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The Discovery of Aspirin’s
Antithrombotic Effects

Aspirin has long been established as a useful analgesic and antipyretic. Even in ancient
times, salicylate-containing plants such as the willow were commonly used to relieve pain
and fever. In the 20th century, scientists discovered many details of aspirin’s anti-inflam-
matory and analgesic properties, including its molecular mechanism of action. In addition,
the latter half of the century brought reports that daily, low doses of aspirin could prevent
myocardial infarction and stroke. This finding was first reported by Lawrence Craven, a sub-
urban general practitioner in Glendale, California. Unfortunately, Craven’s work went largely
unnoticed, and decades passed before his observations were verified by clinical trial. We
present Craven’s story, which demonstrates the value of a single physician’s commitment
to lifelong learning. In addition, we summarize the work of the physicians and scientists
who discovered the molecular mechanisms by which aspirin exerts its antiplatelet effects.
Collectively, these discoveries exemplify the complementary roles of basic science and
clinical observation in advancing medicine. (Tex Heart Inst J 2007:34:179-86)

illow bark and other salicylate-containing plants have been used for pain

relief since ancient times. For example, the Greek physicians Galen and

Hippocrates described the analgesic effects of willow bark; Galen was the
first to record its antipyretic and anti-inflammatory effects. The Assyrians of the Su-
merian period and the ancient Egyptians recorded that willow could be used to alle-
viate pain.' Of course, these observations were made long before the advent of modern
evidence-based medicine, and therefore the use of willow in ancient medicine had its
foundation in observational or anecdotal evidence. Nevertheless, the claims of wil-
low bark’s analgesic properties stood the test of time and were scientifically validat-
ed in the modern era. Although ancient physicians had no way of understanding the
mechanism by which willow bark might relieve pain, lack of understanding did not
stop them from prescribing this relatively safe and helpful herbal remedy.

In 1763, the Reverend Edward Stone wrote a letter to the Earl of Macclesfield
wherein he described the use of powder derived from willow bark for treating ague
(malarial fever) in 50 patients. Stone’s work is generally regarded as the 1st modern
scientific description of the medicinal use of willow bark.? The development of chem-
ical techniques in the 18th and 19th centuries enabled scientists to characterize the
compounds that were extracted from willow bark. In 1826, Henri Leroux isolated
what was later to be called “salicin” from willow bark.’> Two years later, Johann Buch-
ner also purified the same compound and named it salicin, which means “willow” in
Latin. Other groups simultaneously purified salicin and optimized the protocol for
its isolation from willow bark. In 1838, Raffaele Piria at the Sorbonne generated sali-
cylic acid from salicin. In 1853, Chatles Frederic Gerhardt created acetylsalicylic acid
for the 1st time, but he did not use or market this modified version of salicylic acid.
At about the same time, physicians began prescribing the purified compounds to re-
lieve pain. A Dundee physician, Thomas Maclagan, used salicin to treat patients who
had rheumatism, and he reported its beneficial effects in 7he Lancet in 1876.

In 1897, Felix Hoffman, a German chemist working for the Bayer company, was
able to modify salicylic acid to create acetylsalicylic acid, which was named aspirin
(Fig. 1). The following year, Heinrich Dreser at Bayer dismissed the market potential
of aspirin on the ground that it had an “enfeebling” action on the heart (“The prod-
uct has no value”). His real reason for ignoring aspirin was his preoccupation with the
sales potential of another new drug—heroin (first synthesized in the Bayer laborato-
ry in 1897)—which Bayer was about to launch as a cough remedy.¢ Arthur Eichen-
gruen (whose job it was to originate new products at Bayer) refused to accept Dreser’s
rejection of acetylsalicylic acid and continued to press for its development.® Eventually,
Dreser reneged and tested aspirin on himself'and on his rabbits, confirming its thera-
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Fig. 1 Acetylsalicylic acid (aspirin) retains the carboxy! group (COOH) of salicylic acid and makes a substitution in the hydroxyl group
(OH). The drug was developed at Bayer by Felix Hoffmann. Acetylation made aspirin more tolerable to the gastrointestinal tract, which

led to widespread use.

