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PTA/OTA 106
Unit 2 Lecture 2

Comparative Structure of Artery and Vein
Vessel Walls

Arteries:
1. Tunica Interna
a. Endothelium
b. Basement membrane

TUNICA INTERNA:
Endothelium

—‘&— Basement membrane — -
\ﬂﬂ

TUNICA MED\A
;4 Smooth muscle

Internal elastic Iamma

c. Internal elastic lamina
2. Tuncia Media ‘ Ema'elm‘amm |
a. Smooth muscle 110 T”N‘C"E”E“N" g 1
b. External elastic lamina L”)"Lerf;ry ‘ L
3. Tuncia Externa ~—— .
a. Connective tissue E"aatne‘iumﬁ Basement membrane

= (c) Capillary
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Comparative Structure of Artery and Vein
Vessel Walls

Veins:
1. Tuncia Interna
a. Endothelium
b. Basement membrane
2. Tuncia Media
a. Smooth Muscle
3. Tuncia Externa
a. Connective Tissue

Capillary:

a. Endothelium
b. Basement membrane
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Lumeﬁ
(a) Artery

TUNICA INTERNA:
Endothelium

Internal elastic lamina ‘

TUNICA MEDIA: i >§
= Smooth muscle

External elastic lamin

TUNICA EXTERNA

Lumen
(b) Vein

) /:_’ Bt Lumen
Endothelium o — =4

Basement membrane

= (c) Capillary

Classification of Arteries

Elastic Arteries
(Conducting arteries)

Aorta, Brachiocephalic,
Commom Carotid, Subclavian,
Vertebral, Pulmonary,
Common Iliac

Muscular Arteries
(Distributing Arteries)

Brachial artery, radial artery,
Popiteal, Common Hepatic

Aorta and elastic arteries
Blood flows
toward capillaries

Left atrium

Left ventricle contracts
(systole) and ejects blood

(a) Elastic aorta and arteries stretch during
ventricular contraction

: Blood continues to
- flow toward capillaries

Left ventricle relaxes
(diastole) and fills with blood

(b) Elastic aorta and arteries recoil during
ventricular relaxation
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Circulation Through a capillary bed

Smooth muscle fiber
Endothelium

Arterioles: deliver blood to
capillaries

Metarterioles: emerges
from arterioles and supplies a
group of capillaries

— Capillary
Thoroughfare Channel: -
arise from metarterioles and
contain no smooth muscle. Thoraughiare ]
Thoroughfares allow blood to = Ve":':dome"um
bypass the capillary misde
e e o

Different types of Capillaries

membrane Rt 7‘22%%‘3‘0

Continuous Capillaries R N

. cleft g g ggl?mhsual
Plasma membranes of endothelial . =
cells forms a continuous tube only ~ @%nmes e EmeaeenanE
interrupted by intercellular clefts ,\< (pore]
(gaps between cells) (lungs and oo — =
muscle) A 77\‘# oy
Fenestrated Capillaries et R

Plasma membrane of endothelial
cells contain pores or fenestrations

(Kidney and Villi of small
intestines

L endothelial
Yo =2 cell

(b) Fenestrated capillary

= Pinocytic
Basement —— - 4 vesicles
membrane €
L
%
Lumen s
T 0

LY
A0

—— Nucleus of
Intercellular P endothelial
cleft cell
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Different types of Capillaries

Basement
membrane

=
S Pinocytic
‘ Y " vesicies
Lumen ——— T3

)

Sinusoids: i N A
Wider and more winding than (2) Continuous capillary forme by endohelal cell
other capillaries, with incomplete >< Ry
basement membranes and large & ﬂf\? e
fenestrations — 7\7 Ry e
(red bone narrow and liver) Lumen * Nucieus of
e — W
[ .
Lumen —ie o
. S

S

ST .
(c) Sinusoid
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Blood distribution in the Cardiovascular
System

Pulmonary ~ Heart

vessels 8%
12% .,
Systemic
arteries and
arterioles
15%

Systemic capillaries
5%

Systemic veins and venules
(blood reservoirs)
60%
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Mechanisms of Capillary Exchange

Smooth muscle fiber
Endothelium

* Simple Diffusion:

(C0O2, 02, glucose, amino acids,
and hormones)

* Transcytosis:
Substances enter lumen side of

Precapillary
sphincters
(relaxed)

True
capillary

endothelial cells via endocytosis — Capillary
and exit the other side via bed
exocytosis
e Bulk Flow:
. . . Thoroughfare
Substances dissolved in fluid are channe Voo
moved toward in the same direction !
. Smooth Endothelium
as the fluid muscle

