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Definitions

Anatomy:

* Is the science of body structures and the
relationships among them.

* First studied by Dissection, the careful
cutting apart of body structures to study their
relationship.

Physiology:
* The science of body functions

« How the partogetherw/




Levels of Structural Organization and Body Systems
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Levels of Structural Organization and
Body Systems

A. CHEMICAL LEVEL

Basic level

1. Atoms are the smallest unit of matter

» Essential atoms for life include carbon (C), hydrogen
(H), oxygen (O), nitrogen (N), phosphorus (P),
calcium (Ca), and sulfur (S)

2. Molecules two or more atoms joined together
» Deoxyribonucleic acid (DNA)
» Glucose




Levels of Structural Organization and
Body Systems

QOQ)~< N

B. CELLULAR LEVEL

e Molecules combine to form cells

e Cells are the basic structural and functional units of
an organism

e Many kinds of cells in the body: et e e

v" Muscle cells

v Nerve cells

v' Epithelial cells, etc.

odlaall s v
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Levels of Structural Organization and
Body Systems

C. TISSUE LEVEL

* Tissues are groups of cells and materials
surrounding them

Four basic types of tissues: A1 o bl 1531 G
1. Epithehal oolel
2. Connective St 2
3. Muscular

4. Nervous

lac .3
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Levels of Structural Organization and
Body Systems

. ORGAN LEVEL
Tissues are joined together to form organs

Organs are structures that are composed of two or
more different types of tissues

Specific functions and recognizable shapes

Examples:
|

2. Lungs
3. kidneys
4. Stomach, etc.




Levels of Structural Organization and
Body Systems

E. SYSTEM LEVEL
* A system consists of related organs with a common

function
alakll atass Sless sanaell 3leal

8 uSllg Syuiall adll Jio clide] oudiy
Example ,
ool Sall 3,1, 4l olaa¥l

D1gest1ve system breaks down and absorbs fo&d .
» It include s organs such as the mouth, small and large

\’" intestines, liver, allbladder and pancreas
g g p Do

* Eleven systems of the human body

77




Levels of Structural Organization and
Body Systems

F. ORGANISM LEVEL
* An organism or any living individual

* All parts of the body

* Functioning together




Organ systems

SI= .
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1.Integumentary 7. Lymphatic/immune

2.Skeletal P 8. Respiratory (e

3.Muscular &< 9. Digestive oo

4.Nervous = 10. Urinary &)

S.Endocrine s« > 11 Reproductive o-us

6.Cardiovascular a. e 5wt
EEX\




Characteristics of the Living
Human Organism

Basic Life Processes
* Distinguish living from non-living things

Six important life process
. Metabolism

. Responsiveness

. Movement

. Growth

. Differentiation

. Reproduction




Metabolism

Metabolism

* Sum of all the chemical process that occur in the
body
P
] Catabolism or the break down of complex
chemical substances into simpler components
s

] Anabolism or the building up of complex chemical
substances from smaller, ssmpler components




Responsiveness

"'A_,.\_f-clm\l\
Responsiveness (] By €l ol vl 58

* Ability of the body to detect and respond to
changes

NpAvER

Examples:

» Decrease in body temperature)

* Responding to sound

* Nerve (electrical signals) and muscle cells
(contracting)




Movement and Growth

Movement
* Motion of the whole body
* Organs, cells, and tiny subcellular structures

* Leg muscles move the body from one place to
another

Growth

* Increase in body size, due to an increase in
existing cells, number of cells, or both




Differentiation

Differentiation

* Development of a cell from an unspecialized
to specialized state

Cells have specialized structures and
functions that differ from precursor cells

Stem cells give rise to cells that undergo
differentiation




Reproduction

* Formation of new cells (growth,
repair, or replacement)

* Production of a new individual




Sy ,
— Homeostasis

* A condition of equilibrium (balance) in the body’s
internal environment

* Dynamic condition
—=

* Narrow range 1s compatible with maintaining life

Example

Bloodglucose levels range between 70 and 110 mg
of glucose/dL of blood

1 Whole body contributes to maintain the internal
environment within‘normal limits




Homeostasis and Body Fluids

* Maintaining the volume and composition of body
fluids are important

Body fluids are defined as dilute, watery solutions
containing dissolved chemicals inside or outside of the

cell = Ay’ tmE QY™ Wethan
1. Intlar Fluid (ICF)

e Fluid within cells W bl = belueen

2. Extracellular Fluid (ECF)
* Fluid outside cells
3. Ingérstitial fluid (ECF)

 Fluid between cells and tissues




Homeostasis and Body Fluids

Interstitial
fluid

Extracellular
— fluid (ECF)
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ECF and Body Location

LR P
1. Blood Plasma 4. Synovial fluid
* ECF within blood * ECF in joints
vessels
5. Aqueous humor and

2. Lymph vitreous body o

* ECF within lymphatic « ECF if eies! IS

)
2"vessels

Sote g
3. Cerebrow fluid
(CSF)
. ECF 1n the bram and
spmal cord
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Interstitial Fluid and Body Function

aalaii gle glall Al asia

* Cellular function depends on the regulation of S

PNCHE ERNSTINIWRTR R
composition ofanterstitial fluid

Dol ohasll e Ll LLad 3all -
Tacud (L s craciSV s 36Sslall) L8131 yunliall yudss
* Composition of interstitial fluid changes as 1t moves
oSl ST ) bl Jass Lol
* Movement back and forth across capillary walls
provide nutrients (glucose, oxygen, 10ns) to tissue

cells and removes waste (carbon dioxide)
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Integumentary System

Components: Skin and
associated: hair, nails, sweat

glands, and oil glands""s'JS s
A@\’“ S

Skin and
associated
glands

Functions: e
1. Protects body eeatl SESNS N
2. helps regulate body Sl
(temperature J ot

eliminates some waste

makes Vitamin D

Sensation

stores fat.

Fingernails
(and toenails)

Table 1-2 figure 1 Principles of Anatomy and Physiology, 11/e
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Skeletal System
®

govan

Components: Bones and

"’ﬁ'gints and associated

cartilages ™ 2oyP= Bone
Cartilage

Functions:

1. Supports and protects body ™"+

2. provides surface area for 7=~

muscle attachment
3. aids body movement
4. houses cells that produce

Al Loka
blood cells j
. oaladl a5
5. stores minerals

il LA b 4

Table 1-2 figure 2 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons
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Muscular System

Components: Skeletal
muscle tlssues (muscles
\attacheg/ to bones)

Functions:
1. Body movemggts
2. posture” 7 &

3. heat production.

Table 1-2 figure 3 Prin
©2006 John Wiley & Son

pI of Ana tmy and Physio

I ogy, 11/e

Skeletal
muscle

— Tendon
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ﬁ',e}—
Nervous System

$ SeneP

Components. Brain, Spinal cord,
\»Q&
nerves and sense organs such as

< was)
eyes and ears) 20>

Functions: = .| es2Cxts  ri Gl olad)
1. Generates action potentials WRIETS

Jeall &G Wy .1

(nerve impulses) to regulate . .. »
body activities

. iInf®rnal and external
environmental detection
. >

. Interprets changes
. responds by muscular

A}rP"éontractlons or glandular SN

Ll e o<l
Sl yasil] ey .3
sl Gk e i 4
saall of olalay!
e
secretions. °

Table 1-2 figure 4 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons
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Endocrine System siitary-sdif-—=Finea=
2 gland B Sl 3,1 mﬂland
' Thyroid

piseaally) Iy Ll
— gland
PN

/
Components:
Hormone producing glands (pineal = Thymus
gland, hypothalamus, pituitary -
gland, thymus, thyroid gland,

parathyroid glands, adrenal glands, Adranal Pancreas

pancreas, ovaries, and testes). gland
Ancalyy peund) Tt bty ) SPGB
Functions: LilasI) obisa,ell 35 (
* Regulates body actiyjties.by; , ,
releasmg(hormofe%(chemlcal i

I..\.C-QA

a~-p-
messengers transported 11}6318%1 Testis

from endocrine gland to tissue or
target organ)

Table 1-2figure 5 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons
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Cardiovascular System

Blood
vessels:

Components:
Artery

Blood, heart blood vessels
<~ A Aps- 5\

Functions: s

1. Heart pumps blood through the = L
blood vessels ~

2. blood carries 02 and nutrientsto =~ > -0
cells and CO2 waste away from
cells and helps regulate acid-base =" ¥
balance, temperature, and wateps sk sl pal 2l
content of body fluids T

3. components of bloodhelps-fight

ﬂ Table 1-2figure 6 Principles of Anatomy and Physiology, 11/e

©2006 John Wiley & Sons
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Lymphatic System and &
Immunity Wi Tonsil

Components: ) <)

Lympbhatic fluid and vessels; spleen, Thymus —

thymus, lymph nodes, and tonsils. |

Cells that carry out immune

responses (B Cells, T Cells, etc.) Thoracic

Functions: < Sduet

. Returns proteins and fluids to
blOOd ongll sleall cpe sanll

. carries lipids from gastrointestinal =~ a1 | — ' |ymph
tract to blood, sl i ol i 3 UEUNERE B ode

. contains sites of maturation and | 8
proliferation of B Cells and T
Cells that protects against disease-
causing microbes.

0B ye¥ 1 s gand ol Lol i Lymphatic

e N vessel

Table 1-2figure 7 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons




o
Respiratory System

Larynx — L Pharynx

(voice box) N
o

Components:
Lungs, Pharynx (throat), larynx o [
. . : Trachea 4

(voice box), trachea (wind pipe), (windpipe) | ,ﬁ;g‘:»' Bronchus
bronchial tubes L ) Lung
Functions:
1. transfers O2 into blood and

CO2 out of blood.
2. Regulates acid-base balance of

body fluids,
3. air flowing out of lungs

through vocal cords produces

sounds.

Table 1-2 figure 8 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons




Dlgestlve System k) Sy

Q\'( . gland
Components S Gt CO B~ Priarynx—> ams
. gE_t,S_t_r,(ﬁntestmal tract which pa— . oe

g%scludes mouth, pharynx Esophagus

@phagus stomach small and

large intestines, dfis. (@ i;er et
* Accessory organs thatassistin®  Gallbladder Wy Stomach

digestion: salivary glands, liver, [arge ' 78 Pancreas

o osterior to
gallbladder, pancreas. intestine ﬁﬂfomach,

@laslls ildl ST Smalll

Functions: i, intestine

. physical & chemical breakdown
of food Wi el AR

. absorbs nutrients ball 2Ll dy, 3

. eliminates solid wastes.

Table 1-2figure 9 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons




b
Urinary System

Components:
Wi

= Kidneys, ureters, urinary bladder,
urethra.
9Oy & .1
Functions: S

s oblall L
1. Produces, stores, and wiineld 8"’” 5

eliminates urine TN NGt Utrater
2. eliminates wastes and s —

regulates volume and chemigal Urinary

o el 8| : - bladder
composition of blood | |
pianll 3lsll ole Bl 4 Urethra

3. (acid-basd balance "
{/Ag ¥ slll £ ) kst 5 i)

4. maintains mineral balance 253"

5. regulate production of red
blood cells.

pall Lol

Table 1-2 figure 10 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons




xﬁReproductive System

Uterine | Mammary Ductus
(fallopian) gland (vas)

tube ‘ deferens
| S XU WP
Ovary . | Seminal
‘ vesicle
l — Prostate
L

Uﬂs
Vagina

Table 1-2 figure 11 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Reproductive System

Components:
Gonads (Ovaries or Testes) and associated organs

Females: ool sl ool cam ) gl (L can l (503
(uterine tubes, fallopian tubes, uterus, vagina, mammary glands

Males: el Bl ol ey sill ol sall (ysill 5 LA LA gyl

epididymis, ductus/vas deferens, seminal vesicles, prostate, penis

to a3 Gl (lassll 5T Lsill o blsaall) ¢ Lae¥ ) Lloalial] suall g .1
Functions: sim om IS L
1. Gonads produce gametes (sperm or oogytes) that combing t9 .., ,
produce new organism .
2. gonads release hormones that regulate reproduction and otﬂgr *
coladl Tl saall @i g LYl oAt Ji .3
body processes
3. transport and store gametes; mammary glands produce milk.




Basic Anatomical

Terminology




Body Positions

Anatomical Position:

1. the position 1s
standing

2. facing forward

3. limbs on the side

4. palms facing forward

Ot (s

1 Prone: describes a

body lying facedown

u Suggg lying



/

e

Regional Names

—ans
Head consists of the skull and Tace.

The skull: encloses and protects the\brain
The face: 1s the front portlon of the head—* b%\;{g'
“Neck: supports the head and attaches 1t to the§

Trunk: Consists of the chest abdgreflen and pelv1§*“"5>

if Upper Limb: attaches to the trunk and consists of

shoulder, arn)"fplt arm, forearm Wi st, and hand.

Lower leb attaches to the trunk and consists of
the buttock thigh, leg, ankle and foot.

Groin: area on the front surface marked by a crease
on each side



Forehead (frontal)

[

Skull . Eye (orbital)

HEAD (cranial) = Ear (otic)
(CEPHALIC) —— _[ .= Cheek (buccal)
(facial) T Nose (nasal)

NECK ] ; & Mouth (oral)
(CER‘"CA”J 509 Chin (mental)

Arn.tpit Breastbone (sternal)
(axillary)

Arm ; = Breast (mammary)
(brachial)

Front of elbow =|
(antecubital) yE el = Hip (coxal)
Forearm & Groin

(antebrachial) Vi I 3 (inguinal)
Wrist &
(carpal)

Palm /jy

(Palmar)/j\/ \_Hand (manual)
Fingers =

(digitalor ~ Thigh 3 Pubis
phalangeal) (femoral) . (pubic)

Navel (umbilical)

Anterior surface of knee
(patellar) Leg

(crural)
& Ankle

F&ot (tarsal)
(pedal) | Toes (digital ~
or phalangeal) . & : Top of foot
> sy (dorsum)
Anterior view
Figure 1-5a Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



Base of skull HEAD (CEPHALIC)

(occipital)
Shoulder NECK (CERVICAL)
(acromial) e

Shoulder blade
(scapular)

Spinal column
(vertebral)

Back of elbow

(olecranal) | l _]
Between hips — umb -

(sacral)

Buttock & )
(gluteal) Back of hand
% (dorsum)

Hollow behind knee ’ — LOWER
(popliteal) ; LIMB ]

Calf
(sural)

Sole
(plantar)

Posterior iew Heel (calcaneal)

Figure 1-5b Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Directional Terms

Directional Terms: describes the position of a body part
relative to another

Sk 5> . .
] Superior (cephalic or cranial): Toward the head; upper

part of structure.
Ol

Q Inferior (caudal): Away from head; lower part of
structure.

!
¢ Anterior (ventral): Nearer to or theﬁront! of the body.
< Posterior (dorsal): Nearer to or the back|/of the body.

» Medial: Nearer to the middle (imaginary line).
» Lateral: Farther from the middle.




Directional Terms

g _
. Intermedf;te: Betweetructures.
TN ae

J Ipsilateral: On the same side of the body as another structure.

A Contralateral: On th osite kide of the body as another
stfl?ctflrea e dg\opp 5&»\'?3\15:?&\&;

o
< Proximal: Nearer to the attachment of alimb-to the trunk;

nearer to the origination of a structure.
+»» Distal: Farther from the attachment of a limb; farther from the
origination of a structure.

e.
> Suf)%;‘ﬁcial (external): Towards or on the of body.

> D/ggp (internal): Away from the surface of the body.




LATERAL «<——> MEDIAL «<——> LATERAL

\ gus (food

chea (windpipe)

PROXIMAL
A
Right lung

Sternum ‘ /
(breastbone) =

| Left lung
Heart

/

Humerus

Diaphragm

Stomach

] \ Transverse colon

Small intestine

Descending colon

)Urinarybladder

DISTAL

[ INFERIOR ]

Anterior view of trunk and right upper limb

Figure 1-6 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




N Planes and Sections
£ U

* Planes: imaginary flat surfaces that pass through the body.

* Sagittal plane: V\es'r)tf?al plane that divides the body or organ into

ight and Teft sides.

* Midsagittal or median plane: plane passes through the midline

of the body or organ and divides into_@@g. )

RS
Midline: Imaginary vertical line that divides the body into equal
left and right.

Paragagittal plane: does not pass midline but divides body or
orga sides.




Planes and Sections

Section: cut of the r made along one of the planes

(midsagittal, frontal, transverse).
§&’\ (s L o

—

Frontal (coronal) plane:
v'divides the body into anterior (front) and posterior (back)
portions.

Transverse (cross-sectional, horizontal) plane:
v'divides the body into-superior (upper) and inferior (lower)
portions.

Oblique plane:
v" passes through body or organ at an angle other than 90o0.




Transvers
plane

: — Parasagittal
: “| . plane
Midsagittal plane

Oblique plane——

Right anterolateral view

Figure 1-7 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Transverse plane

Transverse section

Figure 1-8a Principles of Anatomy and Physiology, 11/e




Frontal plane
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Midsagittal plane

View

Midsagittal section

Figure 1-8c Principles of Anatomy and Physiology, 11/e




Body Cavities

la il geaally buat (31 elaldl

Body Cavities: spaces that enclose the internal organ

1. Cran1aﬁ3§v1ty Contains thc.

2. Vertebral (spinal) canal: Contains the spinal cord.
(8l aganll) a3 L3l

 The cranial and vertebral are continuous with one
another.

ol Meninges: Along with three layers of tissue and
shock absorbing fluid surround the brain and spinal
cord




Body Cavities s

Thoracic cavity (chest cavity): formed by ribs, the i .
muscles of chest, the sternum, and thoracic portion of
vertebral column.

(P 8= 1ty 5o
1. Pericardial cavity: fluid filled space that surrounds
the heart.

T Ciglas /a'é/

2. Pleural cavities: One around each lung.
3. Mediastinum: Middle /g)f thoracic cavity. Contains
thoracic organs except@. Heart, esophagus,

trachea, thymus, large blood vessels from heart.
4. Diaphragm: dome-shaped muscle that separates =
. . . 29, ikl aysadl (e 5 jaall iyl
. J,\7“’3 thoracic cavity from the abdominopélvic cavity.



Body Cavities

Sl sl Glaall e tgdgall giladl Ciygatll

o calialls plally phdl calide jlans Liae

Abdominopelvic cavity: from diaphragm to groin andu‘w| .

encircled by abdominal muscle wall and bones and muscles
of the pe&y}s.

