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BLOOD



Plasma (55% of whole blood)

Water
92% by weight

Proteins
7% by weight

Albumins 58%
Globulins 37%
Fibrinogen 4%
Regulatory proteins
<1%

Other solutes
1% by weight

Electrolytes
Nutrients
Respiratory gases
Waste products

Erythrocytes (4% of whole blood)

Erythrocytes

4.2-6.2 million per cubic mm

Platelets
150-400 thousand
per cubic mm
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Leukocytes
4.5-11 thousand
per cubic mm

Neutrophils
50-70%

Monocytes
2-8%

Eosinophils
1-4%

Lymphocytes
20-40%

Basophils
0.5-1%




Lymphocyte Erythrocytes Neutrophil

Withdraw blood f

LM 640x

Monocytes Platelets

@ Prick finger and collect @ Place a drop of blood Using a second slide, pull the @ When viewed under the microscope,
on a slide. drop of blood across the first blood smear reveals the components
slide’s surface, leaving a thin of the formed elements.

a small amount of blood
using a micropipette.
layer of blood on the slide.
After the blood dries, apply a
stain briefly and rinse.
Place a coverslip on top.
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Type
Granulocytes

Neutrophils

Eosinophils

Basophils

Agranulocytes

Lymphocytes

Monocytes

Nucleus

3-5 lobes
Bilobed

Bilobed or S-shaped

Rather spherical

Indented or C-shaped

Specific Granules®

Faint/light pink
Red/dark pink

Dark blue/purple

(none)

(none)

Differential
Count® (%)

50-70
1-4

0.5-1

20-40

Life Span

1-4d
1-2 wk

Several months

Hours to many
years

Hours to years

Major Functions

Kill and phagocytose bacteria

Kill helminthic and other
parasites; modulate local
inflammation

Modulate inflammation, release
histamine during allergy

Effector and regulatory cells for
adaptive immunity

Precursors of macrophages and
other mononuclear phagocytic
cells

*Color with routine blood smear stains. There are typically 4500-11,000 total leukocytes/uL of blood in adults, higher in infants and young

children.

®The percentage ranges given for each type of leukocyte are those used by the US National Board of Medical Examiners. The value for
neutrophils includes 3%-5% circulating, immature band forms.

All micrographs X1600.



Structure and function of blood vessels

* 5 main types
— Arteries — carry blood AWAY from the heart
— Arterioles
— Capillaries — site of exchange
— Venules
— Veins — carry blood TO the heart



Basic structure

— 3 layers or tunics
1. Tunica interna (intima)
2. Tunica media
3. Tunica externa

— Modifications account for 5 types of blood vessels
and their structural/ functional differences



Structure

* Tunica interna (intima)
— Inner lining in direct contact with blood
— Endothelium continuous with endocardial lining of heart
— Active role in vessel-related activities

* Tunica media
— Muscular and connective tissue layer
— Greatest variation among vessel types
— Smooth muscle regulates diameter of lumen

* Tunica externa
— Elastic and collagen fibers
— Vasa vasorum
— Helps anchor vessel to surrounding tissue



TUNICA INTERNA:
Endothelium

Basement membrane

Internal elastic lamina

Valve
TUNICA MEDIA:

Smooth muscle

External elastic lamina

TUNICA EXTERNA

Lumen

Endothelium Basement membrane

(c) Capillary

Figure 21.01abc Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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Arteries

— 3 layers of typical blood vessel
— Thick muscular-to-elastic tunica media

— High compliance — walls stretch and expand in
response to pressure without tearing

— Vasoconstriction — decrease in lumen diameter

* Vasodilation — increase in lumen diameter

Anastomoses

Union of the branches of 2 or more arteries supplying the
same body region

Provide alternate routes — collateral circulation



Elastic Arteries

Aorta and elastic arteries

Blood flows
toward capillaries

Largest arteries

Largest diameter but walls
relatively thin

Function as pressure
reservo I r (a) Elastic aorta and arteries stretch during

ventricular contraction
Help propel blood forward

while ventricles relaxing ~ S
toward capillaries
( Left ventricle relaxes

Also known as conducting
' (diastole) and fills with blood

Left atrium

Left ventricle contracts
(systole) and ejects blood

arteries — conduct blood to
medium-sized arteries

(b) Elastic aorta and arteries recoil during
ventricular relaxation

Figure 21.02 Tortora - PAP 12/e
Copyright 2009’ John Wiley & SCC(_)ByngT© John Wiley and Sons, Inc. All rights reserved.



