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Welcome
2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin

The International Aspirin Foundation welcomes you to our Scientific Conference.
The Foundation began in 1974 to increase the knowledge and understanding of the use of aspirin in medicine.  We are delighted 
to welcome leading scientists, working with aspirin, to share their work and data within their specific areas of knowledge.  

With the guidance of a Scientific Advisory Board, consisting of International key opinion leaders, The Foundation can encourage 
continued research into aspirin’s use in medicine, via the Science Award Programme.  In our fortieth year (2014) we instituted 2 
Scientific Awards based on contributions to the advances in the use of aspirin in medicine, and we are delighted to welcome our 
inaugural winner of the Junior Investigator Award, Dr Hongmei Nan, to this Scientific Conference.  

It is prudent to mention a learned and extremely knowledgeable Professor from Cardiff, Peter Elwood.  Peter has provided wise, 
constructive and practical scientific advice since the beginning.  In 2014 he formally took on the role of Chair of the Scientific 
Advisory Board and we are indebted to him for his support.  The Board has worked hard in developing the Scientific Programme 
for this meeting.  This meeting is vital as it provides a platform where professional colleagues can discuss and debate future uses 
of aspirin in an open manner.  The purpose of the discussion session is to develop views for the benefits of using aspirin within 
primary prevention; secondary prevention and specific cancers.

We trust the setting of our Scientific Meeting will inspire you and we look forward to seeing you all again the in future. 

Nick Henderson  BSc HonFRCVS FCIPR 
President

Pippa Hutchison  MSc 
Executive Director
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From the Chairman of the  
Aspirin Scientific Advisory Board

2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin

Peter Elwood 
Cardiff University, Cardiff, UK

“I had the privilege of being the first to report a randomised 
trial of aspirin in the reduction of vascular disease mortality, 
and 40 years later I was invited to chair the Aspirin Advisory 
Board. What an honour!

Those 40 years have been full of action and discovery.  
Granted the discovery has been almost entirely on the part 
of others, but what a thrill to have been involved in the 
discussions!

Aspirin has come a long way since 1974, and not just with 
reference to vascular disease, but also, thanks to inspired 
work by Rothwell and a very few others, in the prevention of 
cancer.  I played no part in this (other than talking about it!) 
but it has been my privilege to conduct the first systematic 
review and meta-analysis of reports on aspirin in the 
treatment of cancer (about to be published). 

Botanists know far more about salicylates than any medic, 
and way back in the 1970s Stan Pierpoint, a botanist, 
commented to me that from his knowledge of naturally 
occurring salicylates in plants, he could have predicted many 
of the effects of known aspirin in human subjects, and many 
more!  His prediction still stands and one wonders what new 
benefit(s) will be found for the humble pill.

The Board, and before it the Aspirin Foundation, and before 
that The European Aspirin Foundation owes its existence to 
Nick Henderson, and many of us owe a substantial part of our 
careers, and the enjoyment and satisfaction therein, to him 
for his constant support and encouragement on all things 
aspirin.  Bless you Nick! “
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From the Chairman of the  
Aspirin Scientific Conference

2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin

Peter Rothwell 
Oxford University, Oxford, UK

Peter Elwood 
Cardiff University, Cardiff, UK

“The International Aspirin Foundation has organised many 
influential scientific meetings since it was founded by Nick 
Henderson over 40 years ago. The 2015 Scientific Conference, 
organised by Pippa Hutchison, the new Executive Director, 
reflects the Foundations continuing aim of increasing 
awareness of research on aspirin by stimulating the 
distribution and exchange of information and discussion. 

We are extremely fortunate to have a truly world-leading 
group of speakers who will review some of the most 
interesting areas of current research and practice. I am 
honoured to chair the meeting and also to follow Peter 
Elwood as the next Chairman of the International Scientific 
Advisory Board. 

Professor Elwood has made numerous important scientific 
contributions to our understanding of the effects of aspirin 
over five decades, including the first ever large randomised 
trials of aspirin in secondary prevention of myocardial 
infarction. His wisdom and enthusiasm have been a constant 
inspiration to those of us who have followed him in the study 
of aspirin.”
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Programme
Chairman: Peter Rothwell

Session One
9.00am - 11.00am

Mechanism of Action - Chair person Andy Chan
Mechanism of action of aspirin – Karsten Schror – Berlin

Aspirin triggered lipid mediators and their impact in resolution of inflammation – Joan Claria – Spain 

Mechanisms in bleeding – Angel Lanas – Spain

Platelets versus extra-platelet components of aspirin pharmacodynamics – Paola Patrignani – Italy

Session Two
11.30am - 1.00pm

Aspirin in cancer - Chair person Ruth Langley
Primary prevention review – Andy Chan – USA

Effects of aspirin on colorectal cancer – Farhat Din – UK

Opportunities for using aspirin to treat cancer – Ruth Langley & Peter Elwood

Session Three
2.00pm - 4.00pm

Other aspirin-sensitive mechanisms of disease 
Chair person Mike Gaziano
Hughes Syndrome, Aspirin and the Spectrum of Pregnancy – Graham Hughes – UK

Platelet activation and inhibition in diabetes mellitus – Carlo Patrono – Italy

Aspirin in HIV – Andrew Freedman – UK

Aspirin in treatment of acute pain – Ron Eccles UK

Session Four
4.00pm - 5.00pm

Looking at the future - Chair person Peter Rothwell
The Future - Group Discussion – Chairman/Scientific Advisory Board/ Speakers/Guests

2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin



Speakers
Andrew T. Chan MD, MPH

Associate Professor of Medicine, Harvard Medical School, USA. 
Email: ACHAN@mgh.harvard.edu

Dr. Andrew T. Chan is an Associate Professor of Medicine at Harvard Medical School and an attending 
gastroenterologist at Massachusetts General Hospital (MGH) with a clinical specialty in familial 
gastrointestinal cancer syndromes. He is Chief of the Clinical and Translational Epidemiology Unit 
and the Program Director for gastroenterology training at MGH.  His research focus is in clinical and 
translational epidemiology of colorectal cancer, with a focus on chemoprevention with aspirin.

For further details please see  
http://www.massgeneral.org/gastroenterology/doctors/doctor.aspx?ID=17158

Joan Clària PhD

Department of Biochemistry and Molecular Genetics Hospital Clínic and Department of 
Physiological Sciences I, University of Barcelona, Barcelona, Spain.  
Email: jclaria@clinic.ub.es

Joan Clària is currently a Senior Consultant at the Clinical Laboratory Service: Biochemistry and 
Molecular Genetics of the Hospital Clínic of Barcelona. He is also an Associate Professor at the 
Department of Physiological Sciences I at the School of Medicine of the University of Barcelona. He 
was trained as a specialist in Clinical Biochemistry and initiated his scientific career at the Liver Unit 
of the Hospital Clínic of Barcelona. From 1993 to 1996 he performed his post-doctoral studies as a 
Fulbright scholar at the Brigham and Women’s Hospital and Harvard Medical School (Boston, MA) 
with Professor Charles N. Serhan, a leading scientist in the resolution of inflammation. He has also 
been a Visiting Scientist at the University of North Carolina (Chapel Hill, NC) (2001) and The Jackson 
Laboratory (Bar Harbor, ME) (2007) and a Visiting Professor at the Harvard Institutes of Medicine 
(Brigham and Women’s Hospital/Harvard Medical School) (Boston, MA) (2010-2011). His laboratory 
is mainly interested in the study of lipid mediators implicated in the resolution of inflammation, 
with a special emphasis on the role of specialized pro-resolving mediators in obesity-associated liver 
complications.

2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin
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Speakers
2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin

Farhat Din BSc MBChB MD FRCS 

Cancer Research UK Clinician Scientist and Honorary, Consultant Colorectal Surgeon, 
Colorectal Unit, Western General Hospital, Edinburgh. 
Email: Farhat.Din@hgu.mrc.ac.uk

Farhat Din completed her medical degree at St Andrews and Manchester University prior to returning 
to Edinburgh to undertake surgical training. She completed her MD thesis in examining the molecular 
mechanisms underlying NSAID- mediated prevention of colorectal cancer. She was awarded a Cancer 
Research UK Clinician Scientist fellowship in 2010. Currently she integrates her clinical practice as a 
consultant colorectal surgeon with her translational research programme investigating the effects of 
aspirin and other chemopreventive agents on mTOR signalling in colorectal cancer.

Colorectal cancer is a major cause of cancer death worldwide necessitating new strategies of disease 
control.  Understanding the cellular signalling that governs growth of cancer cells holds the key to 
developing agents which interfere with cancer proliferation. The mTOR signalling pathway plays 
a pivotal role in controlling cell survival and regulation of cell metabolism and energy balance. 
Dysregulation of the mTOR signalling axis is implicated in the development of several cancers 
including colorectal cancer, supporting mTOR signalling as a promising target for chemoprevention. 
Our research focuses on colorectal cancer prevention by investigating the molecular mechanisms 
of the anti-tumour effects of chemopreventive agents such as aspirin on mTOR signalling to identify 
druggable targets in a pathway medicine approach. 

http://www.nutshell-videos.ed.ac.uk/farhat-din-bowel-cancer-prevention/

Professor Ronald Eccles BSc, PhD, DSc

Director of Common Cold Centre and Healthcare Clinical Trials, Cardiff University, Wales.  
Email: Eccles@cardiff.ac.uk

Professor Eccles is Director of the Common Cold Centre at Cardiff University, Wales UK. He is an 
expert on the symptoms of common cold and flu and medicines used to treat colds and flu. He has 
spent his career at Cardiff University and he established the Common Cold Centre in Cardiff in 1988, a 
Clinical Research Organisation that conducts scientific and clinical research on treatments for cough, 
colds and flu. His recent research has studied the effects of chilling on the onset of common cold 
symptoms and the effects of placebo treatments. He has special interests in studying nasal congestion 
and cough, and has published many scientific papers on these topics He is the author of some 250 
publications and has contributed to many medical textbooks.

Dr Andrew Freedman MA, MB, BChir, MD, FRCP

Reader and Honorary Consultant, Infectious Diseases, Cardiff University and University 
Hospital of Wales. Email: Freedman@cardiff.ac.uk

Reader and Honorary Consultant in Infectious Diseases at Cardiff University and University Hospital 
of Wales. He qualified in Medicine from Cambridge University & St Thomas’ Hospital in 1980, and 
subsequently trained in Infectious Diseases at St George’s Hospital, London and Harvard Medical 
School, USA, before coming to Cardiff in 1994. His research interests include the effects of HIV on 
bone marrow and thymic function. He is a trustee of the British HIV Association and chair of its Audit 
& Standards sub-committee, and a previous member of the DH Expert Advisory Group on AIDS.
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2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin

Angel Lanas MD, D. Sc 

Professor of Medicine, Chairman. Digestive Disease Service,  
University Hospital, Zaragoza, Spain. 
Email: angel.lanas@gmail.com

Angel Lanas is Professor of Medicine of the University of Zaragoza, Vice-Dean for Research Affairs at 
the Medical School of Medicine University of Zaragoza, Chairman of the Digestive Diseases Service at 
the University Hospital “Lozano Blesa” of Zaragoza, Spain and Scientific Director of the Aragón Health 
Research Institute.

Graduating from the University of Zaragoza, Spain in 1984, he completed his postgraduate training 
in internal medicine-gastroenterology at the same University.  From November 1989 to December 
1991 he was visiting professor to the Department of Gastroenterology at the University of Alabama 
in Birmingham, Alabama, USA where he worked with Professor Basil Hirschowitz. Professor Lanas 
joined the faculty at University of Zaragoza in 1992. 

Dr. Lanas is actively involved in both clinical and basic investigation relating to acid peptic disorders, 
particularly NSAIDs, aspirin and gastrointestinal toxicity, as well as mechanisms of chemoprevention 
of colon cancer and Barrett’s esophagus. Professor Lanas has published numerous articles pertaining 
to gastrointestinal damage, NSAIDs and inflammation in the most prestigious Medical Journals 
including the New England Journal of Medicine, The Lancet, Gastroenterology, Gut, The American 
Journal of Gastroenterology and American Journal of Medicine among others. He has also been 
invited as Visiting Professor to different American and European Universities including The Free 
University at Amsterdam, The North Carolina University at Chapel Hill, and the Huntsman Cancer 
Institute at the University of Utah at Salt Lake City and to numerous International Congresses and 
Symposiums. 

For further details please see http://www.aspirin-foundation.com/speakers/angel-lanas/

Professor Graham R V Hughes MD FRCP

Head of The London Lupus Centre, London Bridge Hospital, London. 
Email: Graham.Hughes@HCAConsultant.co.uk

Professor Graham Hughes trained at The London Hospital.  In 1969-70, he spent 2 years with Professor 
Charles Christian in New York working on the introduction of anti-DNA assays in lupus.

