Bio& 242
Unit 3 Lecture 3

Comparative Structure of Artery
and Vein Vessel Walls

Arteries: have greatest pressure

1. Tunica Interna

a. Endothelium

b. Basement membrane

c. Internal elastic lamina
2. Tunica Media

a. Smooth muscle

b. External elastic lamina
3. Tunica Externa

a. Connective tissue
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Comparative Structure of Artery
and Vein Vessel Walls

Veins: have lowest pressure
1. Tunica Interna

a. Endothelium

b. Basement membrane
2. Tunica Media

a. Smooth Muscle
3. Tunica Externa

a. Connective Tissue
Capillary

a. Endothelium

b. Basement membrane
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(c) Capillary

Classification of Arteries

¢ Elastic Arteries

(Conducting arteries)

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

¢ Muscular Arteries

(Distributing Arteries)

Brachial artery, Radial artery,
Popliteal, 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

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

bed

Arterioles: deliver blood to
capillaries

Metarterioles: emerges from
arterioles and supplies a
group of capillaries

Thoroughfare Channel: arise
from metarterioles and
contain no smooth muscle.
Thoroughfares allow blood to
bypass the capillary

Smooth muscle fiber
Endothelium

D, Precapi
pillary
" sphincters

(relaxed)

True

[— Capillary
bed

(a) Sphincters relaxed: blood flowing
through capillary bed

@ Jobn Wisy & Sons, Inc.

Different types of Capillaries

Continuous Capillaries

Plasma membranes of endothelial
cells form a continuous tube only
interrupted by intercellular clefts
(gaps between cells) (lungs and
muscle)

Fenestrated Capillaries

Plasma membrane of endothelial
cells contain pores or fenestrations

(Kidney and villi of small
intestines)

Basement
membrane

Lumen

— Pinocytic
N . vesicies

.'a

Nucleus of

Intercellular
cleft endothelial
cell

o

(a) Continuous capillary formed by endothelial cells
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(c) Sinusoid
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Different types of Capillaries

. . membrane s E’ég?cc)enslc
Sinusoids: taren 7 ‘
Wider and more winding than L W s
other capillaries’ with incomplete (2) Continuous capillary formed by endothefial cells

Fenestration
basement membranes and large >< .
. Intercellular sy \/x
fenestrations s , N —
. Basement — [\ b
(red bone marrow and liver) memerane
b) Fenestra;ed capillary
i Pinocytic
Basement — /- \4 i by
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Lumen
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Blood distribution in the
Cardiovascular System

Pulmonary  Heart

vessels 8%
12% W
Systemic
arteries and
arterioles
15%

Systemic capillaries
5%

Systemic veins and venules
(blood reservoirs)
60%

& John Wiley & Sane. Inz.
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Mechanisms of Capillary Exchange

Simple Diffusion:

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

Transcytosis:

Substances enter lumen side of
endothelial cells via endocytosis
and exit the other side via
exocytosis

Bulk Flow:
Substances dissolved in fluid are

moved in the same direction as the
fluid

Smooth muscle fiber
Endothelium

Precapillary
sphincters
) (relaxed)

Tue
capillary

[— Capillary
bed

nule
Endothelium

(a) Sphincters relaxed: blood flowing
through capillary bed

©.John Wiy & Sore, .

Forces involved in
Capillary Exchange

Lymphatic m
(lymph) retums to -

Tissua<' -
cells &

Excess .
interstitial KeY:

Cardiovascular fluid BHP = Blood hydrostatic pressure
system IFHP = Interstitial fluid hydrostatic pressure
Lymphatic BCOP = Blood colloid asmotic pressure
j capillary IFOP = Interstitial fluid osmotic pressure
NFP = Net filtration pressure
Blood plasma Interstitial fluid
IFHP =
BCOP = _ BCoOP=
0 mm H IFHP =
] EBnIm Hg 0 mm Hg Zﬁnim Hg
BHP = T T
35 mm Hg IFOP = BHP = IFOP =

1 mm Hg

16 mmHg 1mm Hg

Blood flow
Arterial end of capillary: Venous end of capillary:
net filtration net reabsorption

Pressures promoting
Net filtration filtration
pressure (NFP) = (BHP + IFOP)

NFP = (35 + 1) - (26 + Q)
=10 mm Hg

Result Net filtration

© John Wilsy & Sang, inc

Pressures promoting
reabsorption

(BCOP + IFHP)
Venous end
NFP = (16 + 1) — (26 + 0)
=-9 mm Hg
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

* 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 mosquitoes. 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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Blood Pressure

The pressure exerted on the walls of a blood vessel. Clinically, BP refers to

pressure in arteries.

