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False-color an giogram of coronary artery
stenosis

INTRODUCTION

To date, most of our attempts to prevent atherosclero-
sis have centered on the control of hypertension and
hyperlipidemia, as well as lifestyle risk factors.
However, recent insights into the pathology of coro-
nary disease have sharpened our focus on the natural
history of atheroma and its relentless progression to

acute cardiac events.

ATHEROSGLEROSIS:
AN INSIDIOUS PROGESS

The identification and management of patients with
hypertension has not had as large an impact on the
incidence of coronary heart disease as might be
expected. Many factors contribute to the etiology of
this disease, which appears to be a lifelong evolving
process starting early in life. Indeed, studies have
shown that advanced arterial lesions already exist in
young individuals, with an incidence of 10-30% in the
successive three year age groups between 15 and 29

years.'



The atherosclerotic process begins with infiltration of
low-density lipoproteins or LDL into the arterial intima
to create lipid-rich foam cells which form the basis of
the “fatty streak.”* This early lesion contains large
amounts of cholesterol, but its development to athero-
sclerosis is not inevitable. Progression appears to
depend critically upon endothelial injury,” caused by
oxidation of LDL,**” by the shearing forces of hyper-

tension,”” and by smoking.*’

A subsequent increase in endothelial permeability
allows the influx of macrophages and LDL particles to
form further foam cells.™ This is followed by release
from macrophages and endothelial cells of chemotactic
growth factors such as PDGF (platelet-derived growth
factor). These factors stimulate smooth muscle cells to
migrate and proliferate, creating a connective tissue cap
over a core of foam cells and extracellular lipid.*’
Finally, platelets, fibrin and red blood cells are deposit-
ed at the surface to form the mature atheromatous

plaque.’




Platelets contribute to thrombus formation
and release of growth factors, leading to
progression of atherosclerosis

PLATELETS AND ATHEROSCLEROSIS
PROGRESSION

Several features of mature plaques, such as their
multilayered pattern, suggest that platelet aggregation
and thrombus formation are key elements in the pro-
gression of atherosclerosis.*"* Platelets are also
known to provide a rich source of growth factors,
which can stimulate plaque development.*

Given the insidious nature of atherosclerosis, it is
vital to consider the role of platelets and thrombosis
in this process, and the serious events that may be
triggered once plaques are already present.™'"”



Histologic cross-section of atheromatous plague
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Shear forces lead to a deep tear in the
fibrous cap

Platelets adhere to exposed fibrillar
collagen

Degranulation promotes platelet
aggregation

Circulating fibrinogen binds to platelet
receptors and forms a bridge between them

PLAQUE INJURY AND THROMBOSIS

Shear forces, caused by hypertension for example,’
can lead to a deep tear in the fibrous cap of
established plaques.'*" The resulting exposure of
fibrillar collagen, present in deeper layers of the
vessel wall, acts as a powerful stimulus for platelets
to adhere and to become activated."'* These then
degranulate and secrete substances that promote
further platelet aggregation.™” In addition, circulating
fibrinogen is bound to activated receptors on platelet
membranes, and forms a bridge between neighboring
platelets.”"* Simultaneously, the coagulation
pathways are activated, leading to the formation of
fibrin, which reinforces the platelet plug as the clot

evolves deep within the plaque.***"
QUTCOME OF PLAQUE INJURY

There are several possible outcomes to plaque injury.
The majority of fissures appear to reseal,”’ but some-
times the formation of a mural thrombus, which pro-
jects into the lumen, can cause obstruction or give

rise to platelet emboli.’
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<«— plasminogen

Endothelial cells synthesize tPA

tPA catalyzes the conversion of
plasminogen to plasmin

Plasmin mediates the breakdown of fibrin
and clot dissolution

HERINOLYSIS

However, mural thrombi can be completely or
partially resolved by the activity of the fibrinolytic
system." Endothelial cells have been shown to
synthesize a factor known as tissue plasminogen
activator, or tPA, which is the major activator of

clot lysis."” This protease molecule catalyzes the con-
version of the inactive precursor plasminogen to plas-
min. Plasmin, in turn, mediates the breakdown

of fibrin by the cleavage of peptide bonds, leading to
dissolution of the clot."* As a natural control mecha-
nism, inhibiting factors, such as plasminogen activa-
tor inhibitor or PAI-1, bind to free tPA molecules in
the plasma, reducing their activity, and thereby

keeping the whole process in check.""