In 1971 he set up Europe’s first dedicated lupus clinic.

In 1983 he described the antiphospholipid syndrome (Hughes Syndrome).

Professor Hughes has published widely on lupus and connective tissue diseases, and has published 21 
books.  He is Founder and Editor of the international journal ‘LUPUS’, now in its 23rd year.

His honours include the ILAR International Prize for Rheumatology Research, and Docteur Honoris 
Causa in the Universities of Marseille and Barcelona.

Professor Hughes is currently Head of The London Lupus Centre, London Bridge Hospital.

For more details please see www.thelondonlupuscentre.com
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Paola Patrignani, PhD

Professor of Pharmacology, Department of Neuroscience, Imaging and Clinical Sciences, 
Section of Cardiovascular and Pharmacological Sciences, “G. d’Annunzio” University, Chieti, 
Italy. E-mail: ppatrignani@unich.it

Paola Patrignani graduated from the Faculty of Biological Sciences, “La Sapienza” University of 
Rome (Italy). Then followed doctoral training in Pharmacology, at Catholic University of Rome, 
Italy. She worked for 2 years as Postdoctoral Research Fellow at Le Centre Hospitalier of Laval 
University (Quebec, Canada) and at the Department of Pharmacology of Merck Frosst (Kirkland, 
Quebec, Canada).  Her academic career continued at “G. d’ Annunzio” University, School of Medicine, 
Chieti, Italy, where she is currently Professor of Pharmacology and Head of the Research Unit of 
Pharmacology and Pharmacodynamics of eicosanoids at the Center of Excellence on Aging (CeSI). In 
2009 she was Guest professor of Pharmacology at Goethe-Universität Frankfurt am Main (Germany).  

Her scientific activity is documented  by 150 peer-reviewed  publications in international journals 
ranked in the Journal Citation Reports, and 21 chapters in national-international books. Her 
cumulative citation index is 6797: the h index is 42.

For further information please see http://www.aspirin-foundation.com/speakers/paola-patrignani/

Dr Ruth Langley PhD FRCP

Oncologist/Senior Scientist, MRC Clinical Trials Unit at UCL,  
Institute of Clinical Trials & Methodology, London.  
Email: ruth.langley@ucl.ac.uk

Dr Langley is based at the UK Medical Research Council Clinical Trials Unit at University College 
London where she jointly leads the Cancer Group; and has a clinical consultant post at the Brighton 
and Sussex University Hospital.

She has a particular interest in gastro-oesophageal malignancy and has co-ordinated a series of trials 
and associated translational studies, and has led the investigation of the use of transdermal oestrogen 
in the treatment of prostate cancer.

Dr Langley is the Chief Investigator of an international trial (Add-Aspirin) designed to assess the effect 
of aspirin as an additional adjuvant agent in several common solid tumours.
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Carlo Patrono MD

Adjunct Professor of Pharmacology, Catholic University School of Medicine, Rome, Italy. 
Email: cpatrono@unich.it

Carlo Patrono, MD, is Adjunct Professor of Pharmacology at the Catholic University School of 
Medicine in Rome, Italy and at the Perelman School of Medicine of the University of Pennsylvania in 
Philadelphia, USA. Dr. Patrono trained as a Postdoctoral Fellow in New York with the late Solomon 
Berson and Nobel Laureate Rosalyn Yalow. 

Prof. Patrono’s main research interest is in the study of platelet activation and inhibition in 
atherothrombosis and colorectal cancer. His research has characterized the human pharmacology 
of aspirin as an inhibitor of platelet COX-1 and provided the basis for the development of low-
dose aspirin as an antithrombotic agent. During the past decade Prof. Patrono contributed to 
characterizing the human pharmacology of COX-2 inhibitors and evaluating their cardiovascular 
effects in different clinical settings.

Prof. Patrono has published over 200 research articles with an h index of 86.

For further details please see http://www.aspirin-foundation.com/speakers/carlo-patrono/

Prof. Dr. Karsten Schrör
Institute for Pharmacology and Clinical Pharmacology, Heinrich-Heine-University, 
Düsseldorf, Germany. 
Email: schroer.frechen@uni-duesseldorf.de

Karsten Schrör is Professor and Chairman of the Department of Pharmacology and Clinical 
Pharmacology at the Heinrich-Heine-University in Düsseldorf, Germany. He obtained his M.D. at 
Martin-Luther-University Halle-Wittenberg (Germany) and carried out postdoctoral studies at 
the Universities of Halle, Mainz, Köln, the Jefferson Medical College, Philadelphia (USA) and the 
Wellcome Research Laboratories in Beckenham (UK). He held guest professorships at the Medical 
University of South Carolina at Charleston (USA) and the Department of Internal Medicine, Division 
of Hematology, University of Texas Medical Center, Houston (USA). Karsten Schrör is member of 
the German National Academy of Science (Leopoldina) and President of the German Society for 
Pharmacology. 

He has over 500 original publications, reviews and several books on physiological and 
pharmacological aspects of myocardial infarction, pharmacology of platelet function, blood 
coagulation, prostaglandins, cellular effects of coagulation factors (thrombin, Xa) and signal 
transduction in vascular smooth muscle cells.

For further details please see http://www.aspirin-foundation.com/speakers/karsten-schror/
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Session One
Mechanism of Action 
Chair person Andy Chan

2015 Scientific Conference
Aspirin in the 21st Century - Common mechanisms of disease and their modulation by Aspirin

Mechanism of action of aspirin 
Karsten Schror – Berlin

Aspirin triggered lipid mediators and their 
impact in resolution of inflammation 
Joan Claria - Spain

Mechanisms in bleeding 
Angel Lanas – Spain

Platelets versus extra-platelet components  
of aspirin pharmacodynamics 
Paola Patrignani - Italy
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Professor of Pharmacology, em. Direktor, Institut für Pharmakologie und Klinische Pharmakologie,  
Heinrich-Heine-Universität Düsseldorf, Moorenstr. 5, 40225 Düsseldorf, Germany. e-mail: schroer.frechen@uni-duesseldorf.de

Synopsis
Aspirin bears two active moieties within one and the same molecule: A reactive acetyl group and salicylate. Most if not all 
pharmacodynamic actions of aspirin are due to target structure acetylation. This includes thrombosis prevention, prevention of 
colorectal cancer and formation of “aspirin-triggered lipoxin” (ATL). These actions are seen at antiplatelet doses, i.e. maximum 
plasma levels of < 20 µM of unhydrolized aspirin. Mechanistically best known is inhibition of COX-1 in platelets with subsequent 
inhibition of thromboxane -dependent autocrine and paracrine platelet functions. This also includes inhibition of release of the 
platelet-storage products, including sphingosine-1-phosphate (S1P), an inflammatory mediator. Acetylation of COX-2 by aspirin 
allows for generation of 15-(R)HETE and, subsequently, ATL, another antiinflammatory mediator. Acetylation of eNOS by aspirin 
enhances NO production and improves endothelial oxygen defense. Many more acetylation targets have been identified are 
currently studied intensively, predominantly in connection with the anticancer effects of the compound.

Mechanism of action of aspirin
Karsten Schrör. M.D.

Introduction – fresh insights into the 
pharmacology of aspirin 
When aspirin was introduced into the clinics at the beginning 
of last century, it was generally believed that the compound 
itself was only the prodrug of its active metabolite salicylate 
and, needs first to become hydrolized in order to release 
the active salicylate moiety from the inactive “precursor”. 
Consequently, it was assumed that the salicylate moiety fully 
accounts for all of the pharmacological actions of aspirin 
[1]. This view has changed fundamentally after detection of 
inhibition of prostaglandin biosynthesis by aspirin by Sir John 
Vane [2] and, shortly later, the detection of acetylation of the 
platelet cyclooxygenase (COX) as the molecular target of 
aspirin´s antiplatelet effect [3]. It is now clear that apparently 
all of the clinically relevant aspirin actions, i.e. antithrombotic 
and partially anti-inflammatory as well as anticancer effects 
in prevention of colorectal cancer (CRC) can be obtained 
at antiplatelet doses, i.e. doses between 75-325 mg/day and 
are mostly if not entirely due to target-specific acetylation. 
Most relevant is the acetylation of serine530 in the platelet 
COX-1, resulting in reduced generation of PG-endoperoxides 
and thromboxane A2 as well as acetylation of an epsilon-
aminogroup of lysine residues in human endothelial cells 
and platelets at 1-30 µM concentrations [4]. Actually, more 
than 500 target proteins of aspirin induced acetylation have 
been identified by quantitative acid-cleavable activity-based 
protein profiling [5].

Another class of pharmacological effects of aspirin on lipid 
mediators results from the modulation rather than inhibition 
of the inducible form of cyclooxygenase, COX-2. A most 
challenging finding in this respect was the detection that 
acetylation of COX-2, in contrast to COX-1, results in the 
generation of a new product, 15-(R)-HETE. 15-(R)-HETE 
then can interact with lipoxygenase(s) of white cells to 

2015 Scientific Conference
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generate “aspirin-triggered lipoxin” (ATL) which like other 
lipoxins, is an anti-inflammatory mediator. The ATL-lipoxin 
axis also might stimulate NO-synthase in platelets and 
endothelial cells and upregulate hemeoxygenase-1 (HO-1), 
an antioxidative enzyme [6], [7]. 

This presentation reviews the actual data on 
pharmacokinetics and pharmacodynamics of aspirin. In 
particular focus as primary pharmacological candidate 
targets are the cyclooxygenases COX-1 and COX-2. The 
hypothesis is put forward that all of the effects of aspirin that 
are seen at commonly used antiplatelet doses – ca. 100-
300 mg plain aspirin/day - are solely due to target protein 
acetylation without any evidence for direct involvement of 
the salicylate and acetate metabolites, respectively.

Inhibition of cyclooxygenase-1 (COX-
1) by aspirin – the dose issue and 
pharmacokinetic aspects
The first pharmacological issue to be clarified before 
discussing specific pharmacodynaic effects of aspirin, is 
(i) which local (plasma) levels of aspirin and salicylate are 
required to inhibit COX-1 and COX-2 with the downstream 
mediators thromboxane, prostaglandins, lipoxins and nitric 
oxide and (ii) whether these concentrations can also be 
obtained at conventional aspirin doses in vivo. In the human, 
antiplatelet doses of aspirin result in peak acetylsalicylate 
levels of 1 - 3 µg/ml, i.e. about 6-20 µM [8]. Because of the 
longer half-life, concentrations of the salicylate metabolite in 
plasma are about 4 - 8fold higher. These levels are definitely 
below the millimolar range which is used in many in vitro 
studies (in protein-free media!), including studies in cancer 
cells. Salicylate concentrations, frequently above 2-5- mM, 
completely uncouple oxidative phosphorylation with 
numerous follow-up effects, most important non-specific 
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kinase inhibition [9]. Thus, it is likely that all biologically 
relevant effects of aspirin on COX-1 and COX-2 at antiplatelet 
doses are largely if not entirely acetylation-mediated. In this 
context, it is interesting to note that enteric-coated aspirin 
preparations are less potent antiplatelet drugs and inhibitors 
of thromboxane formation than a plain tablet at the same 
single oral dose [10]. Delayed absorption of the coated 
formulation will allow for longer contact times with aspirin 
esterases, eventually resulting in a higher proportion of the 
hydrolyzed acetyl group, i.e. inactive acetate. A weak though 
significantly higher aspirin hydrolytic activity has recently 
been shown in plasma of patients with coronary artery 
disease as well as a possible negative relation to inhibition of 
platelet function by aspirin [11]. 

Transacetylation of molecular targets by 
aspirin is irreversible – the duration of 
action is determined by the turnover rate of 
the acetylated protein(s)
Transacetylation by aspirin is nonselective and becomes 
preferentially detectable in platelets because of their 
insufficient protein synthesis. Irreversible COX-1 inhibition 
as the pharmacological mode of action of aspirin then 
results in prevention of platelet-COX-1-driven thromboxane 
formation, the only significant COX-product of platelets 
and the most important, aspirin-sensitive lipid mediator in 
the cardiovascular system. The antiplatelet action of aspirin 
does not require metabolic conversion but becomes rather 
reduced by high aspirin esterase activity in plasma [11].The 
plasma half-life of unmetabolized aspirin, amounting to 
20-30 min, is an important determinant for its acetylation 
potential, i.e. to escape inactivation to acetate by hydrolysis, 
since the acetylation reaction results in irreversible covalent 
binding. The duration of action of aspirin is, therefore, 
determined by the biological half-life of the acetylated target, 
i.e. a few hours for endothelial cells, a few days for platelets, 
but about 20 days for albumin. This long protein survival 
will probably allow for cumulative acetylation with repeated 
dosing but, with the exception of platelets,  has not been 
systematically studied yet.

