nervous
system) is the part of the peripheral nervous system.

* The somatic nervous system includes both sensory
(afferent nerves) and motor (efferent nerves) neurons.

* Sensory neurons convey input

from receptors for somatic [’Tr nrsmmmenve
senses (tactile, thermal, pain, L ’w
. . . SKIN
and proprioceptive sensations) - _,,,,,wm(
rd

and from receptors for the
special senses (sight, hearing, J\J

g 3 { .‘" EFFERENT NERVE
taste, smell, and equilibrium)



Autonomic Nervous System

* The autonomic nervous system is involved in a
complex of reflex activities, which depend on
sensory input to the brain or spinal cord, and
on motor output.

* The majority of the organs of the body are
supplied by both  sympathetic and
parasympathetic nerves which have opposite
effects that are finely balanced to ensure the
optimum functioning of the organ.



Autonomic Nervous System

* The autonomic nervous system (ANS) is a complex set
of neurons that mediate internal homeostasis
without conscious intervention or voluntary control.

* The ANS maintains blood pressure, regulates the rate

of breathing, influences digestion, urination, and
modulates sexual arousal.

* There are two main branches to the ANS - the
sympathetic nervous system and the
parasympathetic nervous system.

- The effects of autonomic control are rapid and essential for homeostasis



Sympathetic nervous system

 Sympathetic nervous system otherwise called as
thoracolumbar system.

* Sympathetic stimulation prepares the body to deal
with exciting and stressful situations, e.g.
strengthening its defences in danger. sympathetic
stimulation mobilises the body for 'fight or flight'.

* Neurones convey impulses from their origin in the
hypothalamus, reticular formation and medulla
oblongata to effector organs and tissues. The first
neurone has its cell body in the brain and its fibre
extends into the spinal cord.



Sympathetic nervous system

* Structure of the Sympathetic Division
— Pathway from Spinal Cord to Sympathetic Trunk Ganglia
— Organization of Sympathetic Trunk Ganglia

— Pathways from Sympathetic Trunk Ganglia to Visceral

Effectors
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Parasympathetic nervous system

* Parasympathetic nervous system otherwise called as
craniosacral outflow.

 Parasympathetic stimulation has a tendency to slow
down body processes except digestion and
absorption of food and the functions of the
genitourinary systems. Its general effect is that of a
'‘peace maker' allowing restoration processes to occur
quietly and peacefully.

* Cell bodies of parasympathetic preganglionic neurons
are found in nuclei in the brain stem.




Parasympathetic nervous system

* Structure of the Parasympathetic Division

— The cranial parasympathetic outflow consists of
preganglionic axons that extend from the brain stem in four
cranial nerves. The cranial outflow has four pairs of ganglia

and the ganglia associated with the vagus (X) nerve.

— The sacral parasympathetic outflow consists of

preganglionic axons in anterior roots of the second through

fourth sacral spinal nerves.



PARASYMPATHETIC DIVISION
(eraniosncral)

Ky

= Preganglicnic neutons
St Pot S MEL
Dﬁul'l;:lhrllur ) lpanghne neurons

Demiritmand promardy o smpom m
and grands ol Thess organs

—

1 Iris muscle: Pupil constricted

Salivary glands: Secretion increased

Heart: Rate and force of contraction
decreased

Trachea and bronchi: Bronchoconstriction

Liver: Blood vessels dilated
Secretion of bile increased

Stomach: Secretion of gastric juice and

o \‘ .\qw“] peristalsis increased

Intestines: Digestion and absorption
increased

Kidney: Urine secretion increased

- ~ E ;
"'\-\.1-- , .Ai"’ o ye E J -'ﬂ Lacsmal &
e ; __"_'_ == Mocoues ¢
Facial (yu) SMary P e = tz o fwae
N e ganglicn ! .Hm"qlw and ,3 Parotic gla
Ty e 27 0 mbmanibias-
\l;_:-.,_,___.l.-' o 2 s = qlwh - s
el .
Plerygopalatine oo J
b .
D \ o i - o fibs
Gaed \ .‘-\._\_f_,_l'l- s ¥ r Hﬁfl Y  mumcie fibars
ci | A e e i Y SAAY nodes
oy |I \ Saiprmand eular -
\‘\ gangtion o~ B
csz \,  Giossopharyngeal (1) B +f LAty
- '\ﬂ'?r'ﬂ' o S _ Trachea
p . ' L Bonc
a | P =Ty " l/ A L ity
oS Viagus (X)] — / "F":;A""
e r
B i ool | ' : / e v
ot ; /- . Lungs
c7 E ” v
N T - |
ca \“:{“‘“-—— - P .
T ! . -
T2 \ em———
Ta \\ .
T4 N ;
6 s - =
.--""FH- ;
TH Trunu-.-mw\ Panas
™ .I - - h
TR 5
T '
T10
TH =
T2 ¢ - y,
i ~ o,
rf
L2 4
13 j'{;'f_T i P Lot
¥ Pelvic ’ ; / ey e —lly
L4 splanchnie o = 'F.:'d-: I ™
L& nisrves N T i W
- ' I 7 § —1 o
81 \ e L o ,ﬂﬂ } o -
.- P , L P - "
- ‘\‘“—"r| X A %{, a \ 3
R - > B
— — — = I —y ,l.
585 .
Coocy gl Lnnary bladder Exbernal genitals Lies)

Bladder: Muscle of wall contracted

Sphincters relaxed

Sex organs: Male: erection;
Female: variable
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AUTONOMIC NERVOUS SYSTEM
[ INVOLUNTARY )

PARASYMPATHETIC SYMPATHETIC

(_ STIMULATES
STOMACH,

PANCREAS AND

INTESTINES

FANCREAS AND
INTESTINES

FROMOTES URINATION
ERECTION OF
GENITALS - PROMOTES
EJACULATION
AND VAGINA
CONTRACTIONS

{ Ref: https://backyardbrains.com/experiments/img/AutonomicNervousSystem_web.jpg




Autonomic Motor Pathways



Autonomic Motor Pathways

e Each division of the ANS has two motor neurons
(preganglionic and postganglionic neuron).

* Preganglionic Neurons

— In the sympathetic division (thoracolumbar division/
thoracolumbar outflow), the preganglionic neurons have
their cell bodies in the lateral horns of the gray matter in
the 12 thoracic segments and the first two (and sometimes
three) lumbar segments of the spinal cord.

— In the parasympathetic division (craniosacral division/
craniosacral outflow), the preganglionic neurons have their
cell bodies in in the nuclei of four cranial nerves in the brain
stem (Ill, VII, IX, and X) and in the lateral gray matter of the
second through fourth sacral segments of the spinal cord.



Autonomic Motor Pathways

Preganglionic Neurons
* Autonomic Ganglia

— There are two major groups of autonomic ganglia
* sympathetic ganglia

* parasympathetic ganglia
 Sympathetic Ganglia:
— The sympathetic ganglia are the sites of synapses between
sympathetic preganglionic and postganglionic neurons.
— There are two major types of sympathetic ganglia:

* sympathetic trunk ganglia (also called vertebral chain
ganglia or paravertebral ganglia)

* prevertebral ganglia (collateral)- Five types of

prevertebral ganglia are celiac ganglion, superior
mesenteric ganglion, inferior mesenteric ganglion,
aorticorenal ganglion and renal ganglion.



Autonomic Motor Pathways

Preganglionic Neurons
 Autonomic Ganglia

— There are two major groups of autonomic ganglia
* sympathetic ganglia
* parasympathetic ganglia
* parasympathetic ganglia:

— Preganglionic axons of the parasympathetic division
synapse with postganglionic neurons in terminal
(intramural) ganglia. They are the ciliary ganglion,

pterygopalatine ganglion, submandibular ganglion, and otic
ganglion



Autonomic Motor Pathways
Postganglionic Neurons

* Once axons of sympathetic preganglionic
neurons pass to sympathetic trunk ganglia,
they may connect with postganglionic
neurons.

* A single sympathetic preganglionic fiber has
many axon collaterals (branches) and may
synapse with 20 or more postganglionic
neurons. reveep— rr—

with dendritic spines Schwann cell
\ j Synaptic terminals ===

; / Axan
_\A/ Cellbody collateral




Autonomic Motor Pathways
Postganglionic Neurons

* Axons of preganglionic neurons of the
parasympathetic division pass to terminal
ganglia near or within a visceral effector. In the
ganglion, the presynaptic neuron usually
synapses with only four or five postsynaptic
neurons, all of which supply a single visceral
effector, allowing parasympathetic responses
to be localized to a single effector.