peutic properties. Subsequently, aspirin was found to be
more tolerable to the stomach than salicylic acid.” Felix
Hoffmann’s innovation led to the widespread modern
use of aspirin for pain relief. His acetylation of salicylic
acid also proved fortunate in another way, because the
modification is important to aspirin’s ability to prevent
cardiovascular events.®

In this manner, an ancient herbal remedy became “as-
pirin,” a wonder drug, albeit with some persistent side
effects, including gastrointestinal irritation. Angina pec-
toris, which was at one time written off as “stomach
pain” or other ailments, was already linked to myocar-
dial infarction by the 18th century. Large atherosclerot
ic plaques were found in patients who had suffered heart
attacks. However, even as late as the 1940s, many ques-
tions lingered about why heart attacks sometimes occur
precipitously—especially in light of the knowledge that
atherosclerotic plaques form gradually and grow slowly
over time.” In the early 20th century, physicians began
using the anticoagulant dicumarol to treat myocardial
infarction, but there were still questions about the role of
thrombosis in the often precipitous nature of cardiovas-
cular events. Indeed, there was considerable controversy
about the use of any anticoagulant in the prevention of
myocardial infarction.” It was at this time, when myo-
cardial infarction and the effects of aspirin were still
poorly understood, that a suburban general practition-
er named Lawrence Craven began to test whether aspi-
rin might prevent myocardial infarction.

Craven’s Life

Little is known about Dr. Lawrence L. Craven’s life.
The only readily accessible documents that give insight
into Craven’s personality and life experiences are 4 pa-
pers published under his name, a Los Angeles Times ar-
ticle that concerned 1 of those papers, and an obituary.
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Craven was born in Truro, Iowa, in 1883." He gradu-
ated from the University of Minnesota in 1913 with a
bachelor of science degree. One year later, he received
his MD degree from the University of Minnesota Col-
lege of Medicine and Surgery (Fig. 2). During World
War I, Craven served as a captain in the military. Later,
he and his wife, Mabel, moved to Glendale, California,
where he worked as a general practitioner at Glendale

Fig. 2 Photograph of Dr. Lawrence L. Craven in 1914, at the age
of 31, when he graduated from the University of Minnesota Col-
lege of Medicine and Surgery. Photo courtesy of the University
of Minnesota Archives.”
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Memorial Hospital." His younger brother, Earl, was an
assistant editor of the Los Angeles Times,"* which proba-
bly facilitated the publication of that newspaper article
about one of Dr. Craven’s papers.” Little else is known
about Craven’s life, although he posthumously became
famous for his prophetic papers describing aspirin’s abil-
ity to prevent myocardial infarction and stroke. In re-
gard to his life outside of medicine, Craven’s obituary
states that he was president of the Glendale Optimist
Club and was actively involved in numerous civic ac-
tivities."

Ironically, on 18 August 1957, Lawrence Craven died
after experiencing a myocardial infarction. At the time
of his death, he was 74 years old and still actively prac-
ticing medicine." Of possible interest is Craven’s rec-
ommendation of aspirin as prophylactic therapy only
for patients 45 to 65 years of age—so at the time of
his death he would have fallen outside the age range
embraced by his own recommendation. It is notewor-
thy, however, that Craven’s recommendations are not far
from today’s widely accepted standards.”