Negative interactions between aspirin and 
nonopioid analgesic might abolish the 
antiplatelet effect of aspirin – even during 
continuous aspirin intake
Acetylation by aspirin of the platelet COX-1 has to block its 
enzymatic activity by > 95% in terms of thromboxane A2 
forming capacity in order to become effective. The reason is 
the non-linearity of the concentration-response curve [12], 
resembling an all-or-none type of response. A remarkable 
finding are negative interactions of aspirin with some but 
not all nonopioid analgesics, most notably ibuprofen and 
dipyrone, with salicylate binding inside the COX-1 channel 
[13, 14]. Interestingly, these negative interactions, i.e. 
prevention of the antiplatelet effect of aspirin, can also be 

seen during continuous aspirin administration. The possible 
molecular explanation is the three orders of magnitude 
higher affinity of NSAIDs and dipyrone as opposed to aspirin 
to the hydrophobic bindings sites in the COX-1 channel [15]. 

Platelet-derived thromboxane A2 as the 
major lipid mediator targeted by aspirin 
with autocrine and paracrine actions
Pharmacological and clinical data  data suggest that platelet 
COX-1 and subsequent platelet-derived thromboxane A2 
formation is the primary target lipid mediator of aspirin. 
Inhibition of thromboxane formation will eliminate any 
further autocrine (platelet activation and recruitment) 
and paracrine actions of thromboxane on cells in the 
neighbourhood. This also includes multiple inflammatory 
actions exerted by non-lipid mediators [16]. In addition, there 
is also a role for inhibition of platelet-mediated recruitment 
of inflammatory white cells and activation of aspirin-sensitive 
soluble inflammatory mediators, such as C-reactive protein 
(CRP). It is not entirely clear, whether this interaction is a 
direct, TXA2 mediated effect or indirectly mediated via 
the platelet-stimulatory action of TXA2 [17]. In any case, 
the clinical significance of modification of these complex 
interactions between platelet-derived mediators and/or 
thromboxane and other cells, i.e. so-called “heterotypic” 
platelet functions [18] , though currently incompletely 
understood, might be considerable. For example, reduced 
plasma levels of CRP by aspirin were found to correlate with 
its cardioprotective effect in the Physians´Health study [19].

Release of sphingosine-1 phosphate (S1P) – a platelet-derived 
proinflammatory, COX-2 inducing  and angiogenic mediator 
can be blocked by aspirin 

Another interesting platelet-derived product is sphingosine-
1-phosphate (S1P), a lipid mediator of the ceramide class. At 
the cellular level, S1P stimulates COX-2 expression, PGE-
synthesis and angiogenesis and inhibits apoptosis. S1P has 
been shown to be crucially involved in inflammation and 
cancer development [20, 21]. In the circulation, S1P is stored 
in large quantities in platelets and is released upon platelet 
stimulation in a strictly thromboxane-, i.e. aspirin-sensitive, 
manner [22, 23]. S1P stimulates cell (monocyte) and 
endothelial cell migration and several other proinflammatory 
cell functions. S1P, most likely platelet-derived; is released 
during arterial thrombus formation, enhances expression 
of thrombin receptors such as PAR-1 and PAR-4 in human 
monocytes [24]. This in turn will sensitize monocytes at 
sites of injury by a thromboxane-dependent mechanisms 
which could be blocked by aspirin at antiplatelet doses. 
Moreover, we have recently shown that iv. aspirin not only 
reduces thrombin formation in patients with acute coronary 
syndroms but also the thrombin-induced platelet secretion of 
S1P in these patients [25].

Of particular interest is S1P as a putative link between 
platelets and tumorigenesis in colorectal carcinoma. We are 
working on the hypothesis that S1P might be (one of ) the 
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platelet-derived factors that stimulate COX-2 expression in 
colonic epithelial cells and might also contribute to tumor 
growth, angiogenesis and metastasis (Rauch & Schrör, 
unpubl). Enhanced, aspirin sensitive levels of thromboxane 
have recently been described in patients with colorectal 
neoplasias[26].

Aspirin, COX-2 and “aspirin-triggered 
lipoxin”(ATL)
Lipoxins operate during self-limited acute inflammatory 
responses that enable the return to homeostasis by resolution 
of the inflammatory reaction[27]. Sweveral studies have 
described a relationship to the anti-inflammatory actions 
of aspirin. Acetylation of COX-2 by aspirin only partially 
reduces COX-2-dependent prostaglandin production but 
mainly changes the steric structure of the enzyme and 
its functionality towards a 15-lipoxygenase. This enzyme 
generates a new product, 15-(R)-HETE at at least 10fold 
higher amounts than the COX-metabolite PGE2 [28, 29]. 
15-(R)-HETE, is the precursor of 15-epi-lipoxin A4 or “aspirin-
triggered lipoxin” (ATL), resulting from synergistic interaction 
of acetylated COX-2 (15-(R)-HETE) with lipoxygenases from 
white cells [30]. Interestingly, ATL not only contributes to 
the anti-inflammatory actions of aspirin but might also be 
involved in endothelial protection by stimulation of NO-
formation. Aspirin at antiplatelet doses of 75 mg/day in man 
has been shown to inhibit leukocyte accumulation at a local 
inflammatory site (skin blister). This involves stimulation 
of ATL-production as well as local upregulation of lipoxin 
receptors [31]. Thus, low-dose aspirin is able to interact with 
the lipoxin system and this possibly involves both COX-1 
(inhibition of thromboxane) and COX-2 (generation of 
15-(R)-HETE). These actions differ qualitatively from those 
of traditional NSAIDs and selective COX-2 inhibitors: Both 
classes of compounds only competitively, i.e. reversibly, 
inhibit COX-2 and COX-1 activities.

Aspirin, eNOS, heme oxygenase-1 and 
oxidative stress
Finally, aspirin has been shown to protect from low-grade 
inflammation-related oxidative stress via enhanced 
endothelial NO-synthase activity (eNOS) and subsequent 
NO-production [32]. Mechanistically, this is possibly due to 
posttranslational lysine acetylation in endothelial cells and 
platelets [4]. The required concentrations of aspirin are in 
the low µmolar range, in the in vitro study of Taubert and 
colleagues between 0.01 and 1 µM, the EC50 beeing 50 nM 
[32]. Interestingly, the aspirin analog 2-(acetoxy-phenyl)
hept-2-ynyl sulfide (APHS) a 60fold more potent and 100 fold 
more selective COX-2 inhibitor than inhibitor of COX- 1[33], 
was found to be at least as potent as aspirin. NO stimulates 
the expression of downstream enzymes, among them 
hemoxygenase-1 (HO-1), thus improving oxygen defense 
and suggesting a connection between antithrombotic and 
anti-inflammatory actions of aspirin [7, 34, 35]. Recently, 
two randomized trials have demonstrated that aspirin (81 

– 1,300 mg/day) significantly increased hemoxygenase-1 
(HO-1) activity by about 50% and at the same time reduced 
assymetrical dimethyl arginine, an inhibitor of NO-
synthase, by 30%. Both changes were highly significant and 
independent of the aspirin doses, suggesting HO-1 as another 
downstream target of aspirin [36, 37]. 

Outlook
The complex interactions of aspirin with other mediator 
systems and target structures are not fully understood yet. 
Specifically thromboxane, the key, aspirin-sensitive lipid 
mediator, has found renewed attention as aspirin-sensitive 
signaling molecule for autocrine and paracrine platelet 
functions. In addition to its established use in secondary 
prevention of myocardial infarction and several forms of 
ischemic stroke, inhibition of platelet function by aspirin 
has recently been found also to be proved to effective in 
prevention of venous thromboembolism (VTE) and, perhaps, 
as a chemopreventive of colorectal cancer (CRC). All of these 
actions are seen at antiplatelet doses of the compound. It is, 
therefore,  likely that most if not all of these pharmacological 
actions are due to target structure acetylation whereas the 
salicylate component as well as the inactive acetate moiety 
are ineffective at these doses. Numerous new acetylation 
targets have been identified recently and their biological 
significance is still to be evaluated. Since the acetylation 
potential depends critically on the intact acetylsalicylic acid 
structure, it is of great pharmacological interest to increase 
the systemic bioavailability of non-hydrolized aspirin. A 
new micronized formulation has recently been introduced 
into the market [38]. Peak plasma levels of uncleaved 
acetylsalicylic acid are reached twice as fast and are three 
times higher than with plain conventional aspirin.
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Synopsis
Aspirin (ASA) is the NSAID most widely used and the standard against which all new anti-inflammatory agents are compared. 
In addition to relieve inflammation, pain and fever, ASA is also useful in preventing myocardial infarction and sporadic colon 
cancer. Although most of the pharmacological properties of ASA are related to its ability to inhibit the enzyme cyclooxygenase 
(COX), leading to the blockage of the biosynthesis of the eicosanoids prostaglandins, the complete mechanism of action is still 
a subject of interest and debate. In this lecture, the generation of a novel series of eicosanoids named ASA triggered lipoxins 
(ATL) produced when COX-2 is acetylated by aspirin, will be discussed. Similarly, the formation of ASA-triggered resolvins from 
omega-3-PUFAs will be presented. The most important aspect of these novel mediators is that they exert anti-inflammatory and 
pro-resolution properties and therefore may effectively mediate, at least in part, the beneficial actions of aspirin. 

Lecture Notes
Aspirin (acetylsalicylic acid, ASA) is the non-steroidal 
anti-inflammatory drug (NSAID) most widely employed 
and the standard against which all new anti-inflammatory 
agents are compared. Because of its long history of use and 
availability without prescription and its low cost and safety, 
ASA is the drug of choice for relieving inflammation and mild 
to moderate pain and fever. In addition to the well-known 
anti-inflammatory, analgesic and antipyretic properties, ASA 
also inhibits platelet aggregation and therefore is useful in 
preventing myocardial infarction and stroke (1). Numerous 
epidemiological studies have also shown that the long-term 
use of low doses of ASA represents a potentially viable option 
in the prevention of sporadic colon cancer (2). Although 
most of the pharmacological properties of ASA are related to 
its ability to acetylate cyclooxygenase (COX), leading to the 
irreversible inhibition of the biosynthesis of the eicosanoids 
prostaglandins (PG) and thromboxane (TX) (3), the complete 
mechanism of action underlying the pleiotropic effects of 
ASA is still a subject of interest and debate. At high doses, for 
instance, there are properties of ASA that are independent of 
COX and PG inhibition. In this regard, ASA is able to either 
activate the heat shock transcriptional factor and the p38 
mitogen-activated protein kinase or to inhibit the mitogen-
activated protein kinases p44Erk1 and p42Erk2 and the 
activity of transcriptional factors such as nuclear factor-kB 
and activator protein 1 (4-6). 

In line with the principle that not all the beneficial effects 
associated with ASA consumption can be ascribed to the 
inhibition of PG and TX biosynthesis, the laboratory of 

Professor Serhan at Harvard University has provided solid 
evidence that ASA triggers the generation of a novel series 
of eicosanoids named ASA triggered lipoxins (ATL) (7-9). 
The acetylation capacity of ASA is a critical aspect in the 
ATL biosynthetic pathway and this property is not shared 
but any other NSAID. Indeed, this biosynthetic pathway 
triggered by ASA is initiated by acetylation of the inducible 
COX isoform (COX-2) which switches the enzyme´s 
catalytic activity from a PG synthase to a 15-lipoxygenase 
(15-LOX) (7). Thus, PG biosynthesis by ASA-acetylated 
COX-2 is inhibited and arachidonic acid is transformed to 
15R-hydroxyeicosatetraenoic acid (15R-HETE). The further 
conversion of 15R-HETE by a 5-LOX present in immune 
cells to 15-epi-LXA4 (ATL) is the result of a process called 
transcellular biosynthesis. This process involves cell-cell 
interaction and processing of a metabolic intermediate 
generated by one cell (donor cell) by a vicinal cell (acceptor 
cell) for the production of an active eicosanoid that neither 
cell alone can generate (10). 