Autonomic Receptors



ANS Neurotransmitters and Receptors

Parasympathetic Nicotinic cholinergic Nn, Nm

nervous system receptors
Muscarinic cholinergic M1, M2, M3, M4,
receptors M5

Sympathetic a adrenergic receptor al, a2

Nervous system g ~qrenergic receptor B1, B2, B3

NICOTINIC

RECEPTOR  ADRENERGIC . ¥
RECEPTOR

Effector cell MUSCARINIC
NICOTINIC RECEPTOR
RECEPTOR £ Effactor cell

o

Preganglionic neuron
Ganglion

Sympathetic nervous system Parasympathetic nervous system

Postganglionic neuron




Comparison of Somatic and
Autonomic Motor Neurons



Comparison of Somatic and Autonomic
Motor Neurons

Voluntary effectors: striated
muscles

single motor neuron from
spinal cord to target organ

Neurotransmitter always
stimulatory

ACh released at synapse
No firing at rest

Effector at rest is flaccid

Involuntary effectors: smooth &
cardiac muscles, glands

usually 2 neurons with synapse
(ganglion) between from spinal
cord to target organ

Neurotransmitter stimulatory or
inhibitory
ACh and NE released at synapses

Baseline firing — speeds up when
Stimulated

Effector at rest has intrinsic tone



Comparison of Somatic and Autonomic
Motor Neurons

{a) Somatic nefvous Eyshem

Auzonomic

Motor neuron pathways in the

pasrosete ~ Asorume ~ Passroaper frew s wwe (@) SOMaIC nervous system and

o nmeeang ez ca0 (b)) gutonomic nervous system

wrnanry bincdar)
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SENSE ORGANS



EYE

Eye 1s a sensory organ of vision which i1s situated in the orbital
cavity of skull. It contains the eyeball which is surrounded and

supported by a number of accessory structures.




Accessory structures of eye:
1.) Eye brows:

* They are two arches of thick skin over the eyes. They contain
thick hairs. They prevent the dripping of sweat into the eyes.

2.) Eyelids:
* They are the upper and lower eyelids which protect the eye.

* The upper eyelid is larger and more mobile. It is raised by levator
palpebrae muscle. Both the eyelids are covered externally by skin
and lined internally by conjunctiva. Eyelashes are short hairs
which project from the free margin of eyelids.

- _! I-.— i
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3.) Lacrimal apparatus:
It 1s concerned with the production of tear and it consists of
1.) A lacrimal gland situated 1in the lateral end of upper eyelid

11.) Lacrimal duct, lacrimal sac and nasolacrimal duct through
which tear is carried to the nasal cavity.
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4.) Extrinsic muscles of eye:

* The eye ball is moved by six muscles. These muscles arise from the posterior
bony wall of orbit and inserted into the sclera.

1.) Superior rectus-moves the eye upwards

11.) Inferior rectus-moves the eye downwards

111.) Medial rectus-moves the eye inwards

iv.) Lateral rectus-moves the eye outwards

v.) Inferior oblique-moves the eye up and outwards

vi.) Superior oblique-moves the eye down and outwards

Supernior obligue
muiila o Trochlea Superior / Trochlea
'Eﬁuﬁ ".‘_‘_,...-"".
Superior oblique
tendon Suparior
Superior reclus oblique
—— miscle
Lateral rectus
muscla
Lateral rnctus """j Medial rectus
Inferior inferior
obligue reclus
Commaon Inferior rectus Infarior obligue
tendinous ring muscle muscle
Lateral view of tha right eye Antarior view of the right aye
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EYE BALL

* Eye ball is almost spherical in shape and it is situated in the anterior part of
orbital cavity. The eye ball contains three coats and light transmitting
structures.

* The three coats of eye ball are:
i.) Outer fibrous coat containing sclera and cornea.
ii.) Middle vascular coat containing choroid, ciliary body and iris.

iii.) Inner nervous coat containing retina

Optic disc




The light transmitting structures are:
* Aqueous humour

* Lens

* Vitreous humour




Outer fibrous coat of eye ball:
1.) Sclera:

It forms the posterior five sixths of the outer coat. It forms the
white of the eye and it 1s continuous with cornea in the front.
Sclera protects the internal structures and also maintains the

shape of eyeball. The optic nerve passes through the posterior
aspect of sclera and reaches the retina.




2.) Cornea:

* It forms the anterior one-sixth of the outer coat. It is transparent
and has a convex anterior surface. It has no blood supply, but it
1s richly supplied by sensory nerves.




Middle vascular coat:
1.) Choroid:

It is a thin, pigmented and highly vascular membrane. It lines the posterior
compartment of eye and lies between the inner surface of sclera and retina.

2.) Ciliary body:

e It is the anterior continuation of choroid and it lies between choroid and iris.
The ciliary body contains ciliary muscle. The suspensory ligament of lens is
attached to ciliary muscle.




3.) Iris:

It is the anterior continuation of ciliary body. Iris is a
pigmented membrane and the colour of eye is dependent on its
pigments. Iris has a central opening called pupil. Two sets of
iris muscles control the pupil. They are: Circular muscles

which reduce the pupillary size, Radial muscles which
increase the pupillary size.

Optic disc




circular muscles contract
radial muscles relax

In bright light:

« pupil constricts or becomes smaller
» less light enters the eye

circylar muscles relax

In dim light: radial muscles contract

pupil dilates or enlarges
maore light enters the eye

Pupillary constriction
Bright light




Inner nervous coat:
1.) Retina:

It is the innermost nervous coat of eyeball and lies immediately deeper
to choroid. The retina contains:

* Nerve cells and nerve fibres which are in the inner surface (facing the
chamber of eye)

* Some special structures called rod and cones which are on the outer or
choroidal surface of retina. These rods and cones receive the light and this
sets up impulses which are transmitted through optic nerve.

Epithelial
cells
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* Optic disc is the point where the optic nerve leaves the eye ball.
This point does not contain retina and 1t 1S 1nsensitive to light. So

this point is called as blind spot.

Blind spot

Optic disc




Macula 1s a small area of retina which 1s situated just lateral to the
entrance of optic nerve. Macula is exactly opposite to the centre of
pupil. Direct or near vision is focused on macula.

Retina

£
Blood vessels /[

Eye Anatomy



Light transmitting structures:
1.) Aqueous humour:

It 1s a fluid present in the both the anterior and posterior
chambers of eye. Anterior chamber 1s the space between
cornea 1n front and iris and ciliary body at the back. Posterior
chamber 1s the space between iris and lens. Glaucoma 1.e.
increase 1n 1ntraocular tension occurs due to excessive
collection and accumulation of aqueous humour.

Ciliary fibers

Iris
Cornea
“""-.

Vitreous humor

\*— Optic nerve

Aqueous
humor

Sclera



2.) Lens:

It lies immediately behind the iris and pupil. It is attached to
the ciliary body by means of suspensory ligament of lens. The
thickness of lens is controlled by ciliary muscle through

suspensory ligament. The lens focusses light entering through
pupil on the retina.




3.) Vitreous humour:

» It is a jelly like fluid which fills the space between lens and
retina. It maintains the shape of the eye. It gives shape and
firmness to retina and it keeps the retina in contact with
choroid and sclera.




‘Mechanism of sight:
The mechanism of sight(vision) 1s as follows:

1.) Light enters the eye through the cornea (which acts as an entrance window for
light)

2.) Iris and the pupil regulate the amount of light entering the eye.

3.) The image is then focussed through the lens on the retina.

4.) The pigmented choroid darkens the interior of the eye. This reduces scattering and
reflection of light.

5.) The image then stimulates the receptors present in the rod and cones of retina.

6.) These impulses are then carried through optic nerve. The optic nerves of both
sides cross at optic chiasma. From the optic chiasma, the impulses are carried by
optic tract to visual cortex present in the occipital lobe (of brain). Here the image is
perceived.




Accomodation:

* It 1s the focussing of the lens for near vision. Ciliary muscles
which are attached to the lens(through suspensory ligaments of
lens) contribute to the mechanism of accomodation. The
contraction and relaxation of these muscles alter the focal length
of the lens. Contraction of these muscles focusses the lens for
near vision. Relaxation of these muscles focusses the lens for
distant vision. Focussing the lens for distant vision 1s called as

paralysis of accomodation or cycloplegia.



Diseases of the eye:

1.) Myopia(short sight)

* This occurs due to an increase in the antero-posterior diameter ot
the eyeball. So the image 1s formed 1n front of the retina.

* The patient can see the near objects without difficulty. But distant
objects cannot be seen clearly. This 1s corrected by using concave
lens.

2.) Hypermetropia(long sight)

* This occurs due to a decrease 1n antero-posterior diameter of the
eyeball. So the image falls behind the retina. The near objects
cannot be seen clearly. This 1s corrected by using convex lens.



3.) Presbyopia:
* [t 1s a defect in accomodation. It occurs in old age due to loss of
elasticity of the lens.

4.) Glaucoma:

* It 1s an increase 1n intraocular tension produced due to excessive
collection of aqueous humour (in the anterior chamber). Unless
properly treated, it may lead to blindness due to retinal damage.

5.) Colour blindness:

* It 1s a defect of retina 1n which the patient cannot see one or more
colour. Some patients are totally colour blind and they see
everything only in black and white. Some patients are partially
colour blind and can see only a few colours.



6.) Night blindness (Nyctalopia)

* It 1s the nability to see in dim light and it 1s due to deficiency
of vitamin A.

7.) Cataract:

* Opacity of the lens 1s termed as cataract. It 1s caused by
degenerative changes in the cells of the lens.



EAR

» Ear is concerned with the functions of hearing and equilibrium. It

1s divided into the following three parts:

1.) External ear

Culer ear Mdde ear  Innér ear

2.) Middle ear | e 1\ = 1

3.) Internal ear




1.) External ear:

It 1s the only part which lies outside the skull. It contains the
following structures:

* Pinna or auricle which is a funnel shaped organ made of elastic
fibrocartilage. It helps to collect the sound waves.

* External auditory meatus which 1s a small channel lined by skin
and wax secreting glands. It conveys the vibrations of sound to
the tympanic membrane.




2.) Middle ear(Tympanic cavity):

I
2.

1.

11.