Arteries

e Muscular arteries

— Tunica media contains more smooth muscle and fewer elastic
fibers than elastic arteries

— Walls relatively thick

— Capable of great vasoconstriction/ vasodilatation to adjust rate
of blood flow

— Also called distributing arteries

* Anastomoses

— Union of the branches of 2 or more arteries supplying the same
body region

— Provide alternate routes — collateral circulation



Arterioles

— Abundant microscopic vessels

— Metarteriole has precapillary sphincter which
monitors blood flow into capillary

— Sympathetic innervation and local chemical
mediators can alter diameter and thus blood flow
and resistance

— Resistance vessels — resistance is opposition to
blood flow

— Vasoconstriction can raise blood pressure



Capillaries

e Capillaries

— Smallest blood vessels connect arterial outflow and venous
return

— Microcirculation — flow from metarteriole through
capillaries and into postcapillary venule

— Exchange vessels — primary function is exchange between
blood and interstitial fluid
— Lack tunica media and tunica externa

e Substances pass through just one layer of endothelial cells and
basement membrane

— Capillary beds — arise from single metarteriole
* Vasomotion — intermittent contraction and relaxation
* Throughfare channel — bypasses capillary bed



Smooth muscle fiber

Endothelium
ARTERIOLE

METARTERIOLE

Precapillary
sphincters
(relaxed)

CAPILLARY

— CAPILLARY
BED

Thoroughfare
channel

POSTCAPILLARY
VENULE

Smooth
muscle
fiber

(@ MUSCULAR VENULE

Endothelium

<«———— To heart

(a) Sphincters relaxed: blood flowing
through capillaries

Figure 21.03 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

ARTERIOLE

METARTERIOLE

Precapillary
sphincters
(contracted)

MUSCULAR
VENULE

Thoroughfare
channel

<«€———— To heart

(b) Sphincters contracted: blood flowing
through thoroughfare channel

Copyright 2009, John Wiley & Sons, Inc.



Types of Ca pillaries/

3 types
Continuous

— Endothelial cell
membranes from
continuous tube

Fenestrated

Have fenestrations or
pores

Sinusoids

— Wider and more
winding
Unusually large
fenestrations

Pinocytic vesicle

S35
Basement membrane ~_ ,? N
1/ e ‘
Nucleus of endothelial 3 4,
» f b

Lume

Jlar cleft

Fenestration (pore)

Intercellular cleft

Basement
membrane

Lumen
Nucleus of

endothelial cell

Pinocytic
vesicle

Incomplete
basement
membrane

Lumen

g 2!
F \
Nucleus of P . \
endothelial cell T R Intercellular
S cleft

(c) Sinusoid

Figure 21.04 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

Copyright 2009, John Wiley & Sons, Inc.



* Portal vein — blood passes through second
capillary bed

— Hepatic or hypophyseal
* Venules
— Thinner walls than arterial counterparts

— Postcapillary venule — smallest venule

— Form part of microcirculatory exchange unit with
capillaries

— Muscular venules have thicker walls with 1 or 2
layers of smooth muscle



Veins

— Structural changes not as distinct as in arteries

— In general, very thin walls in relation to total
diameter

— Same 3 layers
* Tunica interna thinner than arteries
* Tunica interna thinner with little smooth muscle
* Tunica externa thickest layer

— Not desighed to withstand high pressure

— Valves — folds on tunica interna forming cusps
* Aid in venous return by preventing backflow



Venous Valves

Transverse
plane
Cusps
of valve
Vein
Frontal
plane

S

B
< § .‘y?%xt o

Longitudinally cut

Cusps
of valve

Photographs of a valve in a vein

Figure 21.05 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.



Main arteries of the body



Aorta

The aorta is the largest artery of the body

Anatomy of the Aorta

Right Common
Carotid Artery

Left Common
Carotid Artery

Subclavian Artery Aortic Arch

Brachiocephalic

Artery Ascending Aorta

Descending

Thoracic Aorta Abdominal Aorta

Right Common
lliac Artery

Left Common
lliac Artery

Different parts of aorta are named for their location or shape.
The aorta arise from left ventricle of the heart as ascending aorta.

It arches to the left as arch of aorta.

Then descends in the thorax as descending or thoracic aorta.
It passes through diaphragm to enters the abdominopelvic cavity and

becomes abdominal aorta.