1. Abdominal cavity (superior): contains stomach, spleen,
liver, ggllplggc/lgr, small intestines, and most of large
intestines. -

Pelvic cavity (inferior): urinary bladder, portions of
large intestine, internal organs of reproductive system.
9‘/"

» Viscera: organs in the thoracic and abdommopelVlc

cavities. (o S




Cranial
cavity

Vertebral
cavity

Thoracic
",, cavity
/" — Diaphragm

- Abdominopelvic,

|

cavity:
— Abdominal
cavity

Pelvic
cavity

(a) Right lateral view (b) Anterior view

Figure 1-9 part 1 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Liver — _ 7 75w — Diaphragm

Stomach

Large LA SR AN B Small
intestine = <" AVNC NS intestine

Urinary
bladder

—’

Anterior view

Figure 1-11 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Midclavicular lines

. Right Left LEFT
\ E%ELXE'FI?IC i HYPOCHONDRIAC
REGION
ﬁIYGPl-gCHONDRIAC | R
! — Subcostal line
REGION . O ' ‘ ==t e
RIGHT S |UMBILICAL
LUMBAR | REGION
T lar li
REGION HYPOGAS. ranstubercu ‘ar ine
RIGHT INGUINAL TRIC (PUBIC) LEFT INGUINAL
(ILIAC) REGION REGION (ILIAC) REGION

Anterior view showing abdominopelvic regions

Figure 1-12a Principles of Anatomy and Physiology, 11/e



Clavicles

\

RIGHT
HYPOCHON
REGION

ﬁn INGUINAL
LIAC)?REGION

Anterior view showing location of abdominopelvic regions

Figure 1-12b Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




RIGHT UPPER "" [ L LEFTUPPER
QUADRANT(RUQ) L * 1 7\ | QUADRANT LUQ)

RIGHT LOWER ————= (s % — | EFT LOWER
QUADRANT (RLQ) = W\ L W9 | QUADRANT (LLQ)

Anterior view showmg location
of abdominopelvic quadrants

Figure 1-12c Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons
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Bone

Bone 1s a living tissue which consists of cé€lls, ﬁ@b?ers, and
atrix. LA £ Ll ey s

s Gg bl e dayy elliaig ddgdnll
It 1s hard because of the calcification of its extracellular

Lgac sl [IRTEN

matrix & possesses a degree of elasticity because of the
presence of organic fibers.

Lleall dalsy .1
Functions of bones: S0 Zl ALl i e 50 LS il Gl ] 2
Protective funetron ol sl 3

Nk

It serves as a lever as seen in the long bones of the limbs.,
Locomotor system.

Storage area for calcium salts.
It houses and protects within its cavities the bone
marrow.

LS



Bone

L ety
> Bone exists in two forms:

Gdaast .
dCompact bone appears as a solid mass.

dCancellous bone consists of a branching network of trabeculae.
o !

Bones may be classified according to:

. Regional classification, '

General shape classification., ¢ Jsal i
. Long Bones — :s®
. Short Bones— @
. Flat Bones— 2¢*
. Irregular Bones— ¢&= =

. Sesamoid Bones =  ~ .-
)/ -




Types of Bones

Sternum

Classification
of Bones

Humerus

Thoracic
vertebra

TheS!wleulSystem




.. Long Bones
* Theirdengthyis greater than theirbreadth.

a5 Le suleg :diaphySiS ‘@4\9.\.‘1 dgac ’Lq:h.\]

* They have a tubular shaft, the diaphysis, and usualgz an
epiphysis at each end. SO

alae (ol Gsing 63550 £ a0 ysad e wganll Gsing

* The shaft has a arrow cavity containing bone ..

mf\w a"caP (WIS Logiin alie o gsaall o ey lall 5l (o<

oLl el wad 4ileiy 3l

* The outer part of the shaft 1s composed of compact bone.__,
that 1s covered by a connective tissue sheath, the

periosteum.

Slaie allaall obled) Lliadll gl

rdligll iy puaill daculsy

 The articular surfaces of theof the bones are covered
by hvaline cartilage. 5




Flat Bones

48y cpe S L)
oy amy g Alaall oyl

(Yslll hgaida alie

Cyo dalay dgnds

They gre composed of thin

inner and outer layers of
compact bone, the tables,
separated by a layer of

cancellous bone, the @

\'yb

Compact
bone




e.a.u.a.u.\“eUa.C.

Sesamoid Bones

waﬁAU|m&AW| \alJéa.ll .
Sesamoid bones are small nodylges of

bone t@l are found 1n certain tendons

T A Luakiall bl ole 05S,8 San
where they rub over bony sgrfaces#ﬂ S
The greater part of a sesamoid bone 1s

buried in the tendon, and the free =~ = *fbua

L I
surface is covered with cartilage: Tl e

The boneisthe .
patella, Wthh is located in the tendon

Sl o o il (dds

of the quadriceps femoris.

The function of a sesamoid bone is:
1. Reduce friction on the tendon.
2. Alter the direction of _p_u_l] of a tenoglgn.




Structure of The Long Bone

Jashll cacandl 5T asanll 3 fganll Glaall 1

aliall e gyl ) ¢ gilgha]

1. The diaphysis: 1s the shaft or body, the long,
¢ylindrical, mainsportion of the bone.

Basadly 4 8l ga tolalal] .2

abadl ol

2.The epiphyses: are the proxamal-and-distal

ends of the bone.

Diaphysis s epiphyses

3.The metaphysis: are the regions between the
diaphysis and the epiphyses.




Structure of The Long Bone

Ll o8 g yaall 21-18 e (s *

<oyp s Usally Zaslll Jlusical a3y
* About ages 1821, the cartilage in the“epiphyséal ™~

el | BRI aily JSugll Ciya

plate 1s replaced by bone; the resulting bony

structure 1s known as the epiphyseal line.
gl e 4, Bsks e 85le tpliadll Cigyeaill .4

4. The artlcular cartilage: 1s a thin layer of hyah
cartilage covermg the part of thevahere the
bone forms an articulation (joint) with another bone.

MAeJa’.‘leg.u

* Articular cartilage reduces friction and absorbs shock
at freely movable joints o s o shoitl st

Lo pasll Jealil] g




Structure of The Long Bone

2\ 20,73 5 WS- splall ol sed 5o 3laendl 5
5. The osteum is a connective tissue sheath and its

alball mlacuy baaas (Al dadiyll aall ololas)

assomate@lood supply that surrounc}i f}}f.BgEE. Eléliigle

* Bone 1s made of collagen fibers filled with Lﬁlﬁ“ﬁ?grjgllcsw

mainly calcium salts

b 31 8,001 8581 3 gl (gl

plaall ol S

* Collagen: A fibrous protem with great strength that is

the main component of bone,

A~ Poss nab
* Calcium; The mmeral stored 1n bone keeps 1t hard

and strong\7

v'99% of the body’s calcium is stored i




[ Proximal

ssueEs>—— Articular cartilage
epiphysis }

= Spongy bone

Red bone marrow
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' Endosteum
| - Compact bone
-, [\ _ Periosteum

Medullary cavity

(oraphyets]
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nutrient foramen

W
=
=
a4
=1y
=
<
=
W
S
ot
o
&
W
=
=
~
>
=
-
~
79

Distal
epiphysis
Partially sectioned humerus (arm bone)

Figure 6-1a Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Bone cells

Osteesatt ~) § =

1. \Qs—t—eq‘gw (—) |f;u| L) manil] e Tuedall L2l
v" Unspecialized stem cell, resulting cells developing into

osteoblasts Aoz Rmie by

alasll Lk

e U gy 250\ gy U=

2. Osteollasts] (secreterextracellularmmatrix)
v Bone-building cells, build the extracellular matrix of bon

WM

sl alaall LyA0)
sl peags (WBC) Sl Loall e Tl Zaias Lola )
Loanloa¥ 1 allaal | disinl gaall oS
dhuge cells derived from monocytes(WBC) digest the protein and
mineral component of the underlying bone matrix
P le |
» Resorption: breakdown of bone EC matrix




Osteoblast Osteogenic cell Osteoclast
(forms bone matrix) (stem cell) (resorbs bone)




Types of Bone S

ooy AllE elalise e Taend] Lualiall Lo (g53a5 +

abiall T e JS o8]

1. Compact bone T
« Compact bone tissue contains few spaces, 1t 13 th

pasliyg ac 'J“—'Lu“ﬁa-'/
strongest form of bone tissue. o sl e ol L

SIS oo Aol ] Fualiall daall oS @

Compact bone functions: el s g
v' provides protection and support and resists the
stresses produced by weight and movement.

* Compact bone tissue 1s composed of repeating

structural units called osteons, emhaversianwsystems .




Types of Bone

2. Spongy bone s
e also referred to as trabecular or cancellous bone tissue

* docatedunstherinterior of a bone, protected by a covering of
—
compact bone

o paa¥ | allaall ¢ Ly Ll i 51 clalead ] op
* It consists of trabeculae S il Ly uall Lok g 31 sl

« Between theltrabeculae'spaces filled w1thw
dbones thatproduceblood.cell§, and yellow bone marrow

(adipose tissue) in other bones.




Compact —___
bone

Spongy
bone

“ca "

Periosteum ——

See Figure 6.3b
for details

N

Medullary cavity

Trabeculae

o
L 4"

il 4

).'g_“ -~

o '/ GadQ8

Ny &

Py e

Medullary

e Osteons structure

Interstitial
lamellae QOuter

circumferential
lamellae
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\ f% ‘ ( ‘ < i
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oy
¥

Inner S ML 1) e

circumferential =
lamellae .

\ 1 4

Comnact hona

Concentric lamellae  Canaliculi

=

) i
bl Tl
EEawmy =

"

Periosteal vein

Periosteal artery
Periosteum:

Outer fibrous layer
Inner osteogenic layer

Central canal

Perforating canal

Perforating (Sharpey's)
fibers ol d




Space for red

( \ }-,‘ 4 ".
fi = )
s /;‘

J
v

Ostecblasts aligned ‘QW' A%

along trabeculae of W

=
new bone N oy

(b) Enlarged aspect of spongy bone trabeculae (c) Details of a section of a trabecula




Factors Affecting Bone Growth and
Bone Remodeling

* Minerals (calcium , phosphorus ,magnesium, fluoride, and
manganese)

3
S ¥

e Vitamins. : V) \3

\ s\

1. VitamimA stimulates activity of osteoblasts.

2. Vitamin"C is needed for synthesis off collageﬂ, the main
bone protein. )

3. w helps build bone by increasing the@
owfrom foods 1n the gastrointestinal tract into the
blood.

4. Vitamins'Krand"B12 are also needed for synthesis oi bone /




The Skeletal System

Parts of the skeletal system

1. Bones (skeleton)

2. Joints—%”

3., Cartllages”’?

4 5ngaments (bone to bone)(tendon=bone to
muscle)

* Composed ombones and Divided into
two divisions (Axial and Appendicular
skeletons)




Axial and Appendicular
“skeletons

Vertebral
\_5 column
The“ skeleton T

Radius

1. Skull— ==

2. Vertebral column —ssus=

Patella

3. Bony thOI‘aX~—> IR ABE A

Tibia

The# skeleton -

Calcaneus
(at rear)

. Limbs (appendages)— «sigen
[3)

. Pettoral girdle —S=%P%=

. Pelvic girdle — GsmeiG=

.l‘f
Carpals
—Metacarpals
' l\-PhaIanges

Femur

, Tarsals
u‘/_ Metatarsals
I -&\&Phalanges
Key

Axial
skeleton

Appendicular
skeleton



-
2% ~ APPENDICULAR
SKELETON

Clavicle 2 -

Pectoral

Cranium | 8 . g
Face = Scapula |2

Shllll:;llld : o

associate Associate Ny ( 2\ e

i Mo g a==) Humerus
Auditory A N T e, ,

ossicles P Radius

Hyoid

Carpal
bones

Metacarpal
bones

Phalanges
(proximal,
middle,
distal)

Coxal bone
(hipbone)

Femur

Patella

Tibia

Fibula

Tarsal bones

Metatarsal
bones

Phalanges




Vertebral
column

=
S
~
P
p—
<P
=<
N
p—
>
© puy
P
<
P
=
=

-J— Tarsals
' —— Metatarsals
' }—— Phalanges
(a) Anterior view (b) Posterior view




The Skull

-sets of bones

1. Cranium— ®"

2. F bones— ¢t
2

.. ) 5
* Bones are joined by sutures

* Only the mandible 1s attached by a
freely movable joint




C

Frontal bone (1)  wsiwigtiss

y\= ,
Parietal bones (2)—» &=
e 5P

Y ‘;“' \

|
\
\

iy

Ethmoid bone (1)gppsss



Coronal suture

—

Lambdoid

Lacrimal bone
suture

Squamous suture
(Oopmaibone

Zygomatic process —¢ _-:_ - - Zygomatic bone
v N Maxilla

Nasal bone

External auditory meatus

Mastoid process 9/ : ?Alveolar margins

Styloid process ‘ J

Mandible (body)

Mental foramen
Mandibular ramus




[Frontal bone]

Cribriform plate_l Ethmoid J

: R - Crista galli
[ Sphenoid A Py ] pa gl bone

bone

Sella turcica
Foramen ovale

Temporal bone

(petrous portion)
Jugular foramen

Internal
acoustic meatus

rParietal bone]

\

Occipital bone

Foramen magnum




. Nasal bones (2)»@ssh (v Faggl bOIleS

e o 79 Qe
. Lacrimal bones (2)~>&*

s \WNasal (2)

= .
. Zygomatic bones (2)s=\

. Lacrimal (2)
. Inferior nasal conchae (2) ine (2)

NEE-TVGY
. Maxillary bones (2)

W=l ad ic (2)
6. Platine bones (2)

"r-! Mandible (1)

8. Vomer (1) 14 facial bones




Coronal suture

Parietal bone

\

Wy,
\ o
o"«u"m »
KT

Frontal bone

Middle nasal concha
of ethmoid bone

vemer |

Alveolar margins




— -4
L\ © =
Frontal

Paranasal Sinuses o, | o i

~— Ethmoid
sinus

Paranasal Sinuses A R VI sphenold
e.Uaa.” O Woaa ;lﬁl/ ’ < 2.&.; sinus
v'Hollow portions of bones = L §
] YT saty baay .
surrounding the nasal cavity g/ Maxlllary

/Lighten the skull &%

v’ Give resonance and

9 G .Ia.c‘h/

Sigall aaias

amplification to voice

: Y 3l Baaagll dalaall oV
Hyoid bonef?}vg 3% / &
v'is the only bone‘tﬁ)
“articulate with
Olell Ejate Bucls ’Lar;;/’r; A
v anotherbone, & Servesasa  °7

moveable base for the tongue

FIGURE 8.16 The Hyoid Bone.

g — Styloid process
&e il

at dges not,,

Stylohyoid muscle

Hyoid




\ yoX- Anterior Posterior
Vertebral column verebra (tas) ) - P

sl Jeang 1 2nd cervical - Cervical 1 |

. . vertebra (axis) %
Functions: ey s 2 ( )«3* curvature

concave)
7 vertebrae)

1. Holds the head el e bl TS Jr‘
2. Stiffens and supports the vertebra

l f )lflc)U S 3o z.ig.‘ .3 Transverse process
middle portion of the bo T "
. Provides attachment fOF the ribs . =15 | Thoracic
. , -curvature

and pelvic bone

S0 ol gans 4 ¢ | (convex)
. Protects the spinal cord

d-'JLu“‘JJ-“‘-“ 1,34 «

G BT _curvature
Lnteﬂvertebral discs stk 6 53ll spanll X LA (%,’ncave)

Jhe spine has a normal | vy - ertebrae)
\,7 el 7 s T Y s Ul L§
ﬁurvature BLIRN S ——rv—r

cllae | & \ I
» "Each vertebra is givenahamé’ NS (convex)

. . ¢ || (5 fused vertebrae)|
according to ity location MR , 5 \

> FCOCCyXo-em=
(4 fused vertebrae)




SHIRUY.
“>"Vertebrae

POSTERIOR

Spinous process

[ Lamina

A

N

[TI’ ansverse process]

articular part

 Facet for
_ of tubercle of rib J

|

oo A 4

S Superior articular facet

. Vertebral foramen

{ L pedicle |
) [/ — Superior demifacet

{Vertebral body ]

/
N
ANTERIOR




R
SACRUM

VR s

* formed by the 1€fusi0n of five

Vertebl‘ae. alae articulate Jio ¢ Liall
@psllplEe o Lusls

The Wing 11ke.l %ﬁﬂla@eﬂlipimld:&ﬁ
laterally with thediprsbones,

forming the sacrojliac joints.

4 ,4dll S8l et

The vertebral canal cont(si}g}}&s

S Saadl Jals A // Sacral hiatus
inside the sacrum as the sacral \ s
N

, 5 dalise o ggitiy 5L
canal and terminates 1n a large

opening called the™ =" | |
Lone dead

sacral hiatus

y
|




The Bony Thorax

Made up of three parts:
1. Sternum—> @t

7 Ribs —> =S
3. Thoracic vertebrac— =5=rase

* Forms a cage to protect major
organ




Clavicular notch

/T‘ vertebra

—»Manubrium i
-Sternal angle
-Body
Xiphisternal

- Xiphoid

RN
mtﬂcostal} ‘L@p N\

spaces




Cranium
Facial bones

Vertebral
column

Patella

Tibia

Yy 2 -
\

/A

i

]-— Tarsals
"~ 73— Metatarsals
' }——Phalanges
(a) Anterior view (b) Posterior view
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(i<IT) Saeall al3a

The Pectoral (Shoulder) Girdle

Composed of two bones
1. "Clavicle—soss
2. Scapula ENSATS

The M and allows the

upper limb to have\free/movement s esst e Jst s o s sl
(G583 gumll Jmll) Ldd Sualy 4ass

Each shoulder girdle(attaches™to the (axiablskeleton at

only one point (sterngclaviculay joint) &>+

The glenoid cavity 1s shallow, and the shoulder joint

is poorly reinforced by ligaments ™ <! a—




Clavicle

Scapula

. ¢\

2 D ( i

| cLAvicLe | [sterocfavicular

- joint
Acromioclavicular " e - ~/ , Sternum
joint y;‘:,‘“ : ooy Nl i i S

Glenohumeral
joint

‘Vertebrae

—4—=>SCAPULA ||

Humerus

(a) Anterior view (b) Posterior view

Figure 8-1 Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons

CLAVICLE

SCAPULA

Rib

Humerus




Superior angle
Superior border

Scapular notch

Acromion

Coracoid —<
process |

Supraspinous —~ R Spine

f
ossa Glenoid
cavity

SIBEE

Infraspinous

fossa ‘ s / \Q\m(/‘*) BB

Boﬂy//

o - Lateral (axillary)
Medial (vertebral) (L i border
border i

MEDIAL | © LATERAL

Inferior angle

(b) Posterior view (c) Lateral view

Figure 8-3bc Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Bones of the
Upper Limb

The arm 1s formed
by a Single bone
(Humerus)

Deltoid
tuberosity

Head of
» humerus

Anatomical S48
neck

Intertubercular
groove

Radial
groove

Deltoid
tuberosity




Bones of the
Upper Limb

The forearm
has two bones
1. Ulna

2. Radius

Trochlear
o A notch

radioulnar

5k
Fs 0 joint
o 7

Inter-

.

.+  osseous

=‘ -~ | membrane
\ -,

radioulnar
joint




process

Trochlear

haoh Head of

radius
Neck .