If fibrinolysis is incomplete, thrombus may become
incorporated into the plaque, and may cause severe

stenosis. !
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Plaque rupture and the cascade of events
leading to thrombosis may account for up
to 90% of acute myocardial infarctions

GLOT PROPAGATION

Alternatively, any residual thrombus can act as a
powerful stimulant to further platelet aggregation.®
The growing mass of fibrin, platelets and enmeshed
red cells may become solid enough to cause complete

312,13

vessel obstruction.

It is significant to note that complete obstruction and
myocardial infarction often develops from mild
lesions initially causing less than 50% stenosis. "
Rupture of these plaques and the cascade of events
that leads to thrombosis can occur rapidly and is now
recognized as a common and major precipitant of
unstable angina, myocardial infarction, and sudden
cardiac death.">""” Studies suggest that thrombotic
events may account for up to 90% of acute myo-

cardial infarctions. ™'
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plasminogen

plasminogen

Defective thrombolysis, due to increased
PAI-1 levels for example, may occur in
hypertension and hyperlipidemia.
Reduced tPA activity-may result in an
impaired ability to dissolve clots

TRIGGERING FAGTORS IN
THROMBOSIS

As shown previously, the incidence of serious throm-
bosis arising from atherosclerosis may depend on two
key processes: platelet aggregability and the function

of the thrombolytic system.

Hypertensive patients are known to have greater
platelet adhesiveness and aggregability,"* which
could increase clot formation at the site of plaque
injury. In addition, thrombolysis is often defective in
hypertension and hyperlipidemia,”’ which may result
in an impaired ability to dissolve clots in the presence

of atherosclerosis.

These triggering factors should ideally be borne in
mind when devising strategies for managing the
overall risk of coronary heart disease in hypertensive

patients.



The incidenee of atheroma-associated thrambo- - Ehipertensive patients hdve greater platelet adhe-
sis may depend chiefly on platelet aggregability siveness and aggregability
and thrombolytic svstem function ?

Histologic cross-section of plaguewith mural
thrombus




DOXAZOSIN: INHIBITION OF INDUCED
PLATELET AGGREGATION
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Ex vivo study: dose-dependent reduction of
plateler aggregation with doxazosin

DOXAZOSIN: REDUCTION OF PLATELET
AGGREGATION

In the treatment of hypertension, certain
agents appear to have a positive effect on
the overall cardiovascular risk profile, and
therefore warrant consideration as first-
line antihypertensives. One such anti-
hypertensive agent is the selective alpha-1
inhibitor, doxazosin, which not only
effectively reduces blood pressure and
serum cholesterol,” but has also been

shown to have other important properties.

Hernandez and coworkers investigated
the effects of doxazosin on platelet aggre-
gation in ex vivo and in vitro studies,

using platelet-rich samples prepared from

hypertensive and normotensive subjects.

DOXAZOSIN: INHIBITION OF INDUCED
PLATELET AGGREGATION

» 6001 mgo5o;, W 75%
Inhibition  Inhibition

M 100%
Inhibition

DOXAZOSIN CONC. (ng/mi)

HYPERTENSIVE NORMOTENSIVE
Am Heart J, 1991

In vitro study: hypertensive subjects require sig-
nificantly lower doxazosin concentrations 1o
inhibit aggregation than normotensive subjects
Results from the ex vivo study, in which
plasma was obtained from hypertensive
patients who had received a placebo or
therapeutic concentrations of doxazosin,
showed a dose-dependent reduction of
platelet aggregation in the presence of

inducers such as adrenaline.”

In addition, the in vitro study showed
that the concentrations of doxazosin
required to inhibit collagen-induced
aggregation from 25% to 100% inhibi-
tion were significantly lower in hyper-
tensive than in normotensive subjects,
suggesting that platelets in hypertensive
patients are more responsive to the
effects of doxazosin therapy.* This is
particularly important since hypertension

19.20

increases platelet reactivity.




