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Abstract

This publication is a summary of the multidirectional effects
of aspirin and its role in modern medicine. The history of as-
pirin, or acetylsalicylic acid (ASA), and its use dates back to
ancient times, although the substance in its pure form has
been produced and sold since 1899. Initially it was used for its
antipyretic, analgesic, and anti-inflammatory effects. Over the
years many other benefits associated with the administration
of ASA have been revealed. The mechanism of aspirin’s action
was discovered thanks to the British pharmacologist and Nobel
Prize winner Sir John Vane. Understanding the effects of ace-
tylsalicylic acid, associated with the inhibition of cyclooxygen-
ase and proinflammatory thromboxane A2 and with increased
concentration of vasoprotective, antithrombotic prostacyclin,
gave rise to the era of using small “cardiac” doses of ASA in
cardiovascular diseases. In addition to the well-researched an-
tiplatelet effect, other properties of ASA have been discovered,
such as the non-COX-1 dependent improvement of endothelial
function or the hypotensive effect after evening administra-
tion. According to the currently available knowledge, it is pos-
sible to speak of a pleiotropic effect of ASA and its use in the
prevention of cardiovascular diseases, taking into account its
anti-aggregation effect, circadian rhythms, and the principles
of chronotherapy.
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Introduction

The natural precursor of acetylsalicylic acid, salicin, is
found in willow bark and leaves. It was used as early as
in the times of Hippocrates as a painkiller and antipyretic.
Acetylsalicylic acid (ASA) was first synthesized in the nine-
teenth century from salicylic acid and introduced to the
market as a drug by Bayer in 1899. In 1948 Lawrence Cra-
ven, MD, observed that no myocardial infarctions occurred
among patients treated with ASA.

Streszczenie

Publikacja stanowi podsumowanie wielokierunkowego dziatania
aspiryny i jej roli we wspotczesnej medycynie. Historia aspiryny,
czyli kwasu acetylosalicylowego (ASA), i jej stosowanie siega cza-
s6w starozytnych, cho¢ substancja w czystej postaci produkowa-
na i sprzedawana jest od 1899 r. Poczatkowo wykorzystywano jej
wiasciwosci przeciwgorgczkowe, przeciwbdlowe i przeciwzapalne.
Z czasem odkryto wiele innych korzystnych dziatan ASA. Mecha-
nizm dziatania aspiryny zostat poznany dzieki brytyjskiemu farma-
kologowi, laureatowi Nagrody Nobla sir Johnowi Vane’owi. Pozna-
nie dziatania ASA, zwigzane z zahamowaniem cyklooksygenazy
i zwiekszeniem stezenia dziatajacej wazoprotekcyjnie, przeciw-
zakrzepowo prostacykliny oraz zahamowaniem prozakrzepowego
tromboksanu A2, zapoczatkowato epoke stosowania matych, ,,kar-
diologicznych” dawek ASA w chorobach uktadu krazenia. Obok do-
brze poznanego dziatania przeciwptytkowego odkrywane sa inne
wiasciwosci ASA — niezalezne od COX-1 dziatanie poprawiajace
funkcje srodbtonka, efekt hipotensyjny przy wieczornym podaniu.
Na podstawie aktualnej wiedzy mozna méwi¢ o plejotropowym
dziataniu ASA, jego zastosowaniu w zapobieganiu chorobom ser-
cowo-naczyniowym, z uwzglednieniem dziatania antyagregacyj-
nego, rytméw okotodobowych i zasad chronoterapii.

Stowa kluczowe: aspiryna, agregacja ptytek, chronoterapia,
cisnienie tetnicze.