Craven’s Discoveries

The cause of myocardial infarction was a topic of partic-
ular interest to Dr. Craven. He was not a formally trained
scientist, and he knew his limitations. Indeed, some of
the most remarkable aspects of his papers are his humil-
ity and his repeated caveats that more rigorous scientif-
ic studies had to be conducted to prove his hypotheses.
Despite the absence of control groups, Craven’s studies
had their basis in sound reasoning and in the observa-
tion of large numbers of patients. For example, in 1950
he published his 1st letter,” in the Annals of Western Med-
icine and Surgery, in which he introduced his hypothe-
sis that aspirin was preventive of coronary thrombosis.
He cited evidence that aspirin prolonged prothrombin
time'® and mentioned reports of more frequent hemor-
rhaging among patients who chewed aspirin gum after
a tonsillectomy" or a tooth extraction.” He prescribed
daily aspirin to 400 patients in 1948, and he reported
in 1950 that none had suffered a myocardial infarction
during that 2-year period.” Later in 1950, Craven pub-
lished a 2nd letter,” in the Journal of Insurance Medicine,
that reiterated many of these ideas. He remarked, “For
36 years my surgical work has been primarily removal of
tonsils and adenoids. Of the hundreds of cases handled,
only 5 were performed in hospitals. Surgery was per-
formed during morning office hours and practically all
patients were released to their homes by early afternoon
without question of possible hemorrhage—practically
none occurring until about 6 years ago, at which time
an alarming number of hemorrhages were evidenced in
disturbing frequency.”” Craven was convinced that this
increased bleeding resulted from the chewing of aspirin
gum to relieve pain.
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Craven’s hypothesis also arose from his perception that
men suffer from heart attacks more often than women.
He suggested that men of his time were much less like-
ly than women to take aspirin for everyday aches and
pains, which might explain sex differences in the inci-
dence of myocardial infarction. Initially, Craven recom-
mended aspirin to all of his male patients and friends
between the ages of 30 and 90, saying that his patients
“.. . ‘might prevent dying a horribly painful death if they
would take a couple of aspirins daily for the rest of their
lives. They evidenced the usual male reaction of skepti-
cism (‘taking aspirin is effeminate!’). They did, however,
prove the point that practically every man in the coun-
try today has a secret dread of death from ‘heart disease’
to the extent that he will try anything which offers even
a remote hope of prevention.”” Craven reported that
many physicians from across the country had written
to him in response to his 1st paper, and he mentioned
that these corresponding physicians had “enjoyed simi-
lar successful results in the administration of aspirin for
prevention of coronary thrombosis in their own prac-
tices.””

In 1953, Dr. Craven published his 3rd paper,” in the
Mississippi Valley Medical Journal. By this time, he had
changed his age recommendations for daily aspirin pre-
scription. He now prescribed daily aspirin to men be-
tween the ages of 45 and 65 who were overweight and
led sedentary lifestyles, factors that predispose a patient
to myocardial infarction. He found that not one of these
patients experienced a myocardial infarction over a sev-
eral-year period.” Dr. Craven eloquently justified his
method of determining the effects of aspirin:

The value of Aspirin (acetylsalicylic acid) in the gen-
eral prophylaxis of coronary occlusion is suggested
by observations accumulated during the past seven
years. Concededly, the effectiveness of any type of
prophylactic treatment is difficult to prove, and this
applies especially to a procedure aiming merely at
nonspecific prevention. Observations on healthy
subjects can never be made under strictly scientific
conditions, and resulting figures are only within
limits suitable for statistical evaluation. Such find-
ings may therefore merely have the value of pre-
liminary impressions, and will be substantiated
or refuted by subsequent clinical research. But as
long as the field of general prophylaxis of coronary
thrombosis is still outside the limits of present-day
research procedures, preliminary observations may
still be of practical importance provided: 1. the mea-
sure is safe in all subjects and throughout the entire
extended period of medication; 2. the observations
are not in opposition to trend and results of clini-
cal and experimental research; and 3. it is well un-
derstood that the findings were not arrived at under
strictly scientific conditions.”
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According to this same 1953 paper,” approximately
1,500 acrisk patients faithfully took a small daily dose
of aspirin, and not one suffered a myocardial infarction.
Craven’s discussion centered on 4 points:

* Myocardial infarction is likely due to rapid throm-
bosis at sites of atherosclerotic narrowing,

* Aspirin is known to cause hemorrhagic compli-
cations after tonsillectomy, and there are signifi-
cant data to suggest that aspirin has anticoagulant
properties.