DOXAZOSIN:REDUCTION OF
PLATELET AGGREGATION

DOXAZOSIN
-~

CONTROL

>4
o
5
w
i
S
g
<
ES
z
]
=

3 4
Atheroscierosis, 1992 (in press)

1 2
IME (min)

Platelet aggregation in doxazosin-treated ani-
mals is significantly decreased compared to con-
trols, and exhibits a dissociation response

OOXAZOSIN: INGREASE IN PLATELET
DISSOCIATION

Not only does doxazosin decrease over-
all platelet aggregability, but it also
contributes to platelet dissociation, as
demonstrated in animal studies conducted
by Weiner and Nicolosi. These studies
confirmed that, in animals treated with
doxazosin, the platelet aggregation
response was significantly decreased
compared to untreated controls.”
Importantly, the platelet aggregates in
doxazosin-treated animals subsequently
displayed a dissociation response, lead-
ing to rapid reversal of aggregation.”
This result was in marked contrast to the
untreated controls. Further research is
needed to elucidate this interesting

antithrombotic property.
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DOXAZOSIN
Eurd Clin Pharmacol, 1981

Increased tPA capacity with doxazosin

DOXAZOSIN: INGREASE IN tPR GAPAGITY

Another potentially significant property
of doxazosin is its positive impact on
thrombolytic function. This was demon-
strated in a recent primary intervention
study conducted by Jansson and cowork-
ers in Sweden.” Eighty-four patients
with mild-to-moderate hypertension and
elevated serum cholesterol were random-
ized to receive either doxazosin or the
beta-blocker, atenolol, for six months. In
each group, the activity of fibrinolytic
variables was measured. These included
the activity of tPA before and after a 10-
minute venous occlusion test, and the
tPA capacity, which is the difference
between the two tPA activity values.
Doxazosin produced a significant
increase of 137% in the tPA capacity
compared to baseline values, indicating
an increase in fibrinolytic capability. In
the atenolol group, no significant change

was observed.”
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DOXAZOSIN: % CHANGES IN
THROMBOTIC VARIABLES

FIBRINOGEN PAI-1

)

p<0.01

% CHANGE

Decreased fibrinogen and PAI-1 levels
with doxazosin

Antithrombotic properties of doxazosin

DOXAZOSIN: REDUGTION OF PLASMA
HBRINOGEN AND PAH

Further antithrombotic properties of doxazosin have
been demonstrated in sixty-nine hypertensive nonsmok-
ers in a study conducted by Westheim. Blood samples
were drawn before medication and after 16 weeks of
doxazosin treatment. Levels of plasma fibrinogen and
PAI-1 were determined at both points. In addition to its
efficacy in lowering diastolic and systolic blood pres-
sure, doxazosin produced a significant decrease of
almost 5% in the level of plasma fibrinogen, an impor-
tant independent coronary risk factor, and a significant
reduction of almost 17% in the baseline level of PAI-1,”

a major inhibitor of fibrinolysis.
DOKAZOSIN: ANTITHROMBOTIC PROPERTIES

These recent studies suggest that doxazosin may have a
range of significant antithrombotic effects in many
patients, in addition to its proven beneficial effects on
hypertension and hyperlipidemia. Following doxazosin
treatment, a reduction in platelet aggregation and a ten-
dency toward dissociation, together with a reduction in
fibrinogen levels, might prevent excessive degrees of
thrombosis at the site of vascular injury. In addition,
reduced levels of PAI-1, and increased tPA capacity
with doxazosin might stimulate fibrinolysis and early
clot dissolution at these sites, and prevent the evolution

of an acute coronary event.



GONGLUSION

With each decade, new insight is gained into how

drug therapy can reduce the risk of coronary heart

disease and stroke, the primary goal in the manage-

ment of the hypertensive patient.

rosis. The advent of doxazosin therefore ref

significant step forward in our attempts to lowe

s DAL
S I

i k=
[ y l‘.".'.h 1 T N i
. coronarywisk in hypertensive patients. e
| )|
; 0 "
A\ﬂ

3 o
¥ I IJ'II
! (L
5 ’

i Y
'3 =i k] . o A

17
l




18

REFERENGES

10.

14.

Stary HC. Evolution and progression of atherosclerotic lesions in coronary arteries of children and young adults.
Arteriosclerosis. 1989;9(Suppl 1):19-32.

Ip JH, Fuster V, Chesebro JH. Exploration of the atherosclerotic plaque. In: Mathe G, ed. Biomedicine &
Pharmacotherapy. Paris, France: Elsevier 1990;44:343-352.

Davies MJ, Woolf N. Atheroma: Atherosclerosis in [schaemic Heart Disease. Volume 1: The Mechanisms.

London: Science Press; 1990,

Schwartz CJ, Valente Al, Sprague EA, Kelley JL, Nerem RM. The pathogenesis of
atherosclerosis: an overview. Clin Cardiol. 1991;14:1-1-16.