It 1s a small cavity in the temporal bone. It contains
Tympanic membrane or ear drum which forms the lateral wall.
Two foramina in the inner or medial wall called

Fenestra ovalis or oval window

Fenestra rotundum or round window

Anatomy of the Ear
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Eustachian tube through which middle ear communicates anteriorly with
nasopharynx.

Auditus, a narrow channel which connects the middle ear posteriorly with
mastoid antrum (present in the mastoid process of temporal bone).

The auditory ossicles which are three small bones arranged across the
middle ear. The three ossicles are malleus, incus and stapes. The handle of
maleus 1s fixed to the ear drum. The head of malleus 1s connected to incus
which in turn 1s connected to stapes.

Anatomy of the Ear

Oaslcles:
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3.) Internal ear:

i

Bony labyrinth which consists of a series of channels (present in the petrous

portion of temporal bone). The bony labyrinth contains a fluid called perilymph.

Membranous labyrinth which lies within the bony labyrinth. The membranous

labyrinth is filled with a fluid called endolymph.
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The bony labyrinth contains three structures :
v" Vestibule
v" Cochlea (organ of hearing)

v" Semicircular canals (organ of equilibrium)




Vestibule: It is the central part. It lies between cochlea in front and semicircular
canals behind. It contains utricle and saccule which are parts of membranous
labyrinth.
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Cochlea: 1t is a spiral canal which looks like the shell of snail.

1,

Modiolus is a central column of spongy bone around which the spiral
canal twines

Basilar membrane 1s a membranous septum which divides the cochlea into
two parts : An upper part called scala vestibule, lower part called scala
media/tympani

Organ of corti is the auditory receptor which rests on the basilar

membrane. The organ of corti contains rows of elongated hair cells. The
fibres of cochlear nerve are in contact with these hair cells.

Organ of Corti

D' Bany cochiear wall

Scala vestibuli

Cochlear duct T ey

Teciorial membrang

Basidar membrane

Secala tympani

Sgiral ganghon

Cochlear branch
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Semicircular canals: Each ear has three semicircular canals which are
placed at right angles to each other. They are posterior, superior and
lateral semicircular canals.

* Each semicircular canal has an enlarged end called ampula. The
ampula has endings of vestibular nerve and also some hair like
projections.
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Mechanism of hearing:

1. Sound waves in air are collected by pinna

2. The external auditory meatus directs these waves to the tympanic membrane which then

vibrates .

3. The vibrations are transmitted by malleus, incus and stapes to the membrane covering

fenestra ovalis.

4. From the inner surface of this membrane, vibrations are transmitted to organ of corti

through perilymph and endolymph.

5. From the organ of corti, the impulses (produced by vibrations) are carried to brain stem

through cochlea portion of 8" nerve .

6. The impulses are then carried to auditory centre of brain which is present in the temporal

lobe of the opposite side.
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Mechanism of equilibrium:

Movement of head or alteration in its position produce movement of

endolymph present in the semicircular canals.
The movement of endolymph stimulates the nerve endings in ampullae.
The impulses are carried to brain through the vestibular portion of 8" nerve.

These impulse produce sensations which make us conscious about the position
of the head.
If the position of head is disoriented, we can then adjust it so as to maintain

balance and equilibrium.



SENSATION OF TASTE

 Sensation of Taste also known as GUSTATION

* The receptors tor the sensation of taste are taste buds.

* The taste buds are present at the sides and base of the tongue.



There are four different types of tastes which are felt at different
areas of tongue as follows:

* Sweet taste is felt at the tip

* Bitter taste is felt at the back

* Sour taste is felt at the back edge
 Salt taste is felt at the front edge




* The sensory nerves originating from the taste buds are carried through facial and

glossopharyngeal nerves. The impulses are carried to taste centre in the medulla
and from there to thalamus and then to motor cortex. The impulses are interpreted

in the cortex as sensation of taste.



SENSATION OF SMELL

* Sensation of smell also known as Olfaction

* Nose is the organ of the sense of smell. The sensory nerves of smell are the olfactory

nerves (first cranial nerve)

* The receptors for smell are olfactory rods. They are present in the mucous
membrane of upper part of nasal cavity. The ends of olfactory rods collect to form
the olfactory nerve (1* cranial nerve). This nerve passes through the root of nose and
ends in olfactory bulb. From the olfactory bulb, the sensations are carried through
olfactory ftract to olfactory area in the temporal lobe of cerebral cortex. The

perception of smell occurs in this area.



Smell
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SKIN

Skin 1s the outer covering of body which 1s 1n contact with external
environment.

Functions of Skin:

Protection of underlying structures from injury.

Excretion of salts like sodium chloride and metabolites like urea.
Provides sensation which gives the awareness of environment.
Secretion of sweat and sebum

Regulation of body temperature

Synthesis of vitamin D from ergosterol of skin by the action of ultraviolet rays

of sun.



Structure of skin:
Skin consists of
 An outer layer called Epidermis

* An inner layer called Dermis




Epidermis:

It is made of stratified epithelium and contains the following layers:

1.) Stratum corneum-containing scale like cells which are constantly replaced. These cells

have a protein called keratin.

i1.) Stratum lucidum-a glistening layer

ii1.) Stratum granulosum-has spindle shaped cells with granules in the cytoplasm

iv.) Stratum germinativum(Stratum spinosum & basale) -contains cuboidal cells. The

skin cells multiply in this layer

Dead celis flaking off
at the skin surface

Stratum corneum .-—-——-""" E
Stratum luudum"’/-w s

Stratum granulosum i i ,
_ /{ﬁ; -
Stratum spinosum

Stratum basale

Dermis




Dermis:

It is the inner layer which forms true skin. It contains the following structures:

1.) Melanophore cells containing melanin pigment and some elastic fibres which maintain the

texture of skin.

ii.) Arterial and venous capillaries and sensory nerve endings.

ii1.) Sweat and sebaceous glands.

iv.) Hair roots and arrector pili muscles (contraction of these muscles produce straightening

of the hair)
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SECRETIONS OF SKIN
The two secretions of skin are sweat and sebum

Secretions of sweat:

Sweat 1s secreted by sweat glands which arise from
dermis. They are twisted tubular glands and their ducts open in
epidermis. Sweat glands are more numerous in the palms of
hands and sole of feet. About 500 ml of sweat 1s formed in 24
hours.

Pl shaf

swisal pore
!"f darmal papilla

Melasner's corpuscle
,a] (tactibe corpusche)
.}_, ;

stratum comeum — o

pigment layer ——— | erioerms

stratum germinativum
_5'_ siratum spinosum
| stratum bassle

arrecion pili muscle -

Pt
e 1 .
- DERMIS

sebaceous gland =

hair follicle ——

| SUBCUTIE

papila of hair — (hypodarmis)

nerve fiber =

biood and

lymph vessels | /

s‘mglandf"

P'au:drum COrparsche




Sweat contains mainly water, some salts and trace of other waste
products.

Perspiration or sweating can be classified into:

1.) Insensible perspiration which evaporates quickly and so it is not

observed.

2.) Sensible perspiration which occurs during excessive sweating.

So production of sweat 1s more than evaporation.

* The secretion of sweat 1s controlled by sympathetic nerves.



Secretion of sebum:

Sebum 1s a greasy secretion produced by sebaceous glands. They
are small, flask shaped glands present in dermis. They have a duct

which opens into a hair follicle.

The sebaceous glands are present in the skin of many parts except
the palm of hands and sole of feet. Sebum keeps the skin oily and

prevents it from drying.
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Cell

Carry out all chemical activities needed to sustain life
Cells are the building blocks of all living things

Cell is the structural and functional unit of living organism.




Anatomy of the Cell

Cells are not all the same
All cells share general structures

Cells are organized into three main regions
®* Nucleus
° Cytoplasm

®* Plasma membrane

¥ - Nucleus

Cytoplasm

Plasma
membrane




The Nucleus

* Control center of the cell
¢ Contains genetic
material (DNA)
® Three regions
® Nuclear membrane
® Nucleolus

® Chromatin

Nuclear envelope
Chromatin

Nucleolus Nucleus

Nuclear
pores

Rough ER

(b)




Nuclear Membrane

Barrier of nucleus
Consists of a double phospholipid membrane

Contain nuclear pores that allow for exchange of material
with the rest of the cell




Nucleoll

Nucleus contains one or more nucleoli

Sites of ribosome production

Ribosomes then migrate to the cytoplasm through nuclear

pores




Chromatin
Composed of DNA and protein

Scattered throughout the nucleus

Chromatin condenses to form chromosomes when the cell

divides




Plasma Membrane

Barrier for cell contents

Double phospholipid layer

Hydrophilic heads
Hydrophobic tails

Also contains protein, cholesterol, and glycoproteins
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Plasma Membrane Specializations
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* Membrane junctions

Plasma Membrane Specializations

® Tight junctions
® Desmosomes

° Gap junctions
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Cytoplasm

Material outside the nucleus and inside the plasma membrane
Cytosol
Fluid that suspends other elements
Organelles
Metabolic machinery of the cell
Inclusions

Non—functioning units




Cytoplasmic Organelles
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Cytoplasmic Organelles

Ribosomes
Made of protein and RNA
Sites of protein synthesis

Found at two locations
Free in the cytoplasm

Attached to rough endoplasmic reticulum




Cytoplasmic Organelles

Endoplasmic reticulum (ER)
Fluid-filled tubules for carrying substances

Two types of ER

Rough Endoplasmic Reticulum

* Studded with ribosomes

* Site where building materials of cellular membrane are formed
Smooth Endoplasmic Reticulum