* Craven personally observed that patients who are
prescribed aspirin are much less likely to experi-
ence myocardial infarction and that small doses
of aspirin are generally sufficient to prevent myo-
cardial infarction.

* Craven called upon the medical community to
study aspirin’s effects on coagulation and on the
prevention of coronary thrombosis.

Craven continually and urgently expanded his obser-
vational studies, for he wanted to convince people that
his observations were true. To verify aspirin’s ability to
impair clotting, he performed a “personal experiment”
in 1950. He wrote, “Ingestion of 12 aspirin tablets daily
resulted after five days in spontaneous profuse nose-
bleed. In order to check on the reliability of this obser-
vation the test was repeated twice over, with precisely
the same results. The proof seemed to be all the more
convincing as the author had not experienced nosebleed
for more than fifty years.”

Most of Craven’s writing is speculative and descrip-
tive, lacking any statistics or formal presentation of data.
So naturally, the question arises: what supports Craven’s
hypothesis other than anecdotal evidence and specu-
lation thereupon? Craven’s idea was eventually proved
true, yet his work was not powerful from a scientific
perspective. Nevertheless, his cohort sizes were large (a
total of 8,000 patients), and his results were striking (no
myocardial infarctions in at-risk patients who faithfully
stuck to their dosage).” Perhaps the finest aspect of Cra-
ven’s work was his reasoning and his review of the liter-
ature, which supported his novel therapeutic approach.
Craven’s papers reflect a deep personal commitment to
learning and to the advancement of medicine.

However, Craven’s papers went largely unnoticed. It
is interesting to speculate about whether more presti-
gious medical journals might have rejected his papers
and, if so, on what basis. We do not have an answer to
this question, but it is tempting to conclude that Cra-
ven’s writings might have been rejected for lack of rigor.
However, methods for more stringent clinical trials were
still being developed in the 1950s, and Craven likely did
everything within his power to prove his observations,
considering the limited resources and statistical meth-
ods that were available to him.
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In Craven’s 4th and final paper,” published less than
ayear before his death, he updated his trial of aspirin as
a prophylactic against coronary thrombosis. His final
count was 8,000 patients who had taken aspirin daily,
9 of whom had died of what appeared to be “heart at
tacks.” Autopsies were performed on all 9 patients who
died, and the cause of death proved to be ruptured aor-
tic aneurysm rather than coronary thrombosis. Once
again, these observations were presented with the ca-
veat that they were not obtained under controlled con-
ditions. This 1956 paper conveyed another significant
observation: aspirin might also prevent “little strokes”
(or transient ischemic attacks): no patient had experi-
enced stroke. Finally, Craven answered skeptics who
claimed that low doses of aspirin were insufficient to
prolong prothrombin time and could not, therefore, have
had any antithrombotic effect. He responded:

I might answer that the mechanism whereby elec-
troshock helps the confused is as yet unknown, yet
few psychiatrists would discard electroshock treat-
ment because they have seen and welcomed the
improvement in their patients. Again, quinine is
known as a specific for malaria—but can its worth
be demonstrated by laboratory technics? To any
physician who has witnessed the results of long-
term aspirin administration—who has seen his pa-
tients freed of their fear of possible “heart attacks”
at a time when their contemporaries are stricken
down with coronary and cerebral thrombosis, the
evidence speaks for itself.”!

Aspirin’s Antiplatelet Effect

Long before clinicians conducted clinical trials that test-
ed Dr. Craven’s observations, clinician-investigators and
basic scientists were asking questions about the basic
mechanisms of platelet activation and about bleeding
disorders associated with platelet defects. By 1950, it was
established that high doses of aspirin prolonged pro-
thrombin time*?**—a fact also noted by Craven.” How-
ever, even doses too low to affect the prothrombin time
appeared sufficient to prevent coronary thrombosis, and
this bewildered Craven. Because aspirin was associat-
ed with bleeding and unusually high doses prolonged
prothrombin time, many physicians in the 1940s were
prescribing aspirin together with vitamin K (even in a
combined pill form), under the false assumption that
additional vitamin K might somehow compensate for
the increased bleeding. Even Craven made this incorrect
assumption.” Later studies by basic scientists and clini-
cian-investigators would address themselves to these and
other fundamental issues.