—¥ Coronoid process I AR Neck of
Radial a3 ' ' radius
tuberosity Proximal

' radioulnar

membrane

<

Ulna

Ulnar notch

Head of ulna

Styloid process
of ulna

of radius radioulnar
joint

(a) Anterior view (b) Posterior view
Copynght © 2004 Pearson Educaton, Inc., publishing as Benjamin Cummings

of radius

Styloid process Distal ] Styloid process




Bones of the Upper Limb

The hand
el -l m Middle 23

Carpals — wrist
il - ol e

Metacarpals — palm [‘

&l \¢ capnoi
Phalanges — 1IN gers Lunate g P

Ulna Capitate

o S

Arl

alm)

r

ACAlpPals
e




5 Smally gl allie oo (oS Gagall ala
Bones of the Pelvic Girdle -~

* Pelvic Girdle Composed of the hipbones, Qrum and
coceyx

s

Hip bones “
Composed of three pairs of fused bones:

1. Ilium oioall

2. Ischium el 2

3. Pubic bone  swie3 e el e il sl el 530
5 Llgall GlLg DLl cLae¥! P

Function: .

1. The total weight of the upper body rests on the pelvis

2. Protects the reproductive organs, urinary bladder and

part of the large intestine




O llium
[ Ischium
[[] Pubis

Ischial
spine

Acetabulum

Obturator
foramen Ischial

tuberosity




—— Sacroiliac joint
— Sacral
promontory

Se U Pelvic brim

¥
Acetabulum
L

Obturator
foramen

Anterior view

Figure 8-9 part 2 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

[llum, 1schium, and pubis fuse at the deep socket called the
Acetabulum which receives the head of the thigh bone




Bones of the
Lower Limbs

The thigh has one

bone: ..
Femur (thigh
bone)




Intercondylar
eminence

Bones of the ordi s i

condyle ) condyle

Lower Limbs s

Proximal
tibiofibular
joint

The leg has two
bones.

2. Fibula -=dags

Distal ,
tibiofibular ~ }
joint ’

Lateral
malleolus




Foot

Tarsus (ankley>S== A I
Has seven tarsal 7 ') J %F
bOIlGS ¢ 7«.-, /1 |#—Middle
Metatarsals (sole) i | | [}/ |

Phalanges (toes)sgugiteda~ | Y /(] —]
Intermediate g e — Lateral
cuneiform cuneiform

Cuboid

All toes have three
phalanges except

the hallux (two W/
i i ! ’) \ . ', Calcaneus

Navicular




+> Joints

e Articulations of bones Humerus

Functions of joints: b Radial head

1. Hold bones together
2. Allow for mobility

Joints are classified:
1. Functionally
2. Structurally




Classifications of Joints

Functional Classification of Joints:
QI STRNS .« .

1. \Synarthroses: Immovable joints

2

f@%}hi@tﬁ%ses. Slightlyymoveable joints
3. (Diasthroses{ Freely moveable joints

%Egﬁqg)cjgral Classification of Joints:

1. Fibrous joints: Generally immovable

2. Cartilaginous joints: Immovable or slightly
. )&noveable

N
% Synjgvial joints: Freely moveable
A0'h




Fibrous Joints

\ Al '

Joint held together with very short, Joint held together by a ligament. “Peg in socket” fibrous joint. Periodontal
interconnecting fibers, and bone edges Fibrous tissue can vary in length, but ligament holds tooth in socket.
interlock. Found only in the skull. is longer than in sutures.

Socket of
Fibula alveolar

Tibia process

Dense
fibrous
connective Ligament  Periodontal

tissue ligament




Sa—

Cartilaginous Joints

Sternum (manubrium)

Epiphyseal
Elat? (temp(_:ir ary ~y : Joint between first rib
yaline cartilage SR and sternum (immovable)

joint)

Bones united by fibrocartilage

Body of vertebra

— Fibrocartilaginous

' intervertebral disc

(sandwiched between . .
hyaline cartilage) Pubic symphysis




Synovial Joints

Fibrous
layer

Synovial
membrane
(secretes
synovial
fluid)

Periosteum




Types of Synovial Joints Based on Shape

Medialllateral

axis :
l/’ ‘.\\
&S

y =




Types of Synovial Joints Based on Shape

Rotation

Examples: Proximal radioulnar joints, atlantoaxial joint




The first two cervical
vertebrae: the atlas
and the axis

Dens (odontoid process)

Joint that permits
nodding (as in
indicating “yes”)

©2011 Pearson Education, Inc.

L ysadl Jualall

Pivot joints

Anterior
arch of
atlas

Posterior arch "
of atlas

Ligament that enables
rotation (as in shaking
the head to indicate
“nO”)
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Types of Synovial Joints Based 0

Mediall (% Anterior/

Phalanges - ' lateral Y8 posterior
| axis axis

Oval
articular

Metacarpals+ | | N surfaces

Flexion and extension  Adduction and abduction

- Examples: Metacarpophalangeal (knuckle) joints, wrist joints




Types of Synovial Joints Based on Shape

Ant: /
p:sf::;,\( 3,
axis

Metacarpal I

Adduction and abduction Flexion and extension

Example: Carpometacarpal joints of the thumbs

Anterior/posterior Vertical axis

axis ]\

Flexion and extension Adduction and '
abduction Rotation

' Examples: Shoulder joints and hip joints 5
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Muscular System

Hamza Abu Hilail
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Introduction

The purpose of the chapter is to:

e [.earn about the structure and function of the 3
types of muscular tissue

 Examine the events at the neuromuscular
junction

* Describe energy use 1n muscle cells

e Understand how muscle tension 1s controlled




Type and function of muscles

Types of Muscles:
1. Skeletal Muscles
2. Cardiac Muscle

3. Smooth muscles

LIl eolaall 1
olal diae 2

el odLaall .3

Functions of Muscles:
1. Producing body movement
2. Stabilizing body position "
3. Storing and moving substances within the body
. —Y—
4. Generating heat

‘z.u.‘;.'. I Fadg Cois MM .2

aaall Jala algll J83g 00355 .3




Properties of Muscles _

i | ole 3,011
TR\ SS Wil 5,L) & L) sk e olydall

. Electrical Exmtablllty ability to responﬁo certain
stimuli by producinge Lectrlceﬂ}ngnal

oopLas\
. Contractlllty ab111ty of muscular tissue to contract

forcefully when stimulated by an action potential

s

. Extensibility: ability of muscle tissue t@
without being damaged

’00‘) P
. Elasticity: ability of muscular tissue t@ to 1ts
original length & shape after contraction or extension




SKELETAL MUSCLE TISSUE

o\ \:-;/‘\“ o o
22— (Connective tissue)

Three layers of connective tissue protect and strengthen skeletal

muscle; a-o'e o e
: . (D Lokl iy Wi L 1)) Tl
1. Epimysium: the out t layer of dense, arregular

. . . . TIRC il by oLl ol
connective tissue, encircling the entire muscle

) abiill iz IS LAl e Bk La] oo

2. Perimysiumy is also a layer of degse,arre ular connective
tissue, but it S%?Srounds groups of{ 10 to 100 pr moie:mus¢13 Lem N
fibers, separa icles =~ 7 *

ng them into bundles called fascicles
s 8ara IS o olalall all 335,

3. {Endomysium: pengtrates the ir?erior of each fascicle and =
T ool Teaas 5e LAl eoliaall ST Juad,y

separates individual muscle fibers from one another. The

. . — St GLIT G o3 58 apscaassi] )
endomysium is mostly teticular fibers. o




Periosteum

Belly of
(®m‘_"‘:;_',.eu’.‘-’
Perimysiu Qd 39"

s Epi um-—

- Fascicle |10=%

Perimysium

motor neuron
Blood capillary
Endomysium
Nucleus

Muscle fiber

Striations

i Sarcoplasm
Transverse sections
Sarcolemma

Myofibril

Filament




(a) Fusion of myoblasts into
skeletal muscle fiber

Satellite

Immature
muscle fiber

Perimysium around
fascicle

Satellite cell

Mitochondrion

Endomysium
Myofibril
Muscle fiber

Sarcolemma
Sarcoplasm




aally Glac¥l olalus)

Nerve & blood supply /MM

83,9¥1 oye A1 oT anlgy byl Calian ale JSa
Generally, an artery and one or two veins accompany
Al & Bridg cuace S
each nerve that penetrates a skeletal muscle.

Jal oo Blagll abaall 3aa3 (31 Luaall Lyal]
The neurons that stimulate skeletal myscleto .
contract are somatlc motor neurons.

Loy gmac jsas ole Gua €S duae Gla S giad

Luolaall JSLgll o desane (o] oSotdl Juadl 51 Lol oy
Each somatic motor neuron has axon that extends

from the {bram! or Epma]j cord to a group of skeletal
muscle fibers

Szl | LT

’a.y'p\s-g}\;.ks\
each muscle fiber 1s in close contact with one or more
capillaries—2-0!~




Somatic Nervous System

Neuron
Cell body

Dendrite

Spinal cord

<— Movement control
Sensory input
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Microscopic Anatomy of skeletal *
muscles

”a_»ﬁ’»b\s_s'—‘
* The ' multiple nuclei of a skeletal muscle fiber are
located just beneath the sarcolemma

Auhyp_ U=

— A
°: theembrane of 4 muscle cell

—

* Transverse (T) tubules : are tunnel 1n from the

toward the center of each fuscle fibep =+~ " ===
C/ww \ é Gl SLITUS S50 a3

— J\v.\,o,:\)

* Muscle action potentia@ travel along the:sarcolemma
and through the T tubules




Microscopic Anatomy of skeletal
muscles
2yt Ay
* Sarcgplasm: the cytoplasm of a muscle fiber.
v-Sarcoplasm includes a substantial amount of
lycogers ="
v'Glycogen can be used for\ synthesis of ATP
v'Sarcoplasm contains a(red-colored protein
called myoglobnc%>
v'Myoglobin bindsloxygen molecules that , ...
7 diffuse into musclefibers from interStitial fluid.




oM, Leally olisall sl

Myofibril & Sarcoplasmic -
Reticulum

eV <N\
Myofibrils:z gz -y
v’ The contractile organelles of skeletal muscle

v’ Their prominent strjations make the entirq skeletal muscle
fiber appeat striped)(striated) S, U sl o 51

(Uakans) Uadazno LY gud

Sarcoplasmic reticulum (SR)

v'Is represented by the pndoplasmic reticulum in the
muscles

v'Release of triggers muscle contraction.
gg

v In arelaxed muscle fiber, the sarcoplasmic reticulumsstores
calcium ions (Caz).




' { Sarcoplasmic reticulum

Sarcolemma ]

ofibril

~ Sarcoplasm _]

Thick filament (myosin)

Triad: KR o\, S S ST - Thin filament (actin)
Transverse : x ' -
tubule

Terminal S Y N | 1=\
cisterns s, ' :

* 3 \ \,‘ : \;—\ ‘/ /
Mitochondrion — e, ASESSSISIPFANS o/
D)
NN

N

(c) Details of a muscle fiber Sarcomere




sl bagua
Filaments & the sarcomere

2\ | @ > Yy
Myofibril 1s composed of thin & thick filament

*

=N
Filaments are arranged 1nt0Larc0meresJ

T80y Asacad | Logunll JAIS g

\ iewe o) Lalfle claall ¢l 5] Lo gle walay

S
The extent of overlap of the thick and thin filaments_
depends on whether the muscle 1s‘contracted, relaxed,
or stretched.

The pattern of thick and thin filaments overlap,
consistin of i variety of zones and bands creating

the Q@@tlon




Filaments & the sarcomere

racs 3l ol LaasSluadl a 3a2Y1 5l i

* A band: The sarcomere's darker part extends the thick
filaments' entire length.

oSl gl ok

L 01 e gt o Liyg AT a ga
. The@)and: 1s a lighter part, that contains only actin
filaments 3Lk S e e s
* Zdisc: passes through the center of eaclfl)oand. "
v" Separates one sarcomere from the other

bsaa

1. H zone: in the genter of each(A pand contains thick but@
thin)filaments.

* Supporting proteins that hold the thick filaments together at
the center of the H zone form the M ling




Thick  Thin
Zdisc Mline filament filament Z disc

Sarcomere
As52 +{3) Myofibril

upst oS

—

Thin filament .
Thick filament 29

Titin filament

overlap
<—1band—Jf R

(b) Details of filamenhts and Z discs

Figure 10-3 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Thick Thin
Zdisc Mline filament filament Z disc

Sarcomere
Myofibril

Figure 10-3a Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




0™

Thin filament

Thick filament w
. o Z disc

SSEEONSEESETAY

Sarcomere
Zone o _]‘ ] Zone of
overlap kl zane overlap

<«—| band—f A band J—1band—>

Details of filaments and Z discs

Figure 10-3b Principles of Anatomy and Physiology, 11/e

© 2006 John Wiley & Sons ‘ C&




Muscle Proteins

Contractile
1. Actinc—

2. Myosin-— Structural
1. Titin

u\u]é.}:
~

Reguiatory
1. Troponin
2. Tropomyosin




Myosin-binding site
(covered by tropomyosin)

Portion of a thin filament

Figure 10-5b Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

Myosin-binding
site on actin




bl grimall adatsall
The Neuromuscular Junction (NMJ)

Lol Ll remall Lol S Jin¥ | 3oL

Somatic MOtOr neurons > release acetylcholine
NMJ - synaptic cleft = Motor end f)late -

ACH colsiiue oysale 40-30 le 5ing

contain 30-40 million ACH receptors

ACH cliiies buis —

—> Activation of ACH receptors = channel open
. cLaall e agaseall 35 )
- sodium flow across membrane = Production
of muscle action potential o O
* Termination of Ach activity:
acetylcholinesterase breaks down Ach 1nto

acetyl and choline



Axon collateral of
somatic motor neuron

Axon terminal

Synaptic
end bulb

\ Neurgklt_g.qc_u_laﬁ
junction (NMJ)

Sarcolemma
Myofibril

Neuromuscular junction

Figure 10-10a Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




—— Axon termmal
action pationad

Sarcolemma _ Nerve impulse
< A Synaptic vesicle
containing

acetylcholine
(ACh)

Synaptic
end bulb

Synaptic cleft
(space) (M >

Figure 10-10b Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




@) AcChreleased
from synaptic vesicle

Synaptic cleft
(space)

€) Binding of ACh to

ACh receptors opens = e it W e
cation channel 7 4 Nl Motor end plate

Muscle action
potential
produced

Binding of acetylcholine to ACh receptors in the motor end plate

Figure 10-10c Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Blood capillary
Axon collateral

(branch) ‘

Axon collateral
(branch)

Synaptic -
end bulbs =

Somatic motor —— :
neuron ‘ | ‘
e :

Neuromuscular junction

Figure 10-10d Principles of Anatomy and Physiology, 11/e

.M

1650x

Axon
terminal

Synaptic
end
bulbs

Skeletal
muscle
fiber
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Excitation-Contraction Coupling

Excitation = contraction ., .. ... . a0
AP propagate along sarcolemma and into T tubules 9

iagide SRsd asl 11 ] poanal ST 345
calcium reledse channels in SR open => calcium flow into
8l 9 dSaac bagais Joa Jgeuginal

cdyto%)l around thick & thin filament = calcium bind with
S i (g Al Oasraga 9,il | Ja
troponm -> troponin change its @ move tropomyosm

OMisas 0 L1 adlse oo Jaun

Gawapfrom the@@_%hng sites >°5ites Become froe =

myosin heads bind to the sites = contraction cycle begins
&l sl gy Lo 5w
oo bai¥] 8,90 fa

Relaxation
Calcium active transport pump -2 use ATP to move
calcium from cytosol to SR - Relaxation



@) Myosin heads
hydrolyze ATP and
become reoriented
and energized

Key:
O = Cat

Figure 10-7 part 1 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



€) Myosin heads bind
to actin, forming
crossbridges

Key:
O = Ca?t

Figure 10-7 part 2 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




e Myosin crossbridges
rotate toward center of
the sarcomere (power
stroke)

Figure 10-7 part 3 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




0 As myosin heads \

bind ATP, the
crossbridges detach
from actin

Figure 10-7 part 4 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




o Myosin heads
hydrolyze ATP and
become reoriented &
and energized

e Myosin heads
bind to actin,
forming

® crossbridges

Contraction cycle continues if
ATP is available and Ca2t level
in the sarcoplasm is high

O As myosin heads \

bind ATP, the
crossbridges detach

from actin g e Myosin crossbridges
o e LD gz rotate toward center of
the sarcomere (power

stroke)

Figure 10-7 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons




Transverse

Sarcolemy

tubules

=

Terminal
cistern of SR

Muscle action potential

Ca2* release
channels closed

Thin filament

Troponin

Troponin holds tropomyosin in position
to block myosin-binding sites on actin.

(a) Relaxation

Figure 10-8 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

Myosin-binding
site on actin

Key:
o =Ca2t

% = Ca?* active

transport pumps
< = Ca?*release
channels

Ca2* binds to troponin, which changes
the shape of the troponin-tropomyosin
complex and uncovers the myosin-
binding sites on actin.

(b) Contraction




o Nerve impulse arrives at
axon terminal of motor
neuron and triggers release
of acetylcholine (ACh).

—

Nerve
impulse

ACh diffuses across
synaptic cleft, binds
to its receptors in the
motor end plate, and
triggers a muscle

ACh receptor action potential (AP).

Synaptic vesicle filled with ACh &
Acetylcholinesterase in —
synaptic cleft destroys ACh
so another muscle action

more ACh is released from

PER WIS
Muscle action
potential
il g .
Transverse tubule
,/;o o\sv; 7 — /0>7>‘0 2o \l
Muscle AP travelllng along °
transverse tubule opens Ca2+ -/c}
“ 1. release channels in the |'o
5 sarcoplasmic reticulum (SR) _ | 2
/\.' - membrane, which allows
=S ro o¢:alcnum ions to ﬂood into the
sarcoplasm. e & Do

potential does not arise unless

motor neuron.

o Muscle relaxes.

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

> © transport pumps .

T )
4

Caz"‘ release channels i in®
> SR close and Ca2+ active ™ |
°° transport pumps use ATPo‘
= _° to restore low level of o,
- Ca2tin sarcoplasm.

(® 2D

<'

et

o

T gy

CaZ2+ binds to troponin on the thin
filament, exposing the binding sites
for myosin.

Contraction: power strokes

use ATP; myosin heads bind

to actin, swivel, and release;
thin filaments are pulled toward

ce;f(l:‘ ?f arcomere.

__d

Figure 10-11 Principles of Anatomy and Physiology, 11/e

© 2006 John Wiley & Sons




Table 4.3 Features of Muscle Tissue

Type Location Structure and Function
Smooth muscle | Walls of hollow Elongated, spindle-shaped
organs fiber with single nucleus;
non-striated, involuntary
Cardiac muscle | Wall of the heart Branched, striated fiber with
single nucleus and
intercalated discs; involuntary
rhythmic contraction
Skeletal muscle | Spanning joints of | Multinucleated, striated,
skeleton via cylindrical fibers; voluntary
tendons




BN

Cardiac muscle cell
—

Skeletal muscle cell
— D

-

Smooth muscle cell

Skeletal muscle Smooth muscle Cardiac muscle




Anatomy of

the muscles




Terms Related to movements

Flexion  Abduction

724

¢ Extension e Adduction

S
 Hyperextension » Circumduction

 Rotation




Terms Related to movements

PAVESR! ,go"\?c_sc}?\”
* Flexion: bending movement, that decreases the
angle of the joint and brings the articulating bones

closer together

rgbo Sy
* Extension: 1s the reverse of flexion and occurs at
the same joints
190 IS Aan )
* Hyperextension: Continuing such movements
beyond theanatomical positi@
T ==




Gliding )
Hyperextension

(a) Gliding movements at the wrist

Hyperextension Extension
= ‘-\

&

\

Flexion

(c) Angular movements: flexion, extension, and hyperextension of
the vertebral column

Nl
A

(b) Angular movements: flexion, extension, and hyperextension of
the neck




Terms Related to movements

Flexion Hyper-
extenston

P

Flexion\
,‘ \ Extension
&

N
[ Ny % .