* Functions in cholesterol synthesis and breakdown, fat metabolism, and
detoxification of drugs




Cytoplasmic Organelles

Golgi apparatus
Modifies and packages proteins
Produces different types of packages

Secretory vesicles
Cell membrane components

Lysosomes




Golgi Apparatus
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Cytoplasmic Organelles

Lysosomes

Contain enzymes that digest nonusable materials within the
cell

Peroxisomes

Membranous sacs of oxidase enzymes

Detoxify harmful substances

Break down free radicals
(highly reactive chemicals)

Replicate by pinching in half




Cytoplasmic Organelles

Mitochondria
“Powerhouses” of the cell
Change shape continuously
Carry out reactions where oxygen is used to break down food

Provides ATP for cellular energy




Cytoplasmic Organelles

Cytoskeleton

Network of protein structures that extend throughout the
cytoplasm

Provides the cell with an internal framework




Cytoplasmic Organelles

Actin subunit

® Cytoskeleton W 7 nm

¢ Three ditferent types (b) Microfilament

Microfilaments : Fibrous subunits

Intermediate filaments

Microtubules
{c) Intermediate filament

Tubulin subunits

{d) Microtubule




Cytoplasmic Organelles

Centrioles
Rod-shaped bodies made of microtubules

Direct formation of mitotic spindle during cell division




Cellular Projections

Not found in all cells

Used for movement
Cilia moves materials across the cell surface

Flagellum propels the cell




Cell Diversity
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Cell Diversity
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Cell Diversity
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Cellular Physiology: Membrane
Transport

Membrane Transport — movement of substance into and out

of the cell

Transport is by two basic methods
Passive transport
No energy is required

Active transport

The cell must provide metabolic energy




Solutions and Transport

Solution — homogeneous mixture of two or more
components

Solvent — dissolving medium

Solutes — components in smaller quantities within a solution

Intracellular fluid — nucleoplasm and cytosol

Interstitial fluid — fluid on the exterior of the cell




Selective Permeability

The plasma membrane allows some materials to pass while

excluding others

This permeability includes movement into and out of the cell




Passive Transport Processes

* Diffusion

® Particles tend to distribute themselves evenly within a solution

® Movement is
from high
concentration
to low
concentration,
or down a
concentration

gradient




Passive Transport Processes

Types of diffusion
Simple diffusion

Unassisted pl‘OCGSS

Solutes are lipid-soluble materials or small

enough to pass through membrane pores




Passive Transport Processes
Types of diffusion

Osmosis — simple diffusion of water
Highly polar water easily crosses the plasma
membrane

Facilitated diffusion
Substances require a protein carrier for passive

transport
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Passive Transport Processes

Filtration

Water and solutes are forced through a membrane by fluid, or

hydrostatic pressure
A pressure gradient must exist
Solute-containing fluid is pushed from a high

pI'GSSUI'G area to a IOWGI' pI'GSSllI'G arca




Active Transport Processes

Transport substances that are unable to pass by diffusion
They may be too large

They may not be able to dissolve in the fat core of the
membrane

They may have to move against a concentration gradient
Two common forms of active transport

Solute pumping — chemical exchanges

Bulk transport - exocytosis




Active Transport Processes
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Exocvtosis
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Molecules to
be secreted
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Endocytosis
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Cell Life Cycle

Cells have two major periods

Interphase

Cell grows

Cell carries on metabolic processes
Cell division

Cell replicates itself

Function is to produce more cells for growth and repair processes




DNA Replication

Genetic material duplicated

Hey:

and readies a cell for division @ = Adenine
[ =Thymine

into two cells B = Cyiosine
B = Guanine

Occurs toward the end of

interphase

DNA uncoils and each side

serves

as a template

;- - dﬂ.ﬂ?
Qld Newly strand “Oid (lemplate)

{template) synthesizad i
strand strand A ng n plTARC I
OMA of one chromatid

Figure 3.14J




Events of Cell Division

Mitosis
Division of the nucleus

Results in the formation of two daughter nuclei
Cytokinesis
Division of the Cytoplasm

Begins when mitosis is near completion

Results in the formation of two daughter cells




Stages of Mitosis

Interphase

No cell division occurs

The cell carries out normal metabolic activity and growth
Prophase

First part of cell division

Centromeres migrate to the poles




Stages of Mitosis

Metaphase

Spindle from centromeres are attached to chromosomes that

are aligned in the center of the cell




Stages of Mitosis

Anaphase
Daughter chromosomes are pulled toward the poles
The cell begins to elongate

Telophase
Daughter nuclei begin forming

A cleavage furrow (for cell division) begins to form




Stages of Mitosis

Centrioles
Chromatin Forming

mitotic
spindle

Spindle
Centromere microtubules

Centrioles Centromere

Il| It .'I )

W 4
b

Nuclear Chromosome, Fragments of Spindle
envelope consisting of two nuclear envelope pole
Nucleolus sister chromatids

Interphase meee————————) Early prophase e Late prophase S—)

Plasma
membrane

Figure 3.15/




Stages of Mitosis
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Protein Synthesis

Gene — DNA segment that carries a blueprint for building

one protein

Proteins have many functions
Building materials for cells

Act as enzymes (biological catalysts)

RNA is essential for protein synthesis




© Simple columnar

Simple Epithelium

Nucleus of simple
columnar epithelial call

* Single layer of tall cells
* Often includes goblet cells,

which produce mucus

* Lines digestive tract

Simple
columnar
epithelial
cell

Basement
membrans

Photomicrograph: Simple columnar
apithelium of the stomach lining
(1300x).




Simple Epithelium

Pseudostratified

Single layer, but some cells
are shorter than others

Often looks like a double cell
layer
Sometimes ciliated, such as in

the respiratory tract

May function in absorption
Oor secretion

Paeudg- -
sirafified

epithelial

layer

g s . 11 l."
Basement { g \
membrane |

(d) Diagram: Pzeudostratified (cillated)
columnar
== Cilia
-Mucus of
goblat cell

Pseudo-
stratified
| epithelial
layer

Basemant

- membrans
Connective
tisgue

Photomicrograph:
Pseudostratified ciliated columnar
epithelium lining the human
trachea (400x).




Connective Tissue

Found everywhere in the body
Includes the most abundant and widely distributed tissues
Functions

Binds body tissues together

Supports the body

Provides protection




Connective Tissue Characteristics
Variations in blood supply

Some tissue types are well vascularized
Some have poor blood supply or are avascular
Extracellular matrix

Non—living material that surrounds living cells




Connective Tissue Tvbes

408

Bone cells in
lacunans

® Bone (osseous tissue)

* Composed of:
Bone cells in lacunae
(cavities)
Hard matrix of calcium salts
Large numbers of collagen

fibers

® Used to protect and support
the body

K of ground bone (70x).
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Connective Tissue Types

o .
/ lig é\lhﬁumlngacall
NN R

® Hyaline cartilage ﬁ
® Most common cartilage \

-
* Composed of:
Abundant collagen fibers Lacunae 48
Rubbery matrix

* Entire fetal skeleton is
hyaline cartilage

t s Chondrocyte
in lacuna

Photomicrograph: Hyaline cartilage

@ from the trachea (300x).




Connective Tissue Types

Elastic cartilage
Provides elasticity

Example: supports the external ear




4 ™
Connective Tissue Types

® Fibrocartﬂage
® Highly compressible

* Example: forms
cushion-like discs

between vertebrae

o

=S
@ Nt TevoBea s Fibrocariiiage of J
rapn: racartiage of an

_intervertebral disc (200x).
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Connective Tissue Types

® Areolar connective tissue

* Most Widely distributed
connective tissue

* Soft, pliable tissue
* Contains all fiber types

* Can soak up excess fluid

..—-—"'-'.FF.q

[ ]
Mucosa — | — £:he et
epithelium I'-. | g
Lamlm* r
propria R Wi e,

==

Fibers of k.
matrix
Nuclei of B
fibroblasts '8

# e o

I
o\ TR

Elastic
fibers

fibres

" Fibroblast
= nuclei

l'lwbumhrunup= Areolar connective tissue, a

soft packaging tissue of the body (400x).

= Caollagen
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Connective Tissue Tvoes

-~ Muclei of
fat cells

. Adipose tissue

® Matrix is an areolar tissue in

which fat globules
predominate :.:::J;::ing
fat droplet

® Many cells contain

large lipid deposits
¢ Functions
Insulates the body

Protects some organs

Serves as a site of

MNuclei of
fat cellg

T Vacuole
containing
fat droplet

fuel storage

g2 1i35u'|-a from the

nmll:mgrlp;: Adill-:ln
@ subcutaneous layer beneath the skin (600x), FlgUre 3-19f/
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Connective Tissue Typ_es

* Blood

* Blood cells surrounded by

fluid matrix

* Fibers are visible during

clotting

* Functions as the transport

vehicle for materials

the red biood cells.

Blood cells

{h) Diagram: Blood

i"’ v vd
cﬂ L)
{white blood cell)

0 Q0
5

020 ...

Photomicrograph: Smear of human blood
{1500x); two white blood cells are seen amaong




Muscle Tissue

Function is to produce movement

Three types
Skeletal muscle
Cardiac muscle

Smooth muscle




Muscle Tissue Tynes
/‘K\

Skeletal muscle - A
® Can be controlled voluntarily H\{ |

S,

® (Cells attach to connective tissue
® C(Cells are striated

® (Cells have more than one

nucleus {a) Diagram: Skeletal muscle

Muclai

-I- Part of muscla
o~ Tiber

Photomicrograph: Skeletal muscle {approx. 300x).