Homeostasis, which may be disturbed by disease, is an
important factor in the proper functioning of living organ-
isms. This functioning is also subject to cyclical variability
in the form of self-sustaining oscillations of physiological
phenomena, which we refer to as biological rhythms, which
are the subject matter of chronobiology — the study of bio-
logical rhythms in the functioning of organisms and the
underlying mechanisms. These rhythms may have differ-
ent durations, from very short (e.g., heart rhythm visible on
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ECG), significantly longer (e.g., menstrual cycle in women),
to very long (e.g., annual changes in the concentration of
a substance in blood). The most important and most nu-
merous are circadian rhythms, e.g., the well-known circa-
dian rhythms related to the variability of blood pressure,
heart rate, and hemostasis. Circadian rhythm disorders
may play a role in the pathogenesis of cardiovascular dis-
eases and, just like the daily cyclicity of the risk associated
with these diseases, serve as a basis for the application of
the principles of chronotherapy. It is a method of adjusting
the concentration and potency of a drug over time to the
circadian rhythms of the biological phenomena that this
drug is designed to affect. This can be done with the use of
preparations with varying drug release times or by modify-
ing the time of administration within a 24-hour period [1].

The most important factors affecting this phenomenon
are chronosthesy, i.e., the circadian sensitivity of receptors
to a drugin individual systems, and chronopharmacokinet-
ics, i.e., the circadian rhythm of the processes of bioavail-
ability, distribution, metabolism, and excretion.

The chronobiological and chronotherapeutic approach
is becoming more and more widely understood, as it pro-
vides diagnostic benefits and enables more effective treat-
ment of diseases. The classic principles for the treatment
of hypertension and ischemic heart disease take circadian
changes into consideration [2].

Cyclicity of cardiovascular complications

Myocardial infarctions show weekly variability, with the
peak on Monday, and seasonal intensification in the winter
season [3, 4]. The results of clinical observations conducted
many years ago showed that the number of acute coronary
events, strokes, sudden cardiac death, symptoms of ruptur-
ing dissecting aortic aneurysms increases in the morning
hours [5]. This was confirmed by an analysis of the inci-
dence of acute coronary events, which revealed a circadian
rhythm with the peak in the morning hours, between 6:00
and 10:00 [5]. Studies analyzing the occurrence of sudden
death caused by arrhythmia and heart rate variability also
revealed an increase in the frequency of cardiac arrests in
the morning. The circadian rhythm was more pronounced
in the elderly and non-hospitalized patients. Circadian
heart rate variability (HRV) is one of the determinants of
the risk of sudden death [5].

Blood pressure is not constant in humans over a 24-
hour period — it follows a circadian rhythm. Under physi-
ological conditions, blood pressure varies by 20-30 mm
Hg. In active individuals blood pressure rises rapidly in
the morning, immediately after waking up, and stays el-
evated until the afternoon. Then it slowly decreases, reach-
ing its lowest values at night during sleep, and increases
again in the morning. A normal drop in blood pressure at
night should range between 10% and 20% in relation to
the values measured during the day. The circadian pressure
rhythm described above was discovered with the popular-
ization of 24-hour ambulatory blood pressure monitoring
(ABPM). Two parameters are important in the circadian
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rhythm of blood pressure, i.e., the extent of the nocturnal
pressure drop in relation to the day value and the extent of
the morning pressure increase [6].

Individuals with a normal pressure drop at night (by
10-20%) are referred to as “dippers”. Disorders of the circa-
dian blood pressure profile may consist in insufficient pres-
sure drops at night (< 10% — non-dippers), higher pressure
values at night than during the day (inverse dippers), or
pressure drops at night that are too pronounced (> 20% —
extreme dippers) [7]. Non-dippers account for 20-40% of
patients with hypertension. This phenomenon is particu-
larly common in patients with secondary hypertension as
well as in elderly and male individuals [6, 7].

The pathomechanism of this phenomenon is associ-
ated with increased adrenergic activity during the night
hours as well as with excessive intravascular volume and
salt sensitivity [8].

The reasons for the extreme dipper profile include im-
paired aortic compliance in hypertensive patients with
decreased intravascular volume and excessive orthostatic
pressure increase combined with morning a-adrenergic hy-
peractivation [9].