The most relevant biological action of these ASA triggered 
eicosanoids (i.e. ATLs) is that they work as putative 
endogenous “breaking signals” for leukocyte recruitment and 
therefore play a key role in the resolution of inflammation 
(9). In recent years, resolution of inflammation has been 
described an active process under the control of a number 
of autacoids, including lipid mediators derived from 
omega-6-PUFAs, such as LXs as well as from omega-3-
PUFAs, including resolvins, protectins and maresins. ATL 
are 15-epimers of LXs, which have a unique spectrum 
of bioactions indicative of anti-inflammatory and pro-
resolution properties. For example these eicosanoids 
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work as “stop-signals” for inflammation and inhibit 
chemotaxis, selectin- and integrin-mediated adhesion to and 
transmigration across endothelial monolayers in response 
to LTB4 and formyl-methionyl-leucyl-phenylalanine, 
TNFa-stimulated superoxide generation and degranulation 
and interleukin-1 release by neutrophils (9). In vivo, LX 
stable analogs inhibit LTB4-induced leukocyte rolling and 
adherence and neutrophil margination and extravasation 
(9). LX analogs inhibit TNFa-stimulated leukocyte trafficking 
and chemokine secretion in murine air pouches and 
when applied topically to mouse ears dramatically inhibit 
leukocyte infiltration and vascular permeability (9). Also, 
ATL analogs protect mice from renal ischemia-reperfusion 
injury and glomerulonephritis (9). In an animal model of 
periodontal disease, LX and ATL analogs attenuate gingivitis 
and leukocyte recruitment (9). Intravenous delivery of LXs 
and ATL inhibit acute dermal inflammation and neutrophil 
infiltration of skin microabcesses and lungs in LTB4 receptor 
transgenic mice (9). In a murine model of asthma, LX and 
ATL stable analogs attenuate airway hyperreactivity and 
inflammation and accelerate resolution of pulmonary edema 
(9). Administration of a metabolically stable LXA4 analog in 
a mouse model of chronic airway inflammation and infection 
associated with cystic fibrosis suppresses neutrophilic 
inflammation, decreases pulmonary bacterial burden and 
attenuates disease severity (9). Finally, a randomized clinical 
trial in healthy subjects demonstrated that low-dose aspirin 
(81 mg daily), a dose used for long-term antithrombotic 
prophylaxis, initiates production of anti-inflammatory 
ATL opposite to the inhibition of the pro-thrombotic TX 
(11). Overall, LXs and ATL are anti-inflammatory and 
pro-resolution eicosanoids that work efficiently in reducing 
the signs and symptoms of inflammation in a wide range 
of disease models. Consequently, ATL biosynthesis during 
aspirin treatment may effectively mediate, at least in part, the 
beneficial actions of aspirin. 

More recently, aspirin has been shown to trigger the 
conversion of omega-3-PUFA (i.e. eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) to another group of 
anti-inflammatory and pro-resolution lipid mediators termed 
ASA-triggered resolvins and ASA-triggered-protectins 
(12,13). Similar to that described for the biosynthesis of ATL, 
endothelial cells expressing COX-2 acetylated by aspirin 
transform DHA into 17R-HDHA which is further converted 
by 5-LOX into the corresponding 17R-RvD1, 17R-RvD2 
and other 17R-D resolvins, which are collectively known 
as aspirin-triggered (AT)-resolvins (14,15). ASA-triggered 
protectin D1 (AT-PD1) is biosynthesized in a similar process. 
Finally,biosynthesis of resolvins of the E-series from EPA 
is initiated with the formation of 18R-hydroperoxy-EPE 
(18R-HEPE) by endothelial cells expressing aspirin-
acetylated COX-2 (13). 18R-HEPE is transformed by 
transcellular biosynthesis in neighboring 5-LOX-containing 
leukocytes into RvE1 (5S,12R,18R-trihydroxy-EPA) via a 
5S,6-epoxide intermediate (13). Collectively, these omega-

3-derived lipid mediators also exert anti-inflammatory and 
proresolution actions both in vitro and in vivo and contribute 
in the understanding of the observed preventive actions of 
aspirin and dietary omega-3PUFA.
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Synopsis
Low-dose aspirin, alone or combined with other antiplatelets, is increasingly prescribed for cardiovascular prevention and 
probably in the near future for cancer prevention. These should be evaluated together with the bleeding risks, especially 
gastrointestinal and intracranial bleeding, although this one is very unfrequent. Low-dose aspirin is associated with upper and 
lower gastrointestinal injury, although lower gastrointestinal effects are poorly characterized. The mechanisms of bleeding are 
essentially linked to its antiplatelet effects and its interference with the coagulation process initiated by platelets. However there 
are other intrinsic and external factors that may people more prone to bleed. The gastrointestinal risk differs among antiplatelets 
drugs users. The most important risk factors are history of peptic ulcer, dose, older age and concomitant use of NSAIDs or dual 
antiplatelet therapy. The presence of previous lesions able to bleed when taking aspirin is another factor that must be considered. 
This risk can minimized and effective gastrointestinal prevention strategies are available and should be use in at-risk patients 
taking low dose aspirin. Proton pump inhibitors seem to be the best gastroprotective agents, whereas the benefits of H. pylori 
eradication are still unclear. 

Mechanisms in bleeding
Angel Lanas, M.D.; D.Sc.

Lecture Notes
Cardiovascular (CV) diseases are important causes of 
morbidity and mortality. Low-dose aspirin (LDA) (75- 325mg 
daily) alone or combined with other antiplatelet drugs, is 
increasingly prescribed for either primary or secondary CV 
prevention. Cancer prevention may be another indication 
in the near future. LDA has been shown to be effective in 
preventing around one-fifth of vascular complications in 
patients with previous myocardial infarction, stroke or 
transient cerebral ischemia.  Inducing bleeding in patients 
who need this drug may offset some of the beneficial effects 
of LDA. Bleeding events are for the most part mild  (e.g. skin 
bruising, nose bleed, trauma, etc..) but they may be severe as 
those being intracranial and some gastrointestinal which are 
associated with  morbidity and mortality (1,2). 

Any bleed
In a recent meta-analysis (3) on 35 low-dose ASA-alone 
clinical trials involving 87,581 individuals with 338,735 
person-years of follow-up evaluation we found a significantly 
increased risk of any type of bleeding using low-dose ASA 
compared with controls (Peto OR, 1.54; 95% CI, 1.36–1.74). 
Assuming similar baseline risks, the NNH value showed 
that 71 individuals had to be treated to harm a patient with 
any bleed. The Incidence Rate Difference was 8.1 (95% CI, 
4.0–12.2) per 1000 person-years. We found an association 
between dose of ASA and increased risks of bleeding and 
also an increased risk for haemorrhagic strokes (Peto OR, 
1.67; 95% CI, 1.12–2.48; P). Fatal bleeds were not associated 
significantly with low-dose ASA use (Peto OR, 1.22; 95% CI, 
0.78–1.89) This was also the case with fatal GI bleeds (Peto 
OR, 0.94; 95% CI, 0.47–1.87; P = .87) and fatal haemorrhagic 
strokes (Peto OR, 1.42; 95% CI, 0.84–2.41). On the contrary 

synopsis over two columns
as p18

LDA alone decreased the risk for all-cause mortality (relative 
risk, 0.93, 95% confidence interval [CI], 0.87-0.99), largely 
because of effects in secondary prevention populations. Also, 
based on the limited available data, it is uncertain whether 
aspirin therapy increases the risk of subdural hematoma. The 
incidence of subdural hematoma during aspirin therapy is 
low but varies widely depending upon the age of the patient 
population (4). In another recent meta-analysis the risk of 
ischemic stroke was comparable between clopidogrel and 
aspirin monotherapy (ischemic stroke: RR, 0.93; 95% CI, 
0.83–1.05; P=0.24) and interestingly, the estimated number 
of patients needed to harm with clopidogrel and aspirin 
with respect to one additional major intracranial bleeding 
event would be 7606 (95% CI= -infinity to -1218 and 1793 to 
+infinity) (5)

Mechanisms of bleeding
The mechanisms whereby aspirin (or other NSAIDs) might 
promote or induce bleeding in only a small proportion of 
users are still not well known. Several potential mechanisms 
at the gastrointestinal (GI) level have been proposed and 
include: a failure of the gastroduodenal mucosa to adapt to 
NSAID/aspirin damage; a change in the mucosal balance 
between injurious/protective factors in susceptible people 
leading to increased severity of the ulcer diathesis and 
complications (6). Nevertheless, the question here is whether 
LDA is able to affect the gastroduodenal mucosa by inhibiting 
mucosal COX-1, the mosty important enzyme involved in the 
gastroduodenal mucosa defense. 

Several clinical studies have shown that gastric mucosal  
COX-1 inhibition is very susceptible to be inhibited with 
ASA even a very low dose (< 100 mg/day) and associated 
with mucosal damage (7,8). Enteric-coated aspirin 
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released in the small bowel has also been associated with 
small bowel mucosal damage and increase of mucosal 
permeability (8). However, inhibition of platelet and platelet 
dependent clotting mechanisms has been pointed out as 
the precipitating bleeding, particularly in the presence of 
previous lesions. 

The acetylation of platelet COX-1 at serine-529 is the 
direct mechanism of action of low-dose aspirin. Patrignani 
et al. (9) in a phase I, single-arm, open-label study of EC 
aspirin (100 m/day) administered to 24 healthy subjects, 
over a 24 h-period on day 1 and 7, % platelet acetylated 
COX-1 (AceCOX-1) with traditional pharmacokinetic and 
pharmacodynamics parameters. Acetylation of platelet 
COX-1 was measurable before detection of aspirin levels 
in the systemic circulation and increased in a cumulative 
fashion upon repeated dosing. After the last dose of EC-
aspirin, %AceCOX-1, serum TXB2 and CEPI-CT values were 
maximally and persistently modified throughout 24 h; they 
averaged 76 ± 2%, 99.0 ± 0.4% and 271 ± 5 s, respectively. 
EC-aspirin caused 75% reduction in urinary 11-dehydro-
TXB2 excretion. After chronic dosing with aspirin, the 
pharmacokinetics of acetylsalicylic acid was completely 
dissociated from pharmacodynamics. In this way, it has 
been shown that, when tested within six hours of hospital 
admission, most aspirin related acute GI bleeders had an 
abnormal increase in skin bleeding time, which reversed to 
normal within several days. 

To look for risk factors or mechanisms whereby aspirin 
may promote gastrointestinal bleeding 61 patients with 
previous aspirin related upper gastrointestinal bleeding 
and 61 matched controls were given 375 mg of aspirin 
and sequential skin bleeding time and blood aspirin levels 
were measured. Additional studies included platelet 
lumiaggregation, von Willebrand factor, Factor VIII, and 
coagulation studies. Baseline skin bleeding time was similar 
in bleeders and controls, but bleeders had a more prolonged 
skin bleeding time after aspirin use. Hyper-response was 
more frequent in bleeders (30% v 9.3%; p < 0.01) and was 
associated with more than one previous separate bleeding 
event and a lower packed cell volume during the preceding 
bleeding episode. No differences were found in other factors 

studied. Logistic regression analysis identified prolonged 
skin bleeding time after aspirin use as an independent factor 
contributing to aspirin related gastrointestinal bleeding 
(RR = 5.4; 95% CI: 1.8 to 17.1). The study concluded that 30% 
of patients with a history of aspirin related gastrointestinal 
bleeding had an exaggerated prolongation of skin bleeding 
time in response to aspirin, which may be a risk factor for 
bleeding. This intrinsic defect was not related to any known 
platelet defect or to subclinical von Willebrand disease or 
different aspirin metabolism or to subclinical von Willebrand 
disease or different aspirin metabolism (10). 

A most recent study evaluated the impact of well known 
clinical and environmental risks factors for GI bleeding 
together with candidate gene polymorphisms on GIB 
susceptibility (11). This study was carried out as a case-
control study comprising 644 consecutive patients 
hospitalized in a network of 8 Spanish hospitals due to 
non variceal GI bleeding, and 644 non-hospital sex- and 
aged- matched controls. Genomic DNA from patients and 
controls was typed for a panel of 89 polymorphisms in genes 
related to GI mucosal inflammation, coagulation pathways, 
arachidonic acid metabolism, and drug-metabolizing 
enzymes by using the Illumina Platform. Analysis of 
genotyping data was performed by the bioinformatic 
tool SNPator. Relative risks (RRs) of independent factors 
associated with either upper GIB (UGIB) or lower GIB 
(LIGB) are shown in  the table shown below. Subgroup 
analysis by drug intake showed that patients treated 
with NSAID/ASA use carrying the PLAT (plasminogen 
activator, tissue) rs2020918TT geno- type had a higher risk 
of GI bleeding (RR:2.06, 95%CI:1.06-4) whereas carriers of 
the IL1B (Interleukin-1 beta) rs1143634C, and PTGER2 
(prostaglandin-E receptor 2) rs708494TT variants showed 
a significant decrease (RR:0.34, 95%CI:0.12-0.91, and 
RR:0.67, 95%CI:0.43-1.06, respectively). Moreover, the COX1 
(cyclooxigenase 1) rs883485TT variant was associated with 
overall GI bleeding risk in patients treated with PPIs (OR:2.01, 
95%CI:1.17-3.46) whereas the PTGER2 rs708494TT genotype 
was associated with a lower risk (RR:0.63, 95%CI:0.43- 
0.92). The authors concluded the implication of genetic 
susceptibility on GI bleeding risk and reveal potential new 
targets for prevention and further investigation in this field. 
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Table 1: Enviromental and genetic risk factor for GIB 

Rist Factor Controls (n=644) n {%) Upper GIB (n = 360) n (%) RR (95% CI) Lower GIB (n = 255) n (%) RR (95% CI)