I Tvunaoace
Muscle Tissue 28,

® Cardiac muscle
* Found only in the heart

* Function is to pump blood
(involuntary)

® C(Cells attached to other
cardiac muscle cells at

intercalated disks

® C(Cells are striated

~ — Intercalated

® One nucleus per cell Interc
—— Muclews
@ Photomicrograph: Cardiac muscle (800x).

/




Muscle Tissue

* Smooth muscle
® Involuntary muscle

® Surrounds hollow organs

* Attached to other smooth

muscle cells

® No visible striations

Smoaoth

® One nucleus per cell muscle cell

Photomicrograph: Sheet of smooth
K muscle (approx. 600x).




Nervous Tissue

Neurons and nerve support

cells
Function is to send impulses to
other areas of the body

* Irritability

* Conductivity

Mucled of e P
supporting =l - :
cells e

Call bocdy

af neuron }\

Call

ProceEeRs

o .

Diagram: Mervous tissue

o= Nuclei of
supporting
calls

e 5,
o - Cell bady
of neuron

Coll
Processas

Photomicrograph: Neurons (100x)




Regeneration of Tissues

Tissues that regenerate easily

Epithelial tissue

Fibrous connective tissue and bone

Tissues that regenerate poorly

Skeletal muscle

Tissues that are replaced largely with scar tissue

Cardiac muscle

Nervous tissue within the brain and spinal cord
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» Tissue is a group of cells that usually have a common origin in
an embryo and function together to carry out specialized

activities.

» The structure and properties of a specific tissue are influenced
by factors such as the nature of the extracellular material that
surrounds the tissue cells and the connections between the

cells that compose the tissue.




Principle Types of Tissues

Four types of tissues:
» Epithelial tissue
» Connective tissue

» Muscle tissue

» Nervous tissue




Epithelial Tissue

» Functions
> Protection
> Sensory functions
> Secretion

> Absorption

o Excretion




Epithelial Tissue

» Types and locations
o Epithelium 1s divided into two types:
* Membranous (covering or lining) epithelium
* Glandular epithelium

o Locations

* Membranous epithelium—covers the body and some of its parts; lines
the serous cavities, blood and lymphatic vessels, and respiratory,

digestive, and genitourinary tracts

* Glandular epithelium—secretory units of endocrine and exocrine




Epithelial Tissue

» Classification of epithelial tissue
o Classification based on cell shape
* Squamous
» Cuboidal
 Columnar

« Pseudostratified columnar




Simple epithelium

- Simple squamous epithelium
* One-cell layer of flat cells
- Permeable to many substances

- Examples: endothelium—Iines blood vessels; mesothelium—pleura

ADDN




Simple epithelium

 Simple cuboidal epithelium
* One-cell layer of cuboidal cells

 Found in many glands and ducts

Simple Cuboidal Epithelium

Basement  Tissus wraps to
membr ane Fform tubules an
) i ducts aTf nlﬂt‘lﬂ#.

Sinple cuboidal epithelium formns ducls, tubo les amnd gevrelony cells
in exocrine glandz and in organz such asthe kidnes.




Simple epithelium

Simple columnar epithelium

Single layer of tall, column-shaped cells

Cells often modified for specialized functions—e.g., goblet cells

(secretion), cilia (movement), microvilli (absorption)

« Often lines hollow visceral structures

may have
| microailli or
el cilia

Cell nuclei lie
= tovarared bazal snnrtace
= MNon-cilipted in the G tract a= stommech and
iTilesdarizl 'ﬁ'r:riﬂg_
m Cilisred in portiong af the respiratory and
Zelitourinary wact.
Functions: absorption of digestive cnd products, secrction of
= ¥ } = e cncevrries snnd other salsdanees. Chiliated bygpe propels trocos
alodag the aprical surlGece clo.

=
AR R -l i P
1 W ol s
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Simple epithelium

* Pseudostratified columnar epithelium
* Columnar cells of differing heights

+ All cells rest on basement membrane but may not reach the free
surface above

* Cell nuclei at odd and irregular levels

* Found lining air passages and segments of male reproductive
system

* Motile cilia and mucus are important modifications

Tl T gt

Is i 11 - %W
e | i B
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stratified eplthelium

Stratified squamous (keratinized) epithelium

Multiple layers of flat, squamous cells (Figure 5-9)

Cells filled with keratin

Covers outer skin on body surface

11



Stratitied epithelium

Stratified squamous (nonkeratinized) epithelium

- Lines vagina, mouth, and esophagus

Free surface 1s moist

Primary function is protection

12



Stratitied epithelium

Stratified cuboidal epithelium

- Two or more rows of cells are typical

Basement membrane 1s indistinct

Located in sweat gland ducts and pharynx

13



Stratitied epithelium

Stratified columnar epithelium

Multiple layers of columnar cells

Only most superficial cells are typical in shape

Rare

Located in segments of male urethra and near anus

Ba squamous
keratinizing epitheliu
J 7
uJ 2

" ehi e kin®
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Stratitied epithelium

- Stratified transitional epithelium

- Located in lining of hollow viscera subjected to stress
(e.g., urinary bladder)

- Often 10 or more layers thick
- Protects organ walls from tearing

15



Epithelial tvpes
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Lonnective Tissue

» Functions, characteristics, and types

> General function—connects, supports, transports, and protects

o General characteristics—extracellular matrix (ECM) predominates in
most connective tissues and determines its physical characteristics;
consists of fluid, gel, or solid matrix, with or without extracellular fibers
(collagenous, reticular, and elastic) and proteoglycans or other

compounds that thicken and hold together the tissue

17



Classification

I. Embryonic connective tissues
A. Mesenchyme

B. Mucous connective tissue
I1. Mature connective tissues
» A. Loose connective tissues
3 Areolar connective tissue

v

Adipose tissue
Reticular connective tissue

v

B. Dense connective tissues

v

»  Dense regular connective tissue
»  Dense irregular connective tissue

»  Elastic connective tissue

18
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v

v

C. Cartilage
Hyaline cartilage
Fibrocartilage
Elastic cartilage

D. Bone tissue

E. Liquid connective tissue

Blood tissue

Lymph

19



connective tissue

» Loose, ordinary (areolar) connective tissue
* One of the most widely distributed of all tissues

* Intercellular substance is prominent and consists of collagenous and
elastic fibers loosely interwoven and embedded in soft, viscous

ground substance

Function—stretchy, flexible connection

Hixtology Lab Fart % Slide 4
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cohnnective tissus

» Adipose tissue
o Similar to loose connective tissue but contains mainly fat cells

> Functions—protection, insulation, support, and food reserve

P

21



connective tissue

» Reticular tissue
o Forms framework of spleen, lymph nodes, and bone marrow

o Consists of network of branching reticular fibers with reticular

cells overlying them

> Functions—defense against microorganisms and other injurious
substances; reticular meshwork filters out injurious particles, and

reticular cells phagocytose them

22




Denge fibrous tissue

o Matrix consists mainly of fibers packed densely and relatively few

fibroblast cells
* Irregular—fibers intertwine irregularly to form a thick mat
- Regular—bundles of fibers are arranged in regular, parallel rows
* Collagenous—mostly collagenous fibers in ECM
* Elastic—morstly elastic fibers in ECM

- Locations—composes structures that need great tensile strength, such
as tendons and ligaments; also dermis and outer capsule of kidney and

spleen

23



Bohe fissle

» Highly specialized connective tissue type
* Cells—osteocytes—embedded in a calcified matrix

* Inorganic component of matrix accounts for 65%
of total bone tissue

o Functions:

* Support

Protection

Point of attachment for muscles

Reservoir for minerals

Supports blood-forming tissue

24



Compact bone

o Osteon (Haversian system)

* Structural unity of bone

* Spaces for osteocytes called lacunae

- Matrix present in concentric rings called lamellae

* Canaliculi are canals that join lacunae with the central Haversian canal
o Cell types:

* Osteocyte—mature, inactive bone cell

* Osteoblast—active, bone-forming cell

* Osteoclast—bone-destroying cell

> Formation (ossification)

 In membranes—e.g., flat bones of skull

25
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Cancellous bone

» Trabeculae—thin beams of bone
o Supports red bone marrow
- Myeloid tissue—a type of reticular tissue
* Produces blood cells

o (Called spongy bone because of its spongelike appearance

27



Lartilage

> Chondrocyte is only cell type present
o Lacunae house cells, as in bone

> Avascular—therefore, nutrition of cells depends on diffusion of nutrients

through matrix
o Heals slowly after injury because of slow nutrient transfer to the cells

o Perichondrium is membrane that surrounds cartilage

28



Types of Cartilage

» Hyaline
+ Appearance is shiny and translucent
* Most prevalent type of cartilage
 Located on the ends of articulating bones
o Fibrocartilage
- Strongest and most durable type of cartilage
+ Matrix is semirigid and filled with strong, white fibers
« Found in intervertebral disks and pubic symphysis
* Serves as shock-absorbing material between bones at the knee (menisci)
o Elastic
- Contains many fine, elastic fibers
* Provides strength and flexibility

 Located in external ear and larynx

29



Blood

> A liquid tissue
o Contains neither ground substance nor fibers
o Composition of whole blood
* Liquid fraction (plasma) is the matrix—355% of total blood volume
- Formed elements contribute 45% of total blood volume
- Red blood cells, erythrocytes
* White blood cells, leukocytes

- Platelets, thrombocytes

30



Blood {(cont.}

> Functions
- Transportation
- Regulation of body temperature
- Regulation of body pH
- White blood cells destroy bacteria

o Circulating blood tissue 1s formed in the red bone marrow by a process
called hematopoiesis; the blood-forming tissue is sometimes called

hematopoietic tissue

31



Muscle Tissue

» Types
o Skeletal, or striated voluntary
> Smooth, or nonstriated involuntary, or visceral

o (Cardiac, or striated involuntary

32



Location:

Function:

Characteristics
of cells:

Attached to bones

Move skeleton

= Multinucleate

s Linbramncihsesd

33



IiNntestines, arteries, other

Move food, help regulate
blood pressure, atc.