Branches of ascending aorta

The only branches of descending aorta are:

1. Right coronary artery.
2. Left coronary artery.

SCHEME OF DISTRIBUTION

Ascending aorta

Right coronary artery Left coronary artery

Posterior Marginal Anterior Circumflex
interventricular branch interventricular branch
branch branch

|

LEFT CORONARY ey
Arch of
aorta
ASCENDING RIGHT CORONARY
AORTA
Left auricle
Pulmonary = ‘ —
frunk A < Right auricle —___
Right OA M CIRCUMFLEX BRANCH
atrium 4" ANTERIOR ———
g~ = INTERVENTRICULAR
4 !{g‘ Z 3 BRANCH
“ A = \.' e Vi~
::%?ELE.RIOR NS \ 3 A ) ANTERIOR —
VENTRICULAR % ‘ FRREREEN
BRANCH MARGINAL BRANCH —
Right Left ventricle
ventricle



Branches of the arch of Aorta

The Aorta and its Thoracic Branches

Right common carotid

artery ; —
Right subclavian artery et
N y/

Left subclavian
Artery

Left common carotid
artery

Brachiocephalic trunk Aortic arch

1. Brachiocephalictrunk
divides into: Ascending aorta
Right common carotid a. rgtin
Right subclavian a Rt venticl
2. Left common carotid artery
3. Left subclavian artery

Thoracic aorta
(descending aorta)

Left atrium

Left ventricle




Common carotid artery

divided Into

1. External carotid artery
which supplies skin and
muscles of the head & neck.

2. Internal carotid artery
which supplies brain

Arteries of the head and neck, right aspect

&\
2 / -/

Vertebral artery

Internal
carotid artery

Clavicle (cut)
Brachiocephalic

% trunk
-
B )



Brachiocephalic trunk

Right subclavian Right common carotid

Right Right Right Right
axilary  vertebral external  internal
carotid carotid

Arch of aorta

Left common carotid Left subclavian

Left Left Left Left
internal  external  vertebral axillary
carotid carotid
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Branches of the subclavian artery

\ertebral artery: supplies part of the brain

Axillary artery Right commen carotid —__

Brachial artery _ Ry
Radial artery - Supply upper limb & e

Right

Ulnar artery p—:

Right
- brachaal

Right :
internal ‘
thoracic

{mammary)

Right subclavian

—~

Right Right
axillary vertebral
Right
l radial
Right Right uinar
brachial - b Right deep palmar arch
7 J £A ——— Right palmar metacarpal
- ’ ¥ . Right superficial
& ¢ paimar arch
\ Right common
Right Right palmar digital
ulnar radial Right proper palmar digital



Branches of the thoracic aorta

SCHEME OF DISTRIBUTION
Thoracic aorta [
|
"\
f
\isceral branches Parietal branches

Pencardial Posterior intercostal

Bronchial Subecostal

Esophageal Superior phrenic

Mediastinal



Branches of the abdominal aorta

Celiac trunk: liver, spleen& stomach.
Superior mesentric artery small intestine
Inferior mesenteric artery large intestine.
Renal arteries kidneys

Gonadal arteries testis and ovaries.
Common iliac arteries pelvis and lower liImbs. . iumbar

arteries

Lumber arteries the muscles of the abdomen
and wall of the trunk.

L. inferior phrenic a.
Diaphragm

Celiac axis

L. middle suprarenal a.
Superior mesenteric a.

L. renal a.

L. Gonadal a.

Inferior mesenteric a.

L. common iliac a.

Middle sacral a.



Common iliac artery

final branches of the abdominal aorta each one
divides into: O—

Right intermal llac ——

Abcoming
sora

Laft
common flac |

Right external lilac ———"7

1. Internal iliac artery
supplies the pelvic organs like urinary bladder >

1. External iliac artery

 enters the thigh to becomes femoral artery;
which supplies thigh

« at the knee the femoral artery becomes the
popliteal artery which then divedes into:

a. Anterior tibial artery which terminates as dorsalis
pedis artery.

b. Posteriortibial artery

Right fermoral
Right popiites

)
Right anterior tibiat ﬁ

Right posterior fibiat

Right fibulsr (paroneal)

Right Iatera! plantar
— Right dorsal artery of
/ foot (corsalls pedis) —— Right medial plantsr
Rignt arcuste —

——— Right piantar arch

-
N N
(T
: Right piantsr metatarsal
4%

- Right plantsr digital

Right dorsal matatarsal

Right dorsal cigital



Common iliac artery

e 4 —ta . = -

Right common lliac P/ : Lent b A Gt

y % ‘\\;‘\‘ '_ "-
'); \:Jf‘ ,.I

Right anterior UDi=

Right postesior tibliae

Right nbular (parcneal)

Reght laters! plantar
Rignt dorsal artery of
Rignt arcuate foot (darsalle pecis) Faght medisl piantss
Right dorsal matatarsal Fgl ptantar et
Right piantsr metstarsal

Right piantsr digital



Main veins of the systemic
circulation



In limbs there are two types of veins:

Deep: most of the deep veins follow the
course of the major arteries and their
names are Identical.