Hx of PUD 51 (7.9) 69 (19.2) 2.3 (1.4-3.6) 28 (11.0) 1.4 (0.8-2.4)

H. pylori infection 198 (51.7) 209 (59.4) 1.4 (1.0-1.9) - -

NSAID use 98 (15.2) 105 (29.2) 2.3 (1.6-3.4) 68 (26.7) 1.9 (1.3-2.8)

ASA use 88 (13.7) 60 (16.7) 1.5 (1.0-2.4) 70 (27.5) 2.1 (1.4-3.2)

PPI use 202 (31.4) 85 (23.6) 0.7 (0.5-1-0) 140 (54.9) 2.0 (1.4-2.8)

Anticoag. use 43 (6.7) 39 (10.8) 2.3 (1.3-4.3) 48 (18.8) 3.7 (2.3-6.1)

PLAT rs2020918TT 
(plasminogen activator, tissue)

70 (10.9) 52 (14.4) 1.3 (0.8-2.0) 50 (19.6) 1.9 (1.2-2.9)

COX1 rs883485TT 540 (83.9) 318 (88.3) 1.5 (0-9-2.4) 228 (89.4) 2.0 (1.2-3.4)

F2 (prothrom.) rs1799963GG 606 (93.2) 349 (96.9) 2.8 (1.1-7.4) 241 (94.5) 1.1 (0.5-2.5)

Adjusted by sex, age, hospital, smoking
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Gastrointestinal bleeding
LDA induces a wide spectrum of GI adverse event in the 
upper GI tract, ranging from symptoms without lesions to 
severe complications like peptic ulcer bleeding, and even 
death (12,13). Endoscopic-controlled studies have shown 
that approximately 60% of patients taking LDA have upper 
GI erosions. The incidence of ulcers seems to be lower 
(14,15). A study of 187 patient taking LDA without gastro-
protectant drugs showed an ulcer prevalence of 11% (95% CI 
6.3-15.1%) and an ulcer incidence, in 113 patients followed 
for 3 months, of 7% (95% CI 2.4-11.8 %). If we assumed a linear 
rate of ulcer development, the annual ulcer incidence could 
reach a high rate of 28%. Only 20% of patients had dyspeptic 
symptoms, which was not significantly different from 
patients without ulcer (12). The antrum and particularly the 
pre-pyloric area are the most frequent locations. All doses of 
LDA used in one study (13) (10mg, 81 mg and 325 mg) for 3 
months, significantly reduced gastric mucosal prostaglandin 
concentration and significantly induced gastric mucosal 
injury. However, only aspirin at 81 mg and 325mg/day dose 
regimens reduced duodenal prostaglandin levels and only 
the 325 mg dose induced duodenal injury. These findings 
could explain aspirin’s predominant gastric toxicity (7).  
However, the clinical significance of these endoscopic 
findings is unclear, since the incidence of GI complications is 
much lower. It is estimated that LDA use is associated with 
a 2-4-fold increase in symptomatic or complicated ulcers 
(3,6,12,14). The estimated average excess risk is five cases per 
1,000 aspirin users per year (16). Observational studies have 
reported even higher risk estimates of upper GI bleeding 
(17-20).  Death is the worst outcome of GI complication, but 
mortality data related to LDA are scarce and as commented 
above the risk-benefit balance is in favour in LDA when used 
in the secondary prevention of CV disease.

The association of LDA use with upper GI damage is well 
documented, however data on their effects on the lower 
GI tract is less clear. A systematic review found a small 
increase of fecal blood loss (0.5-1.5 ml per day) in LDA users. 
This amount increases up to 10 mL/day in some patients 
who take high dose aspirin (> 325mg/day) (21).  One study 
in healthy volunteers showed that even enteric-coated 
LDA was associated with asymptomatic damage in 50% of 
volunteers, and some of them developed ulcers in their small 
bowel (22). However, it might be possible that these small 
bowel lesions could explain why some LDA users develop 
bleeding of “unknown” source, iron deficiency anaemia. A 
study in Health Professionals concluded that LDA increases 
significantly the risk of diverticular bleeding (23).   A recent 
Japanese prospective study evaluated the effects of various 
drugs in diverticular disease. The drugs that significantly were 
associated with diverticular bleeding were some NSAIDs, 
LDA, clopidogrel and cilostazol. In another recent case-
control study (24) that used data collected from consecutive 
patients hospitalized for gastrointestinal bleeding the use 
of anticoagulants, low-dose aspirin, and other drugs (non-

aspirin-APA, 82.3% thienopiridines) was associated with 
upper and lower gastrointestinal bleeding; the risk was 2-fold 
higher for anticoagulants (RR, 4.2; 95% CI, 2.9-6.2) than for 
low-dose aspirin (RR, 2.1; 95% CI, 1.4-3.3) or other non-
aspirin-APA drugs (RR, 2.0; 95% CI, 1.6-2.6). 

The risk of development upper GI complications differs 
among LDA users.  Risk factors are less well known than 
those for NSAIDs users, but in general, it is believed that risk 
factors for NSAIDs and LDA are the similar. 

Several risk factors for GI bleeding in the setting of 
antiplatelet therapy have been reported: 1) history of 
peptic ulcer disease, 2) older age, 3) concomitant use of 
NSAIDs or other antiplatelet agents, 4) concomitant use of 
anticoagulants, 5) severe comorbidity, 6) higher aspirin doses, 
7) H. pylori infection. Also, other potential risk factors have 
been mentioned; concurrent use of corticoids, male gender, 
smoking and alcohol use, and high body mass. The relative 
risk of GI bleeding increases with the number of adverse risk 
factors present in any patient.

Aspirin–induced GI complications seems to be dose related 
in the range of 30-1300 mg daily. But, this is based in great 
measure on indirect comparison of different trials and on 
a limited number of direct comparisons of different LDA 
doses (20,25-27). This dose-response relationship is though 
to reflect at least two COX-1 dependent components; 1) dose 
dependent inhibition of COX-1 in the GI mucosa and 2) dose 
independent inhibition of COX-1 in platelets. Because of 
that, the antithrombotic effect of aspirin can be dissociated, 
at least in part, from its GI effect. If we focus on the different 
doses of LDA, the results of several observational studies were 
inconsistent in demonstrating a lower GI risk with “low” LDA. 
(20, 25-28). Despite of this, current recommendation is to 
use the lowest possible aspirin dose (≤ 100 mg/ day) for the 
prevention of CV event, since within this dose range (75-100 
mg/day) the aspirin effect on CV event prevention is not 
affected whereas the GI risk could be diminished. 

Aspirin duration.  The risk of GI complications with aspirin 
seems to be higher in the first month of treatment. With 
longer durations, the risk decreases but then remains 
constant over time (25-30). This phenomenon has been 
explained as the consequence of gastric adaptation to 
LDA (31) or as consequence of a fall in the proportion 
of susceptible individuals due to treatment withdrawal 
following GI intolerance, GI complication  or other side 
effects.

Aspirin preparation. The use of enteric–coated or buffered 
preparations do not reduce the risk of GI complications (27). 
The reason for this is explained on the understanding that 
the main effect of aspirin on the gastric mucosa depends on 
the systemic effects rather than in the local “topical” effects of 
these compounds. (6).
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Prevention of GI bleeding  
induced by aspirin
In order to minimize the upper GI damage induced by 
antiplatelets there are several strategies, which include: 1) 
reducing modifiable risk factors (including eradication of H. 
pylori infection); use the most appropriate aspirin dose and 2) 
use of gastroprotective agents

Reducing modifiable risk factors
Guidelines strongly suggest avoiding this combination if 
at all possible. In addition concomitant use of LDA with 
ibuprofen and perhaps naproxen should be avoided because 
these NSAIDs interfere with the antiplatelet effect of LDA. 
This is due to competition between both drugs for a common 
docking site within the COX-1 channel. If these combinations 
were used, LDA should be taken first and with time enough 
before dosing with ibuprofen or naproxen still interaction 
is possible. (32,33).  Due to the long period of drug release 
with enteric-coated compounds, the chances of interaction 
between drug doses is very high.

In LDA users without history of peptic ulcer, the role of 
H. pylori eradication is controversial (34). Data are very 
scant.  A small RCT, that included 32 patients, evaluated 
the role of eradication previous to begin long term LDA 
treatment.  Eradication seemed to have a protective effect at 
4 months follow-up (35). Several studies have evaluated the 
role of eradication in preventing recurrence of peptic ulcer 
(secondary prevention) in LDA users.  Chan and colleagues 
performed a RCT that compared long term PPI treatment 
with H. pylori eradication as prevention strategies in patient 
H. pylori positive who had history of upper GI bleeding. The 
rebleeding rate was similar in both groups at 6 months of 
follow up, although the small sample size of the study left the 
question open. (36). The largest long-term prospective cohort 
study has been published recently and evaluated eradication 
as secondary prevention strategy (37). The incidence of 
upper GI bleeding were not significantly different between 
the H. pylori eradicated cohort (1.09; 95% CI 0.61-1.98) and 
the cohort of patients without history of peptic ulcer (0.67; 
95%CI 0.42-1.06). Therefore, although eradication seems to 
be beneficial in LDA users as secondary prevention strategy, 
subanalysis of the H. pylori-related peptic ulcer bleeding 
cohort shows that despite of undergoing eradication, in the 
presence of other risk factors, these patients have higher risk 
of ulcer bleeding than the non- peptic ulcer history cohort. 
In summary, eradication may be an effective strategy to 
reduce risk of ulcer bleeding in patients taking LDA, but 
more evidence is necessary. Recommendation not to use 
maintenance PPI treatment in LDA users with history of 
ulcer bleeding may be yet too risky. 

Gastroprotective agents
Three types of drugs have been used: misoprostol, proton 
pump inhibitors (PPI) and H2 receptor antagonists. 

An endoscopic study showed that misoprostol, synthetic 
prostaglandin E1 significantly lowered the incidence of 
erosions in healthy volunteers taking LDA (38). Moreover, 
misoprostol seems to be superior to placebo for preventing 
recurrence of gastric ulcers among patients with prior peptic 
ulcer who are taking LDA and other NSAID (39). Side effects 
with misoprostol use when compared to other effective 
drugs have probably prevented the widespread use of this 
approach. No studies in the prevention g GI bleeding are 
available.

PPIs are potent inhibitors of gastric acid secretion. Several 
studies have explored the impact of PPI on reducing 
endoscopic damage and the risk of GI complications 
in users of LDA. PPI have been shown to prevent gastro 
duodenal ulcers associated with aspirin damage (40,41). 
The LAVANDER study (42) concluded that esomeprazole 20 
mg over 48 weeks prevented the recurrence of peptic ulcers. 
Ulcer free rates were consistently lower in placebo group 
through week 48. The PLANETARIUM study, evaluated the 
efficacy and dose-response relationship (10 mg, 5 mg and 
active control) and safety of rabeprazole for peptic ulcer 
recurrence over 24 weeks in Japanese patients on LDA 
treatment. The cumulative recurrence rate of peptic ulcers 
were 1.4% and 2.8% in rabeprazole groups (5mg and 10mg, 
respectively), significantly lower that in the active control 
group (21.7%). In rabeprazole groups, there were not bleeding 
ulcers.  (43). Lai et al. performed a RCT that compared 
lansoprazole (30 mg/ day) with placebo in LDA users with 
history of peptic ulcer and who had already received H. 
pylori eradication therapy (40). Patients on lansoprazole 
had significantly less recurrence of ulcer complications 
than those treated with placebo (1.6% vs 14.8%). Combined 
treatment (H. pylori eradication plus PPI) seems the most 
adequate therapy for these patients. 

Aspirin interruption in  
GI bleeding events
The discontinuation of platelet inhibition in patients who 
develop an acute GI bleeding may have fatal consequences. 
There are two different scenarios: patients treated with 
LDA for CV prevention who develop upper GI bleeding 
and hospitalized patients who have just undergone a stent 
placement and develop a acute GI bleeding. Based on the 
current evidence, and in agreement with expert consensus 
report (15, 43), the best approach in patients with active 
ulcer bleeding should be treated endoscopically followed by 
high-dose PPI therapy. If endoscopy shows peptic ulcer with 
low-risk stigmata, LDA should not be withdrawn. However, if 
endoscopy shows high risk stigmata, LDA could be stooped 
and  reintroduced early, preferably within 3 days after the last 
dose.  If LDA was indicated for the primary prevention, a re-
evaluation of the actual indication of LDA treatment should 
be performed and if considered appropriate reintroduced 
after ulcer healing or earlier.  If the GI bleeding event  occurs 
soon after the placement of coronary stent, the risk of 
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thrombosis is very high. In this setting, early endoscopy 
followed by high dose of PPI is the best option.  A close 
collaboration with the cardiologist is necessary in order to 
balance the risks and benefits of maintaining one or the two 
antiplatelet agents.
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components of aspirin 
pharmacodynamics
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Synopsis
Indirect evidences suggest that the antiplatelet effect of aspirin plays an important role both in the prevention of 
atherothrombosis and cancer.  In addition to their contribution to tumor metastasis, platelets may play a role in the early phases 
of tumorigenesis. Acetylation of cyclooxygenase (COX)-1 at serine-529 is the direct mechanism of action of low-dose aspirin 
as an antiplatelet agent. To address whether low-dose aspirin(enteric coated aspirin 100 mg daily administered to individuals 
undergoing CRC screening) preferentially targets platelet COX-1 versus extraplatelet sources of COX-1, e.g. colorectal mucosa, we 
used a novel assay which quantifies the extent of acetylation of COX-1. The results show a preferential impact of low-dose aspirin 
towards platelet COX-1. A lower extent of colorectal COX-1 acetylation was detected and this effect was associated with changes 
of rectal mucosa phenotype.  In conclusion, the concurrent inhibitory effect of low-dose aspirin on COX-1 in platelets 

et al for cancer prevention (4.5).  However, the trial has the 
limitation that lacked a conventional formulation of the same 
dose of aspirin as a comparator.