= Single nucieus
= LUinbrancheaed

= Actihvity is “non-
voluntaryy, ™ meaning that
signal from motor neuron
= ot resquired

34



Function: Pump blood

Characterstics = Single nucleus
of celis: = Branched: form direct
connaction
end 1o aend

35




Muscle Tissue

» Microscopic characteristics

o Skeletal muscle—threadlike cells with many cross striations and many

nuclei per cell

o Smooth muscle—elongated, narrow cells, no cross striations, one

nucleus per cell

o Cardiac muscle—branching cells with intercalated disks (formed by

abutment of plasma membranes

of two cells)

36



Nervous Tissue

» Functions—rapid regulation and integration
of body activities

» Specialized characteristics
o Excitability
o Conductivity

» Organs
> Brain

o Spinal cord

o Nerves

37



Nervous Tissue

- Neuron—conducting unit of system
* Cell body, or soma
- Processes

- Axon (single process)—transmits nerve impulse away from
the cell body

- Dendrites (one or more)—transmit nerve impulse toward
the cell body and axon

- Neuroglia—special connecting, supporting,
coordinating cells that surround the neurons

38
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Meuroglia

» Supporting Cells
(Neuroglia or Glia) =

Macroglia + Microglia

40



the brain (CNS)

« Ependymal cells

» Line cavities of the brain and spinal cord

Synthesize cerebrospinal fluid

« Astrocytes

o Star-shaped cells
e Support neurons
o Form barrier between capillaries and neurons (BBB)

e Control the chemical environment of

41



» Arise from monoblast of the blood
o Spider-like
e phagocytes
e Dispose of debris

o Oligodendrocytes

Produce myelin sheath around nerve fibers in the central nervous system

e Nourish neurons

42



Supporting Cells of the PNS

» Schwann cells - form myelin sheath in the peripheral nervous system.

» Satellite cells — surround cell bodies of neurons in sensory ganglia

43



The Heart




Heart Anatomy

= Approximately the size of your fist
= Location

" Superior surface of diaphragm

" Left of the midline

* Anterior to the vertebral column, posterior to the
sternum



Heart Anatomy

P
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Coverings of the Heart: Anatomy

= Pericardium — a double-walled sac around the
heart composed of:

1. A superficial fibrous pericardium
2. A deep two-layer serous pericardium

a. The parietal layer lines the internal surface of
the fibrous pericardium

b. The visceral layer or epicardium lines the
surface of the heart

* They are separated by the fluid-filled
pericardial cavity



Coverings of the Heart: Physiology

= The Function of the Pericardium:
= Protects and anchors the heart
= Prevents overfilling of the heart with blood

= Allows for the heart to work 1n a relatively friction-
free environment



Pericardial Layers of the Heart

Fibrous pericardium

Pericardium Parietal layer of
serous pericardium
Myocardium

Pericardial
cavity

Visceral layer ™
of serous
pericardium
{epicardium)
Myocardium
Endocardium _

Heart chamber

— Heart
wall




Heart Wall

= Epicardium — visceral layer of the serous
pericardium

* Myocardium — cardiac muscle layer forming the
bulk of the heart

* Fibrous skeleton of the heart — crisscrossing,
interlacing layer of connective tissue

* Endocardium — endothelial layer of the mner
myocardial surface



External Heart: Major Vessels of the Heart
(Anterior View)

=  Vessels returning blood to the heart include:
1. Superior and inferior venae cavae

2. Right and left pulmonary veins

= Vessels conveying blood away from the heart include:

1. Pulmonary trunk, which splits into right and left
pulmonary arteries

2. Ascending aorta (three branches) —
a. Brachiocephalic
b. Left common carotid

c. Subclavian arteries



External Heart: Vessels that Supply/Drain the
Heart (Anterior View)

= Arteries — right and left coronary (in
atrioventricular groove), marginal, circumflex, and
anterior interventricular arteries

* Veins — small cardiac, anterior cardiac, and great
cardiac veins



External Heart: Anterior View

Brachiocephalic
artery

Superior
vena cava

Right

pulmanary artery

Ascending
aorta

Pulmonary trunk

Right
pulmonary veins

Right atrium

Right coronary
artery (in right
atrioventricular groove)

Anterior cardiac vein

Right ventricle

Marginal artery
Small cardiac vein

Inferior

vena cava

Left common
carotid artery

Left
subclavian artery

Aortic arch

Ligamentum
arteriosum

Left pulmonary artery

Left pulmonary veins

Left atrium

Auricle

Circumflex
artery

Left coronary
artery (in left
atrioventricular groove)

Left ventricle
Great cardiac vein

Anterior
interventricular artery
(in anterior
interventricular sulcus)

Apex
Fig%e 18.4b



External Heart: Major Vessels of the Heart
(Posterior View)

= Vessels returning blood to the heart include:
1. Right and left pulmonary veins

2. Superior and inferior venae cavae

" Vessels conveying blood away from the heart
include:

1. Aorta

2. Right and left pulmonary arteries
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External Heart: Vessels that Supply/Drain the
Heart (Posterior View)

= Arteries — right coronary artery (in atrioventricular
groove) and the posterior interventricular artery (in
interventricular groove)

" Veins — great cardiac vein, posterior vein to left
ventricle, coronary sinus, and middle cardiac vein
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External Heart: Posterior View

Aorta Superior
vena cava
Left Right

pulmonary artery pulmonary artery

Left

pulmonary veins Right
pulmonary veins
Auricle
of left atrium Right atrium
Left atrium
Inferior
Great cardiac vein vena cava

Right coronary

Posterior vein artery (in right

of left ventricle atrioventricular groove)
Coronary sinus
Posterior

. interventricular artery

Left ventricle (in posterior
interventricular sulcus)

Apex Middle cardiac vein

(d) Right ventricle

13
Figure 18.4d



Gross Anatomy of Heart: Frontal Section

Superior vena cava

Right

pulmonary artery
Pulmonary trunk

Right atrium
Right

pulmonary veins

Fossa
ovalis

Pectinate
muscles

Tricuspid
valve

Right ventricle

Chordae
tendineae

Trabeculae

carneae

Inferior
vena cava

Aorta

Left
pulmonary artery
Left atrium

Left
pulmonary veins

Mitral
(bicuspid) valve
Aortic
semilunar valve
Pulmonary

semilunar valve
Left ventricle

Papillary
muscle

Interventricular
septum

Myocardium

Visceral
pericardium

Fig}ge 18.4¢e



Atria of the Heart

Atna are the receiving chambers of the heart
Each atrium has a protruding auricle

Pectinate muscles mark atrial walls

Blood enters right atria from superior and inferior

venae cavae and coronary sinus

Blood enters left atria from pulmonary veins

15



Ventricles of the Heart

= Ventricles are the discharging chambers of the heart

= Papillary muscles and trabeculae carneae muscles
mark ventricular walls

= Right ventricle pumps blood into the pulmonary
trunk

" Left ventricle pumps blood 1nto the aorta

16



Myocardial Thickness and Function

Thickness of myocardium varies according to the function of the
chamber

Atria are thin walled, deliver blood to adjacent ventricles

Ventricle walls are much thicker and stronger
= right ventricle supplies blood to the lungs (little flow resistance)

= left ventricle wall is the thickest to supply systemic circulation

17



Thickness of Cardiac Walls

POSTERIOR

plane

Right ventricle Left veniricle

Interventricular
septum

ANTERIOR

Myocardium of left ventricle 1s much thicker than the right.
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Pathway of Blood Through the Heart and

Lungs
= Right atrium =2 tricuspid valve =2 right ventricle

= Right ventricle = pulmonary semilunar valve =
pulmonary arteries =2 lungs

= Lungs = pulmonary veins =2 left atrium
= Left atrium =2 bicuspid valve =2 left ventricle
= Left ventricle = aortic semilunar valve > aorta

= Aorta = systemic circulation
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Pathway of Blood Through the Heart and

Lungs

Capillary beds
of lungs where
gas exchange

Pulmonary Circuit )

Pulmonary arteries J,"
/ Pulmonary

— ‘\ i veins
K Aorta and
] branches

Left

(] < \ atrium
.