(a) Sphincters relaxed: blood flowing
through capillary bed
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Forces involved in Capillary Exchange

(lymph) returns to

) N Excess )
Tissue < » interstitial ey
Cardicvascilat cells . fluid BHP = Blood hydrostatic pressure
system IFHP = Interstitial fluid hydrostatic pressure
Lymphatic BCOP = Blood colloid osmotic pressure
J capillary IFOP = Interstitial fluid osmotic pressure
NFP = Net filtration pressure
Blood plasma Interstitial fluid
IEFE=— Gesre
= IFHP = =
Om’IHg 26 mm Hg 0 mmHg 26 MM Hg
P~ ] 1 t
35 mm Hg |1F0P = HP — IFOP =
lutal 16 mm Hg 1 mm Hg
Blood flow
Arterial end of capillary: E Venous end of capillary:
net filtration net reabsorption
Pressures promoting Pressures promoting
Net filtration filtration reabsorption
pressure (NFP) = (BHP + IFOP) {BCOP + IFHP)
NFP = (35 + 1) — (26 + 0) NFP = (16 + 1) — (26 + 0)
=10 mm Hg =—9 mm Hg
Result Net filtration Net reabsorption
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Factors that Affect Capillary Exchange

* Edema = increased Interstitial Fluid

1. Increased BHP
a. increased CO
b. increased blood volume

2. Increased Permeability of Capillaries
a. Increased IFOP
b. Bacteria
c. Tissue damage

Factors that Affect Capillary Exchange

e Edema = increased Interstitial Fluid
3. Decreased reabsorption

a. Decreased BCOP: liver disease,
burns, kidney disease

b. Lymphatic blockage: cancer and
parasites
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Elephantiasis: is a rare disorder of the lymphatic system
caused by parasitic worms such as Wuchereria
bancrofti, Brugia malayi, and B. timori, all of which are
transmitted by mosquitos. Inflammation of the
lymphatic vessels causes extreme enlargement of the
affected area, most commonly a limb or parts of the head

and torso. It occurs most commonly in tropical regions

and particularly in parts of Africa.
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Factors That Affect Circulation

* Velocity of Blood:

1. Measured as the volume
of blood that flows through
any tissue in a given time
period.

2. Velocity is inversely
related to cross-sectional
area

Aorta: 3-5 cm2, 40cm/sec
Capillaries: 4,500-6,000 cm2/

Cross-sectional
area

0.1cm/sec
Vena Cava’s: 14cm2, 5-20cm/sec & & & N
& & & & F & Lo
¥ Sl \Q,{\ S 4@0 N .-5}%
¥ & O'DQ I+
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Factors That Affect Circulation

Resistance:

Measured as the opposition to
blood flow through blood vessels
due to friction between the blood
and vessel walls.

1. Average Vessel radius:

Resistance is inversely
proportional to the fourth
power of the radius

2. Blood viscosity: Resistance is
directly proportional to
viscosity

3. Total Vessel length: Resistance is
directly proportional to vessel
length

Volume of Blood Flow:
Measured by Cardiac Output
CO=SVxHR

Blood Pressure:

Measured as the Hydrostatic
pressure exerted on vessel walls
by the blood

Young Adult: 120/80

120 = ventricular systole

80 = ventricular diastole
Mean arterial blood pressure:

Cross-sectional
area

Velocity

& % ) 2] @
N @ g @ W@ S
@ W N & W@ @ &
5 3 Cro@ < = df’x
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Factors That Affect Circulation
140y Systolic blood
120 b pressure
Mean arterial
S 100 blood pressure
T
£
£ 80
@ . "
5 60 Diastolic blood
§ pressure
z 40k
20
0
] & & o ) @
A A A A &
v SHEE &
h o db 4@0

MABP = diastolic BP +
1/3(systolic BP — diastolic BP)
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Factors That Affect Circulation

Cardiac Output is directly
related to blood pressure

CO =MABP/R

Pressure (mm Hg)

& Johr

140 Systolic blood

pressure

120
Mean arterial

100 blood pressure

80

60 Diastolic blood

pressure
40 |
20
0
@ ¢ ¢ & &
L Lo &
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Relationship between Blood Pressure, Cuff
Pressure, and Korotkoff Sounds

Blood Pressure is measured in
the Brachial Artery using a
Sphygmomanometer

As cuff pressure drops to a point
where it equals systolic pressure
the first Korotkoff sound is heard

As cuff pressure continues to
drop to the point where it equals
Diastolic pressure the last
korotkoff sound is heard

Blood pressure is recorded as the
first sound (systolic) and the last
sound (diastolic) pressure

Pressure in the cuff

140
120
100

80

Pressure (mm Hg)

Systolic Diastolic
blood pressure blood pressure
(first sound heard)  (last sound heard)

60 -

Time —»
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Action of Skeletal Muscle in Venous Return

While standing at rest venous
valves are open

Contraction of muscles pushes
blood upward through the
proximal valve, back-pressure
closed the distal valve

Proximal
As muscle relaxes, pressure drops ‘ave

closing the proximal valve.
Higher blood pressure in the foot
opens the distal valve allowing
blood to flow into section of the
vein.