At the earliest phases of colorectal tumorigenesis, platelets 
may be activated as a consequence of intestinal epithelial 
damage/dysfunction induced by life-style and environment 
factors. This is a physiological mechanism to repair the 
damage. However, if the platelet response is unconstrained, it 
may contribute to the development of chronic inflammation 
through the persistent activation of stromal fibroblasts and 
immune cells. In the context of persistent platelet-stromal 
cell activation, intestinal epithelial cells may undergo 
epithelial-mesenchymal transition (EMT) which is a 
reversible dedifferentiation process that converts epithelial 
cells into cells with mesenchymal features (10). Activation of 
EMT participates in the generation of tumor-initiating cells in 
vivo (11) but also triggers tumor cell invasion and metastasis 
to distant organs (10). 

Platelet-stromal cell cross-talk may contribute to the 
development of the vicious circle that leads to a chronic 
inflammatory response. Several lines of experimental 
evidence suggest a key role played by inflammatory signaling 
in the development of EMT and generation of tumor-
initiating cells in vivo.  Moreover, epithelial cells acquire 
phenotypic changes, including COX-2 overexpression, 
which enhances their tumorigenic potential (12). Intestinal 
epithelial cells expressing COX-2 attach to ECM components 
(e.g., laminin) with greater avidity than cells that do not 
express this enzyme, express lower levels of TGF-bII 

Lecture Notes
Indirect clinical and experimental evidences suggest 
that mechanisms involved in the development of 
atherothrombosis are shared by colorectal cancer (CRC) 
(1,2). Both clinical conditions are associated with unremitting 
inflammation and enhanced platelet activation as a 
consequence of tissue damage/dysfunction.  Moreover, 
the results of clinical studies have shown that the chronic 
administration of aspirin, even at the low-doses (75-100 mg 
daily) recommended for the prevention of cardiovascular 
disease, is associated with a reduction of cancer incidence 
and mortality, in particular colorectal cancer (CRC) (3-
5). The data of the clinical pharmacology of low-dose 
aspirin show that the drug acts by causing a preferential 
inhibition of platelet cyclooxygenase(COX)-1 activity versus 
extraplatelet cellular sources of COX-isozymes (6,7). Thus, it 
has been proposed that similarly to its efficacy in preventing 
cardiovascular disease, the antiplatelet effect of the drug 
may play a central role in cancer chemoprevention. This 
hypothesis is convincingly supported by the efficacy for 
cancer prevention of a slow-release matrix formulation of 75 
mg dose of aspirin used in the Thrombosis Prevention Study 
(TPT) (8). 

In fact, this form of aspirin has been shown to affect platelet 
COX-1 in the presystemic compartment while leaving 
unaltered an index of systemic vascular COX-2 activity, such 
as the urinary levels of the enzymatic metabolite of  PGI2, 
2,3-dinor-6-keto-PGF1a(9). TPT contributed perhaps the 
largest amount of data of all the trials surveyed by Rothwell 
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receptor and E-cadherin, resist to apoptosis and express 
high levels of the anti-apoptotic protein BCL-2.  Recently, 
it has been shown a functional role for COX-2 in the 
regulation of epidermal growth factor receptor (EGFR) (13), 
a transmembrane receptor tyrosine kinase of the ErbB family 
implicated in the etiology of CRC. 

Numerous evidences sustain a key role of COX-2 
overexpression in the development and progression 
of cancer, in particular CRC (14,15). Among them, it is 
noteworthy the efficacy of selective COX-2 inhibitors (named 
coxibs) to decrease the risk of colorectal adenoma recurrence 
(16-20). However, the use of coxibs as chemopreventive 
agents seems to be inappropriate due to the interference with 
cardiovascular homeostasis by the coincident inhibition of 
vascular COX-2-dependent PGI2 (21).

A three-step model has been proposed to explain the 
potential contribution of blood platelets in colorectal 
carcinogenesis (22,23): (1) activated platelets may promote 
early events of tumorigenesis through the release of several 
factors [i.e., thromboxane (TX)A2, ADP, growth and 
angiogenic factors and inflammatory cytokines]; (2) they 
trigger an inflammatory response in stromal cells leading 
to COX-2 induction and the release of soluble mediators, 
i.e. prostanoids and proteins, such as cytokines, growth and 
proangiogenic factors; (3) these events may participate in 
epithelial cell transformation into an adenomatous lesion 
in part as a consequence of COX-2 overexpression and EMT 
induction.

Another mechanism which might take part in the early 
phases of colorectal tumorigenesis involves an altered 
biosynthesis of prostaglandin(PG)E2 in intestinal epithelial 
cells via  the COX-1 pathway. COX-1 is constitutively 
expressed in the gastrointestinal tract and plays a role to 
maintain a basal rate of prostanoid biosynthesis, mainly 
PGE2, which are involved in protecting the gastrointestinal 
mucosa by stimulating the synthesis and secretion of 
mucus and bicarbonate, inhibiting gastric acid secretion, 
increasing mucosal blood flow and promoting epithelial 
proliferation (24). The cellular levels of PGE2 are under 
the control of 15-hydroxyprostaglandin dehydrogenase 
(15-PGDH), in particular the Type I PGDH which uses 
nicotinamide adenine dinucleotide (NAD+) as a cofactor 
(25). This enzyme catalyses the first step in the conversion of 
PGE2 into its significantly less biologically active metabolite 
15-keto-PGE2. 15-PGDH is a colorectal tumour suppressor 
and it is downregulated in colorectal carcinomas and 
even in very small adenomas from patients with familial 
adenomatous polyposis (FAP) (26). It has been proposed that 
15-PGDH downregulation is a very early event in intestinal 
tumorigenesis occurring even before COX-2 induction 
(27). Thus, enhanced PGE2 might be produced early in 
colorectal neoplasia through the activity of COX-1 and PGDH 
downregulation.

In addition to the role of activated platelets in the early 
phases of intestinal tumorigenesis,  platelets may contribute 

to tumor metastasis through different mechanisms(28):  (i) 
the formation of platelet aggregates surrounding tumor 
cells which support tumor cell survival and protection from 
immune elimination; (ii)  the increase of the adhesion of 
tumor cells to the endothelium thus leading to tumor cell 
arrest and extravasation; (iii) tumor vascularization; (iv)  the 
induction of a malignant phenotype in epithelial cancer cells 
via the phenomenon of EMT (29,30). Thus, the antiplatelet 
effect of aspirin is plausibly involved in the findings of 
Rothwell et al. [31, 32] showing that  aspirin prevention of 
distant metastasis could account for the early reduction of 
mortality of different types of cancer in trials of daily aspirin 
versus control. 

In order to clarify the mechanisms of action of aspirin in the 
prevention of initial stages of intestinal tumorigenesis, we 
have performed a clinical study in individuals undergoing 
CRC screening. The primary objective was to compare the 
effects of low-dose enteric coated aspirin (100 mg daily for 
a week) on platelets versus extraplatelet cellular targets 
using a direct biomarker of drug action, i.e. the acetylation 
of COX-1 at serine-529. To provide definitive evidence of 
the impact of low-dose aspirin on the platelet versus extra-
platelet components of aspirin pharmacodynamics we used 
a novel assay of aspirin action which assesses the extent of 
acetylation of COX-1 at serine-529 (33); this is the specific 
target of aspirin when administered at therapeutic doses 
(34). In fact, the cyclooxygenase activity of acetylated of 
COX-1 is irreversibly inhibited and the protein is unable 
to produce prostanoids. We used a novel strategy for the 
absolute quantification (termed AQUA) of proteins and their 
modification states which consists in the use of peptides 
with incorporated stable isotopes as ideal internal standards 
to mimic native peptides formed by proteolysis (35). Such 
AQUA internal standard peptides are then used to precisely 
and quantitatively measure the levels of proteins and post-
translationally modified proteins after proteolysis by using 
a selected reaction monitoring analysis in a tandem mass 
spectrometer (MS). 

We compared this direct biomarker of aspirin action with 
indirect biomarkers, including prostanoid biosynthesis 
ex vivo and in vivo. Finally, the impact of chronic aspirin 
treatment on molecular pathways implicated in the etiology 
of CRC, including mTOR signaling, EGFR and COX-2 
expression and the tumor suppressor pathway mediated by 
15-PGDH has been investigated in rectal tissue. 

The results of this study show a preferential impact of low-
dose aspirin towards platelet COX-1. However a lower extent 
of colorectal COX-1 acetylation was detected and this effect 
was associated with changes of rectal mucosa phenotype.  

In conclusion, the use of a novel and direct assay of 
drug action has allowed to shed light into aspirin 
pharmacodynamics in preventing colorectal cancer. Our 
results suggest that the concurrent inhibitory effect of low-
dose aspirin on COX-1 in platelets and colorectal epithelium 
may impact the development of CRC at early stages. 
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Synopsis
Remarkably consistent experimental and epidemiologic evidence demonstrates that aspirin is associated with a lower risk of 
colorectal cancer. Five placebo-controlled randomized controlled trials (RCTs) among individuals with a history of colorectal ne-
oplasia showed that aspirin reduced the risk of recurrent adenomas, the precursors of the vast majority of cancers. Additionally, 
data from long-term follow-up of a RCT of aspirin among individuals with the Lynch hereditary colorectal cancer syndrome and a 
RCT of aspirin among women for primary prevention of cardiovascular disease and cancer demonstrated a lower risk of colorec-
tal cancer associated with randomized aspirin treatment. Moreover, recent results from secondary analyses of RCTs of aspirin for 
cardiovascular prevention has shown that aspirin’s effects may extend to benefits for cancers beyond the colon, suggesting a case 
for a broader role for aspirin in cancer prevention. In this presentation, we will review the evidence supporting a role for aspirin in 
the primary prevention of cancer, with a focus on colorectal cancer.  

A Review of Aspirin’s Role in the  
Primary Prevention of Cancer
Andrew T. Chan, MD, MPH
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Synopsis
Colorectal cancer is eminently preventable, and yet it is the 2nd most common cause of cancer death in the UK (15,700 deaths 
annually, 55% 5-year survival) and worldwide incidence is 1.24 million (~610,000 deaths). There is substantial rationale for 
developing approaches aimed at defining and modifying colorectal cancer risk. Chemoprevention is a promising research 
avenue, aiming to reverse or prevent cancer initiation and/or impede progression from premalignant to invasive disease1.

Compelling epidemiological and randomised trial data demonstrate that aspirin has striking chemopreventive properties against 
colorectal cancer. Aspirin substantially reduces colorectal cancer incidence and mortality (RR ~ 0.6)2, 3. We have shown protection 
even with low dose aspirin (75mg) in average risk subjects4. Moreover, aspirin may also improve survival from colorectal cancer5. 
Understanding the mechanisms underlying these beneficial effects would enable more effective, and safer, chemopreventive 
approaches. It would also shed new light on cellular and molecular mechanisms underlying colorectal carcinogenesis.

Effects of aspirin on energy  
and metabolism signalling in 
colorectal cancer
Farhat VN Din BSc MBChB MD FRCS
Institute of Genetics and Molecular Medicine, University of Edinburgh, UK. Email: Farhat.Din@igmm.ed.ac.uk

In colorectal tumorigenesis mTOR is progressively 
dysregulated from early aberrant crypt foci to adenoma 
to carcinoma, suggesting pathway dependency driven by 
metabolic requirements11, 12. Obesity and physical inactivity 
increase colorectal cancer risk emphasising metabolic 
derangement as a key link between obesity and cancer.