Systolic pressure = the force of blood recorded during ventricular contraction.

Diastolic pressure = the force of blood recorded during ventricular relaxation

Normal Adult BP: 120/80

Factors that affect blood pressure include:

a) cardiac output

b) blood volume

¢) viscosity of blood
d) resistance

e) elasticity of arteries

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 (mm Hg)

140
120
100
80
60

Pressure in the cuff

Diastolic
blood pressure
(last sound heard)

Systolic
blood pressure
(first sound heard)

Time —»

@ John Wiley & Song, Inc.
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Korotkoff Sounds

A A
Silence it crisp blowing Silerice
sound sound
""""""" T T T T /\/ 1

120 110 100 90 30 0
’T\ Cuff pressure / mmEHg ’1\

Systolic Diastolic

pressure pressure

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

Cross-sectional
area

Velocity

@ & & & F &
cm2/ 0.1cm/sec ¥ w\@*\‘} 0@@?"\ & ¥ e
Vena Cavas: 14cm2, 5- R
20cm/sec
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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

Cross-sectional
area

Velocity

. ., & P o & & P 3
directly proportional to vessel & & & & & & Fe
length v ¥ & &
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Factors That Affect Circulation

Volume of Blood Flow:
Measured by Cardiac Output MO o el bood
CO=SVxHR 120 pressure

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:

MABP = diastolic BP + 1/3[Pulse
Pressure (PP)]

PP = (systolic BP — diastolic BP)

Pressure (mm Hg)

100
80
80
40
20

Mean arterial
blood pressure

Diastolic blood
pressure

@ John Wiley & Sons, Inz.
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Factors That Affect Circulation

Cardiac Output is directly

related to blood pressure "o

Systolic blood
pressure

120 -
Mean arterial

blood pressure

= 100
CO =MABP/R I
R= Resistance =
5 60 Diastolic blood
§ pressure
& 40 L
20 -
0
o2 ] .- =3
Y‘O{\ & é\c}m ‘ &,}0@ \\é@%
¥ Y,,{\ 0.3?
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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 e
closes the distal valve

As muscle relaxes, pressure drops
closing the proximal valve. o=
Higher blood pressure in the foot
opens the distal valve allowing
blood to flow into section of the
vein.

2/2/2010
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Summary of Factors that
Increase Blood Pressure

Increased blood Skeletal muscle pump Respiratory Venoconstriction
volume pump
Decreased Increased sympathetic 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
Increased Increased Increased Increased Decreased blood
heart rate stroke blood total blood vessel radius
(HR) volume (SV) viscosity vessel length (vasoconstriction)
Increased cardiac Increased systemic
output (CO) vascular resistance (SVR)
p =

Y

Increased mean arterial
blood pressure (MABP)

@ John Wiley & Sons, Ine

Overview of Hormones that
Regulate Blood Pressure

Positive inotropic agents
such as increased
sympathetic stimulation;
catecholamines, glucagon,

1. Cardiac Output: Pt by

Increased end diastolic volume blood; increased Ca?* in Decreased arterial blood
(stretches the heart) extracellular fluid pressure during diastole
Increased CO = Increased BP Incroased PRELOAD | | Inoreased CONTRAGTILITY | | Decreased AFTERLOAD
O Within limits, lcard iac muscle Positive mmn!plc agents Semilunar \/akes ‘open sooner
Increased CO and contractility Tbers contact mors frdoly nrsase o101 Craston  whaniood reseu 1 sors
with s’trelching gFrankfstarlmg at all physiological levels and pulmonary artery is lower
law of the heart)