% L ; I| Lﬂﬂ

Iu' ventricle

" Right
- | ventricle
Systemic Circuit

; Capillary
s A =47 bedsofall
= Oxygen rich, & Bl - body tissues

CO2-poor blood S E where gas
I|=Oxygen poor, exchange

CO2-rich blood occurs
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Coronary Circulation

= Coronary circulation 1s the functional blood supply
to the heart muscle itself

= Collateral routes ensure blood delivery to heart
even 1f major vessels are occluded
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Coronary Circulation: Arterial Supply

Aorta

Superior Qe Pulmonary
vena cava f - trunk
Anastomosis Left coronary
(junction of artery
vessels) Left atrium
Right .
coronary Circumflex
artery artery
Right Right
atrium ventricle

Left
Marginal ventricle
artery

Posterior Anterior
interventricular interventricular

(a) artery artery
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Coronary Circulation: Venous Supply

Superior

vena cava
Great
: cardiac
Anterior vein
cardiac

veins Coronary

sinus

Small cardiac vein Middle cardiac vein
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Heart Valves

= Heart valves ensure unidirectional blood flow
through the heart

= Atrioventricular (AV) valves lie between the atria
and the ventricles

= AV valves prevent backflow into the atria when
ventricles contract

* Chordae tendineae anchor AV valves to papillary
muscles
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Heart Valves

= Semilunar valves prevent backflow of blood into the
ventricles

= Aortic semilunar valve lies between the left
ventricle and the aorta

* Pulmonary semilunar valve lies between the right
ventricle and pulmonary trunk
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Heart Valves

Pulmonary valve
Aortic valve
Area of cutaway

~[+———— Bicuspid valve
/’7{ ~—|— Tricuspid valve

i

f Myocardium

- Tricuspid valve -
(right atrioventricular)

Bicuspid (mitral)

. e A Y ‘-\.- % ) i 7B :
BN M valve (left
a8 P P o atrioventricular)
\‘Tf A =0 — Aortic semilunar -
\ Vg N/ valve

il =gy ) Pulmonary -

semilunar

Fibrous valve

skeleton

(a)

Anterior
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Heart Valves

Bicuspid
{mitral)

valve

Chordae
tendineae

Opening of superior
vena cava

Tricuspid valve

Myocardium
of right
ventricle

Interventricular

Chordae Papillary —

septum
tendineae muscle . i
attached to Papillary zﬂfylg:tﬂ:r:m:?c%e
tricuspid muscles
valve flap (d)

(c)
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Atrioventricular Valve Function

(1)Blood returning to
the heart fills atria,
putting pressure against
atrioventricular valves;
atrioventricular valves
forced open

() As ventricles fill,
atrioventricular valve flaps
hang limply into ventricles

(3) Atria contract, forcing
additional blood into
ventricles

(a)

(1) Ventricles contract,
forcing blood against
atrioventricular valve cusps

@ Atrioventricular valves
close

(3)Papillary muscles
contract and chordae
tendineae tighten,
preventing valve flaps
from everting into atria

Atrioventricular valve closed

Direction of
blood flow

Atrium

Cusp of
atrioventricular
valve

Chordae
tendineae

Papillary
muscle

Atrium

Cusps of
atrioventricular
valve

Blood in
ventricle

Figyre 18.9



Semilunar Valve Function

As ventricles contract
and intraventricular
pressure rises, blood
is pushed up against

Aorta semilunar valves,

forcing them open
Pulmonary 2 ;
artery

(a) Semilunar valve open

(b)

As ventricles relax
and intraventricular
pressure falls, blood
flows back from
arteries, filling the
cusps of semilunar
valves and forcing
Y them to close

Semilunar valve closed
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Microscopic Anatomy of Heart Muscle

= Cardiac muscle 1s striated, short, fat, branched, and
interconnected

* The connective tissue endomysium acts as both
tendon and insertion

* Intercalated discs anchor cardiac cells together and
allow free passage of 10ns

= Heart muscle behaves as a functional syncytium
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Microscopic Anatomy of Heart Muscle

Intercalated
discs

Intercalated Mitochondrion
disc '

Iband A band Sarcoplasmic
reticulum

Nucleus e

Sarcolemma —\ =

Intercalated

Cardiac
muscle
cells

Sarcolemma

Mitochondrion

Cardiac muscle
cell

Figure 18.11



The Cardiovascular System:
The Heart

Physiology
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Cardiac Muscle Contraction

= Heart muscle:

" [s stimulated by nerves and 1s self-excitable
(automaticity)

s Contracts as a unit

" Has a long (250 ms) absolute refractory period

= Cardiac muscle contraction 1s similar to skeletal
muscle contraction
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Heart Physiology: Intrinsic Conduction

System

" Autorhythmic cells:
" Initiate action potentials

= Have unstable resting potentials called pacemaker
potentials

= Use calcium influx (rather than sodium) for rising
phase of the action potential
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Pacemaker and Action Potentials of the Heart

Membrane potential (mV)
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Heart Physiology: Sequence of Excitation

= Sinoatrial (SA) node generates impulses about 75
times/minute

= Atrioventricular (AV) node delays the impulse
approximately 0.1 second
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Heart Physiology: Sequence of Excitation

= Impulse passes from atria to ventricles via the
atrioventricular bundle (bundle of His)

= AV bundle splits into two pathways in the
interventricular septum (bundle branches)

1. Bundle branches carry the impulse toward the
apex of the heart

2. Purkinje fibers carry the impulse to the heart
apex and ventricular walls
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Heart Physiology: Sequence of Excitation

Superior -
vena cava \.\ |

Right atrium

(1) Sinoatrial (SA)
node (pacemaker)
Internodal Left atrium
pathway
(2) Atrioventricular
(AV) node N
(3) Atrioventricular R H;';ﬂ"lﬂ'
(AV) bundle A )
(Bundle of His)
(4) Bundle branches o
nter-
(B) Purkinje fibers wardteiiar

septum
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Heart Excitation Related to ECG

SA node generates Impulse delayed Impulse passes to Ventricular excitation
impulse; atrial at AV node heart apex; ventricular complete
excitation begins excitation begins

branches fibers ;
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Extrinsic Innervation of the Heart

= Heart 1s stimulated
by the sympathetic
cardioacceleratory
center

= Heart 1s inhibited by

the parasympathetic
cardioihibitory
center

/

Dorsal motor nucleus of vagus

Vagus @ o ] Cardicinhibitory center
nerve ‘ﬁE" - 1 {parasympathetic)
Cardioacceleratory — | ]_j
center (sympathetic) Medulla oblongata
—Sympathetic
- chain
| ganglion

\ﬁHG‘

L
e Thoracic spinal cord

Sympathetic trunk
Sympathetic
cardiac ey
nerve v k. B Parasympathetic
. fibers
= - L ’ . Sympathetic
= ) fibers

[] Interneurons



Electrocardiography

= Electrical activity is recorded by clectrocardiogram
(ECG)

* P wave corresponds to depolarization of SA node

" QRS complex corresponds to ventricular
depolarization

* T wave corresponds to ventricular repolarization

= Atrial repolarization record 1s masked by the larger
QRS complex
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Electrocardiography

QRS complex
I I
Sinoatrial R
node
Ventricular
Atrioventricular depolarization
node
| Ventricular
Atrial repolarization
depolarization *
p T
]
=5 P-0Q = -l
Interval S-T
| | 5‘ Segment
1
Time (s) 0 0.2 0.4 0.6 0.8
- Q-T =
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Fig}ge 18.16



Heart Sounds

» Heart sounds (lub-dup) are associated with closing
of heart valves

" First sound occurs as AV valves close and signifies
beginning of systole (contraction)

= Second sound occurs when SL valves close at the
beginning of ventricular diastole (relaxation)
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Cardiac Cycle

* Cardiac cycle refers to all events associated with
blood flow through the heart

= Systole — contraction of heart muscle

= Diastole — relaxation of heart muscle
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Phases of the Cardiac Cycle

= Ventricular filling — mid-to-late diastole

» Heart blood pressure 1s low as blood enters atria
(passively) and flows into ventricles

= AV valves are open, then atrial systole occurs

45



Phases of the Cardiac Cycle

" Ventricular systole (contraction)
" Atria relax

* Rising ventricular pressure results in closing of AV
valves

" [sovolumetric contraction phase

" Ventricular ejection phase opens semilunar valves
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Phases of the Cardiac Cycle

" Isovolumetric relaxation — early diastole
" Ventricles relax

» Backflow of blood 1n aorta and pulmonary trunk
closes semilunar valves

= Dicrotic notch — brief rise 1n aortic pressure caused
by backflow of blood rebounding off semilunar
valves
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Phases of the Cardiac Cycle
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Cardiac Output (CO) and Reserve

= Cardiac Output 1s the amount of blood pumped by
each ventricle in one minute

= CO 1s the product of heart rate (HR) and stroke
volume (SV)

=" HR 1s the number of heart beats per minute

= SV 1s the amount of blood pumped out by a
ventricle with each beat

* Cardiac reserve 1s the difference between resting
and maximal CO
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Cardiac Output

* CO (ml/min) = HR (75 beats/min) x SV (70 ml/beat)
= CO=15250 ml/min (5.25 L/min)
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Regulation of Stroke Volume

= SV = end diastolic volume (EDV) minus end
systolic volume (ESV)

= EDV = amount of blood collected 1n a ventricle
during diastole

= ESV = amount of blood remaining in a ventricle
after contraction
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Factors Affecting Stroke Volume

" Preload — amount ventricles are stretched by
contained blood

= Contractility — cardiac cell contractile force due to
factors other than EDV

" Afterload — back pressure exerted by blood in the
large arteries leaving the heart
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Frank-Starling LLaw of the Heart

