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Cerebral Circulation
-

Blood flow to CNS

o delivers O,, glucose, nutrients
o removes CO,, lactic acid, metabolites

Cerebral vasculature
o uniqgue anatomy & physiology
o safety mechanisms

Brain highly vulnerable to disrupted blood flow



Vascular Endothelium
-

It has many important roles to maintain vascular
homeostasis:

o Vascular tone regulation

o Vascular smooth muscle cell proliferation
o Inflammatory responses

o Haemostasis

It produces and releases vasoactive,
thromboregulatory and growth factor substances



What is Endothelial Function?
The vascular endothelium serves multiple functions:

1) Regulates fluid and molecule traffic between blood and tissues

)
2) Serves as an anti-coagulant (anti-clotting) surface
3) Contributes to vascular homeostasis and repair
4) Plays a central role in angiogenesis and tissue wound healing

5) Plays a vital role in vascular tone and blood flow regulation

Assessing this last function is the most practical
way of measuring endothelial function.
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Vascular Regulation
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Endothelial and non-endothelial factors acting upon vascular smooth
muscleinatenoles. Abbreviations: Cap, capillary; SH, sympathetic
nerve; HE, norepinephrine; WVSM, vascular stmooth muscle; HO, nitric
oxide; ET-1, endothelin-1; PGIL,, prostacycling E C, endothelial cell; E pi,
epinephrine; AIL angiotensin IL, ADH, antidiuretic hormone; 5SH T,
serotonin; + and -, comntraction and dilation, respectively




The Normal Vascular Endothelium
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Structure of Vessels
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http://en.wikivisual.com/index.php/Image:Anatomy_artery.png
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Endothelial Cell Function
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« Maintaining the
vascular tone:

Vasodilation and
Vasoconstriction

Tousoulis et al., Heart 2005; 91: 353-358.



Endothelial Cell Functions

Functional targets Physiological action/Mediators
Stimulation Inhibition
Growth
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2eXothelial cell functions

Functional targets Physiological action/Mediators
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Factors Affecting Vascular Tone and

Structure
-

Dilation
Growth inhibition
Atithrombotic

Anti-inflammatory Constiction
Antioxidant Growth promotion

Prothrombotic

Proinflammatory
Pro-oxidant

Endothelium maintains vascular health



Endothelial Dysfunction

- pathological conditions

- altered anticoagulant &
anti-inflammatory properties

- Impaired modulation of
vascular growth &
dysregulation of vascular

remodeling

Adherence and Adherance
Smooth-muscla  Foam-call T-call aggregation of and antry
migration formation activation platelats of leukocytes

An impairment of endothelium-dependent vasorelaxation
caused by a loss of NO bioactivity in the vessel wall



Causes and Consequences of

Endothelial stfunotion

Vasospasm
(coronary, cerebral)

Heart failure Reocclusion

Diabetes Hypertension

Endothelial
Hyperhomocysteinemia dysfunction ) Reperfusion injury

Peripheral artery
disease

Hyperlipidemia

Immune reaction Inflammatory disease

y
Atherosclerosis

Rubanyi GM. J Cardiovasc Pharmacol. 1993;22(suppl 4):S1-S4.




Risk factors and endothelial dysfunction:
Mediator role of oxidative stress

Hypercholesterolemia Hypertension Diabetes Smoking Heart failure

Oxidative stress

Endothelial dysfunction




Unifying Model: Endothelial Dysfunction
to Cardiovascular Disorder

Hypoxiafischemia/
] . reperfusion
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Gibbons GH, Dzau VJ. N Engl J Med. 1994:330:1431-1438,




The Role of Endothelium In

Leukocﬂe Function
1




therefore...

Impaired Vascular Reactivity

Vascular Dysfunction

Endothelial Dysfunction

are used here interchangeably.



Natural Course of Atherosclerotic CVD (heart attack, stroke, PAD,....)