Epinephrine from \‘Tn\:veased STiDKE VOLUMI‘E‘/
Adrenal Medulla \

| Increased CARDIAG OUTPU
Norepinephrine from S '
.
sympathetic neurons

Increased sympathetic Catecholamine or thyroid

stimulation and decreased hormones in the blood;

parasympathetic stimulation  moderate increase in
extracellular Ca2+

t

NERVOUS SYSTEM CHEMICALS

i center
in medulla oblongata
receives input from
cerebral cortex, limbic
system, proprioceptors,
baroreceptors, and
«chemoreceptors

© dore iy & Son, i,

Tnfants and senior citizens,
females, low physical fitness,
increased body temperature

t

| oTHER FACTORS. ]
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Overview of Hormones that
Regulate Blood Pressure

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

Smooth muscle fiber
Endothelium

Precapillary
sphincters
(contracted)

(b) Sphincters contracted: blood flowing
through thoroughfare channel

Overview of Hormones that
Regulate Blood Pressure

¢ Blood Volume

Proximal convoluted tubule —

1 . Increased Pertubular capillary

a. Aldosterone

&
b. ADH oo )

Renal papilla——

2. Decreased Miorcalyx
FLOW OF FLUID THROUGH A
a. ANP JUXTAMEDULLARY NEPHRON

Glomerular (Bowman's) capsule
¥
Proximal convoluted tubule

i
Descending limb of the
loop of Henle

Thin ascending imb of the
loop of Henle

Thick ascending limb of the
loop of Henle

¥
Distal convoluted tubule
(drains into collecting duct)

.ol Wiy & Sons,

Renal capsule

Distal convaluted tubule
Renal corpuscle:
~__—Glomerular (Bowman's)
capsule

. ——— Glomerulus

— Afferent arteriole

— Efferent arteriole

Bl Interlobular artery

Arcuate artery
Corticomedullary junction
" Collecting duct

1 _ /| LoopofHenle:
i " Descending mb
Kidney /)~ Thick ascending imb

~__—— Thin ascending limb

Papillary duct

iy wrgs Renal papilla
X . Minor calyx

Urina
(b) Juxtamedullary nephron and vascular supply

2/2/2010
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TYPES OF SHOCK

1. Hypovolemic shock = due to decreased blood volume
2. Cardiogenic shock = due to poor heart function.

3. Vascular shock = due to inappropriate vasodilation.
(example = too long in hot tub)

4. Obstructive shock = due to obstruction of blood flow such
as by a pulmonary embolism

Signs and symptoms of shock include:

a) pulse weak but rapid

b) skin is cool, pale and clammy

c) rapid resting heart rate

d) systolic blood pressure is low (<90 mm Hg)

e) patient may be thirsty and/or nauseous

f) confused mental state due to lack of oxygen to the brain

Hypovolemic Shock

Due to decreased blood volume: hemorrhage or excessive fluid loss

(vomiting, diarrhea, burns, dehydration, sweating, increased urine output)

» Stages of shock
Stage 1: compensated or nonprogressive

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

Stage 3: irreversible shock (death)

15
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Hypovolemic Shock

Stage 1: compensated or non-progressive
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 vasoconstriction (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

lecreasing

Adranal cortax Kidneys Biood Heant

iiberates ool gl consen ve vessels S rate and &

akdostarone saltand consiici %, | conwactiy
a

Increased
blood volume pressure

® Jokn Wiey & Sans, Inc.
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CNS Input and Regulation
of Cardiac Activity

INPUT TO CARDIOVASCULAR

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

[* From proprioceptors: monitor joint

movements
From baroreceptors: monitor blood
pressure
From chemoreceptors: monitor blood
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)

WVasomotor nerves
Blood vessels: vasoconstriction

Cardiovascular (sympathetic)
(CV) center

© John Wiley & Sone, Inc.

ANS Regulation of Cardiac Activity

Baroreceptors
in carotid sinus

Glossopharyngeal
(IX) nerves
Cardiovascular-
(CV) center Baroreceptors
in arch of aorta

N
N

Medulla oblongata

|

AV node

Wentricular
myocardium

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

Motor (efferent) neurons 5 Sympathetic trunk
Interneuron —> ganglion

& John Wiley & Sans, Inc
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