Atherosclerosis and myocardial infarction are the re-
sult of both inflammatory and thrombotic processes. In
the latter half of the 20th century, humankind greatly
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advanced its understanding of these processes. Hemo-
stasis and inflammation were once thought to be dis-
tinct, but we now know that these 2 processes are often
linked. During inflammation or injury, leukocytes roll
along and adhere to activated endothelial cells that line
the blood vessel wall. Leukocyte rolling is mediated pri-
marily by selectins and their ligands,” while firm adhe-
sion is mediated by integrins and their ligands.? Firmly
adherent leukocytes subsequently transmigrate across
the endothelium. In contrast with leukocytes, adherent
platelets remain in the blood vessel lumen and contin-
ue to accumulate toward the center of the lumen. When
the blood vessel wall is injured severely enough to de-
nude the endothelium, platelets attach to subendothelial
von Willebrand factor and collagen, and flowing plate-
lets tether to the already adherent, activated platelets.”

A variety of stimuli, including thrombin, adenosine
diphosphate (ADP), and collagen, are known to cause
platelet activation, spreading, and aggregation. Adeno-
sine diphosphate is stored within the dense granules of
platelets and is released upon cell activation, but it causes
only modest reversible aggregation. Nonetheless, ADP
plays an important role in initiating signals that lead to
platelet shape changes and to the synthesis of thrombox-
ane A,, which is a potent activator of platelets. When a
platelet is activated and its dense granules release their
contents, ADP binds to its receptors on the same and
neighboring platelets, as does thromboxane A, to its re-
ceptor. Adenosine diphosphate amplifies the platelet’s
response to other agonists. This adhesion cascade leads
to the formation of large platelet aggregates that are
both procoagulant and proinflammatory. The resule-
ing thrombus can easily occlude the lumen of an already
narrowed atherosclerotic coronary artery, thereby caus-
ing a myocardial infarction.”?*

Many scientists have contributed to our current un-
derstanding of aspirin and platelet function, and it is
not practical to tell each of their stories. Instead, this
paper focuses on a few of the investigators whose dis-
coveries helped reinvigorate clinical interest in the use
of aspirin for preventing cardiovascular events. In the
late 1960s, Dr. Harvey J. Weiss®**' asked the next im-
portant question: “Does aspirin affect platelets?” Weiss
had been studying patients who had platelet factor 3 de-
ficiency, a disorder in which platelets exhibit defective
release of ADP.® Simultaneously, Dr. Armand Quick?”
was examining the effect of aspirin on bleeding time,
finding that very low doses of aspirin prolonged the
bleeding time, even though low doses had no effect on
prothrombin time. Quick also found that aspirin had a
disproportionately large effect on the bleeding times of
patients with von Willebrand disease, and he hypothe-
sized that low doses of aspirin might prolong the bleed-
ing time in normal patients by creating a defect similar
to that found in von Willebrand disease.” Weiss theo-
rized that aspirin-associated prolongation of the bleed-
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ing time might result from defective platelet aggregation
due to impaired ADP release. His findings, published
in several papers,”** showed that aspirin impairs both
ADP release and secondary ADP-dependent platelet ag-
gregation (Fig. 3). Remarkably, Weiss also found that
sodium salicylate had no such effect on ADP release or
platelet aggregation, which suggested that aspirin’s an-
tiplatelet activity was dependent on the acetyl modifi-
cation that differentiates “aspirin” from salicylic acid.
Other groups confirmed this difference between sali-
cylic acid and aspirin.”* Weiss reported that aspirin’s
effect on platelets was rapid and irreversible, inhibiting
platelet aggregation for the duration of a platelet’s life.
Together with the findings from several other groups,
Dr. Weiss’s discovery was a key step in understanding
the mechanism by which low doses of aspirin could pre-
vent coronary and cerebral thrombosis. For example,
James Mustard, Marian Packham, and Geoffrey Evans
and their colleagues®** also demonstrated that aspirin
could inhibit the aggregation of platelets. Alchough this
work showed that aspirin had antiplatelet effects, it did
not reveal the specific molecular mechanism by which