(d) Angular movements: flexion, extension, and hyperextension at the shoulder and knee




Terms Related to movements

(S8 ) yaap , .
* Abduction (“moving away”): 1s the movement of aslimb

away from the midline or median plane of the body
G
* Adduction (“moving toward”): 1s the opposite of
abduction, so 1t 1s the movement of a limb toward the body

midline

combination of‘flexion;adduction; extension, and
abduction motions

0283570 e (on ( U./S\\p,\) S\
* Rotation: 1s the turning of a bone around its long axis




Terms Related to movements

b
RotationQ )

-

T
(/\ ) .\ ateral
i 2" rotation

Gircumdidction - Medial

o
Adduction
rotation

(e) Angular movements: abduction, adduction, and (f) Rotation of the head, neck, and lower limb
circumduction of the upper limb at the shoulder




Naming of Skeletal Muscles

Individual muscles are named according to their:

§ 30 = =pd I

Number of heads:
Shape:\%}f‘“\) e 1. Biceps: Two heads
1. Deltoid: Triangular 2. Quadriceps: Four

2. Ifgc\g}s: Straight heads Q%
Position:

Size: _

1. Major Large 1. Pectoralis: Of the
2. Thatissimus: — st @y

Broadest 2. Braghii: Of the arm
T




Naming of Skeletal Muscles

Individual muscles are named according to their:

Depth  _y,
1. Superficialis:
vSuperﬁcial Actions  _

‘iB Externus: External 1. Eﬁ%ﬁgﬁr: Extend
2. Flexor: Flex

Attachments 3. Constrictor: Constrict
3 . . q. Sl op LS
1. Sterndcleidomastoid: &.}‘W Ma—

From sternum and
clavicle to mastoid

O 2 2y

process.




Arrangement of Fascicles

PARALLEL FUSIFORM

Fascicles parallel to longitudinal axis of muscle: terminate at either end in flat Fascicles nearly parallel to longitudinal axis of muscle; terminate in flat
tendons. tendons: muscle tapers toward tendons. where diameter is less than at belly.
Example: Sternohyoid muscle (see Figure 11.8a) Example: Digastric muscle (see Figure 11.8a)

CIRCULAR TRIANGULAR

Fascicles in concentric circular arrangements form sphincter muscles Fascicles spread over broad area converge at thick central tendon: gives
that enclose an orifice (opening). muscle a triangular appearance.

Example: Orbicularis oculi muscle (see Figure 11.4a) Example: Pectoralis major muscle (see Figure 11.3a)
PENNATE
Short fascicles in relation to total muscle length: tendon extends nearly entire length of muscle.

UNIPENNATE BIPENNATE MULTIPENNATE

Fascicles arranged on only one sidz of tendon. Fascicles arranged on both sides of centrally Fascicles attach obliquely from many directions

positioned tendons. to several tendons.
ong € 9 3 / :

Example: Extensor digitorum longus muscle Example: Rectus femoris muscle Example: Deltoid muscle
(see Figure 11.22b) (see Figure 11.20a) (see Figure 11.10a)




Head and Neck Muscles

Epicranial
aponeurosis

Frontal  (SEpieranius)
belly

.Cor(t_uga.tor supercilii Ogé’ipit al
Comgameci— =
Levator labii
superioris — Temporalis
Zygomaticus
minor and major
2 —— w
Buccinator [ Mwass ior
Risorius .
- —\Stﬂé:leidobastoid ’
Mentalis — Jrgpozius — J.s"
Depressor
labii inferioris Splenius
capitis

Depressor anguli oris

" (Platysma——

FEE WL

e



Superficial muscles of the thorax and shoulder acting on the

scapula and arm

Sternocleidomastoid

Deltoid

Pegtoralis major

Sternum

I Biceps brachii ——
_

£

Subclavius

Clavicle

Subscapularis

Pectoralis minor

Coracobrachialis

Serratus anterior

Humerus



Superficial muscles of the thorax and shoulder acting on

the scapula and arm

Trapezius

Deltoid

Rhomboid
minor

Rhomboid
major

_—

g

oy Latissimus —
dorsi :

7S

(c)

Levator
scapulae

Supraspinatus

Clavicle

Spine of
scapula

Infraspinatus

Teres minor

Teres
major

Humerus




Trunk Muscles

Pectoralis major

Serratus anterior

r

Tendinous intersection

"\
W -y =

Transversus abdominis

—_ Reftus abdominis
>

Internal oblique

External oblique

Aponeurosis — [nguinal ligament
of the external (formed by free inferior
oblique border of the external

oblique aponeurosis)

(a)



vy

o7

| - - 12th thoracix
| / ] vertebra
12th rib \ > | —— 3

Quadratus lumborum

Psoas minor
liac crest
: Psoas major
lliopsocas —[ .
o —— 5th lumbar

Anterior superior iliac spine " vertebra

Tensor fasciae latae

Pectineus

Adductor longus

Gracilis
Quadriceps femoris
* Rectus femoris

*Vastus medialis

Tendon of
quadriceps
femeris

Patella

Patellar
ligament

(a)

& —Shorthead | femoris

Muscles of the Pelvis, Hip, and Thigh

—— Gluteus medius

—— Gluteus
maximus

S

Adductor
magnus

— Gracilis

——— lliotibial
tract

Long head 2
Biceps

—— Semitendinosus

—— Semimembranosus




Muscles of the Lower Leg

Fibularis longus

Fibularis brevis
Tibialis anterior

Extensor digitorum
longus

Fibularis tertius

A
D> 2
Calcaneal (Achilles
tendon

Medial malleolus _l Lateral

€ @ ~ malleolus

e AN )




Superficial Muscles: Anterior

.“ Ofbicris oculi
= Zvaomaticus
j Orbicularis oris
Sternocleidomastoid

Deltoid
Pectoralis major

External intercostals
Rectus abdominus

External oblique

Internal oblique
Transversus abdominus




Superficial Muscles: Posterior

Triceps brachii — |
Extensor carpi
radialis longus

Flexor carpi ulnaris

Extensor carpi ulnaris
. Gluteus medius

Extensor digitorum _
"y Gluteus maximus

(T
V'
- Adductor muscle

Womorh }

1 Semiendinosvs Hamstring

- Semimembranosus e

Gastrocnemius

Soleus

Fibularis longus

%
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Endocrlne Systems
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’g beomparlson of Control by the ™ ™

Lol 5uilly gvmall 5l

Nervous and Endocrlne Systems

= The nervous and endo)crlne systems act together to

@@@smms of the;body.

R EUREN AR
= The nervous system releases neurotransmitters; the

U g0 o
endocrine system releases hormones.

— oy
= Most hormones mréuTgte through theﬁbloodjand bind to

receptQrs on “garget cells.”
A

dypy® Ja— T

= Neurotransmitters als& bintho receptors on Ftarget’[ cells.
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Endocrine Glands

/@ae\%‘f

A 3)9‘%
ocrine glands secrete their products

into ducts. Nong of these are hormones.

SN %

= These glands 1nclude\sud03r1fer0us
ﬁ‘%sweat) glands, seba‘gﬁﬁ_@ (oil) glands,
\ mucous glands, zﬁgestlve glands and
several other throughout the body.




Endocrine Glands

0 Endggsl;\léne glands secr ormones. They do not
have ducts andSecrete their hormones directly into the

o sglnterstltlal fluid that surrounds them.
Y

LI
o The hormones diffuse into the bJood stream through

Ea caplllarles and are carried to target cells throughout
the body.

IEDEH %:37
ndocrine glands ¢ the pituitary, thyroid,

arathyroid, adrenal &




Endocrine Glands gz~

o sus\s\ (e CaupIY W&
EDUA O S —I

» Several organs and tissues are[not exclusively
classified as endocrine glands but contam cells that

secrete hormones These include 1 hy \Eguothalamus,
S,

\ YO BTN
=5 B’S’r}n N ncreas, ovarles, testes, kldneys, stomach
hver, sma 1ntest1ne, slgn, heart, adlpose tlssue, and

- placenta.

v' Taken together, all endocrine glands and hormone-
secreting cells constitute the endocrine system




Endocrine Glands

> PARATHYROID
\ GLANDS (behind
thyroid glands)

LIVER

ADRENAL
GLANDS

PANCREAS

SMALL
INTESTINE

Scrotum

Ty goh I S
25 PINEAL GLAND
2 L HYPOTHALAMUS
y, i __PITUITARY .. .
%’ GLAND/‘BD\&)
e
THYROID GLAND
Trachea

THYMUS

HEART

STOMACH

KIDNEY

P Uterus

- OVARY

Female

TESTES




Hormone Activity

le L33 S5t anuall clasl guen (o JEI 31 @ ligesgl!

Buaae Lidsys ool ellia o) Lsgioad | Lol
= Hormones traveling throughout the body will only affect
(farget cefls\that possess specific protein receptors.

lyaiaaly LapeaSy edbinal | giaa oty

= Receptors are continually being synthesized and broken..:

down.
v Receptors may be@own-regulatedjn the "f’;’f \:,I A\ g2

presence of high concentrations of hormone s s 4 Recptor!

v may be@-regulat@in the presence of low

concentrations of hormone. Aus Bl QT oS VLK
bt o> &= K <S\so

Recep

C)J\S ‘o!‘x




Hormone Activity

~ 0B M:-(
Endocrine

.\/ cell
Dy
O 73>~ Blood

CIRCULATING capillary

;af - HORMONE
00°
Q¢

(5\0°

S G2 Hormone go? o l \
e 7 receptor

o oo O

Y

SRR RN oo 5”D|stant target cells

(a) Circulating hormones




Hormone Activity

Paracrine receptor @:
0 Q
-Hormones that don’t O T T DS O
. Q o 0o
circulate are local G )=

hormones (Paracrine). Paracrine cell Nearby target cell
S WA O\

W Autocrine
-The hormones that act O “S receptor
on the same cell that (o

=@

secretes them are called 090
Q
(\éutocgg). AUTOCRINE — o \)

s~ INIRIWIENY

(b) Local hormones (paracrines and autocrines)




Hormone Activity

~yeW 3 Uy P QD

= Hormones are {S'ther lipid-soluble (steroid
o LY

oo

ho%lones, thy 6id ho ones) or @[ater-soluble

Z 3) .
(amine hormones, peptide and protein hormones).

WU 6 3> 9l 0 o5

————— g ™
—_—

-jWater-solublES hormones circulate freely in the

_ G G5y s, e 5y
B (Llpld—solubl hormones circulate‘’bound to

ransport proteins




Mechanisms of Hormone Action

» Responses to the same hormone may vary depending on
the hormone itself and the target cellss M ool oad sttt <

RERVEVA R EN PR SRRVl |

» The response may be:

O N I=2 =
Synthesis of ne molecules
Changing Qg/m@ﬂﬁy of the cell membrane

NE ]
Stimulating transport of a substance into or out of the

cell
SNSTY

Altering the rate ofimetabohc)actlons _
LSS LN Tipe> Qo Q \wa>-

Causing contraction of smooth or cardiac muscle



Mechanisms of Hormone Action

Free hormone\ Blood capillary

O Y @LPD-sOLUBLE
Transport HORMONE
protein diffuses into cell

o Activated ‘ Nu@

Lipid-soluble

complex alters
gene expression

hormones bind to — recerorromone Fecari)

(receptors| within ol
target cells. e P —

e Newly formed

mRNA directs Ribosome
synthesis of >
specific proteins et T N0 New

on ribosomes protein

New proteins alter

K cell's activity

Target cell




Blood capillary

Mechanisms of — |w-edShesincon.

o
HO rm O n e ACth n WATER-SOLUBLE a Binding of hormone (first messenger)

to its receptor activates G protein,
HORMONE which activates adenylate cyclase

Receptor - Adenylate cyclase
=

G protein | Second messenge:\
e Activated adenylate

cyclase converts

Water-soluble “sa ATP 1o oAMP

Protein kinases/ ePhosphodiesterase

o inactivates cAMP
hormones blnd tO € cAMP serves as a | Activated

second messenger | protein
to activate protein | kinases

reC eptOrS On the g o Activated protein

Protein kinases
phosphorylate

\(exterior surface vf the TR

target cell. AP
Protein — ®

e Millions of phosphorylated
proteins cause reactions that
produce physiological responses

Target cell
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Control of Hornione Secretion

Hormones are secreted 1in short bursts when

needed.

hoalss SLAY) palais ey
Secretion is regulated by:

= Signals from the nervous system

= Chemical changes in the blood = w=seatieciiar =

A 0 L il
= Other hormones e

Al olise,s ®
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Hypothalamus and Pituitary Gland

Dissection Shawn Miller,
Photograph Mark Nielsen

-The hypothalamus it Infundibulum

and pituitary gland

work together to POSTERIOR —F== -

control other PITUTARY  \ S8  \\TERIOR
endocrine glands. NGl PITUITARY
They are connected by

the infundibulum. Sagittal section of pituitary gland
elacall saadl e 3 laall B dualaill 3aally (Lusedisulell) elbagll Jan
(aslsanisdiy ) aedll dasulys (i Loty . AY




Hypothalamus and Pituitary Gland

Dissection Shawn Miller,

Photograph Mark Nielsen Hypothalamic

Infundibulum neurosecretory
cell

POSTERIOR
PITUITARY ANTERIOR

PITUITARY

Sagittal section of pituitary gland HYPOPHYSEAL
i PORTAL VEINS

Hypothalamus

Pituitary gland

b) Path of releasing and
PRIMARY PLEXUS OF THE (b) Path of
HYPOPHYSEAL PORTAL SYSTEM  nhibiting hormones

Infundibulum SN >~ - Median eminence

SUPERIOR
HYPOPHYSEAL
ARTERY

v N 3 Hypophyseal portal
POSTERIOR ———1 IS AP\ veins

HYPOPHYSEAL VEINS N0 ¢ ! . —— Sphenoid bone
FOSTERIOR FITUITASS ANTERIOR PITUITARY

SECONDARY PLEXUS

CAPILLARY PLEXUS — .=~ ' ' .87 OF THE HYPOPHYSEAL
a s . N !
OF THE INFUNDIBULAR =}« : 4 PORTAL SYSTEM

PROCESS

ANTERIOR
HYPOPHYSEAL

ANTERIOR VEINS

Inferior hypophyseal artery
(a) Relationship of the hypothalamus to the pituitary gland




Hypothalamus and Pituitary Gland

= The anterior lobe (adenohypophysis) makes up 75%

of the weight of the pituitary gland and secretes 7
hormones — 75 (igaih) ol 3.301) pale¥1 ol Sty

Slisaya 7 35dns dualaill 3a3d) ()39 oo

= The posterior lobe (neurohypophysis) 1s made of
neural tissue and releases hormones made by the

hypothalamus o e Gl 2801 gl ol 35

algd) eas

= The hypothalamus secretes releasing and inhigtgngw N
hormones that control the release of hormones by the ™

. . . . Unulgy & ligasedl 3] o8 % il o lisesl!
pituitary gland. They reach the pituitary gland vid the™

hypophyseal portal system. S o Bl Sal) ) plms el 5.0

Aalaall sl Ll alls



Hypothalamus and Pituitary Gland

* The anterior pituitary gland secretes 7 hormones produced by 5
different types of cells.

TABLE 18.3

Hormones of the Anterior Pituitary

HYPOTHALAMIC RELEASING HYPOTHALAMIC INHIBITING
HORMONE SECRETED BY HORMONE (STIMULATES SECRETION) HORMONE (SUPPRESSES SECRETION)

Human growth hormone (hGH), Somatotrophs. |  Growth hormone-releasing hormone (GHRH), ~ Growth hormone-inhibiting hormone (GHIH),
also known as somatotropin also known as somatocrinin. also known as somatostatin.

Thyroid-stimulating hormone Thyrotrophs. ), Thyrotropin-releasing hormone (TRH). Growth hormone-inhibiting hormone (GHIH).
(TSH), also known as thyrotropin

Follicle-stimulating hormone (FSH) ~ Gonadotrophs. 3 Gonadotropin-releasing hormone (GnRH). —
Luteinizing hormone (LH) Gonadotrophs. W Gonadotropin-releasing hormone (GnRH). —

Prolactin (PRL) Lactotrophs. {) Prolactin-releasing hormone (PRH).* Prolactin-inhibiting hormone (PIH), which is
dopamine.

Adrenocorticotropic hormone Corticotrophs. b Corticotropin-releasing hormone (CRH). —
(ACTH), also known as
corticotropin

Melanocyte-stimulating Corticotrophsﬂ( Corticotropin-releasing hormone (CRH). Dopamine.
hormone (MSH)

*Thought to exist, but exact nature is uncertain.




Hypothalamus and Piﬁﬁﬁry Gland

54 SISY1 52 (NGH) 6yall saill (im0

Loole¥ ! Lualaall 3aall

= Human growth hormone (hGH) is the most plentiful
@nterion) pituitary hormone.

yet

= It 1s released in bursts every few hours by

somatotrophs (i boodTJplal! dasslsy lelis oy S lads b 0318 (%

. .. . JL@.llo;SLaqu_Gl@:“,Jausﬁ_LLm@AeS;ﬂl&
= Therr activity 1s controlled by two hypothalamic:
sl (5aya 5158) (ysaya 1 lise gl
hormones: growth hormone-releasing hormone

GHRH) seill (50,8 baul (50584

(GHRH) and growth hormone-inhibiting hormong
(GHIH).




Hypothalamus and Pituitary Gland

29 Uz Bl
* In summary, the-anterior-pituitary gland

secretes:

. human growth hormone (hGH)
thyroid-stimulating hormone (TSH)

. follicle-stimulating hormone (FSH)

. luteinizing hormone (LLH)

. prolactin (PRL)

. adrenocorticotropic hormone (@CTH)

. melanocyte-stimulating hormone (MSH).




TABLE 18.4

Summary of the Principal Actions of Anterior Pituitary Hormones

HORMONE TARGET TISSUES

Human growth hormone
(hGH), also known as
somatotropin

Liver (and other tissues)

Thyroid-stimulating
hormone (TSH), also
known as thyrotropin

Follicle-stimulating
hormone (FSH)

Luteinizing
hormone (LH)

Testis

Prolactin (PRL)

Mammary glands

Adrenocorticotropic

v
hormone (ACTH), : /l—AdrenaI
also known as § cortex
W

corticotropin

Melanocyte-stimulating v e
hormone (MSH) @

Brain

PRINCIPAL ACTIONS

Stimulates liver, muscle, cartilage, bone, and other tissues to synthesize and secrete insulinlike
growth factors (IGFs); IGFs promote growth of body cells, protein synthesis, tissue repair,
lipolysis, and elevation of blood glucose concentration.