= Preload, or degree of stretch, of cardiac muscle cells
before they contract 1s the critical factor controlling
stroke volume

= Slow heartbeat and exercise increase venous return
to the heart, increasing SV

* Blood loss and extremely rapid heartbeat decrease
SV
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Preload and Afterload

{a) Preload {(b) Afterload

.54
Figure 18.21



Extrinsic Factors Influencing Stroke Volume

= Contractility 1s the increase in contractile strength,
independent of stretch and EDV

* Increase 1n contractility comes from:
" [ncreased sympathetic stimuli
= Certain hormones

= Ca”" and some drugs
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Extrinsic Factors Influencing Stroke Volume

= Agents/factors that decrease contractility include:
" Acidosis
" Increased extracellular K™

= Calcium channel blockers
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Regulation of Heart Rate: Autonomic Nervous
System

= Sympathetic nervous system (SNS) stimulation is activated
by stress, anxiety, excitement, or exercise

* Parasympathetic nervous system (PNS) stimulation 1s
mediated by acetylcholine and opposes the SNS

= PNS dominates the autonomic stimulation, slowing heart
rate and causing vagal tone

* [f the Vagus Nerve was cut, the heart would lose its tone.
Thus, increasing the heart rate by 25 beats per minute.
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= DISORDERS OF CVS
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Congestive Heart Failure (CHF)

= Congestive heart failure (CE

F) 1s caused by:

= Coronary atherosclerosis

" Persistent high blood pressure

* Multiple myocardial infarcts

" Dilated cardiomyopathy (DCM) — main pumping
chambers of the heart are dilated and contract

poorly
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Developmental Aspects of the Heart

Aorta Ductus
Endothelial arteriosus
tubes in
to fuseheg Pulmonary
trunk
Foramen
ovale
Ventricle
Inferior
: . vena cava
Venous end (e)
(a) (b) (c) (d) Heart twists

Figgge 18.24



Developmental Aspects of the Heart

= Fetal heart structures that bypass pulmonary
circulation

* Foramen ovale connects the two atria

" Ductus arteriosus connects pulmonary trunk and
the aorta
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Examples of Congenital Heart Defects

| ¥

A & i | Oceurs in

Tﬂ:_& ® - || about 1 in every
B

l‘i /| 500 births

{a) Ventricular septal defect.
The superior part of the inter-
ventricular septum fails to form;
thus, blood mixes between
the two ventricles, but because
the left ventricle is stronger,
more blood is shunted from
left to right.

o "::I ."r a'l-. :
if b= 8 .f:r""“\
L ey
W 5 IR =
b, | e 1r' Occurs in
N L | about 1 in eve
R N

J | 1500 births

'\\‘".I'

({b) Coarctation of the aorta.
A part of the aorta is narrowed,
increasing the workload on
the left ventricle.

| Occurs in
,| about 1 in
| | every 2000
births

{c) Tetralogy of Fallot. Multiple
defects (tetra = four): Pulmonary
trunk too narrow and pulmonary
valve stenosed, resulting in a
hypertrophied right ventricle;
ventricular septal defect; aorta
opens from both ventricles;
wall of right ventricle thickened
from overwork.

Figkge 18.25



Age-Related Changes Affecting the Heart

= Sclerosis and thickening of valve flaps
= Decline 1n cardiac reserve
= Fibrosis of cardiac muscle

= Atherosclerosis



Congestive Heart Failure

= (Causes of CHF

= coronary artery disease, hypertension, MI, valve disorders,
congenital defects

= Left side heart failure
= Jess effective pump so more blood remains in ventricle
" heart 1s overstretched & even more blood remains
" blood backs up into lungs as pulmonary edema

= suffocation & lack of oxygen to the tissues

= Right side failure

= fluid builds up 1n tissues as peripheral edema
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Coronary Artery Disease

= Heart muscle receiving insufficient blood supply
= narrowing of vessels---atherosclerosis, artery spasm or clot

= atherosclerosis--smooth muscle & fatty deposits in walls of
arteries

= Treatment

= drugs, bypass graft, angioplasty, stent
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Cardiac diseases

* MI = myocardial infarction
= death of area of heart muscle from lack of O,
= replaced with scar tissue
= results depend on size & location of damage
= Blood clot
= use clot dissolving drugs streptokinase or t-PA & heparin
= balloon angioplasty
" Angina pectoris

= heart pain from ischemia (lack of blood flow and oxygen )
of cardiac muscle
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Arterial Pressure
......................................... Definition:

e LOCAL FACTORS DETERMINIG THE ARTERIAL BLOOD

PRESSURE
Arteral blood pressure Factors

. Cardiac output

. Heart rate

. Peripheral resistance
. Blood volume

1
2
) 3
Arterial blood pressure is 4
H. Venous return
&
T
1
2

directly proportional to

. Velocity of blood flow
. VMiscosity of blood

Arterial blood pressure is . Elasticity of blood vessel
inversely proportional to . Diameter of blood vessel
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REGULATION OF ARTERIAL BLOOD PRESSURE

There are four mechanisms for regulation of the blood pressure.

Nervous mechanism or shortterm regulatory mechanism
Renal mechanism or longterm regulatory mechanism
Hormonal mechanism

Local mechanism.
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NERVOUS MECHANISM FOR
REGULATION OF BLOOD PRESSURE




NERVOUS MECHANISM FOR REGULATION OF
BLOOD PRESSURE - SHORT-TERM REGULATION

* Most rapid among all the mechanisms
|t operates through the vasomotor system.

dVasomotor System

Vasomotor system includes three components:
1. Vasomotor center (control heart rate)

2. Vasoconstrictor fibers (vasoconstriction)

3. Vasodilator fibers (vasodilation)

(Receives impulses from
Baroreceptors & Chemoreceptors.)




1. Baro-receptor Mechanism




Rise in B.P» activation of » impulses to nucleus
baroreceptors of tractus solitarius

nucleus of
inhibition of tractus solitarius acts

Reduces vasomotor
. tone « vasoconstrictor area on vasomotor center

excites vasodilator area

Blood-
pressure
decreases

Redution in peripheral resistance
& Vasodilatation occur

(force of contraction &
Cardiac output decrease)




ORsle of baro-receptars wihen

When blood pressure falls below &Carotid sinus and aortic arch
normal receptor potential
Cardiovascular center _ $Rate of firing in afferent nerves
$Sympathetic cardiac nerve activity 1Heart rate
and and
{sympathetic vasoconstrictor nerve - 1 stroke
activity volume
} and and

parasympathetic nerve arteriolar and

activity VENOUS
1Cardiac output
Blood pressure _ g
increased toward an

normal 1tota| peripheral resistance




2. Chemoreceptor Mechanism




Decreased blood pressure




LORENAL MECHANISM FOR
REGULATION OF BLOOD PRESSURE




RENAL MECHANISM FOR
REGULATION OF BLOOD PRESSURE
* Long term regulation of Arterial BP

« Renal Mechanism works even when
nerous mechanism adapts to the new
pressure.

« Two ways of regulation of B.P
1. Byregulation of ECF volume
2. Through reninangiotensin mechanism.




1. By regulatlo@lg of ECF volume




Increase in ECF & Blood
volumes

@

Decrease in reabsorption

B.P - from -

renal-tubules

Blood pressure Increase in cardiac

Restored _ output




0 THROUGH RENIN-ANGIOTENSIN
MECHANISM




Renin along with Angiotensin forms Renin-
Angiotensin system, which is a hormone system
that plays an important role in the maintenance of
blood pressure

Renin - J.G Cells of
Kidney
Angiotensinogen - Liver Cells

ACE - Lungs



Decrease in blood pressure J Normal blood pressure |

A
Stimulation l
Juxtaglomerular apparatus
4 i J K Increase in
l blood volume
Renin T
Increase in
Angiotensinogen—— Angiotensin | ECF volume
ACE T
Angiotensin Il Reabsorption of
: : water and sodium
Angiotensinases >
Angiotensin llI T
»  Adrenal cortex J Kidneys |
Angiotensin [V —— T

» Aldosterone

Regulation of blood pressure by reninangiotensin mechanism. ACE
= Angiotensinconverting enzyme.




O Hormonal mechanism for regulation of
blood pressure




Hormones which increase | Hormones which decrease

arterial blood pressure arterial blood pressure
1. Adrenaline* 1. Vasoactive intestinal
2. Noradrenaline polypeptide (VIP)
3. Thyroxine* . Bradykinin
4. Aldosterone . Prostaglandin
5. Vasopressin . Histamine

6. Angiotensin
7. Serotonin

. Acetylcholine

.Atrial natriuretic peptide

. Brain natriuretic peptide

. C-type natriuretic peptide
*Adrenaline and thyroxine increase systolic pressure but
decrease diastolic pressure.
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O Local Mechanism for regulation of blood
pressure




Local mechanism

e Local mechanism regulates blood pressure by
Vasoconstriction & vasodilatation.

dLocal vasoconstrictors

* Are also called EDCF (endothelium derived constricting
factors) asthey are derived from vascular endothelium.

e Common EDCFare ET1,ET2& ETS3.

 Produced by stretching of blood vessels & cause
vasoconstriction.




ULocal Vasodilators

dVasodilators of metabolic origin:
carbon monoxide, lactate, H+ & adenosine.

dVasodilators of Endothelial origin:
* Nitroxides

e NOs3 nitrate)

e NO+ (nitrosonium ion)

e N O' (nitroxyl anion)
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