e A

Fig. 3 Inhibition of platelet thrombus formation by aspirin. Cit-
rated blood was perfused over de-endothelialized rabbit aorta at
arterial shear rates A) before ingesting aspirin, and B) 2.5 hr after
ingesting 0.9 g of aspirin.?> The images were acquired by light
microscopy. The black bar represents 10 um.

(Reprinted, with permission, from Weiss HJ, Tschopp TB, Baum-
gartner HR. Impaired interaction [adhesion-aggregation] of plate-
lets with the subendothelium in storage-pool disease and after
aspirin ingestion. A comparison with von Willebrand'’s disease. N
Engl J Med 1975;293:619-23. Copyright © 1975, Massachusetts
Medical Society. All rights reserved.)
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aspirin exerted those effects. Differences in the effects of
salicylic acid and aspirin (acetylsalicylic acid) suggested
that the acetyl group was somehow involved. One lab-
oratory reported that a radiolabeled acetyl group from
acetylsalicylic acid was selectively found in platelets after
aspirin treatment, while a radiolabeled carboxyl group
was not incorporated into platelets.”

While Harvey Weiss was examining the effect of aspir-
in on platelet aggregation, others were conducting exper-
iments to study in vivo the functions of prostaglandins
and the effects of aspirin on their release. Weiss had al-
ready solved a big piece of the puzzle, having shown that
aspirin inhibited platelet aggregation. Atalmost the same
time, the prostaglandin researchers Priscilla Piper and Sir
John Vane were asking whether aspirin might affect the
biosynthesis of prostaglandins. In the early 1960s, Vane
developed a method for assaying the production of var-
ious substances by means of isolated organ perfusion,
which he called cascade superfusion bioassay.” In this
assay, blood or artificial salt solution was perfused over
isolated assay tissue, and various test substances were also
introduced. Vane made several innovations to previous
bioassay techniques, such as superfusing an organ with
blood from an animal’s vein or artery and then returning
the blood to a large vein. In 1982, Vane won the Nobel
Prize in Physiology or Medicine for his contributions to
this field. These innovations would prove vital for un-
derstanding the effects of aspirin at the molecular level.
Vane commented that the “element of instantaneity is
an important aspect of cascade superfusion bioassay in
that it detects the biological activity of chemically unsta-
ble compounds whose activity would otherwise be lost
in the extraction process.” Using this approach, Vane
and Piper studied substances released during anaphylax-
is.® They discovered the release of prostaglandins and
a molecule called “rabbit aorta contracting substance”
(RCS, later renamed thromboxane A,). The RCS was
found to be highly unstable, and that fact was crucial to
their later discoveries: a delay of even a few minutes was
sufficient to prevent the effect of RCS on the assay tis-
sue. In assays using guinea pig lung, they found that as-
pirin blocked the release of RCS and also prostaglandins.

Vane described his experiences:

While I was writing a review paper over the week-
end, including the results of some of these experi-
ments, a thought occurred to me that perhaps
should have been obvious earlier on. In all these
experiments (and in those of many other workers),
the “release” of prostaglandins must in fact amount
to fresh synthesis of prostaglandins. That is, prosta-
glandin output in these experiments, though very
low, was still far higher than the tissues’ initial con-
tent of the hormones. Evidently, then, the various
stimuli, mechanical and chemical, which released
prostaglandins, were in fact “turning on” the syn-
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thesis of these compounds. A logical corollary was
that aspirin might well be blocking the synthesis of
prostaglandins.”