Steinberg D, Parthasarathy S, Carew TE, Khoo JC, Witztum JL. Mechanisms of disease. Beyond cholesterol.
N Engl J Med. 1989;320:915-924.

Steinberg D. Metabolism of lipoproteins and their role in the pathogenesis of atherosclerosis. New York: Raven
Press. Atherosclerosis Reviews. 1988;18:1-23.

Ross R. The pathogenesis of atherosclerosis—an update. N Engl J Med. 1986:314:488-500.

Chobanian AV. Influence of hypertension and of antihypertensive drugs on the arterial wall. Clin Physiol
Biochem. 1988:6:201-209.

Steinberg D. Lipoproteins and atherosclerosis. A look back and a look ahead. Arreriosclerosis. 1983;3:283-301.

Schwartz CJ, Valente AJ, Kelley JL, Sprague EA, Edwards EH. Thrombosis and the development of
atherosclerosis: Rokintansky revisited. Sem Thromb Hemosta, 1988;14:189-195.

Loscalzo J. Overview of thrombolytic agents. Chest. 1990;97(suppl): 117S-123S.

Davies MJ, Thomas AC. Plaque fissuring: the cause of acute myocardial infarction, sudden ischaemic death,
and crescendo angina. Br Heart J. 1985;53:363.

Stein B, Fuster V. Role of platelet inhibitor therapy in myocardial infarction. In: Cardiovascular Drugs and
Therapy. USA: Kluwer Academic Publishers. 1989:3:797-813.

Fuster V, Badimon L, Cohen M, Ambrose JA, Badimon JJ, Chesebro J. Insights into the pathogenesis of acute
ischemic syndromes. Circulation. 1988:77:1213-1220.



16.

20,

21.

[§8
[

Jansson J-H. Studies on haemostasis in deep vein thrombosis, ischaemic heart disease and hypertension. With
special reference to the fibrinolytic system. Umed Universiry Medical Dissertations. New Series No 295.
1990;12-13.

Ambrose JA, Tannenbaum MA, Alexopoulos D, et al. Angiographic progression of coronary artery disease and
the development of myocardial infarction. JACC. 1988;12:56-62.

Fuster V, Chesebro JM. Mechanisms of unstable angina. N Engl J Med. 1986;315:1023-1025.

Bleakley Chandler A, Chapman I, Erhardt LR, et al. Coronary thrombosis in myocardial infarction. Report of a
workshop on the role of coronary thrombosis in the pathogenesis of acute myocardial infarction. Am J Cardiol.
1974:34:823-833.

Mehrotra TN, Mehrotra R. Platelet adhesiveness. plasma fibrinogen and fibrinolytic activity in cases of essen-
tial hypertension. J Postgrad Med. 1987:33:178-181.

Coccheri S, Fiorentini P. Platelet adhesiveness and aggregation in hypertensive patients. Acta Med Scand.
1971;525:273-275.

Jansson J-H. Johansson B, Boman K, Nilsson TK. Hypofibrinolysis in patients with hypertension and elevated
cholesterol. J Intern Med. 1991:229:309-316.

Pool JL. Effects of doxazosin on serum lipids: a review of the clinical data and molecular basis for altered lipid
metabolism. Am Heart J. 1991:121:251-260.

Hernandez RH, Pajuelo JRG, Carvajal AR, et al. Evidence of an antiplatelet aggregation action of doxazosin in
patients with hypertension: an ex vivo study. Am Heart J. 1991;121:395-401.

Hernandez RH, Pajuelo JRG, Carvajal AR, et al. The effect of doxazosin on platelet aggregation in normoten-
sive subjects and patients with hypertension: an in vitro study. Am Heart J. 1991:121:389-394.

Weiner EJ, Nicolosi RJ. The effects of doxazosin on total and kinetic platelet aggregation and blood coagulation

in cynomolgus monkeys. J Cardiovasc Pharm. In press.

Jansson J-H, Johansson B. Boman K. Nilsson TK. Effects of doxazosin and atenolol on the fibrinolytic system
in patients with hypertension and elevated serum cholesterol. Eur J Clin Pharmacol. 1991:40:321-326.

Westheim A, Daae LNW, Kierulf P, Brusletto B, Holme I, Syvertsen JO. Selective o) inhibition with doxazosin
in hypertensive smokers and non-smokers: haemodynamic and metabolic effects. J Hypert 1990;
8(suppl 5):S41-S46.