\Wall Thickening ormatio

e
Elevated Blood

TIME Endothelial

Dysfunction

Unlike endothelial dysfunction,
structural disorders in arteries
occur slowly, appear later in
life, and do not respond quickly
to treatments.

X

Undetectable
Structural Disorder Structural Disorder
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ENDOTHELIAL IR o Functional Disorder. & >
DYSFUNCTION

Endothelial dysfunction precedes
structural disorders, plaque build up, and clinical events.



Older subjects
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Figure 2. The average blood flow in the skin above the quadriceps muscle in 10 older subjects with low BMI and 10 with high BMI at rest, during & minutes of exposure
to heat and for 2 minutes after heat
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How Can We Assess the

Endothelial Function?




The Nobel Prize in Physiology or Medicine 1998
Robert F. Furchgott, Louis J. Ignarro, Ferid Murad
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Furchgott, R., Zawadzki, J., “The Obligatory

Role of Endothelial Cells in the Relaxation of
Arterial Smooth Muscle by Acetylcholine,”
Nature, vol. 288, Nov. 27, 1980, pp. 373-376;

The ohliﬁatory role of endothelial
cells in the relaxation of
arferial smooth muscle by acetylcholine

Robert F, Farchgott & John V. Zawadeki

Dzpatimen) of Plurmeabogy, St University of Now York
Dawistete Malisal Canter, Reoablys New York 11205

Despite its very potent vasodllating action fa chow, sectylcholine
(ACR) does not always produce relaxation of isolated pecp-
wealions of blood vessels lu citre. For example, In the belical
Atrip af the eahbit descending thoracic norta, the only reperted
respanse 0 ACK les e graded canirnctions, vecurring at
concentiations above 0.1 M sl malisted by mwsourinic
receplony’”, Recently, we obscrved that I a ring preparation
from (v rabbit thoracic norta, ACh produced marked redex-
adlon i concomteations Wower than those required 1o produce
comtraelon™ (condirmivg an earfier report by Jellifie’), In
Investignting this apparcnd discrepaacy, we discovered (kat the
1033 of relaxation by ACh in the case of the stk was the resulf af
wnintentionsl rubbing of ity intlmel eurface spalnsl forcipe
surduces during iy preparntion, I cxre was tuken to wvold
rubibbng of thw imfinml surfuce during prepurution, the tssue,
whether rleg, transeersy strlp oe helical sirip, wways exhibited
reluxation 40 ACh, and the possititity wag considered that
rubbing of the intimal surfoce had removed eadothelial cells’,
We demonsirate here that relaxation of ksolated preparations of
rabhilt tharadic sorta and ether blood vessels hy ACh requlies
the presence of vaduthelial oells, snd thut ACH, weting on
mascarinic receplars af fhese wolly, stimnbstes relewse of u
subslancels) (hat causer rolaxation of the vascuise smoath
wimele. We propose that this may be ome of the principal
mechunisms for ACh-induced vasodilation (u eéve. Preliminary
TM:‘OI some aspects 0f the work have bean reported edse-
where**,



Furchgott's Sandwich
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BRIEF REVIEWS

Role of Endothelium in Responses of Vascular
Smooth Muscle

Robert F. Furchgott

From the Department of Pharmacelogy, State University of New York, Downstate Medical Center Brooklyn, New York
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The L-arginine: Nitroc Oxide Pathway

Vascular smooth muscle cell

Endothelial cell
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Vallance P, Chan N Heart 2001;85:342-350



What is Nitric Oxide (NO)?

NO is one of the most powerful, Louis J. Ignarro
endogeneous vasodilators =

Vasodilators improve circulation
throughout the body

In 1998 The Nobel Prize in
Physiology or Medicine was
awarded to 3 Americans for
their discoveries concerning the
Nitric Oxide molecule in the
cardiovascular system Robert F. Furchgott




Why Does the Body Need NO?