Stimulates synthesis and secretion of thyroid hormones by thyroid gland.

In females, initiates development of oocytes and induces ovarian secretion of estrogens. In
males, stimulates testes to produce sperm.

In females, stimulates secretion of estrogens and progesterone, ovulation, and formation of
corpus luteum. In males, stimulates testes to produce testosterone.

Together with other hormones, promotes milk production by mammary glands.

Stimulates secretion of glucocorticoids (mainly cortisol) by adrenal cortex.

Exact role in humans is unknown but may influence brain activity; when present in excess, can
cause darkening of skin.




Hypothalamus and Pituitary Gland
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synthesize any horrignes, but stores and releases

from axon terminals hormones produced by
the neurosecretory cells of the hypothalamus;

= Q

1. Oxytocin'(OT) P
2. Anti- diuretic hormon¢ ADH). s

7

= Axons from the neurosecretory cells form the
231,89 Luseaadl LOATT e slall <23

hypothalamohypophyseal tract. ™ —

P .éw&@wl)




Hypothalamus and Pituitary Gland

2%

Hypothalamus ~4_ ;) N CELL BODIES OF <</

NEUROSECRETORY g

Pituitary gland — NS | CELLS

HYPOTHALAMUS

N
“.

Infundibulum|: 1)

AXONS OF NEUROSECRETORY CELLS
(HYPOTHALAMOHYPOPHYSEAL
TRACT) )

AXON TERMINAL

POSTERIOR

PITUITARY

ANTERIOR
PITUITARY

Capillary plexus
of the posterior
pituitary




Hypothalamus and Pltultary Gland

354l (ADH) Jsall 1,09 sLall &ypeyell 2eS
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= The amount of antidiuretic hormone (ADH) secreted,, .
varies with blood-esmetic pressure. Its function 1s to
decrease urine output.

Slell in Lo Eilaie Lo Slea o8 (rvemal | Loa]) diacalidll oo

= Osmoreceptors (neurons) in the hypothalamus mqg@&lw,

blood osmotic pressure.

v Anincrease in blood volume causes a decrease inADH

secretion.

v Adecrease in blood volume causes an increase inADH
secretion.




Hypothalamus and Pituitary Gland

TABLE 18.5

Summary of Posterior Pituitary Hormones

HORMONE AND
TARGET TISSUES

Oxytocin (OT)

)

S|

Uterus Mammary glands

Antidiuretic hormone
(ADH) or vasopressin

udr erus
seat glands

CONTROL OF SECRETION

Neurosecretory cells of hypothalamus secrete OT in
response to uterine distension and stimulation
of nipples.

Neurosecretory cells of hypothalamus secrete ADH
in response to elevated blood osmotic pressure,
dehydration, loss of blood volume, pain, or stress;
inhibitors of ADH secretion include low blood
osmotic pressure, high blood volume, and alcohol.

PRINCIPAL ACTIONS

Stimulates contraction of smooth muscle cells of
uterus during childbirth; stimulates contraction of
myoepithelial cells in mammary glands to cause
milk ejection.

Conserves body water by decreasing urine volume;
decreases water loss through perspiration; raises
blood pressure by constricting arterioles.
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Thyroid Gland

* The thyroid gland is a
butterfly=shaped gland located

. . O 3T Yaow |
inferior to the larynx and

anterior to the trachea.
BN Bpp el

Dissection Shawn Miller,
Photograph Mark Nielsen

It has right and left lateral
lobes connected by an

RIGHT LATERAL —i

wila Hlans e Ll

isthmus.

Unalgs dlanie Lagead

Some glands also have a ¢) Anterior view of thyroid gland

pyramidal lobe projecting kar W\
from the 1sthmus. C?) W
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1. Folllcular cells are (T3 «rissisasn 330);

thyroid-stimulating hormone )

f) stimulated by TSH s P S, 4 il 5.l s s
= ) 5 PARAFOLLICULAR (C)

produce thyroxme e 88 ccu AR
(tetraiodothyronine, ' » .

and (triiodothyronine

FOLLICULAR CELL

THYROID FOLLICLE

known as thyroid

SR o oBULIN
hormones. (TGB) (COLLOID)

A;/ g . 1 ] Basement membrane

anfolhcular cells i S
O Luall s Lptall
produce the hormone Markiele T 00«

7)Calcit()nin to help regulate (b) Thyroid follicles asasel] @i

\calciﬁml homeostasis. il (o Bae Lowall {pigiand i<

sl S 53155




Thyroid Gland

\ Hyoid bone
Thyroid | ‘A it s Superior thyroid artery

Trachea — E \ ' B\ Superior thyroid vein

PYRAMIDAL LOBE OF — - : Thyroid cartilage of larynx
THYROID GLAND i B : i

Internal jugular vein

% W )
RIGHT LATERAL LOBE ——— LB LAUNKRG | 97 f{E == LEFT LATERAL LOBE
OF THYROID GLAND | « {8 [\ AN virctl g OF THYROID GLAND

Common carotid artery

( ISTHMUS OF THYROID
Inferior thyroid artery ‘ e <4 GLAND

Vagus (X) nerve

Middle thyroid vein

Subclavian artery
Trachea

Inferior thyroid veins

Sternum

(a) Anterior view of thyroid gland




Thyroid Gland
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(BMR) @aclall jad | Juas suby W

T N\ T\ (Ran B il sl it W
Thyroid hormones: ATP Jiiadl alanily s5all il 0

Tl

= Increase basal metabolic rate (BMR)
Help maintain normal body tempgféfuhéf'éﬂ o T
Stimulate protein synthesis

Increase the use of glucose and fatty acids for ATP
production

Work with hGH and insulin to accelerate body growth
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T her id Gl an d o (TR 2ot Low blood levels of T

L8l 3aally aled) cad and T4. or low metabolic
rate stimulates release of

(TSH) Sdas Gigara
. Hypothalamus

- Thyrotropin-releasing el dunladl il 2%

TR |
hormo(ue (he &by%%gﬁggeal
hypothalamu and thyroid s wsSsee © Elevated

stimulates

stimulating lggnone (TSH) reftthed d-TSH
from the &nterior pituitary Lk
stimulate synthesis and release

@thyroid hormonej n @ © TSH released into Anterior |

blood stimulates pituitary "
Ste rocess. thyroid follicular cells -
PP - O71,andT,
: leased into
Thyroid  gaHes "
follicle 4% blood by

T, inhibits
release of
TRH and
TSH
(negative
feedback)

*(TRH) — (TSH) — T3& 14
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Parathyroid Glands

osterior aspect
p p Parathyroid iy y\ ’
glands (behind 4

of each lobe of g ten L N7
the therId Trachea

Located on the

__—Right internal

/4 m jugular vein
" S (B4 Right common
I8 _ carotid artery

Middle cervical
sympathetic ganglion

Thyroid gland

gland ar@

parathyroid

glands (one
inferior and one
— —_—

SUpErIor).

LEFT SUPERIOR
PARATHYROID GLAND

Esophagus

LEFT INFERIOR
PARATHYROID GLAND

Left inferior thyroid artery

Left subclavian artery

Left subclavian vein
Left common carotid artery

(a) Posterior view

RIGHT SUPERIOR
PARATHYROID GLAND

Inferior cervical
sympathetic ganglion

RIGHT INFERIOR
PARATHYROID GLAND

Vagus (X) nerve

Right brachiocephalic vein

Brachiocephalic trunk
Trachea




Parathyroid Glands

= Parathyroid glands contai of cells:
yroid ¢ 2 typd

1. Chief cells (principal cells) that produce
\ parathyroid hormone (PTH) X

2. Oxyphil cells whose function 1s not known in

normal parathyroid gland@&hich segr,_e_:tB
excess PTH in cases of\parathyroid cancer




Venule

Blood

f capillary

Parathyroid
Glands

’

Arteriole

) |
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.
~
4
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Mark Nielsen M 240x

(b) Parathyroid gland

Oxyphil cell

P

-




arathyroid Glands............o...

pose U1 53155 o Js U5 PTH
Calcitonin/produced by th yr01d glané works in conjﬁlctlon i

Wlth@Dand ~wm homeosTasis.

( » @) High level of Ca®* in blood @ Low level of Ca®* in blood

stimulates thyroid gland stimulates parathyroid gland <=
(’ parafollicular cells to release chief cells to release more PTH.
more CT.

@ cALCITRIOL stimulates
increased absorption of
Ca®* from foods, which
increases blood Ca2+ level.

PTH also stimulates
the kidneys to release 0 PARATHYROID HORMONE (PTH) 9 CALCITONIN (CT) inhibits
CALCITRIOL. promotes release of Ca®* from osteoclasts, decreasing
bone extracellular matrix into blood Ca®* level.

blood and slows loss of Ca®*

in urine, increasing blood

Ga** IeveI.J




Right superior
suprarenal arteries

RIGHT ADRENAL
GLAND

Right middle
suprarenal artery

Right inferior
suprarenal artery

Right renal artery
Right renal vein

Adrenal Glands

2SI sasll

Inferior phrenic
arteries

LEFT ADRENAL
GLAND

Left middle suprarenal
artery

Left inferior suprarenal
artery

Left suprarenal vein
Left renal artery

Left renal vein

Superior mesenteric artery
Inferior vena cava Abdominal aorta

(a) Anterior view
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Adrenal Glands

* The adrenal glands
(suprarenal glands) are

located odney. Capsule

o ADRENAL
* The glands are divided into  CORTEX

two regigss: DSl ADRENAL

Veortex and fhe . MEDULLA

RPN FIR

v’ the oute
medial medulla.

« The glands arey a

connective tissue capsule.

(b) Section through left adrenal gland




Ad I'e Il al . Capsule

ADRENAL CORTEX:

Glands ZONA GLOMERULOSA

mineralocorticoids,
mainly aldosterone

— . . ZONA FASCICULATA
The S divided secretes

3@ syl (R glucocorticoids,

histologically into
regions:

¢ mainly cortisol
3 ] Laws B

ZONA RETICULARIS

The zona secretes androgens

glomerulosa

. S = /\DRENAL MEDULLA
The zona fasciculata &= “%  CHROMAFFIN CELLS secrete

. . L epinephrine and
The zona retlculagggJI | norepinephrine (NE)

LGl kil .2 A
Mark Nielsen T s0x
i< all dkatl .3 .
(d) Subdivisions of adrenal gland




Adrenal Glands

Salad ) st Losnial ) Lussal ] 4l

- The(zona glomerulosa secretes hormones called
rmineralocorticoids used to regulate'mineral

homeostasis.

(e Slizays LonnSll il 5,6

OOl

ISP TE RN R IR AR, |

. ‘ . 5 pssaseall sl ole de by 4] LS 3aal] Aol
v Aldosterone 1s th mineralocorticoid secrete

. pormbsall 033155
by theCrenal gland It helps regulate sodium and

potassium homeostasis.

v The renin-angiotensin-aldosterone (RAA) pathway
controls secretion of aldosterone: GAA) ooy -itnaiiui i

s Y1 318] o S




Adrenal Glands

3slall e S35 &S, Sl anid

Sligeyel | Ldlall) dalasll 5,40
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The zona fasciculata secretes hormones

called glucoﬁﬁ‘hﬁcoids that affectglucose

homeostasis.

L0l

The zona reticularis secretes weak

. 2> . .
androgens (hormones with mas—%lhmzmg
effects). s s

33_953.” & C;Lb,o).@ﬂ) C;Uﬁ\g\).\j’}”

N (A Pewi|



Renin-Angiotensin-Aldosterone (RAA) pathway

0 Dehydration,
Na* deficiency,
or hemorrhage

v

Decrease in
blood volume

v

Decrease in

blood pressure

!

Lungs (ACE = angiotensin-

converting enzyme)

i

14 Blood pressure
increases until ‘
it returns to normal

Juxtaglomerular
cells of kidneys

®  vasoconstiction

/" of arterioles

Adrenal
conex

_,A@

o |

Increased
aldosterone

®  increased blood
volume

A

Increased

in
extracellular
fluid

In kidneys, mcreased Na*

@ and water reabsorption
and increased secretion of
K* and H* into urine




Adrenal Glands

Secretion of glucocorticoids (cortisol [hydrocortisone]-
the most produced, cortisone and corticosterone) 1s

regulated by@tive feedba@ Toiastee] Jsibsdl) wsSsSlall L3

2 (OuarieasSiipsSlly 05yl Lalis] SIS
They help control: il i e e

= Protein breakdown il gl ®
Glucose formation SSolall s

Lipolysis Lsaall o

Resistance to stress LYl dylic @

: ol =
Inflammation

el ollaiwy) m
Immune responses




Adrenal Glands

= The major androgen secreted by the adrenal
is dehydroepiandrosterone (DHEA). In/l?i%les,

after puberty the hormone testosterone is secreted
LI 5aall 5588 03,85 Sl paaill cpmng oY

in much larger quantities so DHEA has virtually no
effect. e |

3

Ootieasindll (ysarn 554 fsbll ay

Lo Laad L DHEA s 131 ¢ 13S0 ST oL,y

In females, DHEA and other adrenal androgens
play a major role in promoting libido and are

LS S lang,u¥ | e Layes DHEA (&LY) o ®

converted to estrogens. In menopausal women,

oy il l L&)l 550 (08 Loy [yga oals

all female estrogens come from adrenal | =~
androgens.

LS 8aall e 050 SN G yiea¥ | gard dues
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Adrenal Glands
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= The adrenal medulla 1s stimulated by

sympathetic preganglionic neurons of the
autonomic nervous system (ANS).

¥ pdlag I LA 5,
Sl ol sl (callia, ¥1)

= Chromaftfin cells secrete eplnephrlne

| JLEH Llaiea) o8 LeadlS (callisuly53ll)
(adrenaline) and noreplnephrlne o
(noradrenaline) both of which are involved

in the fight-or-flight response.




Pancreatic Islets
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The pancreas is both an endocrine and exocrin¢ gfand:"It
is located in the@ Wenum.

Common hepatic artery
Pancreas Abdominal aorta

Kidney Celiac trunk

~ Splenic artery

Gastroduodenal artery

Dorsal pancreatic artery

Anterior pancreaticoduodenal
artery

Duodenum of small intestine

Spleen
(elevated)

TAIL OF PANCREAS
BODY OF PANCREAS
Inferior pancreatic artery
Superior mesenteric artery
Inferior pancreaticoduodenal artery

HEQ%&/ﬁg%At‘%%%gA%hn Wiley & Sons, Inc. All rights

(a)xAnterior view




Pancreatic Islets S350 Ll LAl s Ly

cgoia¥ | (el Slegans (o8 Ll ST GBS AT
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= Almost all of the exocrine cells of t LA
pancreas are arranged in clusters called acini._
These produce(digestive enz@t_nat are

delivered to the gastrointestinal tract through

dUCtS. QAOLGW@AW?|QHS‘;UL
ool Sl 3a st slacall sl Lo

(laay 52)

= Scattered among the acini are clusters of
endocrine tissue called pancreatic islets
(islets of Langerhans).




Pancreatic Islets

Blood capillary

Exocrine acini

ALPHA CELL
(secretes glucagon)

=
R
i

Q 2 -

X7 S

o
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eIy |
i@l
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e
0
=

L@ /
ggg

2
Ve[
o@

Exocrine
acinus

PANCREATIC
ISLET

BETA ABRES ) Lo & \ F CELL (secretes
CELL > SR g Ia y LBOY ' pancreatic polypeptide)

ALPHA . V7
CELL =

)

v : \ / : 4 ’:}

=

DELTA CELL
(secretes somatostatin)

g
4

enemsams— anCreatic
"\\d L ey Lo ;’_\w' Y e R an) duct
Mark Nielsen TR 40

(c) Pancreatic islet and surrounding acini




Pancreatic Islets
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The islets include 4 types of cells that secrete
different hormones:

= Alpha (A) cells - glucagon
= Beta (B) cells - insulin

= Delta (D) cells - somatostatin

= F cells - pancreatic polypeptide




TABLE 18.9

Summary of Pancreatic Islet Hormones

HORMONE AND SOURCE CONTROL OF SECRETION

Glucagon from alpha cells
of pancreatic islets

Decreased blood level of glucose, exercise,
and mainly protein meals stimulate secretion;
somatostatin and insulin inhibit secretion.

Insulin from beta cells
of pancreatic islets
3 Increased blood level of glucose, acetylcholine
(released by parasympathetic vagus nerve fibers),
arginine and leucine (two amino acids), glucagon,
GIP, hGH, and ACTH stimulate secretion;
somatostatin inhibits secretion.

PRINCIPAL ACTIONS

Raises blood glucose level by accelerating breakdown of
glycogen into glucose in liver (glycogenolysis), converting
other nutrients into glucose in liver (gluconeogenesis), and
releasing glucose into blood.

Lowers blood glucose level by accelerating transport
of glucose into cells, converting glucose into glycogen
(glycogenesis), and decreasing glycogenolysis and
gluconeogenesis; increases lipogenesis and stimulates
protein synthesis.




TABLE 18.9

Summary of Pancreatic Islet Hormones

HORMONE AND SOURCE

Somatostatin from delta
cells of pancreatic islets

Pancreatic polypeptide from
F cells of pancreatic islets

CONTROL OF SECRETION

Pancreatic polypeptide inhibits secretion.

Meals containing protein, fasting, exercise,
and acute hypoglycemia stimulate secretion;
somatostatin and elevated blood glucose level
inhibit secretion.

PRINCIPAL ACTIONS

Inhibits secretion of insulin and glucagon; slows absorption
of nutrients from gastrointestinal tract.

Inhibits somatostatin secretion, gallbladder contraction, and
secretion of pancreatic digestive enzymes.




Ovaries and Testes

(cieeasdly Gandl) Tulea il saill g5

. (15l e Ll o blgally oliaysall) @ Loy
= Gonads (ovaries and testes) produce

gametes (oocytes and sperm respectively).

= Ovaries produce two estrogens (estradiol and
estrone), progesterone, relaxin and inhibin.

5 dsaalsial) g ¥l Gsera (e o] ALl @i

Lafilly ela ¥l g iemg | o((g i)

= Testes produce testosterone.




TABLE 18.10

Summary of Hormones of the Ovaries and Testes

HORMONE PRINCIPAL ACTIONS

OVARIAN HORMONES
Estrogens and Together with gonadotropic hormones of anterior
progesterone pituitary, regulate female reproductive cycle,
e maintain pregnancy, prepare mammary glands
" “ for lactation, and promote development
and maintenance of female secondary sex

O V a ri e S o | characteristics.

& Relaxin (RLX) Increases flexibility of pubic symphysis during
pregnancy; helps dilate uterine cervix during
labor and delivery.

Te Ste S Inhibin Inhibits secretion of FSH from anterior pituitary.

TESTICULAR HORMONES
Testosterone Stimulates descent of testes before birth;
regulates sperm production; promotes
development and maintenance of male secondary
sex characteristics.

Inhibin Inhibits secretion of FSH from anterior pituitary.




Pineal Gland and ThymuS8-**"~"*
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= The pineal gland 1s attached to the roof of the third
ventricle of the brain and secretes melatonin which
helps to regulate the body’s biological clock.