Superficial: visible under skin

The veins drain into venae cavae which
open into the right atruim:

Superior vena cava
drains upper limbs and head & neck.
Inferior vena cava

drains lower parts of the body.




\eins draining Into superior vena cava

Subclavian //

Deep veins: Axillary g;
v &

Radial and ulnar veins drain the forearm Cephalic S '
—

: : : : : £
They unite to form brachial vein which drains the l’/,,g
arm and empties into axillary vein. { e"

v

Subscapular | ",4'
e

Brachial 'l

Basilic I " ;&’:_{‘
Z

Median cubital "

Cephalic

Radial

Median
antebrachial ‘

A

KEY /,/!4‘1_ Palmar venous arches

[l Deep veins l"
. Superficial veins U Digital




\eins draining Into superior vena cava

Superficial veins:

Cephalic vein which drains the superficial lateral
aspect of the arm and empties into the axillary vein.

Basilic vein which drains the superficial medial
aspect of the arm and empties into the brachial vein.

KEY
. Deep veins

. Superficial veins

Subclavi
ubclavian /
Axillary g =
’\
Cephalic / R <
(=
Subscapular "',4'
>
Brachial "'ﬂ c
Basilic I / S

117\~
Median cubital 7AY | "

Cephalic

Radial

Median
antebrachial ‘

/.
@

KA
//!4‘1_ Palmar venous arches

]
(//// Digital




\eins draining Into superior vena cava

Subclavi
ubclavian /
Axillary g =
cephalic and basilic veins are joind at the anterior Cephalic / ‘4,»"‘&’
. . . ] "»
aspect of the elbow to form the median cubital vein. (A
4 &_
Subscapular | "',4'
'
Brachial K',‘ L
Basilic I " Q__
Z
Median cubital 7AY | "
Cephalic

Radial

Median
antebrachial ‘

X

e
V‘_
/l‘!#i‘il Palmar venous arches

(//// Digital

KEY
. Deep veins

. Superficial veins




SCHEME OF DRAINAGE

Superior vena cava

t

Right brachiocephalic

o,

Right internal jugular ~ Right subclavian

Right median
cubital

Right radial
A

i ' Rihtcephalc Rightbasi
il ’| A A



\kins draining into superlor vena cava

Right internal jugular - / Left internal jugular
> / Lef external jugular

Left subclavian
/ //
. Left brachiocephalic

Right external jugular —__ \\

The subclavian veins o a—— s T

Right superior intercostal ~._

The brachiocephalic veins -

Hepatics
Right suprarenal ——————
Right subcostal

Right renal
Right ascending lumbar

Right gonadal
{testicular or ovarian)

Left ascending lumbar

~—————— Left gonadal

(testicular or ovarian)

g y == \ Inferior vena cava
Left lumbar




_~ Left internal jugular
_..// Left external jugular

Right external jugular S \\_\ -

Right internal jugular —

\eins draining Into superior vena cava

— 4
— o e

The subclavian vein Z';Wm;\ -

rECEiveS from: Superior vena cava - P

external jugular vein l | "f\.x..; e 1)) ..,
C 5 i Shay L, ) < @ b - i ik tic
(from head neck) ] —-‘l T A
& Ao \ >

o a Y A A’lv:"'l g ' L i
axillary vein (from the arm) L e TR\ 1\

-

{ £

Bronchial —— i

==

Diaphragm

Hepatics
ight s
Right subcostal esn I
Right renal Laftopoal
Left ascending lumbar

F N - Left internal iliac
X «-L-—X— Inguinal ligament

e 4 L

1 \ J g

.\ &

|~ Left external iliac

— e femoral
L »




_~ Left internal jugular

— _..// Left external juguiar

Right external jugular ~ . A
"‘--____\\ NG r E

o =

The brachiocephailc veins o e W~

Right superior intercostal ~._

Right internal jugular —

\eins draining Into superior vena cava

Sl
-

-

Superior vena cava -

large veins that recive blood l '}’,:,fj_j =

From zztz.f'::,m-—{ | /) .
. Azygos 47 , R / vl '