The second important parameter of a circadian blood
pressure profile is the morning increase in blood pressure
( morning surge — MS). Physiologically, systolic blood pres-
sure increases on average by 3 mm Hg and diastolic blood
pressure by 2 mm Hg in the first 4-6 h after waking up.
The reason for this excessive morning pressure increase is
most likely the activation of the sympathetic nervous sys-
tem. MS is defined as an increase in systolic blood pressure
by 50-55 mm Hg and diastolic pressure by 20-25 mm Hg
associated with higher cardiovascular risk [9].

Circadian variability in the hemostatic system

Hemostasis is a system of physiological processes en-
suring efficient stoppage of bleeding after injury to blood
vessel walls, tightness of the vascular bed, and fluidity of
circulating blood. Vegetative regulation is among the vari-
ous mechanisms affecting hemostasis. Under normal con-
ditions, the systems of coagulation and fibrinolysis are in
equilibrium. Changes in the circadian rhythms of the he-
mostatic system may lead to disorders manifesting either
by excessive clotting or a tendency for bleeding [10]. Kapi-
otis et al. observed circadian variability in the coagulation
and fibrinolytic systems when investigating factor Vlla and
plasminogen activator inhibitor-1 (PAI-1) in healthy young
individuals. They found a nocturnal increase in factor VI
activity and a decrease during the day, while PAI-1 activity
levels behaved inversely. This suggested that the observed
changes may be the primary cause of the morning hyper-
coagulation and decreased fibrinolysis [11]. Epidemiology
of prothrombotic conditions in a 24-hour context shows
the highest peak in the morning hours and a smaller peak
in late afternoon. Herold et al. [12] and Jaffe [13] observed
that vascular endothelium is affected by circadian rhythms
when producing vasoactive and anticoagulant factors. En-
dothelial cells release into the bloodstream vasomotor fac-
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tors affecting platelet adhesion, aggregation, and activation
(prostacyclin, NO), anticoagulation factors (thrombomodu-
lin, heparan sulphate), and fibrinolytic factors (PAI-1) [13].
Hemostasis is also affected by factors that are subject to
circadian variability, i.e., peripheral resistance, blood flow,
blood pressure, and heart rate [14, 15].

Haus observed that the number of circulating platelets
is subject to circadian rhythms with a peak in the after-
noon [14]. The activation and aggregation of platelets is
caused by many endogenous factors, in particular: colla-
gen, thrombin, platelet activating factor, adenosine diphos-
phate (ADP). Further aggregation and activation is affected
by substances released from platelets: ADP, serotonin,
thromboxane A2. Undar et al. observed a difference in the
circadian rhythm associated with the number and activity
of platelets [15, 16]. Ex vivo measurement of platelet ag-
gregation with monoclonal antibodies indicates that their
activity is highest between 6:00 and 9:00 [15, 16]. Similar-
ly, in vitro platelet adhesion shows the highest values in
the morning hours. In vitro platelet aggregation, which is
a response to the above endogenous factors, peaks in the
late-night hours and soon after waking up and assuming
an upright position — this is also related to the increased
concentration of catecholamines at this time [14].

The key role of the fibrinolytic system in hemostasis is
the dissolution of intravascular fibrin deposits and, thus,
the maintenance of the fluidity of circulating blood. The
highest activity of the fibrinolytic system is observed in the
afternoon. A connection was also found between physical
activity and increased activity of the fibrinolytic system.
The activity of this system is highest in the afternoon hours
[14]. The high amplitude of the circadian rhythm observed
in the fibrinolytic system in the early evening leads to a re-
duction of blood clotting and, thus, to the possibility of
bleeding, while relative hypercoagulability, i.e., decrease in
the activity of the fibrinolytic system, occurs in the morn-
ing [14].