= The thymus 1s located behind the sternum between
the lungs. It produces thymosin, thymic humoral
factor (THF), thymic factor (TF) and

o oadll GilA & iaeall pasll o

thymopoietin, all of which promote maturation of

. Llaladl & iaall Badll Gpansadil] ity .ol

the immune system’s T cells.
5 (TF) aineall 30301 Jale ((THF) Jala!
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® THYROID ‘
% GLAND ’ PARATHYROID

\ GLANDS (behind
thyroid glands

%\‘\ Trachea

Pineal Gland
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/4

SMALL
INTESTINE

PINEAL GLAND
HYPOTHALAMUS
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Female
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HUMAN ANATOMY &
PHYSIOLOGY
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Anatomy of Heart

Hamza Abu Hilail
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Anatomy of the Heart

- Relatively small, conical organ approximately the size of a
person’s clenched fist.

v1t weighs about 250 to 350 grams
— ~

W\ ¢

N
- Located |left of the body midlind posterior to the sternum in the
lower middle mediastinum.

- The posterosuperior surface of the heart, formed primarily by the
left atrium, 1s called the oo JSH1 AL 5 50 1 ol 5l gl o
Qs Bac il eacas el ¥
. . ] e il g AL B sle 3l
- The inferior, conical end 1s called the apex




Antomypf-the-Heart

Superior vena cava

Ascending aorta

Branches of the
right pulmonary
artery

Right pulmonary
veins

Auricle of right atrium

Aortic arch

Ligamentum
arteriosum

Left pulmonary artery
Pulmonary trunk

Left pulmonary veins

Auricle of left atrium

Eight atrium

Right coronary artery

Left coronary artery
Circumflex artery

Great cardiac |
vein

~ In anterior

Anterior interventricular
interventricular sulcus

Marginal artery . . artery |

(in coronary sulcus)

Right ventricle

Left ventricl

Small cardiac vein

Inferior vena cava

Apex of heart

Descending aorta
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Sternal angle

2nd rib

Superior border

Right border

Sternum

Diaphragm

—_

|
Inferior border
(a) Anterior view




Functions of the Heart

1. Connects to blood vessels that transport blood

between thWbody / tissues.

U,JQ ~ opanSY ) oy lle Loy pall byl Jans 2

2. Arterlesﬁcaq blood high 1 1n oxygen. o) ol o500
fort ) |

(except monary arteries)
IU_}UJ\ \J-J \ loss W
Tans ¥l
3.Veins carry blood low 1n oxygen.
_J(except for the pulmonary veins)

) 3o

4. Arteries and veins entering and leaving the heart are

called gr




Heart Wall Structure

- Heart wall consists of three distinctive layers:
1. external epicardium
2. middle myocardium
3. internal endocardium
Nl 989
« Epicardium is the Qutermosf heart layer and is also

known as the visceral layer of serous pericardium.
lall Joalil oo Lputiall Guball

- As we age, more fat 1s deposited in the epicardium, and
so this layer becomes thicker and more fatty.




Pericardial Layers of the Heart

Copyright © The McGraw-Hill Companies, Inc. Permission regquired for reproduction or display.

Fibrous pericardium

Parietal layer of
serous pericardium

— Pericardial cavity

— Visceral layer of
serous pericardium
{(epicardium)

Fibrous pericardium

Parietal layer of
serous pericardium

Pericardial cavity

Visceral layer of
serous pericardium
(epicardium)

Myocardium
Endocardium

Heart wall




Heart Wall Structure
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- Myocardium is the\middle layer|of the heart wall'and ™"
1s composed chiefly of cardiac muscle tissue.
oV p-c A=
‘ B B aa e Sans V) g8 Al ALac
» Myocardium 1s the thickest of the three heart wall ...
layers.

o) Tnlaruy QIEN 398 Bac o8 o5 .
- It lies deep to the epicardium and superficial to the

endocardium
J Lo all haci¥ Iy 8l Al ) o

a8, Bl lie LAl Slolan

- Internal surface of the heart and the external surfaceg of
the heart valves are covered by a thin endothelium
called the endocardium. )
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Pericardial Layers of the Heart

.

Pericardium

Myocardium

Iy

&

r

h
' {fi‘) ,,

\
P

‘ oy T
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Fibrous pericardium

Parietal layer of
serous pericardium

Pericardial
cavity

Visceral layer
of serous
pericardium
(epicardium)
Myocardium
Endocardium _

Heart chamber
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External Anatomy of the Heart
)w '\3.;;\';\ l
-Composed of four hollow chambers: two smaller atria

and two larger ventricles. s (o 2

Y|
“Atria are th1n walled chambers that are{ located)

\superiorly.\

Nt
antérioR part of each atrium is aoevrmkled ﬂaphkg,,
extension called @rlcle

ol bl anll iyl sl

Lyleall 5301 e andl el 0¥ G305 O

-Atria recelve blood returning to S ol el 1 iy
Q,L\ e\ D a
EIngl.lt atr1um receives blood from the systemic Circuit
— ob( Lyl 550l
Cleft atrium receives blood from the pulmonary circuit

10
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Aortic arch

Superior vena cava

, Ligamentum
Ascending aorta _ ; arteriosum
Left pulmonary artery

Branches of the : Pulmonary trunk

right pulmona X
a?ter;) 3 4 ' Left pulmonary veins

Right pulmonary __ . = . NG Auricle of left atri
veins . eft coronary artery

Auricle of right atrium

Circumflex artery

Right atfium - ' = Great cardiac |
—— X . vein

Right coronary artery
(in coronary sulcus) Anterior
interventricular | ¢ lcus

Marginal artery NS \ ) =

~ In anterior
interventricular

Right ventricle

Left ventricle

Small cardiac vein

Inferior vena cava — ' Apex of heart

Descending aorta




External Anatomy of the Heart

Blood that enters an atrium is&p E.I}A?W.ww
Ventricle o@sﬂe of the heart.

— rlll e lall s gle cpdall

Ventriggss are the(inferior\chambers.

XAt
The pulmonary trunk carries El\ood from the

ventricle into the pﬁlmonar circuit.
S8l @l ! o pll gty ¥ 1 Sl s
The aorta conducts blood from the @ entricle .

into the systemic circuit. o )
ystem )

12



Pulmonary Circuit

&

Systemic Circuit




Systemic Circuits

. 555 7
- Systemic circuit allows oxygenated blood from
the [eft hear} to be delivered to tiss ¢ cells through
SSarteries and arterioles, and deoxygenated blood,is
0)9

transported back to the\ffght heart] through veins
and venues. |

2o s O\
- Oxygenated blood 1n LVJa()ljta —arteries
. . . 3 O\ gz
—arterioles —capillaries 1n tissues (gas
3 a0
exchange occurs) —deoxygenated blood
Dt 37598 e 2 1ol .
travels 1n venules —ve€ins —superior &

AR b ‘
inferior vena cava —RA. — e\ Gl DY
S S st Ko



Pulmonary Circuits

ISk s
- Pulmonary circuit allows deoxygenated blood to be
. Q0
transported into the lurf)és for gas exchange so that

J;‘ar gxygenated blood can once again flow into th

- Deoxygenated blood frqm_bodx tissues —superior &
J/\ RPN Yl oyl Stesr i A= .
“Infetior vena cava —RA —RV —igglmonary arteries

S lungs (gas e)cc)eﬁ&ﬁ'g%‘)gccurs) —>0X}3}§é)rfated blood

travels in pulmonary veins —LA —bicuspid valve

—LV. GAVSITNN] [SACel o O\ e |
[V -

15



. In pulmonary capillaries, blood
loses CO, and gains O,

4. Pulmonary
capillaries
of right lung

Bicuspid valve

Left ventricle

mm@ Ow,}b,uw_
N )

9. In systemic capillaries, blood
loses O, and gains CO,

(b) Path of blood flow through systemic and pulmonary circulations

9. Systemic capillaries of
head and upper limbs

4, Pulmonary
capillaries
of left lung

9. Systemic capillaries of
trunk and lower limbs

(a) Path of blood flow through heart
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Internal Anatomy of the Heart

- There are four heart chambers:
1. right atrium

2. right ventricle
3. left atrium
4. left ventricle

-Each plays a role in the continuous process of blood
circulation.

ﬁfalves permit the passage of blood 1n one direction and
prevent 1t

17




ey

nght Atrlum 5 Akeall 53001 e s psll anll sy

geais LIl dlse
-Receives venous blood from the systemic circuit and the

heart muscle itself.

*Three major vessels empty into the right atrium.

__53&-‘-0,—9 INDE)
1. superior vena cava drains blood from the head\ upper)

limbs, and superior regions of the| trunkj

WS W
2. inferior vena cava drains blood from the\lower li and

jtrunkw SURONERY O\ M=o 2\ G50

3. coronary sinus drains blood from the heart wall

5ol Dylas i g alall U,

a5 dY
- The interatrial septuﬂforms a wall between the right and
left atria. N
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Ascending aorta

Superior vena cava

Right pulmonary artery

Right pulmonary veins

Right auricle

Interatrial septum

Right atrium

Opening for inferior
vena cava

Right atrioventricular valve

Chordae tendineae

Papillary muscle

Right ventricle

Inferior vena cava

Descending aorta

Aortic arch

Ligamentum arteriosum

Left pulmonary artery
Pulmonary trunk

Left pulmonary veins

Left atrium
Aortic semilunar valve

Left atrioventricular valve

Pulmonary semilunar
valve

Trabeculae carneae

Interventricular septum

Left ventricle




Aorta
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Left pulmonary artery

Left pulmonary veins

Left atrium
(forms base of heart)

Coronary sinus
(in coronary sulcus)

Left ventricle

Apex of heart

Superior vena cava

Right pulmonary artery

Right pulmonary veins

Right atrium

Inferior vena cava

Right coronary artery

Posterior interventricular artery
In posterior

Middle cardiac vein interventricular
sulcus

Right ventricle




(AV) crall | gabdl c33¥) alacall

Right Atrioventricular (AV) Valve

. gé%arates the right atrium from the right ventricle.
Also called the tricuspid valve.
SN

* Venous blood flows from the right atrium, through

the nto the right ventricle, o o¥ o o eusipil s
R>EF

ol oplall o alacall

 It’s forced closed when the right ventricle begins to

contract, preventing blood backflow into the right
atrium @ ol Gl Ty Losie @Y ole o,la) ot

Gl ] ol £ L3yl o < sial




Posterior
Tricuspid valve . Bicuspid (mitral)

side of \ (T \ , | side of
heart 57 heart

Aortic valve A = Pulmonary valve

Anterior




S cplad Right Ventricle

-Receives deoxygenated venous blood from the right **
atrium.

el o panesSY T E 5500 Sl pall (3L

O Dln Gl o Salall Uy

el ly Gl il
-Interventricular septum forms a wall between the
right and left ventricles. 230 sle crs JS) a1 landl s 6 ims

seala sran Lagyae JSi5 ol Liliae ollali)

-The internal wall surface of each ventricle has thre¢™™

cone-shaped, muscular projections called papillary
muscles, which:

<+ Anchor chordae tendineae TERIER
< Attach to the cusp of the ri ght AV valv éij AV aloaall 85,5 le 3lased

23
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Pulmonary Trunk

*The pulmonary semilunar valve marks the end
of the right ventricle and the entrance into the
pulmonary trunk.

o] 5l iy a1 sttt Sl pll (o] Uiy ey 55,1 ¢

-Pulmonary trunk divides shortly into right and
left pulmonary arteries.

-Pulmonary trunk carry deoxygenated blood to
the lungs ol S 550 ll G5l €3 g

|







[ ]
Left Atrium 5 5 e
Gl e gLl anll Jam,

eﬁ;w ¥ ol 5ays¥l

-Once gas exchange occurs 1n the lungs, th
oxygenated blood travels through the pulmonary
veins to the left atrium. sl ] 5230 1 il ol 6

sty Tl el o

-Smooth posterior wall of the left atrium contains™
openings for approximately four pulmonary
veins.

-Has pectinate muscles along its anterior wall as
well as an auricle. T el o g sl G5 e

R IL U K G 73
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Aorta

Superior vena cava

Left pulmonary artery - U T Right pulmonary artery

Left pulmonary veins Right pulmonary veins

Left atrium
(forms base of heart)

Coronary sinus e
(in coronary sulcus) v 4 Right atrium

Inferior vena cava
Right coronary artery
Posterior interventricular artery

In posterior

Middle cardiac vein interventricular
sulcus

Right ventricle




e el

Left Ventricle

@ oS Glials Glliac by
Sl ey b seled 1 LY LY

AV aloa

-Two large papillary muscles attach to the
chordae tendineae that help support the left
AV valve. el et e el il

(AV) ol il (oY) alocall ;
Lles e §5ail] Caai alasall Sy

391 Olll o] Jaally el cpba

-At the superior end of the ventricular cavity,
the aortic semilunar valve marks the end of

the left ventricle and the entrance into th @

o

28




el gple

Left Ventricle

-Largest of the four heart chambers.

-Wall 1s typically
ventricular wall.

el e e a3 Ko ST luall 06 L Bule

el Hlas

three times | kthicker than the right

S5 Lo lsi Ul e o i ol
Gl Usaall ole @aSll aull Slay il

LS Sleall A on g (oys¥1 5L sl

-Requires thick walls an-order to generate enough, ,
pressure to force the oxygenated blood into the
aorta and then through the entire systemic

circuit.
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Left ventricular

Right ventricular
wall




(AV) o il (33¥1 alocall

Left Atrioventricular (AV) Valve

J-z\ s ‘O2p
° Separates the left atrium from the left ventricle.

< Also called the bicuspid valve or the mitral valve.

il 4Lis 555 S5 ole uadl AV alaall g5iny

o Left AV \ﬁlve has chordﬁ tendlneato those

of the right AV valve.

«Oxygenated blood flows \from thddeft\atrium into the

eft)ventricle.

- Is forced closed when the left ventricle begins to
contract




2yl G &lalacall

Semilunar Valves

Okl SIS G pas Ja ks s

ol JLsil 5 8550

s olpally il g dall i
« Located within the walls of both ventricles

immediately|before)the connection of the ventricle
to the pulntonary trunk and adrta.

- Each 1s composed oﬂ\threeremilunar cusps.

Gl alyall & gda o] aall s o5 Losie

il gle ollocall yias Las candll i iy

» As blood 1s pumped into the arterial trunks, it
pushes against the(cusps) forcing the valves open.

« When ventricular contraction ceases, blood 1s
prevented from flowing:back into the ventricles:



Heart Valves
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Posterior

Left
atrioventricular
valve

Right
atrioventricular
valve

Aortic semilunar

valve
Fibrous

Openings to coronary Al \ skeleton
arteries \ .

Pulmonary semilunar valve

Anterior




I3l Jyngil] oL

SA) Lud¥! Luall §asall

Conduction System of the Heart
Sinoatrial (SA) Node

v'Heartbeat is initiated by the cardiac:muscle fibersof
the lsingatrial (SA) node.

v'located in th&posterioriwall of the{right atrium,)
adjacent to the @nfra f the supgriorivena cava)

P ] BTN, (L PN EN [ R REN PN -9

il Sy paZ 5LeaS ol

v’ Act as the pacemaker.

Sslall Cia¥ 1 wygll Jaal gl

LBl 8,5 samy 31 el SN

v'"Rhythmic center that establishes the pace for cardiac

adull 48 8,0 90-70 lawl) Tuy Ll

activity, initiates impulses70 =90 times per minute

34
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Atrioventricular (AV) Node

Sed¥ Saay Las conid¥ 1 S o) ailall Ja,
Impulse travels to both atria, stimulating atrial caw) sw
c e ool
systole (contraction)” ~

via an internodal conduction pathway through an
opening in the fibrous skeleton\to the *° =
atrioventricular (AV) node.

] gl gl Sl (o i

(AV) Tl T3 3udall

Cardiac impulse then travels from the AV node to the
atrioventricular (AV) bundle(bundle of His) which

. . . AV 535all o ol il Jai, o
extends into the interventricular septum and then
ol (4 Zo3a) (AV) Ll 40,391 Loja

divides into (one right/and two leﬂiaundle branches.

& il G Sl ] ey

35
Lol repdg aaly (e dada 8 (o] arudly



Atrioventricular (AV) Bundle

Blovall Jaagill LT () @dlall Jroagiy a3

- Conduct the impulse to conduction fibers called
Purkinje fibers in the h

(5

» Muscle impulse conduction along the Purkinje fibers 1s
g&t}f xtremely rapid, consistent with the large size of the
7 cells.

 The impulse spreads immediately throughout the
ventricular myocardium.




— Frontal plane

Right atrium

€) SINOATRIAL (SA) NODE

@) ATRIOVENTRICULAR
(AV) NODE

@ ATRIOVENTRICULAR (AV)
BUNDLE (BUNDLE OF HIS)

RIGHT AND LEFT
BUNDLE BRANCHES

Right ventricle

© PURKINJE FIBERS

(a) Anterior view of frontal section

Left atrium

Left ventricle
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Superior vena cava
Right atrium

Sinoatrial node (pacemaker) -2
Internodal pathway £\ T
Atrioventricular node 7 M | Atrioventricular

Atrioventricular bundle = - 5% —Interventricular "°d.° .
(bundle of His) ) : \  septum t)Atrx.:;lfentncular :
‘ & : undle ‘

Purkinje fibers = N ¥ Purkinie fibers
: ~ —— Left and right
bundle branches

@ Muscle impulse is generated at the sinoatrial node. It spreads throughout the atria and @ Atrioventricular node fibers delay the
to the atrioventricular node. muscle impulse as it passes to the
atrioventricular bundle.
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(3) The atrioventricular bundle (bunde (&) Within the interventricular septum, bundie () The muscle impulse is delivered to Purkinje
of His) conducts the muscle impulse branches split from the atrioventricular fibers in each ventricle and distributed
into the interventricular septum, bundle. throughout the ventricular myocardium,

SA Node — atrial systole & internodal conduction —
AV node — bundle of His — Purkinje fibers — 7
ventricular myocardium




BLOOD VESSELS

Hamza Abu Hilail
M.Sc. Physiology




Blood Vessels: The Vascular System

Taking blood to the tissues and back

1 Arteries
_1Arterioles
_ICapillaries
_IVenules
_1Veins




Blood Vessels

To the From the
heart heart

Outer Layer
Inner layer

Muscle

Arterioles

O

Capillaries

-Heart = Arteries = Arterioles = Capillaries =
venules = veins




wislly lsed o S lastay |

Differences Between Artery & Vein

. Wall thickness

. Cisaill s
. Lumen diameter

clsloall sag
. Presence of valves

. Type of blood carried by each vessel

. Location of arteries and veins within the body




Differences Between Blood Vessel
Types o

¢ Lss

«* Walls of arteries are the thickest

ST 80,9Y ) Cdiga Q)@Q M
<» Lumens of veins are larger =) \\}51

LA gt B, 5¥ 1 b ] " LUl cpLaall

+»» Skeletal muscle “milks” blood in veins toward the heart

] By Laid Sualy DA T 08 Lgasll oyl o

“» Walls of capillaries arc only one “cell layer thick to

dara¥ 1 adl g Juliills € Lol

allow for exchanges between blood and tissue




/BJ.O% vessels
» As the arteriéfes@ tisSue — the numerous tiny vessels
called@

» Thin walls of capillaries allow the exchange of substances

between the blood and body tissues. W
cp

» Groups of capillaries within a tissue reunite to form small veins
called venules

» Venule merge to form progressively larger blood vessels called
veins.