Distal
Valve

©.dohn Wiy & Sons, e

Summary of Factors that Increase Blood

Increased blood Skeletal muscle pump Respiratory Venoconstriction
volume pump
Decreased Increased sympathstic Increased Increased number Increased
parasympathetic impulses and hormones venous of red blood cells, body size, as
impulses from adrenal medulla return as in polycythemia in obesity
R {_H 7 J IS A ; J
Increased Increased Increased Increased Decreased blood
heart rate stroke blood total blood vessel radius
(HR) volume (SV) viscosity wvessel length (vasoconstriction)
ﬂ (_J (G N l J
Increased cardiac Increased systemic
output (CO) vascular resistance (SVR)
A =7

R2 2

Increased mean arterial
blood pressure (MABP)

& John Wilsy & Sans. Inc
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Overview of Hormones that Regulate Blood
Pressure

Positive inotropic agents
such as increased
sympathetic stimulation;
catecholamines, glucagon,
or thyroid hormones in the

1 C ardi ac Output . Increased end diastolic volume blood; increased Ca2+ in Decreased arterial blood
. .

{stretches the heart) extracellular fluid pressure during diastole
Increased CO = Increased BP | increasea PRELOAD | [increased CONTRACTILITY | | Decreased AFTERLOAD
I d C O d ,l, Within limits, Cardiac muscle  Positive inotropic agents Semilunar va*/es open sooner
fibers contract more forcefully  increase force of contraction when blood pressure in aorta
ncrease an contraCtl lty with stretching (Frank—Starling at all physiological levels and pulmonary artery is lower

law of the heart)

epinephrine from . . g
[ Inoreased STROKE VOLUME |
Adrenal Medulla N

. . Increased CARDIAC OUTPUT
Norepinephrine from o
sympathetic neurons

Increased sympathetic Gatecholamine or thyroid nfants and senior citizens,
stimulation and decreased hormones in the blood; females, low physical fitness,
parasympathetic stimulation  moderate increase in increased body temperature

extracellular Ca2+

t t

NERVOUS SYSTEM CHEMICALS OTHER FACTORS

C: center
in medulla oblongata
receives input from
cerebral cortex, limbic
system, proprioceptars,
baroreceptors, and
chemoreceptors

© Jokn Wisy & Sone, In.

Overview of Hormones that Regulate Blood
Pressure

» Systematic Vascular Resistance & —x
1. Vasoconstriction (increased)
a. Angiotensin I1
b. ADH (vasopressin)
c. Epinephrine
d. Norepinephrine
2. Vasodilation (decreased)
a. ANP
b. Epinephrine
¢. Nitric Oxide cranne

Smooth muscle fiber
Endothelium

Precapillary
sphincters
(contracted)

(b) Sphincters contracted: blood flowing
through thoroughfare channel

© John Wisy & Sone, Ine.
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Overview of Hormones that Regulate Blood
Pressure

Renal capsule

Distal convoluted tubule

Renal corpuscle:

___—Glomerular (Bowman's)
capsule

= —— Glomerulus

— Afferent arteriole

~ Efferent arteriole

a. Aldosterone e ot e~ by

Blood Volume
1. Increased

Proximal convoluted tubule —
Peritubular capillary

R PSS Interlobular vein
b ADH Renal cortex—— Arcuate vein
. Renal mequl\a\; l Arcuate artery
a?::r' CP:‘S:'Q— Corticomedullary junction
2. Decreased i
oop of Henle:
FLOW OF FLUID THROUGH A oy ——— Descending limb
a. ANP JUXTAMEDULLARY NEPHRON ~ Kichey T’“‘-i Thick ascegding limb

Glomerular (Bowman's) capsule ____—— Thin ascending limb

Proximal convoluted tubule

h 3
Deslieor;:lr;? "_m:“ e Papilary duct
]
Thin ascending limb of the -
loop of Henle
Thick ascending limb of the N T Renalpepila
loop of Henle 2 Minor calyx
I ;
Distal convoluted tubule Urine
(drains into collecting duct) (b) Juxtamedullary nephron and vascular supply
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Hypovolemic Shock