Aspirin may prevent colorectal cancer through targeting 
several pathways during disease initiation and progression 
from adenoma to carcinoma. Given intratumoral 
heterogeneity and redundancy in signalling pathways, there 
is unlikely to be a single cancer prevention molecular target. 
Drugs which modulate multiple targets increase efficacy 
by circumventing negative feedback signalling8. Aspirin 
influences several pathways leading to colorectal cancer cell 
death but the effects on complex signalling relationships are 
not fully elucidated. mTOR dysregulation is implicated in 
colorectal carcinogenesis, supporting mTOR signalling as a 
promising target. Determining the mechanism of action is 
critical to developing safer agents. We have shown that the 
anti-tumour activity of aspirin may be attributed to aspirin’s 
potent inhibition of mTOR signalling and activation of AMPK 
in colorectal cancer13. Our current work examines the effect 
of aspirin-induced mTOR inhibition on translation regulation 
in colorectal cancer. We show that aspirin not only inhibits 
initiation of protein translation but may also play a key role 
in inhibiting translation elongation. Our data present novel 
insights into the molecular effects of aspirin on protein 
translation in colorectal cancer. 

Lecture Notes
Colorectal cancer is a complex disorder, with both 
environmental and genetic factors influencing disease 
causation. Environmental exposure accounts for 50-60% of 
the variance in risk. Several colorectal cancer risk factors 
result in energy metabolism imbalance including type 2 
diabetes mellitus, obesity, physical inactivity and metabolic 
syndrome. Although the colorectal cancer genetic landscape 
is complex; somatic driver mutations converge on a few key 
pathways governing cellular fate and metabolism6. 

Physical activity is associated with 30% lower colorectal 
cancer risk, whilst obesity increases risk by ~10% overall 
(30-70% in men)7, 8. Given this background, it appears that 
energy-metabolism imbalance may initiate and promote 
colorectal cancer9. 

The mTOR pathway is pivotal role in controlling cell survival, 
regulation of metabolism and energy homeostasis9. mTOR 
integrates stimuli from growth factors, nutrients and several 
signalling pathways which converge at the TSC1/2 complex10. 
Growth factors, via Akt and ERK, induce phosphorylation 
of TSC2 and increase mTOR activity11. In contrast, TSC2 
phosphorylation by AMP kinase (AMPK) leads to mTOR 
inhibition. Hence, both environmental and genetic risks 
converge on aberrant signalling pathways which alters 
colorectal crypt metabolism and growth. Crucially metabolic 
activity determines cell fate and mTOR may act as a rheostat 
for stem cell maintenance 10. 
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Opportunities for using  
aspirin to treat cancer
Ruth Langley & Peter Elwood
This talk will focus on the evidence supporting the use of aspirin as a potential treatment for cancer and opportunities to 
incorporate aspirin into current treatment paradigms. In particular we will review the epidemiological evidence demonstrating 
beneficial effects of aspirin use after a cancer diagnosis in preventing metastases and prolonging survival. We will also present the 
evidence relating to specific tumour mutations as potential biomarkers of aspirin response, and discuss the challenges relating to 
the perceived and actual bleeding rates on aspirin. Finally we will present a number of planned or ongoing clinical trials aimed at 
establishing a role for aspirin in the treatment of cancer.
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Synopsis
The antiphospholipid syndrome (APS) is an auto-immune prothrombotic syndrome, with a tendency to both venous and 
(critically) arterial thrombosis.  It is also a cause of miscarriage, now being recognised as the commonest, treatable cause of 
recurrent pregnancy loss.

The syndrome, diagnosed by the presence of antiphospholipid antibodies (aPL), is becoming recognised worldwide as common, 
with cases of APS seen in every practice, presenting, for example, with migraine, memory loss, epilepsy, angina, recurrent 
miscarriage.

In obstetrics, aPL are associated not only with recurrent miscarriage (some women suffering a dozen or more miscarriages), but 
also with intra uterine growth retardation, pre-eclampsia and late pregnancy loss (stillbirth).

Treatment to date has largely been directed towards anticoagulation – aspirin, heparin and warfarin – with limited experience of 
the newer oral anticoagulants.

The initial studies of aspirin use in aPL positive women in pregnancy were striking, a previous pregnancy success rate of under 
20% increasing to over 90%.

The combination of aspirin and low molecular weight heparin has become the chosen treatment for aPL-positive women with 
severe pregnancy histories and/or previous thrombosis.  Current topics of discussion include whether to test all pregnancies, or 
all miscarriages or all cases of multiple pregnancy loss.

In summary, aspirin is playing a major role in the management of pregnancy loss.  The introduction of more widespread aPL 
testing (simple inexpensive blood tests) will help direct treatment to more vulnerable subsets of patients.
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Synopsis
Both type 1 diabetes mellitus (T1DM) and T2DM are characterized by persistently enhanced TXA2 biosynthesis (1,2). When a 
coronary plaque undergoes fissuring or rupture, blood platelets are primed to over-react contributing to increased thrombotic 
risk in this setting. ESC/EASD guidelines recommend using the same antithrombotic strategy in DM as in patients without DM. 
However, there is a lack of dedicated studies in DM, and the results of sub-group analyses should be interpreted with caution.

The conventional once daily dosing regimen of aspirin and thienopyridines may be sub-optimal in at least a fraction of the T2DM 
population (3), and RCTs testing a personalized antiplatelet regimen (eg, bid) are warranted (4).

The residual cardiovascular risk in acute coronary syndromes, despite improved dual or triple antiplatelet regimens, is 
substantial (>10% at 1 yr in DM patients), and the mechanisms underlying these events deserve further investigation (5).

Platelet Activation and Inhibition in 
Diabetes Mellitus
Carlo Patrono 
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Synopsis
The advent of highly active antiretroviral therapy (HAART) in the late 1990s had a dramatic effect in reducing mortality in 
patients with HIV and AIDS.  However, patients on fully suppressive HAART have a residual increased risk of non-AIDS-defining 
morbidities, including cardiovascular, renal, hepatic and neurological disease, as well as malignancies. Evidence suggests that 
a state of heightened immune activation and inflammation may be a significant contributory factor. A short term, pilot study of 
low dose aspirin given for one week to patients with HIV on treatment and control subjects demonstrated significantly increased 
platelet activation at baseline in HIV patients. Aspirin led to a fall in platelet aggregation and cellular activation markers, 
including sCD14.  Two large, randomized trials of aspirin in HIV patients on HAART are underway, with results from the first 
expected later this year.

In the meantime, studies indicate that, at present, aspirin is markedly under-prescribed in patients with HIV and cardiovascular 
risk factors.

Aspirin in HIV
Andrew Freedman, MA, MB, B Chir, MD, FRCP, 

Lecture notes
Prior to the advent of combination antiretroviral therapy in 
the late 1990s, the majority of patients with HIV infection 
progressed to advanced disease (AIDS) after an average of 
8-10 years and this was universally fatal (1).  The situation 
now is very different & the majority of patients, if not 
diagnosed too late, can expect a near normal life expectancy 
(2, 3).  HIV is now a chronic treatable condition but, despite 
full viral suppression on therapy, there remains an increase in 
a variety of morbidities.  These include malignancy as well as 
cardiovascular, renal, hepatic and neurological disease. These 
co-morbidities are likely to become more prevalent as the 
cohort of patients with HIV gets older.

Cardiovascular Disease
Studies have demonstrated increased rates of both 
myocardial infarction (4) and ischaemic stroke (5) in patients 
with HIV compared to age-matched controls. Venous 
thrombo-embolic disease appears also to be more frequent, 
esp in advanced HIV disease.  The causes of vascular 
disease in HIV infection include direct effects of HIV, and 
antiretroviral drug toxicity, particularly abacavir (6), as well as 
traditional risk factors, such as smoking.  The mechanisms by 
which HIV itself cause vascular disease remain incompletely 
understood, but there is evidence for vascular endothelial 
dysfunction, increased coagulation activity and platelet 
aggregation (7), as well as increases in serum lipids.  

Chronic Immune Activation
 There is a growing body of evidence that HIV infection is 
associated with heightened immune activation and a ‘chronic 
inflammatory state’ (8).  Importantly, this is only partially 
reversed by fully suppressive antiretroviral therapy and it 

has been postulated that this persisting inflammation may 
lead to the various morbidities described above.  A number 
of theories have been proposed to account for this, including 
direct effects of ongoing, low level viral replication, loss of 
normal immune regulation, co-infections such as CMV, and 
damage to the gut mucosa.  It is believed that the latter leads 
to a compromised mucosal barrier that allows translocation 
of microbial products, particularly lipopolysaccharide (LPS), 
a component of Gram negative bacterial cell walls that binds 
CD14, triggering immune activation (8).

Two recent studies (9,10) have demonstrated that serum 
inflammatory markers, particularly soluble CD14 (sCD14), 
are independent predictors of both morbidity from non-
AIDS events (myocardial infarction, stroke, malignancies 
and serious bacterial infections) and overall mortality.  The 
authors of both these studies concluded that agents which 
can reduce this immune activation, given in conjunction 
with antiretroviral therapy, might be beneficial and should be 
evaluated in clinical trials.

Trials of Aspirin
The first pilot study of aspirin in patients with HIV was 
undertaken by Meaghan O’Brien and colleagues (11).  25 
such patients, all on antiretroviral therapy, as well as 44 
HIV negative controls, were given Aspirin, 81 mg daily, for 
one week.  Measurements were performed at baseline and 
following treatment, and included platelet aggregation, 
markers of cellular activation and inflammatory markers.  At 
baseline, platelet activation was significantly increased in 
the HIV patients compared to the controls, as were markers 
of T-cell activation (CD38 and HLA-DR) and monocytes 
(sCD14).  After one week of aspirin, ADP and arachidonic 
acid induced platelet aggregation fell in all subjects and 
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there was also a fall in CD38, HLA-DR  and sCD14 in the HIV 
patients. No change in CRP, IL-6 or D-dimer was observed. 
It was concluded that the study provided evidence that 
platelet activation may contribute to immune activation and 
inflammation in HIV and that low dose aspirin might have a 
possible therapeutic role in attenuating this.

To investigate this further, the same group have undertaken 
a prospective, double blind, randomized trial (ACTG 5331) 
(12) of aspirin 300mg vs 100mg vs placebo for 12 weeks 
with 40 HIV patients in each of the 3 arms. All patients were 
taking fully suppressive ART.  The primary endpoint was 
plasma sCD14 concentration; secondary measures included 
other inflammatory markers, lymphocyte subsets, urinary 
thromboxane as well as endothelial function, assessed by 
brachial artery flow mediated dilatation.  As of now, all 
patients have completed the studies but the samples are yet 
to be analysed and results are towards the end of this year 
(Meaghan O’Brien, personal communication).

A second NIH trial (13) is also underway in HIV elite 
controllers (the small subset of patients who maintain 
undetectable viral loads without needing ART) as well as 
patients on suppressive ART, randomized to receive either 
low dose aspirin (81mg) or atorvastatin (40mg) once daily 
for 9 months.  Again the primary outcome measure will be 
soluble CD14 & other measures will include carotid artery 
MRI.  Results of this study will not be available until 2017.

HIV-associated neurocognitive  
disorders (HAND)
HIV is known to spread to the central nervous system soon 
after initial infection.  The virus infects brain macrophage 
and microglial cells. A proportion of patients with HIV 
develop varying degrees of cognitive impairment & 
in a few, this progresses to dementia.  In the majority, 
however, neurocognitive impairment is mild and usually 
asymptomatic.  HAND does not always improve with 
the initiation of antiretroviral therapy, and indeed can 
occasionally develop in patients already taking fully 
suppressive treatment. The pathophysiology of HAND is 
not fully understood but is believed to involve persistent 
microglial cell activation and plasma sCD14 levels have 
been reported to be higher in HIV patients with lower 
neurocognitive test scores (14).

To investigate the potential therapeutic effect of aspirin in 
HAND, Blanchard (15) used a HIV-1 transgenic (HIV-1 Tg) 
rat model.  HIV-1 Tg rats develop neuropathology and exhibit 
behavioural changes as they age.  They have significantly 
higher brain arachidonic acid (AA) -derived eicosanoid levels 
than wild-type rats.  However, these levels fell to those of wild-
type rats after 42 days of feeding them low dose aspirin in 
their drinking water. This suggests low dose aspirin may have 
a role in reducing the upregulated brain AA metabolism and 
potentially the progression of HAND.

Current usage of aspirin in HIV  
as 1° and 2° CHD prevention
Most guidelines for the treatment and care of patients 
with HIV emphasise the importance of assessing 
cardiovascular risk and addressing risk factors.  Regular 
monitoring of weight, blood pressure, lipids and blood 
sugar are recommended, as are smoking cessation, dietary 
modification, exercise and statin therapy, when indicated.  
There is, however, very little mention of the use of aspirin.  
Two recently published studies highlight the fact that aspirin 
is relatively under-prescribed in this patient group, compared 
to the general population.