» Veins are the blood vessels that convey blood from the tissues

back to the heart Bl o pall i (301 Lugol] e 58 30,99
Al ] Sl




Basic structure of a blood vessel

oo ool clegll Hlaa o6,

BEAL 3l gf o link &3

3 The wall of a blood tesseteonsists of »=
three layers, or tunics of different

tissues:
1) Endothelial inner lining
2) Smooth muscle of the middle layer
3) Elastic connective tissue

4) connective tissue outer covering



Basic structure of a blood vessel

Losall &S Ll &l

oll Bac¥] (o Dyganll LuegY!

-The three structural layers of a generalized,

Glood vessel from innermost to

outermost;: o
o=\

1. Tunica interna (intima)

3y\
2. Tunica media

=g\
3. Tunica externa (adventia)




Three layers (tunics)

|\7

05

1. Tunic i}tima
The 4nnep lining of a blood vessel

2. Smooth muscle
Controlled by sympathetic nervous system

3. Tunic externa
Mostly fibrous connective tissue

= ¥




Structure of Blood Vessels — 3 Layers “Tunics”

!

I

Ik
il

e
El
||
([l

Tunica intima

; Endothelium
Subendothelial layer
i #tistic membrane

Tunica media

£

-
==

\

-
t‘; 4
o
/”;{;-; -
A c/ —r
N | ..
R :
o X

L]

. 11"

T (&
< Sl
> "

y e

- External membrane
Tunica externa

- 3/" QO“ ‘

? TN
: \\V«l

= o
s Lumen
Capillary Vein

network v) P

FSTMCMILA ASITUE R TR T S0V 1N TN A | TS TITYE R,

> - it =
B e

o -0t/
— e, o — e —— T A~ TP W S v
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5

Basement membrane
Endothelial cells
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Vasodilation/Vasoconstriction

sympathetic stimulation
decreases smooth muscle fibers

presence of certain chemicals | relax—> increase in
(such as nitric oxide, H, and lumen diameter >

lactic acid) ., vasodilation & e
) s
pe

response to blood pressure ___J¢»

o . COVALO_M—&ES& N’\'\t& . . . ale udll il o8 30l
An increase in sympathetic stimulation typicall

wle Lais alal o cLalll cylaadl yiay

stimulates the\smooth muscld to contract, squeezing the
vessel wall and narrowing the lumen—> o |

asoconstriction . -
\'Y, D &

Qe g¥ | Bauas




Endothelium

ARTERIOLE

Smooth muscle cells
(tunica media)

: Endothelium
T
Basal lamina
CONTINUQOUS CAPILLARY

Endothelial celis

Copynght © 2004 Paarson Education, Ing . publshing as Benjarmn Cummings




Anastomosis

¢ Most tissues of the body receive blood from
more than one artery.

£ 358 alasl goa 13,0l

poand| Gt (1930 SST 51 UL S

** Anastomosis: is the union of the branches of ..
two or more arteries supplying the same body
region

Ol s 852 e Lis3
31 e (o) Jgamsll aull oy 35k
¢ Anastomoses between arteries provide e

alternative routes for blood to reach a tissue or
organ.




Anastomosis

If blood flow stops for a short time when normal if a
vessel 1s blocked by disease, injury, or surgery, then
circulation to a part of the body (s not necessarily)

stoppe y
pesnll o era o1 pall Bail Jaadl 3l

Olasall aaly Ciyas 8, s JYA oye

The alternative route of blood flow to a body part
through an anastomosis 1s known as collateral
circulation.

Olysa

s
CSIER

Anastomoses may also occur between Ceinsand

between arterigles and venules.
N ) )\



”_Metarteriole

Thoroughfare
channel

Venous
capillaries




Arterioles

o éﬁ\ TR =
» Contraction oflsmooth musclelof an
arteriole = increase resistance >

increase blood pressure (BP)

AR NN

* Relaxation of smooth muscle =2
decrease resistance = decrease BP

PUNCWRNC




Capillaries

e\ "W Lo o |
¢ The smallest of blood vessels, called exchange
vessels

—

% have diameters of @m
Losa sl Sasally (o3l yall 381 Juumgis o3

s* Connect the arterial outflow to théwvenous return’

s . ® @)
¢ Capillaries form an extensive network, short,
3 s daaly ok Lgoall ol puaill J<as

@Dranched, interconnecting vessels that course amon

G et ) Akl e T il

the{individual cells)of the body

auall Lyl Loall




Capillary Structure

Pores through cells

Capillary cell

Slit between cells

Nucleus

RBC

Copyright ©® 2007 Pearson Education, Inc. publishing as Benjamin Cummings. Figure 8.4

cell

endothelium
(one cell thick)

N




Types of Capillaries

1. Continuous Capillaries

il Lgeall ol puaall

2. Fenestrated Capillaries

3. Sinusoid




Continuous

Basement
membrane

Fenestrated

Discontinuous

Organ Function

AP \st 55 N

elo Bro(r .
o
S35y =+ N7 ECNS .‘%’\35}3"’ Sl

3, sea Lymph node 1‘5\',,\.\1.\{’ Lymphocyte homing
S v Muscle - Metabolic exchange
G N INWREY

.o‘e . *

-

,\ £ 8= Endocrine glands > Secretion

&, P>\ Gastrointestinal tract Absorption®
A @ +Choroid plexus Secretion

Kidn lomeruli Filtration 4

ey g o By

Somilg O \op *

S\ Bpdt §a
... S Liver Particle exchange
Q‘n%\ $\% Bone marrow WS Haematopoiesis
Je Spleen (Nﬁ-’" Blood cell filtgr
DA\ B> opanpd
—_




e

Veins

@blood back to theHReart

vy
Wall is thinner than that of an arte);y
Wall contains less elastic tissue

Contains valves aiding in venous return by preventing
backflow of blood

Veins havel\lower pressurethan arteries, ., . v, i o, g 2l o

(La Bl LaN T Gganll Ji0) Layhd yuidl clealtl colaall
Venous sinus: a vein with a thin endothelial wall tfmat has no

smooth muscle to alter its diameter (e.g coronary sinus)




i |
Valve closes as Valves don't close

muscles squeeze vein,  muscles relax, blood properly, blood
blood moves upward  cannot leak downward leaks downward




THE BLOOD

Hamza Abu Hilail
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Functions of the blood

| @ @
1. Transport of substances: OXQCII, CO2, nutrients,
waste, hggt, and hO@‘lones

2. Maintenance of normalf__ll

3. Maintenance of normal body Eluid volume)

S3lsill e laall
4. Maintain homeostasis

ssaall sl

5. Fight infection




Blood

Blood constitutes about 8% of body weight.

Blood volume ranges from @Xo 6 liters (slightly over 1
gallon).

Th range of blood 1s 7.35-7.45.

clyanl aall SlS o8 sl sasgl] Aasals adll fuasi
Blood 1s pigmented by hemoglobin in erythrocytes
02 o paslegangdl by Loaie an¥l sl () anll Jsais

Blood turns red when hemoglobin binds with @

o craslpasedl b Losic 3,391 51 oSIall pan¥ 1 yslll (f asll Jsaly

Blood turns da\r@d or\b_lehen hemoglobin binds with




Chemical composition of blood

—Plasma
(55% of whole blood)

—Buffy coat:
leukocytes and platelets
(<1% of whole blood)

— Erythrocytes
(D) Withdraw blood (2 (45% of whole blood)
and place in tube

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.




Blood

Sy /5 \.M/"‘fr"bD?

0»‘5-‘» .\‘3’ D0 FONad —
* Blood consists of 55% p asma and 45% hematocrit
Coy /Oy I §an

* The plasma contains: H2O, proteins, electrolytes,
hormones, and nutrients

The Haematocrits consist of:
1. Red blood cells
2. White blood cells

3. platelets — 75N
AP




SOUrces

EUW3\ \R y Yuf W
* The source of pla§ma water is ingested H20.
LW TNy . oS
* The source of plasma protein is the liver.
B CRCPC N EQ3Y
* The source of blood cells 1s the bone marrow.
1. Primary: In adults, blood cells are formed by the red bone
\ \,é\x.) . . . VoS q¥—<
@3";%\ AITOW, the primary source 1§, El)l_e marrow 1n the sternum.,
7 ri%;s,‘ vertebrae, skull, and pelvis.
2. Sgcondary: Blgod cells can be formed by the marrow in the
> fémur & Tibia (if necessary)
3. Tertiary: In excessive blood loss, the blood cells can be
formed in the liver and spleen. In thg embryq, these organs
are the pripary source of blood cells.
N2 /Lﬁ
W

P




(cyandl anll Lo3) olyanll anll oL S

Erythrocytes (Red Blood Cells)

* Blood cells specialized 1in delivering oxygen to tissue
cells, using a protein called hemoglobin

p—d

L Dl 3 904
* Small (7.5 ym in diaﬁagter), round, biconcave shaped

(from the side view), and lacking a nucleus
. S FREEIW S
O3\ on 30 U 31 2,8t -
The biconcave shilg,e in RBC is thought to:

W

1. Allow RBC to slipthfrougmpillaries
2. More effectively provide a larger surface area for the

diffusion of gases Goou 1A ©L
3. AH%X hemoglobin to be closer to the cell membrane of

——
P

Oy



Erythrocytes (Red Blood Cells)

Side view

Top view

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.



Erythrocytes (Red Blood Cells) 4
RS
RBCs do not reproduce using mitosis during thei
life span of 120 days.

R C W W 58 T o0y (o lE
RBC increases after: exercising, after a large meal,
When a person 1s at high ; altltudes or when body

temperature rises SN BV
AN\ V‘J (B

A\ g Wl
Nutritional factors in the diet are critical in the

formation of RBC (vitamin B_12, fohc acid, and 1r0n)

Th@throp01etln from thé kidne

st1mulates RBC productmn from th b ne marrow




Red Blood Cells Cycle

S SN o Y O-P\r.:ﬂ (_nwpd! Copillarizyr RBC T Wus
. Squeezing through the capillaries of active tissues
damages red blood cells

amdl S N .
. Macrophages 1n the liver & spleen phagocytize

@mag@\@rd blood cells

. Hemoglobin from the red blood cells 1s decomposed
into heme and globin

4.omposedMFOn and biliverdin3

L\ Bl 3 NSV Bifubi LY Qo




Red Blood Cells Cycle

5. Iron 1s made available for reuse 1n the synthesis

of new hemoglobin or 1s stored 1n the liver as
LN 3 S e oY WJRS

ferritin

RO \
6. Some biliverdin 1s cor%ed into bilirubin
= -
7 1 W gt uy (o7,
7. (BiliverdinJand biltrabin are Sxtreted in bile as
bile pigments

+ High bilirubin may indicate liver or biliary
disease




‘ l!eukocytes

e (Constitute less than 0.1% of all blood cells in formed
elements

* Spherical, slightly larger than erythrocytes, generally
function 1n the lymphatic system for body defenses

* They were divided into 2 groups based on the presence

of granules 1n the cytoplasm: o stes o s ol i ) fsatt L
(bmsead (o] Lansio Lg3lsi o p33hasians

1. Granulocytes (WBCs that contain granules in their
cytoplasm with their nucle1 divided into lobes)




Leukocytes

2. Agranulocytes (WBCs that lack granules in their

cytoplasm).

The Granulocytes include:
hils (54- 62% of all WBC)—» St b o=

1. Neutrop
2. Eosinop
3. Basophi,

hils (1-3%)
s (0.4-1% J _%

The None Granulocytes include:
1. Lymphocytes (25-33%) LN

2. Monocytes (3-9%).

—
LS R

==,




sty 2 e blood cells
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o 422 yNeutrophiI Eosinophil Basophil

7

deo @

Monocyte Lymphocyte Macrophage
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* Phagocytes:are leukocytes that can engulf foreign
substances for body defense purposes

The main types of phagocytes are:
1. Monocytes
2. Macrophages

3. Neutrophils PV TNERTRRE
Lot alge ole ygiall Johl wliliad il

* The Monocytes develop into Macrophages and
travel longer distances to find foreign substances




Functions of WBCs

lshailly LSl s aid 5 5hi Cida ¢ s o8
1. Neutrophils ) Sl
v' are innate host defense against most bacterial and fungal
pathogens
Bl Sl o Laga 18 cals
2. Eosinophils TR
v' play a significant role in the inflammation related to

allergles 8,5l Tl AT Gany oty SLEST (08 selowy 5 oSy

LT Glaa (0d Oralicasgl] U] (Sas v/

3. Basophils el il 35 il il
v" Can help detect and destroy some early cancer cells

v" Can release the histamine in their granules during an
allergic reaction (Allergic reactions)




Functions of WBCs

3l adistg (dasall Tuall o LSS S5y bauss

de ikl 3yt il Lol @150 calsl]

3. Monocytes

v" surround and kill microorganisms, ingest foreign
material, remove dead cells, and boost immune

d9d)y

IreSponscs

5 il 5 (Kan 3l Sulall alua¥l olisia g L)

L3 LSl g1 gl pues

4. Lymphocytes
v" Produce antibody molecules that can latch on and
destroy invading viruses or bacteria




(gl gilicall) Ligadll giliall

Thrombocytes (platelets)

Platelets (thrombocytes) are colorless blood cells
that help blood clot.

Platelets stop bleeding by clumping and forming
plugs in blood vessel injuries

Averaged life span 1s 5-9 days

Normal range 1s 130,000-360,000 /mm3




Thrombocytes (platelets)

Stem cell Developmental pathway

Hemocytoblast Promegakaryocyte Megakaryocyte




— Platelets

Neutrophils

Erythrocytes

— Lymphocyte

Monocyte —

~C
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o
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LDL & HDL

Very low-density lipoproteins (VL.PDL)

v Have a high amount of triglyceride

v It transports triglycerides synthesized in the liver from
carbohydrates to adipose cells (bad cholesterol)

v' If the VLDL levels are low, it generally indicates a positive

health outcome (2 to 30 mg/dL)

Low-density lipoproteins (LDL)
v Have a high amount of cholesterol and makes up most of the
cholesterol in the body

v" Delivers cholesterol to various cells, including liver cells (bad
cholesterol)

v The optimal range of LDL is (less than 100 mg/dL)




HDL

 HDL (high-density lipoprotein), called “good”
cholesterol, absorbs cholesterol in the blood and
carries 1t back to the liver

* The liver then flushes it from the body by converting
the cholesterol to bile salts

* High levels of HDL cholesterol can lower the risk for
heart disease and stroke




HDL

Characteristics:
dRelatively high concentration of protein and low
concentration of lipids ST st 1] sl eI o ol B s
S Ll Sl e SISy LI 65 i
* A higher ratio of HDL to LDL cholesterol appears to -+~
inhibit plaque formation and lower the risk of heart
disease

* Normal range of HDL: 35 to 65 mg/dL for men, 35
to 80 mg/dL for women




Hamza Abu Hilail
M.Sc. Physiolo



Function of the digestive system

Ingestion: taking food and liquid
into the mouth

Secretion: a total of about 7 liters
into the lumen

Mixing and propulsion: through
GI muscle and peristalsis and
motility

Digestion: Breakdown of ingested
food (mechanical and chemical)

Absorption: Passage of nutrients
into the blood

Defecation: waste substances leave
the GI tract through the anus

erstitial

‘<— Lumen of digestive tract —”' Wall*( It fuid  Blood
< SECRETION
-k
< DIGESTION
=
ABSORPTION
< 3 % O
< MOTILITY

Silgaally alaall J5lS Y

il s

S 7 (oo degane Lo 23),8Y0 -
Ciygaill o

Dl oy il Ll -

5 aailly gaagll Sleadl dhae
S

Al Ll aagll

(b Sl50) alaks

815 yealiall gpe tpmlinted] -
pall d

Ll s gl -
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Organs of the Digestive System

Two main groups il gl 5] oyl s
Alimentary canal or gastrointestinal tract
continuous coiled hollow tube from mouth

to anus(S 7 meter) <
63)
ey ~ L
Accessory digestive organs: teeth ,tongue
,salivary gland ,liver ,gallbladder ,and
0)5?:/ pancreas —”‘é o) Lh 3 5,18 sty dulalll 3aal

oubS

adll o yaliiue d9dle Cdgas g

LLial 7-5) 7 aall daid ]

Sleallly Gl Baalll Laagll cLaeyl



Organs of the Digestive System

Sublingual gland __ galivary

Submandibular = 9lands
gland

Pharynx

Esophagus Stomach

Pancreas

(Spleen)

Liver
Large

Gallbladder Lage_
IsnT:sl:ineg °Tcr:l|;:verse
* Duodenum + Descending
* Jejunum colon
*lleum . ﬁ:f::ding
*Cecum
* Sigmoid colon
* Rectum
Appendix
Anal

canal



I T .

4v Organs of the Alimentary Canal

Mouth

Pharynx — '
Esophagus - =
Stomach — =
Small intestine ="
Large intestine = =b 7~

Anus —» a5
s



Mouth (Oral Cavity) Anatomy

Llps (labia) — protect
Manterior opening

- A heeks — form the
lateral walls

A-;’Kﬂ Hard palate — forms
thelanterigEroof

Soft palate — forms
the posterior roof

Uvula - fleshy

on of the
g

?gp) P'W o
\L\ 0’9
wub




Anatomy of the Oral Cavity

Gingiva (gum)

Teeth

Hard palate

Soft palate

i
Retromolar- -
trigone Buccal mucosa
(lip and cheek
Tongue lining)
(front two-thirds)—
Floor of mouth

2012 Torasa Winsiow LLC
S Govt has certain rights
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Mouth (Oral Cavity) Anatomy

Vestibule

between lips externally
and teeth and gums
internally “oN

Oral cavity
B
Tongue

P 4 ® (1/(0&@
) e — § O ﬁ %/
Sarellty\ <7
i LN 08

Tongue

Hyoid bone

(a)



4

Salivary glands

gland

1. Parotid gland:

'O =3 DS
P

gland
gland Parotid duct

3 - Frenulum —~ . (Masseter muscle)
N\ - oftongue Body of mandible
3. Sublipgual gland P (out
e L ] L ghmmua Submandibular

aj’> /\ Mylohyoid —~*
\) muscle (cut) (@)
~

Copyright ® 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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Saliva Function

lé_gixture of mlg\gus and

serous fluids

Helps to form a food
bolus /E{’fﬁ“‘

Contains salivary
@to begin starch

digestion

Dissolves chemicals so
they can be tasted

Sl le giny >

Ll el 5uliey |

i Parotid gland
Tongue
Toah ([' .
Dums;\i
sublingual
gland

Parotid duct
Frenulum (Masseter muscle)
of tongue Body of mandible
Sublingual e
uingua Submandibular

gland duct

Submandibular gland %OJX}/

Mylohyoid
muscle (cut)
Copyright ® 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.

fué.&
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Processes of the Mouth

ababll (fss) fdo -

Jal oo olalll gs fsall alakill Ll -

Mastication (chewing) of food s el e e

'WMlxmg masticated food with saliva tg el i
produce easily digested food called @ SRS
Saliva contains 2 enzyme selall el 1

I salivary amylase gsalll 5Ll 2

2. lingual lipase pase 82/, < .