Incidents of sudden death due to cardiovascular causes,
heart attacks, pulmonary embolism, ischemic strokes, or
deep vein thrombosis of the lower limbs occur mainly in
the morning or during the second peak in the afternoon.
The weekly rhythm in the hemostatic system, including
7-day changes in the surrounding environment (activ-
ity, stress, diet), lead to an increased risk of cardiovascu-
lar events, especially at the beginning of the week. These
phenomena are closely correlated with circadian rhythms
in the hemostatic system. The morning increase in blood
viscosity, tone of vascular smooth muscles, response to
norepinephrine, blood pressure, platelet activity, and blood
clotting in combination with decreased fibrinolytic activity
lead to an increased risk of thromboembolic events during
that time [17].

Chronotherapy and the effect of aspirin

The establishment of the mechanism of action of
acetylsalicylic acid, associated with the inhibition of cy-
clooxygenase (COX) and increase in the concentration of
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vasoprotective and anticoagulant prostacyclin, as well as
the discovery of prothrombotic thromboxane A2 (TXA2)
produced by platelets, which took place several years
later, gave rise to the era of using small “cardiac” doses
of ASA in cardiovascular diseases [9]. In addition to the
well-researched antiplatelet effect, new non-COX-1 depen-
dent mechanisms of action have been discovered, e.g., the
impact of ASA on endothelial function, whose role in the
pathogenesis of hypertension and its complications turns
out to be very significant. Properly functioning endothe-
lium enables vasodilatation as well as inhibits inflamma-
tion, platelet aggregation and adhesion, and proliferation
of vascular smooth muscle cells. The mechanism of action
of ASA by inhibition of cyclooxygenase (COX) results in the
suppression of thromboxane production, thus reducing
platelet aggregation and increasing the secretion of pros-
tacyclins, which have an opposite effect to thromboxane.
ASA also increases the activation of nitric oxide synthetase
and production of platelet NO. Endothelial damage and
dysfunction are observed in diabetes, atherosclerosis, hy-
pertension, hyperlipidemia, and nicotinism. Magen et al.
confirmed the beneficial effect of ASA on endothelium in
a study conducted on 21 patients with hypertension and
hypercholesterolemia. The study showed that the addition
of 100 mg of aspirin to hypotensive and hypolipidemic ther-
apy reduces systolic and diastolic pressure and improves
endothelial function [18].

Because of the antiplatelet properties of ASA, the drug
has been used in the secondary prevention of cardiovascu-
lar diseases; the use of ASA in primary prevention is cur-
rently under discussion, but the range of indications has not
been established yet. Over the years studies have also been
conducted on the hypotensive effect of acetylsalicylic acid
(ASA). Hermida et al. carried out years of research on the
chronotherapy of aspirin administered in small “cardiac”
doses to lower pressure in various groups of patients. One
study was conducted on a population of patients with mild,
untreated hypertension. The patients were divided into
three control groups. Only the group that received 100 mg
of aspirin in the evening exhibited a decrease in systolic
and diastolic pressure by 6/4 mm Hg when compared with
the group which received aspirin in the morning [19]. In an-
other study that they conducted acetylsalicylic acid admin-
istered in the evening at a dose of 100 mg reduced blood
pressure by 7/5 mm Hg. Such an effect was not observed in
the group receiving ASA in the morning, where blood pres-
sure increased by 2.6/1.6 mm Hg [20]. Higher doses of ASA
(500 mg) resulted in a pressor effect, even when adminis-
tered in the evening.

In their studies of 2005, Hermida et al. examined 257 pa-
tients with mild hypertension, non-dippers and dippers, di-
vided into groups receiving 100 mg of Aspirin in the morn-
ing or evening. Aspirin, as an antioxidative agent affecting
the production of nitric oxide released from vascular endo-
thelium, prevents hypertension induced by angiotensin II.
After 3 months of the study, a significant reduction in blood
pressure was observed with evening administration of as-
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pirin, especially in dippers (11.0/7.1 mm Hg) as compared to
non-dippers (5.5/3.3 mm Hg) [21].