* During to decreased blood volume
» Stages of shock
Stage 1: compensated or nonprogressive

Stage 2: decompensated or progressive (up to 25%
loss)

Stage 3: irreversible shock (death)

13
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Hypovolemic Shock

Stage 1: compensated or nonprogressive
a. Activation of the sympathetic nervous system
b. Activation of the renin-angiotensin pathway
c. Release of ADH
d. Signs of clinical hypoxia

Stage 2: decompensated or progressive (up to 25% loss)
a. Depressed cardiac activity (MABP as low as 60)
b. Depressed vasocontriction (MABP as low as 40)
c. Increased capillary permeability
d. Intravascular clotting
e. Cellular death occurs
e. Respiratory acidosis

Negative Feedback response to Hypovolemic
Shock

olemic shock
disrupts hgymeoslasis

sssssss

Bloed volume and
blood prassure.

Baroraceptors Barors X
in Kidnoys in arch a}'auna"}n

{iuxtaglomer- and carotid
ular cells) i )

sinus

Inputs Incraased Dacreasad rate of
release of renin nerve impuises
Control center Control center Control center
H T = Return to
ypothalamus ai homeostasis
Angiotensinogen posterior pituitary GV comtri modul when responses
i bload b bring blocd volume
ADH | » and blood prassure
~ back to normal
Outputs Angigtensin Il ADH in
i Slood biood
Effectors
Adrenal cortex Kidnays Bloed > Heart
liberates. conserve oo e 3N rateand i
aldostorona salt and constrict 9y contraciility
water b increase b
Intreaks: Increased systemic vascular resistance e
blood volume pressure

@ o Wilsy & Sone, Inc.

14



CNS Input and Regulation of Cardiac Activity

INPUT TO CARDIOVASCULAR

CENTER (nerve impulses)
[ From higher brain centers: cerebral cortex,
f L limbic system, and hypothalamus

From proprioceptors: monitor joint

movements
From baroreceptors: monitor blood
pressure
From chemoreceptors: monitor blood
L acidity (H*), CO,,and O,

OUTPUT TO EFFECTORS
(increased frequency of nerve impulses)

Vagus (X) nerves

: Heart: decreased rate
(parasympathetic)

Cardiac accelerator .

—»  Heart: increased rate and contractility
nerves (sympathetic)
Vasomotor nerves
: Blood vessels: vasoconstriction
Cardiovascular (sympathetic)
(CV) center

@ John Wiley & Song, Inc.

ANS Regulation of Cardiac Activity

Baroreceptors
in carotid sinus.

Glossopharyngeal
(IX) nerves
Cardiovascular-
(CV) center Baroreceptors

in arch of aorta

B

Wagus (X) nerves

(parasympathetic)

SA node,

Medulla oblongata

|

AV node

Ventricular
myocardium

Spinal cord Cardiac accelerator
Key: nerve (sympathetic)
Sensory (afferent) neurons «——

Motor (efferent) neurons 5 Sympathetic trunk
Interneuron — ganglion

& John Wiley & Sona, inc
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Arteries and Veins of the Heart

Aortic arch

Ascending aorl;j -4 |
- o i h sy )

Superior vena cava

Major Arteries of the Thoracic Region
| ‘:‘ \
1 G

Thyrocervical
i L
) i subcﬂglan

S

Internal
moraclc\
Pericardials

=
. — Bronchials

THORACIC — Mediastinals
AORTA -

- Intercostals

Superior
phrenic
Celiac
In'erl?r trunk
phrenic
Diaphragm - ~ gastric
Common Spleni
hepatic
Suprarenal -
Superior
smmorh:
Renal
Lumbar X \ ABDOMINAL
. AORTA
Inferior
mesenteric
External iliac Terminal segment
Internal iliac of the aorta
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Veins of the Upper Thoracic Region

Irlfsli'h:rI
s:lgl:? Temporal
Superior
I';?m i Deep cerebral veins
sinus
super‘"clgl "-’ Y |~ Cavernous sinus
velns / ”5\ — Maxillary
vl : a X
cerebral y
vein ’
Straight )
sinus
——
Right
transverse
sinus

‘ ({ ‘ "\ . h\ Facial
7 Jl"' - >
Occi sinus
P! IOchpltaI l
Sigmoid sinus
Vertebral

External jugular — — Internal jugular

Right
e brachiocephalic

o Left
__- brachiocephalic

Superior
vena cava

Internal thoracic
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