Vane tested his hypothesis by introducing aspirin in
an experiment that used the supernatant of a cell ho-
mogenate known to generate prostaglandins. His hy-
pothesis proved to be correct, for aspirin inhibited the
generation of RCS and prostaglandins in a dose-depen-
dent manner."* Smith and Willis® tested the same hy-
pothesis in patients who had taken 600 mg of aspirin,
after which platelets were isolated and stimulated with
thrombin. They found that prostaglandin synthesis was
specifically inhibited by aspirin,” which was consistent
with Vane’s report. The enzyme that aspirin inhibits—
later revealed to be cyclooxygenase-1 (COX-1) (Fig. 4)
—plays a key role in the synthesis of prostaglandins and
thromboxane A,. Collectively, the work of these scien-
tists revealed that aspirin’s effects on platelet aggrega-
tion result from inhibition of COX-1 (thereby reducing
thromboxane-A, synthesis) and inhibition of the re-
sponse to thromboxane (which is dependent upon ADP
for amplification). Roth and associates* showed that as-
pirin irreversibly inhibits COX-1 by acetylating a serine
residue, thereby preventing the binding of arachidonic
acid. In platelets, irreversible inhibition of COX-1 is of
particular consequence, since the synthesis of any new
enzyme is minimal in these anuclear cells. This char-
acteristic of platelets leads to a more profound and pro-
longed inhibition of platelet function, in comparison
with aspirin’s effects on cells that contain nuclei. The
contributions of these and other scientists likely reinvig-
orated interest in the use of aspirin to prevent cardio-

Membrane phospholipids

(Phospholipase A,)

Arachidonic Acid

(COX)

Y
PGG,

aspirin

/

(COX)

Y Thromboxane A,
PGH, ™ Other Prostaglandins
(specific synthases)

Fig. 4 Synthetic pathway for prostaglandins and thromboxane
A,. Aspirin inhibits cyclooxygenase-1, which is necessary for the
synthesis of thromboxane A, and prostaglandins.

COX = cyclooxygenase; PGG, = prostaglandin G,; PGH, = pros-
taglandin H,
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vascular events, which led to the 1st clinical trials that
directly tested Craven’s claims.

Conclusions

Since the publication of Craven’s clinical observations,
hundreds of clinical trials have tested aspirin’s ability
to prevent cardiovascular events, and it is now accept-
ed that aspirin can prevent both myocardial infarction
and stroke.” In 1989, this work culminated in the Phy-
sicians’ Health Study,* a pivotal clinical trial that con-
firmed Craven’s hypothesis. The remaining questions
relate to proper dosage, although the answer to this
question is also becoming clear. Clinical trials and aspi-
rin dosage for the prevention of myocardial infarction
and stroke were recently reviewed by James E. Dalen.”
Dalen’s review concludes that the optimal aspirin dos-
age should be able to prevent both myocardial infarc-
tion and stroke; current data indicate that a dosage of
160 mg/day may be most appropriate for these indica-
tions. This dosage is lower than the 325 mg/day pre-
scribed by Craven, but it is remarkable that Craven also
detected the efficacy of small doses.

Dr. Craven’s observations suggested that aspirin pro-
phylaxis completely prevented myocardial infarction.
However, clinical trials have shown that, while aspirin
significantly reduces the risk of myocardial infarction
and stroke, it clearly is not universally protective.” Al-
though Craven was not correct on every point, his ob-
servations would have saved many lives had they been
tested and implemented decades earlier. Craven was in-
tellectually curious, ahead of his time, and maybe a little
lucky. His story illustrates the value of a single physician’s
efforts, when he or she continually observes patients and
then strives to improve medical care. Fortunately, basic
scientists and clinician-investigators asked fundamen-
tal biological questions, and by doing so they were able
to confirm and eventually to revive an insight that had
temporarily fallen by the wayside.
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