Gender differences have also been taken into account
in studies on aspirin chronotherapy. In 2010 Ayal and Her-
mida demonstrated temporal differences in the admin-
istration of aspirin in men and women. Previous studies
had already shown differences in the regulation of blood
pressure, pathophysiology of hypertension, and response
to antihypertensive drugs in both sexes. The study included
130 men and 186 women with mild, untreated hyperten-
sion. During the study 100 mg of aspirin was administered
in the morning and in the evening. In men the morning
administration had no effect, while the evening admin-
istration reduced blood pressure. In women the morning
administration of aspirin increased blood pressure, while
the evening administration had a hypotensive effect which
was stronger than in men. Thus, evening administration of
aspirin reduces blood pressure in both women and men,
but better blood pressure control and vascular protection is
achieved in women [22].

Ayala et al. conducted research on the chronotherapy
of aspirin in pregnant women. They described the hypoten-
sive effect of aspirin in small doses administered to preg-
nant women; the drug was introduced after 12-16 weeks
of pregnancy. Evening administration of aspirin showed
a hypotensive effect and prevented complications associ-
ated with hypertension. The hypotensive effect was greater
for higher risks of complications. The study included 350
pregnant women with a high risk of complications divided
into 6 groups. Blood pressure was controlled by means
of Holter ABPM examination. The influence of aspirin on
blood pressure was dependent on the time of administra-
tion. After waking up there was no effect when compared
with the placebo group. A significant effect occurred when
aspirin was administered 8 h after waking up, and the best
results were noted after evening administration of the
drug. Women receiving low doses of aspirin in the evening,
when compared with the placebo group, exhibited fewer
adverse events, such as: preeclampsia, intrauterine growth
restriction, miscarriage, premature labor [23]. In previ-
ous studies conducted in 1997, 1999, and 2003, Hermida
et al. described the hypotensive effect of aspirin in preg-
nant women; the drug was introduced after 12-16 weeks of
pregnancy in small doses. Evening administration of aspirin
showed a hypotensive effect and prevented complications
associated with hypertension. The hypotensive effect was
greater for higher risks of complications [24-26].

In 2014 Bonten et al. investigated the effect of aspirin
with morning and evening administration and its impact
on the morning increase in platelet activity, which is associ-
ated with a higher risk of cardiovascular events. The study
included healthy volunteers who received aspirin at a dose
of 80 mg in the morning or evening in 2 two-week periods
and a month-long break. At the end of each period COX-1
dependent (VerifyNow Aspirin) and non-COX-1 dependent
(flow cytometry) platelet function was measured. It was
demonstrated that a small dose of aspirin administered in
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the evening reduces COX-1 dependent platelet function in
the morning hours in healthy individuals [27].

In 2015 Bonten et al. evaluated the effect of ASA admin-
istered in the morning and evening on blood pressure and
platelet activity in 290 patients treated for cardiovascular
disease. It confirms the beneficial anti-aggregation effect
of ASA with evening administration when compared with
administration in the morning hours. It did not, however,
show any effect of ASA on the reduction of arterial blood
pressure [28].

In my opinion acetylsalicylic acid may be considered
one of the greatest pharmacotherapeutic achievements in
the history of medicine. The gradually discovered multitude
of applications of ASA is truly amazing — from traditional
analgesic and anti-inflammatory, through preventive and
cardiological, to the less documented hypotensive effects.
There are studies that also discuss the use of ASA in preg-
nant women with a high cardiac risk, demonstrating a re-
duction in adverse events, such as premature birth, miscar-
riage, or preeclampsia.

Recent studies suggest that a low dose of aspirin ad-
ministered in the evening reduces COX-1 dependent plate-
let function in the morning in healthy patients. Future
research with larger study groups is necessary to answer
the question of whether ASA administered in the evening
reduces the risk of cardiovascular events in the morning
hours.
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