Initiation of swallowmg

7~
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Layers of Alimentary Canal Organs

WOl s |
1. Mucosa: bl e |
>A. Surface epithelium:
>B. A small amount of connective tissue (lamina propria) il oLoall] cpliall G

>C. The small smooth muscle layer

(a il dasieall) aLall gl (o 8 i 1aS o>

- G
2. Submucosa —> b &=
3. Muscularis externa —> _© %
- -\)
4. Serosa

S

e



Layers of Alimentary Canal Organs

Visceral peritoneum

Intrinsic nerve plexuses:
Myenteric nerve plexus
Submucosal nerve plexus

Submucosal glands

o, Mucosa: !
\ ,9 Surface epithelium

%%/ @)Lamina propria
{?) uscle layer

' ~Submucosa 2

) Longitudinal muscle layer
7 Circular muscle layer

/’/ §{ . ., b Y gMuscularls externa:

4 \ Serosa: 3
o - (visceral peritoneum)

= e —

\-‘{?‘j‘ —
Nerve =" Gland in
Artery mucosa
Vein Duct of gland
outside alimentary
canal

Lumen

Lymph nodule



Pharynx Anatomy

JEYSTRRANY
Nasopharynx —

not part of the digestive &y I”
system SR ¥

Nasopharynx U\%? d_-b'@e/
9 ()RS%

\S,.c’

Oropharynx — posterior }(’

to the oral cavity
Sood
U g

Laryngopharynx —
below the oropharynx and
connected to
the esophagus il

)3‘

, —/— Oropharynx

\ Laryngopharynx



gwwﬂ Esophagus ity il i 5

40> Sslall jueally dakl
The esophagus is posterior to the larynx and trachea in the neck

region and upper thorax.

Sanlly Jasiog Saladl Claall e e

It passes through the diaphragm and connects with the stomach 25)
(25 cm) =

gaaill Bayl e alabll Jriagiy asis sl g Byl Laaall

Conducts food by peristalsis (slow rhythmic squeezing)
Peristalsis: contraction of the layer above the food and
contraction of longitudinakbelow; the food —

4»\ !

The upper thilq—is\ske ctal muscle (Voluntary) the middle third
1s mixed, and the lower third is smqoth muscle (involuntary)
N2

W 2\ ¥
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Peristalsis in Esophagus

Muscles
contract,

Bolus of e

food constricting
passageway
and pushing

Muscles relax, bolus down

allowing
passageway
to open

Stomach

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

Muscles —
relax

Muscles contract

Muscles relax

Muscles contract
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Stomach Anatomy  >%°

ws\}f(,)ﬂ.’d‘

‘Located on the left side of the abdominal cavity

‘The stomach 1s a@nlargement of the
GI tract directly inferior to the diaphragm 1n the

abdomen.

‘The stomach connects the esogagus to the

duodenum

7



Stomach Anatomy

Regions of the stomach:
I.Cardiac region

2.Fundus

3.Body

4.Pylorus

5.Food el‘rﬁties into the small intestine at the
yloric sphincter




Stomach

Esophagus

Cardiac orifice
in cardiac region

Lesser
curvature
Pylorus
ylonc
Pyloric regl yn{ canal
Pyloric antrum

Body

Greater
curvature



Stomach Anatomy

Muscularis
externa:

5\ folds of the

0?9 "\9\) mucoSsa
@\/

92

External regions N~

~ 4

Lesser curvature

Greater curvature



II.

Stomach Functions

Acts as a storage tank for
food

Site of food breakdown and
mixing

Chemical breakdown of
protein begins

Delivers chyme (processed
food) to the small intestine

Cardia

Duodenum

sphincter canal  antrum



Specialized Mucosa of the Stomach s e e o

oyl Lol Lalas it bl 2301 Lola @
Simple columnar epithelium Suadl e i Susdl st @

(o bamsiscunnd) poiell oloy! @35 i fl LA @
Mucous @eckeells: produce afsticky alkaline|mi | | |
ucousecg/ceus: produce a\StcKy alkalinc\mucus el ] Cpginad | i 3l 3 el

. ¥
Gastric glands: secrete gastric juice

Chief cells: produc@%ymes (pepsinogens)

The Acid 1n the stomach changes pepsinogen to pepsin,
which breaks down proteins in food during digestion



Specialized Mucosa of the Stomach

Parietal cells: proggflgsdrochloric acl ) and

Intrinsic factor for B12JaBborption

The hydrochloric acid in the(gastric juicy breaks
down the food and the digestive enzymes split up

the proteins. The acidic gastric juice also Kkills
bacteria

Endocrine cells (G cell): produce@which
stimulates both piw_getjal and chief cells

e >



Structure of the Stomach Mucosa

GASTRIC PIT

(secretes mucus)

- MUCOUS NECK CELL
Lamina (secretes mucus)
propria
=0 (secretes hydrochloric
= ; acid and intrinsic factor)
SHe= =
GASTRIC -] - € 1
GLANDS == ) B0
=SS
o= = (CHIEF CELL (secretes
S =M pepsinogen and
s E210 gastric lipase)
R~
AN
X (G CELL (secretes
. the hormone
Muscularis
mucosae

Submiicosa




Gastric pits

Surface mucous
cell
Lamina
propria
Mucous neck cell
Parietal cell
Chief cell
Gastric glands
G cell
Lymphatic nodule
Muscularis mucosae
Lymphatic vessel
Venule
Arteriole

Oblique layer of muscle
Circular layer of muscle

Enteric neurons
in muscularis

Longitudinal

Lumen of stomach

— MUCOSA

— SUBMUCOSA

~ MUSCULARIS

SEROSA



Structure of the Stomach Mucosa

Gastric
pit

Mucous
epithelium
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Mucous
epithelium

Gastric pit
(opening to
gastric gland)
Lamina
propria

Lymphatic
vessel

ic pits
formed by
folded mucosa
Glands and

Gastr

..... 53 A ALt
- >

-\

Muscularis

mucosae

specialized cells

Submucosa

are in the gastric

gland region

(c)



Small Intestine

The body’s major digestive
organ

Site of rption into

the blood &/

Muscular tube extending from
the pyloric sphincter to the
ileocecal valve

Suspended from the posterio
abdominal wall by th

QUAT e 3las

od] Luslgall 5 enlall dlsall

eroldl] (L aLarall

ool Aalsy dl Slan
—_—



Functions Of The Small Intestine s fpmnell il e oSl sl

o liaiod ohlall sLaally JLail ole alabll Jaa

. . . . . . . AaBall elasd¥] e 4l el gday
Segmentations mix chyme with digestive juices and el

bring food into contact with mucosa for absorption;

peristalsis propels chyme through the testine.

Completes digestion of carbohydrates, proteins, and

lipids; begins andgestion of nucleic acids.

Absorbs aboutrients and water that pass
through the digestive system.



Tassal) elasdU Luedl o Loneul

Subdivisions of the Small Intestinw

1. Duodenum@

> Attached to th mach

>Curves around the fhieag
>Fixed retroperitoneal structure

2. Jejunum (2.5m)
>Attacheodenum

3. lleum (3.5m)
>Extends from jejunum t@ge intestine



Small Intestine

SMALL INTENSTINE:

—

Stomach

Large
intestine



Small Intestine

Duodenum

A 7 Jejunum
<l '

IIIII




Duodenum and Related Organs

Falciform ligament
Diaphragm

Coronary ligament

Left hepatic duct

Gallbladder

Common hepatic duct

Neck Round ligament
Body Common bile duct
Fundus
Tail
Body
Pancreatic duct
Duodenum — (duct of Wirsung)
Accessory duct -

(duct of Santorini) Jejunum

Hepatopancreatic
ampulla (ampulla
of Vater)

Uncinate process

(a) Anterior view



Chemical Digestion in the Small
Intestine

& Lehala Aty (Gl ela Y] jams

Source of enzymes that are mixed with

2 .Pancreas
-rancreas

3. Blle enters from the gallbladder
\\jo \/‘j 0)\/>



Intestinal cells

MICROVILLI
o
&, £y
— 5 51y ABSORPTIVE CELL
(absorbs nutrients)
Blood
capillary
Lacteal GOBLET CELL
(secretes mucus)
Lamina

MUCOSA -| Propria

% o
Intestinal .

ENTEROENDOCRINE CELL
(secretes the
gland hormones secretin,
cholecystokinin, or
Muscularis GIP)
|_mucosae
Arteriole
- Venule
SUBMHEOSA Lymphatic PANETH CELL
vessel (secretes lysozyme
— and is capable

MUSCULARIS

) 4@ of phagocytosis)



Cro Al claodl galad ) cliall 4, Lelall daulall o) o<

Intestinal cells S e 65 T Lo 5l

*  The epithelial layer of the small intestina@consists of
simple columnar epithelium that contains many
s ababll aags (3 sle3¥ ! Bl alaia¥ | Ll
Types of Cells Tiull ¥ | (8 LIial) e liall el (31 Bl SLleyl] ple 55ins
1.  Absorptive cells: release enzymes that digest food and

. . . . Chyme.
contalnhat absorb nutrients in)small intestinal

@‘ i

2. goblet cells, which secrete mucus \
3.  intestinal glaéjis also contain pancth cells and
enteroendocrinecells. asilall e a3l

4. Paneth cells s_g%rﬁteﬁ!ysozyme,)a bactericidal enzyme, are
capable of phagocytosis, and have a role in regulating the
microbial and population in the small intestine. 52 iball sue w3l sas sl 514

y's:\-'&:\:\@é‘)jd d—b ;lﬂ.l.}]l‘.sslc‘)dlj

G LY g Sy g Sl



Intestinal cells
? glond-
Hormones of\Enteroendocrin Cells .
l.cholecystokinin (CCK): hormones thatstimulate the
contraction of the gallbladder and p@creatic juices

Sy e liga Sl 58] Haan

. _ Slisa Sl 514 . . Jsaall sie Buall oI ing gl 31l wa
2.secretin: stimulates bicarbonate secretion, which

neutralizes the@of the gastric chyme upon entering
the small intestine

sl cLaoy |

3®luc0se-dependent@nsulinotropi(@eptide (GIP):
encourage the release of insulin into the bloodstream to
control blood sugar levels ¥




Blood vessels serving
small intestine

Villi of the Small
Intestine s
Villi circutar folds
‘Fingerlike structures
formed by the mucosa

Givé the Sthall intestine #*!* o5 isman mtssine

LY

more surface area all clas¥l e - - Microvill
ST gl dalias

Microvilli

*Small projections of the plasma

membrane

*Found on(absorptive cells
\_j (c) Absorptive cells




paliaial o 3;Lall Syl

Structures Involved in the Absorption of

La13a0) yeabiall
Nutrients
Absorptive cells , one
Absorptive <3/ 2 villus
cells |
Lacteal

Blood capillaries

DTS

. i) Cpl*
Lacteals (specialized : ‘,','
lymphatic -
Caplllal‘le S) Submucosa —

(b) Villi



a8l clas¥l od aungll
Digestion in the Small Intestine

1. Enzymes from the brush border
*Break double sugars into simple sugars
*Complete some protein digestion

2. Pancreatic enzymes

play the major digestive function
-Hel@dlgestlon of‘ﬁa}ﬁ’eatl

«Carry out aboyt.half of all prot&in igestion (ng@
°Resp0n31ble’for@me) S

*Digest nucleic acids (Nucleases)
Alkaline content neutralizes acidic chyme

oyl gaiagll Sleall dislag als ©

(el oSl 5ubia¥ 1) Lill ol ausgll (ole selowy ©
(e ) gl pdd Slilee gaan Beas @llsa clials a3
Olalll) Hsaall ada e Jgiune ©

(Nucleases) @ggill yaloa¥l aisa

etandl oI a5l ggiall ¢



Chemical Digestion in the Small Intestine

Falciform ligament
Diaphragm

— Coronary ligament

Left hepatic duct

Gallbladder
Neck

Common hepatic duct
Round ligament
Common bile duct

Body
Fundus
Tail
Body
Pancreatic duct
Duodenum (duct of Wirsung)
Accessory duct oG

(duct of Santorini) Jejunum

Hepatopancreatic
ampulla (ampulla
of Vater)

Uncinate process

(a) Anterior view



Absorption in the Small Intestine

Water is absorbedth of the small
intestinej

End products of digestion
Most substances are absorbed by@@?sport
through cell membranes

Lipids are absorbed by @)

Substances are transported to th by the hepatic
portal vein or lymph



Large Intestine

Larger in diameter.

but shorter than
the small intestine

Frames the

TRANSVERSE COLON
Right colic — Left colic
(hepatic) ‘ 1 2 I (splenic)
flexure ~ \ A flexure
. , _ ) S
b ) ‘ } &
h’ \ ¥
ja— T { x \ i S
ASCENDING ——— i 2 e
COLON 3 —_ DESCENDING
Teniae ——————=& JUBy COLON
coli , Omental
| X appendices
- IIeum\ Mesoappendix
“V —— o ‘ Haustra
lleocecal T *
sphincter '
(valve) :
/
CECUM SIGMOID
COLON
VERMIFORM APPENDIX RECTUM

ANAL CANAL
ANUS



Regions of Large Intestine
Q&(Mﬁw

Cecum: a pocket at the proximal @nd)with an
appendix

Ascending colon: on righy, between the cecum and
right colic flexure

Transverse colon: horizontal portion

Descending colon -eft side, between left colic
flexure and Sigmoid colon

Rectum: the terminal end 1s the anal canal

Anus: which has o )

la1all Lol U 3y enlall dlsall

internal involuntary s incter
da,ladl 4 |3 yanlad] dliall o
external volunta w Loy al) Laeshall §ym
&:—/




Large Intestine

Right colic Left colic
(hepatic) (splenic)
flexure flexure

Ter_riae - A Omental

coli —. 7 appendices
W'

lleocecal

sphincter

(valve)

VERMIFORM APPENDIX
ANAL CANAL



Histology of Large Intestine

1. Mucosa - abundanth\leet cells, stratified squamous

epithelium near anal cana]@

=2
/
2" No villi

\
3. Longitudinal muscle layer Elco%plete, forms @

or-taenia coli
)

4. Circular muscle - forms pockets or haustra between
bands




Functions of the Large Intestine

1. Haustral churning, peristalsis, and mass peristalsis drive the
contents of the colon into th
PRENTIT -

2. Bacteria 1n the large intestine convert proteins to amino acids,
produce somltamlns and Vltamn@

3. Absorption of some water, 1ons, and vitamins.
— —_— —_——

Oyl

4. Formation of feces.

5. Defecation (emptying the rectum).

w&nal sphincter is relaxed
*Defecation occurs with relaxation of the voluntary (external) anal
\ Bt

sphincter <> b ’\4




Pancreas

Produces a wide spectrum of digestive enzymes that
break down all categories of food

E\I}g\y/@ar@mto the dudenum

Alkaline fluid introduced with enzymes neutralizes

acidic chyme

Endocrine products of pancreas (Langerhans island)
Insulin —> ™' G207
Glucagon —> "3 &~

Somatostatin >

90 )y



Exocrine Pancreas: Histology

Small
duct

Acinar cells

 —— Basement
. membrane

Rough
endoplasmic
reticulum

(a)



Pancreas

Falciform ligament
Diaphragm

> - E‘.\
’/,,‘/ x >

T pl S
. . . _———— Coronary ligament
\ atic duct
Gallbladder 71 Common hepatic duct
Neck = : L —

Round ligament

Body Common bile duct
7
Fundus
Tail
Body
Pancreatic duct
Duodenum (duct of Wirsung)
Accessory duct H“'tad
(duct of Santorini) Jejunum
Hepatopancreatic g
ampulla (ampulla Uncinate process
of Vater)

(a) Anterior view



Liver
o Largestn the body

e  Located on the right side of the body under the
diaphragm

e  The liver 1s almost completely covered by the
visceral peritoneum

The liver is divided into:

Large Right lobe
Small Left lobe

1.
2.
3. q7Inferior Quadrate lobe
(’ﬁv Posterior Caudate lobe



Falciform Iigamer;pl
Diaphragm

[Coronary ligament ]

Left hepatic duct

Gallbladder Common hepatic duct

Neck > ‘ Round ligament
Body 3 = Common bile duct
| pe

Fundus '{,

Tail

Body

P ti

Duodenum ancreatic duct

(duct of Wirsung)

Accessory duct He.ad

(duct of Santorini) Jejunum
Hepatopancreatic :

ampulla (ampulla Uncinate process
of Vater)

(a) Anterior view



Hepatic portal vein Hepatic veins

Inferior vena
cava

Bare area

Ligamentum

venosum in

fissure

borRepete Right hepatic
artery

Left hepatic artery Right hapatlc
duct

Left hepatic duct

Common hepatic Cystic duct
duct Gallbladder

Fissure

Falclform—/'

ligament
Ligamentum teres



.
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Histology of the Liver

20; A\ =
Hepatocytes are the®maj or functimgl cells of the

liver and perform detoxification, carbohydrate

metabolism, | metabolism, secret@

and clotting factors QEUEY
P AU -

Hepatocytes are specialized epithelial cells that
make up abouf the volume of tk
2. Bile canaliculi are small ducts between hepatocytes

that collect bile produced by th



Histology of the Liver

3. Hepatic sinusoids are highly permeable blood capillaries
between fows of hepatocytes khat receive oxygenated blood

from the/hepatic artérysand nutrient-rich deoxygenated
blood from the

j&/) \5))5»\ Q'\’?\Jf’sﬂ — s

Present in the hepatic s1nt§>01ds are phagocytes called

stellate lretlculgbndothehals ¢lls or hepatrcmacrophages

sReticuloendothelial cells: destroy worn-out Wwhitg and{red
blood cellg bactel?_%l and othef foreign mattenyin the venous
blood draining from the astromtestlnal tract
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Role of the Liver in Metabolism

Carbohydrate metabolism.
Lipid metabolism.
Protein metabolism.

Processing of drugs and hormones. The liver can detoxify
substances such as alcohol and excrete drugs

Excretion of bilirubin. As previously noted, bilirubin, derived
¢ of aged ed blood cells

Synthes1s of bile salts

Stdi?{ée glycogen, certain vitamins (A, B12, D, E, and K) and
minerals (iron and copper)

Phagocytosis
Activation of Vitamiy.

o




Bile

e Produced byver

Composition:
e Bile salts

e Bile pigmrom the breakdown

of hemoglobin)

Cholesterol
e  Phospholipids
e Electrolytes
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Gall Bladder

Sac found 1n hollow iver

Stores bile from the liver by way of the
cystic duct

(Gallstones can cause blockages
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Chemical Digestion in the Small
Intestine

Gallbladder

Right and left hepatic ducts from liver

Common hepatic duct
Bile duct and sphincter

Cystic duct

Duodenum

Hepatopancreatic
ampulla and Pancreas
sphincter .

Jejunum
Major duodenal Main pancreatic
papilla duct and sphc ¢
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