The Answer: Better Circulation

o Dilates existing vessels;
arterioles, venules and
lymphatics

o Angiogenesis - the growth of
new blood and lymph vessels

o Decreases edema and swelling

o Increases nutritional flow to
cells

o Increases antibiotic delivery
and action

o Restores blood flow to nerves




(A) In most, if not all, vessels nitric oxide is synthesised within the endothelium.

Vallance P, Chan N Heart 2001;85:342-350

©2001 by BMJ Publishing Group Ltd and British Cardiovascular Society



Regulation of NO Synthesis
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Type

Stimulus

Parameters measured

Evaluation techniques

In vitro direct methods

Pharmacological {L-NAME,
phenylephrine,
noradrenaline, inhibitors of
NOS and COX)

Physiclogical (shear stress)

Flow

Shear rate

Cell culture

lsolated artery

Biochemical in vivo indirect
methods

Pharmacological {L-arginine)

Physiological (ADP, 5-HT,
histamine)

Plasma NO and PGl,
Urinary nitrate, nitrites

Adhesion molecules

Coagulation factors

Biochemical assays

Invasive in vivo direct
methods

L-MMMA (intra arterial)

Ace;[jylcholine, serotonin,
bradykinin, substance P
{intra arterial)

Arterial diameter

Arterial flow

Ultrasonography

Plethysmography

Mon-invasive in vivo direct
methods

Shear stress (post-ischemic
dilation)

Dipyridamole (intra venous)

Arterial diameter

Arterial flow

Arterial flow

Ultrasonography

Plethysmography
Echotracking

Positron emission
tomography




Flow-mediated Vasodilation
S N

Healthy endothelium mediated vasodilation

Normal flow conditions Increased flow conditions

Impaired endothelium mediated vasodilation

Normal flow conditions Increased flow conditions

— — — — — —-— —

endothelium



How is Endothelial Function Measured?
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PARADOXICAL VASOCONSTRICTION INDUCED BY ACETYLCHOLINE

IN ATHEROSCLEROTIC CORONARY ARTERIES

Paut L. Luomer, M.D.. Axorew P. Secwys, MDD, Troxas L. Snook, M.D., Riciarn R. Wavse, BS.,
Greeert H. Mupce. MDD, R. Wavne Atexaxoer, MDD, PuD., ano Peres Gaxz, M.D

Abstract Acetylcholine is befieved 1o dilate normal blood
vessels by promoting the release of a vasorelaxant sub-
stance from the endothekum (endothesum-derived relax-
ing factor). By contrast, if the endothehum is removed ex-
penmentally, acetylcholine constricts biood vessels. We
tested the hypothesis that muscannic cholinergic vasodia-

ies, acelylcholine caused a dose-dependent dilation from
a control diameter of 18420.16 mm 10 2.16=0.15 mm
with the maximal acetyichoine dose (P<0.01). In con-
trast, all eight of the artenies with advanced stenoses
showed dose-dependent constriction, from 1.0520.05 o
0.32+0.16 mm at the highest concentralion of acetyicho-

10°M Ach

10-°M Ach TNG




The Problem With This Method...

Invasive Expensive

Hospltallzatlon Reqwred



Research Method Uses Ultrasound Imaging

Brachial Artery Flow-Mediated Vasodilation in a Healthy
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The Problem With This Method...

- Lacks feasibility for doctors' offices
- Requires experienced sonographer

- Operator-dependent
- Sensitive to position of the arm
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Endothelial Function

Dilation
Growth inhibition
Atithrombotic

Anti-inflammatory
Antioxidant
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Growth promotion
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Endothelial Dysfunction

the sine qua non of the atherogenic process

Constiction
Growth promotion
Prothrombotic
Dilation Proinflammatory
Growth inhibition Pro-oxidant
Atithrombotic
Anti-inflammatory
Antioxidant

Age

Family history
Smoking
Hypertension
Low HDL-C

High LDL-C
Diabetes Mellitus




Hypercapnia-induced Vasodilation is Endothelium-
dependent and Sensitive to Ischemia
.
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Bari et al, Brain Res, (1998)