Burkholder and colleagues performed a cross-sectional 
study of nearly 2,000 patients attending the HIV clinic in 
Birmingham, Alabama in 2010 (16).  They calculated that 
400 of them qualified to receive aspirin as primary CVD 
prevention, according to the US Preventive Services Task 
Force guidelines (based on 10 year CHD risk in men and 10 
year stroke risk in women).  However, only 66 of these (17%) 
were prescribed aspirin; for those in the highest risk groups (> 
10%), the figure was still only 22%.

More recently Suchindran and colleagues (17) investigated 
prophylactic aspirin usage in over 4,000 HIV patients and 
36,00 HIV negative control subjects enrolled in the Partners 
HealthCare System in Boston, USA. The overall rate of 
aspirin usage was lower in the HIV infected patients than 
the uninfected controls – 12.4 % vs 15.3% (p < 0.001).  A 
greater difference was observed in rates for those with high 
cardiovascular risk – 22.1% vs 42.4% (p < 0.001), but a much 
smaller, but still significant difference for those with prevalent 
CHD (51.6% vs 65.4%).  They suggested that the lower rate of 
aspirin usage in the HIV patients, may be explained in part by 
higher rates of conditions that would contra-indicate aspirin, 
such as chronic liver disease.  However, they also highlighted 
the absence of CHD prevention guidelines specific to the HIV 
population and the lack of clinical trial data on aspirin in this 
group.
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Synopsis
This presentation will discuss the unusual origins of aspirin’s analgesic activity from the role of salicylic acid as a plant hormone to 
the acetylation of salicyclic acid to form aspirin. The origins of aspirin as an analgesic go back millions of years to the evolution of 
plant defense mechanisms and the use of salicylic acid as a plant hormone for activation of plant defense mechanisms. 

Salicylic acid inhibits plant enzymes similar to the cyclo oxygenase enzymes found in animals, and this is the unusual and 
chance effect that makes aspirin such an effective analgesic. The acetylation of salicylic acid to form aspirin was done to increase 
tolerability, but again by chance, and not design, it produced an amazing medicine that is taken in many millions of doses every day.

Introduction
Aspirin is the most widely used medicine in the world, and 
billions of tablets are consumed each year to relieve common 
aches and pains. It has the advantage of being cheap, and 
freely available without prescription, and throughout its long 
history of use as a pain killer it has been established as a safe 
and effective treatment. What I find fascinating about aspirin 
is how plant products containing salicylic acid were first 
discovered to be effective in treating pain and inflammation 
and then how salicylic acid was acetylated by reaction with 
acetic acid to produce acetyl salicylic acid (ASA) or aspirin. 
Dr Felix Hoffman first synthesised pure and stable ASA in 
1897 in an attempt to develop a salicylate that had fewer side 
effects than salicylic acid(1). But in acetylating the salicylic 
acid he produced a much more effective medicine, and it 
would take nearly a hundred years of research to discover 
how important the acetylation was in the mechanism of 
action of ASA as a medicine.

Salicylic acid and its plant origins
The story of the discovery of the beneficial effects of plant 
extracts containing salicylic acid goes back thousands of 
years. The Ebers papyrus which was written about 3,500 years 
ago recommended the use of dried leaves of Myrtle to treat 
rheumatic pains and similarly Hippocrates used tree barks 
containing salicylates to treat the pain of child birth and 
fever(2). The first tests or trial of salicylates was made in 1763 
by a country parson, Edward Stone, who used Willow bark to 
treat fevers as he believed the treatment for diseases such as 
fevers was to be found in those areas where the disease was 
common, and fever was often seen in damp wet areas were 
Willow trees were commonly found growing(1). The latin 
name for Willow is Salix and this gives its name to the extract 
from Willow bark, salicin and salicylates. The name Aspirin is 
believed to originate from spiric acid which is another name 
for salicylic acid, and spiric acid was obtained from plants 
such as Meadowsweet (Filipendula ulmaria) of the genus 
Spirea. An extract of Meadowsweet was used by German 

Aspirin in treatment of acute pain
Professor Ron Eccles BSc, PhD, DSc

chemists as a source of salicylic acid for their experiments on 
producing a less toxic pain killer, and this lead to the eventual 
discovery of Aspirin.

Plants are the world’s best biochemists and organic chemists, 
and they produce a huge number of medicines that are 
useful to man; local anaesthetics such as cocaine, muscle 
relaxants such as curare, heart stimulants such as digitalis, 
pain killers such as morphine and codeine, and common 
cold remedies such as eucalyptus and menthol. Plants 
are not altruistic, and they do not waste metabolic energy 
synthesising biochemicals for human use – so what is the 
benefit to a plant in producing these biochemical? In most 
cases the biochemical are produced to deter predators from 
eating the plants. Many plant biochemical such as cocaine 
and morphine are toxic to the central nervous system of 
animals, and a caterpillar or larger animal eating a plant 
containing these toxic biochemical will become ill or die as 
a result. Menthol is a good example of a plant biochemical 
widely used by man in common cold remedies, chewing gum 
and mints, but which is toxic to plant predators such as snails 
and slugs(3). Menthol interacts with CNS neuronal cation 
channels for calcium and is toxic in high doses to slugs and 
snails, but in lower doses in man, acts on sensory neuronal 
calcium channels to give a cool refreshing sensation.

Salicylic acid is present in a wide range of plants and as 
described above is useful to man as an analgesic and 
antipyretic. Salicylic acid does not appear to act as a 
deterrent to plant predators, and the reason that it is 
produced by so many plant species is that it acts as a 
phytohormone or messenger, to regulate plant growth and 
development, and also to initiate plant defences against 
pathogens such as viruses(4). Plants that are bred without 
genes to synthesise salicylic acid are much more susceptible 
to viral infections(5).

The biochemistry of plants shares many fundamental 
biochemical pathways to those of animals, as plants and 
animals divided from a common ancestor that was already 
a sophisticated biochemical organism with all the basic 
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biochemical pathways present for metabolism and life. Plants 
produce prostaglandin like molecules such as jasmonic 
acid as local mediators, and the biosynthesis of jasmonic 
acid mirrors those of animal prostaglandin derivatives of 
arachadonic acid(6). Jasmonic acid has multiple functions 
and effects on plant physiology and therefore has a similar 
physiological mediator role to animal prostaglandins, 
but it is especially involved in plant defence against 
infection(7). Jasmonic acid is synthesised from linolenic 
acid by lipoxygenase enzymes (LOX) and these enzymes are 
inhibited by salicyclic acid that is produced by the plant as a 
phytohormone(6, 7). 

Thus it seems that the benefit to man of aspirin as an 
analgesic is related to the role of salicylic acid in plants as a 
phytohormone and inhibitor of plant LOX, an enzyme closely 
related to animal cyclo oxygenase enzymes(COX), that 
synthesise animal prostaglandins involved in pain.

Mechanism of action  
of aspirin in acute pain
The mechanism of action of aspirin was clarified in 1971 
when Vane and Smith showed that aspirin and indomethacin 
blocked the synthesis of prostaglandins through inhibition 
of cyclo oxygenase enzymes(COX)(8, 9). The history and 
implications of this discovery have been reviewed in detail by 
Vane and Botting in  2003(10). Prostaglandins are numerous 
and they have wide ranging functions in the body from 
control of reproduction and kidney function to secretion of 
mucus in the stomach but their influence on acute pain is 
mainly mediated by PGE2 which acts to sensitise pain nerve 
endings to the actions of bradykinin(10, 11). Aspirin has a 
very specific effect on COX as it acetylates the enzyme at a 
crucial structural point that is important for the activity of 
the enzyme. The location of the acetylation is now known 
in detail as one of the serine residues (Ser 530) located 
70 amino acids from the C terminus of the enzyme(12). 
This acetylation is irreversible and it means the enzyme is 
permanently inhibited and new enzyme must be synthesised 
to restore COX activity. The irreversible inactivation of COX 
is important for long term effects in platelets as new enzyme 
cannot be synthesised in platelets, but in inflamed tissue new 
enzyme is continually being synthesised and the inactivated 
enzyme can be replaced. 

The initial discovery of plant extracts such as Willow bark 
as analgesics for acute pain utilised the effects of salicylic 
acid and salicylates and not aspirin. Salicylates are effective 
reversible inhibitors of COX but not as potent as aspirin(13). 
Aspirin is rapidly metabolised to salicylates after ingestion 
and it has been debated that the major action of aspirin as an 
analgesic is to act as a pro-drug for salicylates, and that the 
major analgesic effect of aspirin is mediated by salicylates 
rather than aspirin(14). If salicylates are the major source of 
analgesia when aspirin is ingested then the analgesic effect 
is obviously not limited to acetylation of COX by aspirin, and 
other mechanisms are also likely to be involved(15, 16).

Efficacy of aspirin  
in treatment of acute pain
Aspirin has been used as an analgesic for over 100 years and 
it was the first freely available analgesic to be made widely 
available to the public because of its unquestioned efficacy 
and its lack of addictive properties. Because aspirin was 
universally accepted as an effective analgesic there was little 
need to demonstrate efficacy in clinical trials, and the hard 
scientific and clinical evidence for efficacy came late in the 
history of aspirin. 

Aspirin is now widely used for treatment of acute pain in 
headache and migraine, common cold and flu, muscle 
aches and pains, menstrual pain, toothache and pain after 
tooth extraction, and minor aches and pains of arthritis(17). 
Randomised, placebo controlled clinical trials have been 
conducted in all these pain conditions and they now provide 
hard clinical evidence for the efficacy of aspirin as an 
analgesic. 

In order to study the efficacy of analgesics it is necessary 
to have a patient pain model that is relatively predictable 
and standardised, and the pain associated with removal 
of impacted third molars has proven useful as a model 
for clinical trials because it is a relatively common dental 
procedure and the timing and intensity of the pain is 
predictable(18). Studies on dental pain have consistently 
demonstrated the efficacy of aspirin above placebo and 
also indicate that aspirin is a more useful analgesic than 
paracetamol in the control of postoperative pain after third 
molar surgery(18).

Aspirin is effective in treatment of both migraine and 
tension-type headache and it is recommended as first-line 
treatment for each of these disorders in various management 
guidelines(19, 20).

Pain associated with common cold such as sore throat pain 
is one of the most common minor pains because of the high 
incidence of common cold throughout the world. Aspirin 
has been shown to be effective in treating sore throat pain, 
muscle aches and headache associated with common 
cold(21), and also shown to be effective in treating fever 
associated with upper respiratory tract infection(22).

Patients with acute pain demand an analgesic that provides 
rapid relief of pain and studies on aspirin have shown that 
the formulation of the aspirin product has marked effects 
on its absorption and pharmacokinetics. Simple aspirin 
tablets have the slowest absorption into the blood stream 
and the speed of absorption can be greatly increased by 
administering aspirin as an effervescent formulation, and can 
be further speeded by buffering the aspirin(23, 24). The time 
to peak plasma concentration of aspirin varies between 33-83 
minutes in tablet form, and recently the rate of absorption 
has been greatly accelerated by using micronized tablets 
with an effervescent nucleus, so that absorption time can be 
reduced to only 18 minutes(20).
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Aspirin’s journey from plant hormone to the 
world’s most popular medicine
Salicylic acid was synthesised in plants millions of years 
before humans such as Edward Stone and Felix Hoffman 
investigated its efficacy as a treatment for acute pain. Plants, 
as said above, are far superior to man when it comes to 
developing biochemicals that have beneficial effects in man 
as medicines. In this case, salicyclic acid was synthesised in 
plants as a hormone messenger that could activate plant 
defence mechanisms against infection, and part of this 
response involved turning off or inhibiting another plant 
mechanism mediated by jasmonic acid which is also a plant 
hormone. Salicyclic acid inhibits the synthesis of jasmonic 
acid by inhibiting plant LOX enzymes that are similar to the 
COX enzymes in animals. 

Over a thousand years of trial and error humans discovered 
plants that had beneficial effects on disease, and discovered 
the beneficial effects of plants containing salicyclic acid 
for the treatment of pain and inflammation. Clinical and 
scientific investigations like those of Edward Stone in 1763 
confirmed the benefits of salicylic acid as a treatment for pain 
and fever, but it took another hundred years or more before 
salicyclic acid could be extracted in a pure form from plants 
and then acetylated by Felix Hoffman in 1897 to produce the 
less irritant aspirin. By acetylating salicylic acid Hoffman not 
only increased the tolerability of the medicine, but by chance, 
introduced the acetyl group that could now be irreversibly 
attached to the COX enzyme, causing permanent inhibition 
of the enzyme which is especially relevant for its actions in 
platelets which cannot synthesise new enzyme.

The aspirin story is not yet over and new developments and 
therapeutic opportunities for aspirin have been found in 
the treatment of cancer and Alzheimer’s disease, as well as 
its role in treatment of cardiovascular diseases. Aspirin is 
a truly remarkable medicine and its future as probably the 
most commonly used and versatile medicine in the world is 
assured.
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