SUbCIaV|an s \ v — 4 At — (\'7 f"x" e \ e | e brachial

vertebral sm~~—L-_.‘:,__j EA I || \ [ ==

- - - Pencardial —— Left basilic
internal jugular veins. { i
Diaphragm — Hemiazygos
Left :‘!:snot
Hepatics
R;ght:uboostal Ll iuprareal
Right renal Left renal
Left ascending lumbar

p R ~ Left internal iliac
X inguinal ligament

1 =% _m‘L“\—__ 1

1 \ J g

.\ &

|~ Left external iliac

— e femoral
L »




\kins draining into superior vena cava

brachiocephailc veins

rightand left

joined to formthe Superiorvena
cava which empties into the right
atrium of the heart.

Right internal jugular _~ Left internal jugular

Right external jugular —___

._\.‘
o

Right brachiocephalic TRt
‘-\ "
Right superior intercostal .

Superior vena cava -

v M \
,Z - 3 . .
,J
|
ht \
5.’&'5;"&'” “" l

Mediastinals ;

Bronchial — -—.L___,——-l-‘-" hemiazygos

Diaphragm

Hepatics

Right suprarenal ———— Gl i

Right subcastal —

Right i Left renal

Right ascending jumbar 7 Left ascending lumbar

y ~—————— Left gonadal
e oo
_______ \ Inferior vena cava

w ST Left lumbar

¥ 74
/l ...... Left common iliac
s B L_-——— Middle sacral

“—‘ Left internal iliac

Inguinal ligament
Right external fiac ——— ——A

:’ A

/

Right common iliac
Right internal iliac \ Q

- Left external iliac

Left femoral

A -



\kins draining into superlor vena cava

The azygos vein
 single vein
 drains the thorax

* empties into the superior vena
cava just before the superior
vena cava enters the heart.

Right internal jugular -._ 9, _~ Left internal jugular
Right external jugular s — ool

Right brachiocephalic o

Right superior intercostal ~._ =24

Superior vena cava -

- : ”. ~ & .' - o < - T -
4 e A\ LT =
s e : A — y
| i e ’ -
o iy 3 - = : ~ 2 ) &
Right posterior - ‘ X
e
y ey ~——
—[— 108 == 11
N > £
P N g
Ly
w v

intercostal ““l
|

Azygos

Mediastinals ‘\——’-‘_‘
Bronchial — i
Pericardial ——— Left basilic
Esophageals
Hemiazygos
Left inferior
phrenics
Hepatics
Right suprarenal —————— Lot I
Right subcostal SRk
Right i Left renal
Right ascending Jumbar 3 Left ascending lumbar
) ~——— Left gonadal
(Rtg‘n::u gzsgsl =) 7 (testicular or ovarian)
_,_L‘ ““““ \ Inferior vena cava
Right lumbar —— Left lumbar
/l ...... Left common iliac
¢ R

l_l}_..-—- Middle sacral

‘ ——— Left internal iliac

- B %
P R Vsl .‘LA—A Inguinal ligament
7| | e

- Left external iliac

Left femoral



Veins draining into inferior vena cava

Longer than superior vena
cava

Returnsblood to the right

atrium of the heart fromall __
parts of the body below the_.

diaphragm.

Right superior intercostal - =~

Superior vena cava ~-.__

Pericardial ——

'(

Right suprarenal ——— -
Right subcostal : ‘ o7 T | oft suprarens
Right renal - e — ~ = Left renal
Right ascending lumbar M Left ascending lumbar
y 3 | Left gonadal
Eygl;tgasdal a ] (testicular o ovarian)
lesticular o ovarian —
g 3 \ Infarior vena cava
Rightlumbar —— Lef lumber
__\-_--—- Left common iliac
Right common fliac : y .. X L--f Middle sacral
FRohlsternet o - : T TN Letinternal oc
? \ ! i !
A L ™ Inguinal ligament
ight exteenal fiac . I &
. y f " 4 " Left externaliliac
Left femoral

| v




\eins draining into Inferior vena
Cava SCHEME OF DRAINAGE

Heart

Inferior phrenic

Hepatic . Hepatic portal
Suprarenal

Renal

Gonadal

Lumbar

Inferior vena cava

e,

Right common iliac Left common iliac

o SR o,

Right external iliac Right internal iliac Left internal iliac Left external iliac




