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ABSTRACT
In 1960, Gustav Born was appointed to head the Department of Pharmacology at the Royal College of Surgeons in London.  The next 13 years were to prove the most productive in his scientific career and the most important in the development of the Department into an internationally respected research centre.  The advances in platelet biology were made possible by the evolution of the platelet aggregometer, brilliantly conceived and developed by Born and his team, into a robust and reliable scientific instrument, with which they, quite literally, revolutionised the study of platelet function.  For the first time, the actions of agonists and antagonists could be quantified pharmacologically and the biochemistry of aggregation analysed, identifying two systems, cyclic nucleotides and phospholipid metabolism, as crucial to the understanding of the pathophysiology of human platelets.  Recognising the critical importance of the interplay between platelets, leucocytes and the vascular endothelium, in the formation and in the rupture of atheromatous plaques, his group also investigated aggregation in the microvasculature in vivo.  Born’s never-ending flow of ideas and enthusiasm for their exploration created an atmosphere of discovery in his group that matched that of his colleague, John Vane. It was a collaboration between these two teams that elucidated the mechanism of action of the NSAIDs and established the prophylactic use of aspirin as an anti-thrombotic therapy.  Indeed, two of the most significant pharmacological discoveries of the twentieth century.  


(Introduction)
Gustav Born was appointed to head the Department of Pharmacology at the Royal College of Surgeons in 1960, in succession to WDM Paton who had moved to Oxford as Professor of that Department, on JH Burn’s retirement.  The RCS Department that Born took over was still very much in development.  Paton had supervised its birth and early post-natal years but the Department did not mature and produce its best research until Born’s time as Professor.  There were two major changes for the Department in Born’s first few years, both critical to its success.  One was to secure an endowment from Tony Vandervell, which provided the Professor’s salary and some support for the research and with the endowment came recognition of the Vandervell Chair by the University of London.  This was accompanied, in 1962, by the physical translation of the Department from the top floor of Examination Hall to the top floor of the RCS in Lincoln’s Inn Fields. Here, the Department occupied the whole of the frontage of the Barry building, discreetly shielded from the public gaze by a decorative stone balustrade and its position on the sixth floor, looking out over the majestic plane trees of the Fields. He also convinced the MRC to provide longer term support in the form of the Thrombosis Research Group, to give some continuity and stability to the team of scientists he gathered together to pursue what was his life-long fascination with the platelet.
This team suffered an early and tragic loss of one of Born’s young colleagues, Michael Cross, just as he was getting into his stride [1] in a plane crash on his way to a meeting in the US [2] but Born’s enthusiasm and his flow of ideas (not all feasible) continued to inspire his group to their best efforts and most productive years.  This group was a blend of youth, experience and skills, necessary to develop his research ideas into feasible experiments. Helen Payling-Wright had extensive experience in histopathology of blood vessels [3]; David Mills combined biochemical knowledge and practical skills [4] with common sense pragmatism to temper some of Gus’s wilder ideas; Bryan Smith [5] brought a youthful exuberance and a willingness to assist and nurture junior staff. The workshop skills essential to develop the new, specialist equipment and techniques were provided by two senior technicians, Ziggy Sabikowski and Len Cracknell.
The most significant achievement of the early years at the RCS was the development of the (Born) aggregometer, an “embarrassingly simple” device [6] to measure platelet behaviour and function ex vivo. This consisted essentially of a photometer to detect the transmission of visible light through a suspension of platelets, transmission which was greatly increased when the platelets aggregated into clumps from the cloudy suspension of single units [7].  The “embarrassingly simple” description of the aggregometer belies the experimental potential of the device. Hitherto, evaluation of platelet function had been carried out, rather rudimentarily, using tubes of platelet rich plasma (PRP) shaken on turntables or in rotating plastic loops, techniques that did not lend themselves to quantitation. Now, with the aggregometer, platelet responses to aggregating agents and inhibitors could be accurately and quantitatively measured, dose-response curves could be generated and time-courses could be followed.  In short, this “simple” piece of equipment provided the pharmacologist’s characteristic modus operandi, a bioassay [8].
Of course, the final version of the aggregometer did not appear overnight. A number of problems had to be overcome. For instance, how to keep the platelets suspended evenly? The first experiments used a test-tube full of PRP which was inverted a few times before putting it into the photometer and reading the transmission value on a galvanometer. This was clearly not a viable procedure for a reproducible assay, so the PRP had to be stirred but the optimal stirring rate, as well as the composition of the stirrer had to be determined. Mini stirring motors were added to the design, along with hand-crafted water jackets to control the temperature. Moreover, it was clear that the time course of aggregation was a very important part of the response, so the galvanometer reading had to be changed into a form that could drive a pen recorder.  Everyone in Born’s group contributed to the improvement and development of the method, with their own ideas and experience, which were transformed into practical forms by Ziggy and Len.  Their ability to convert physiologically expressed wishes into electrical and mechanical reality, was critical to the successful development of the principles of aggregometry into a reliable and robust machine for everyday use by scientists who sometimes had to be reminded that the reason why the machine was “not working, Ziggy!”  was that it needed to be switched on at the wall socket, as well. The mid-60s model of the RCS aggregometer and its later modifications, made by Ziggy and Len, were supplied to many academic laboratories in the UK and in Europe, for several years, until the laboratory equipment companies realised the size of the market for these machines. Their descendants are still in widespread use today, measuring platelet responses to a wide variety of stimuli and in a wide variety of clinical situations, demonstrating the simplicity, robustness and scientific value of the design.
Another component of the success of Born’s group was the convenient and ready supply of donors to meet the need for fresh human blood (Dracula jokes were frequent). These donors came from two insurance companies, situated on the far side of Lincoln’s Inn’s Fields. Using his customary charm, Born recruited, over the years, many hundreds of these willing donors who used to arrive, two or three on each working day, to donate 200 ml of their blood in return for a cup of tea and a biscuit. Although animal models were used (see later) in studies of platelet behaviour, the fact that the main substrate for the aggregometry was human platelets from a totally un-selected group of donors, essentially the average GP’s patient list, added immediate clinical relevance to the results. 
The outcome of everyone’s efforts was that, by 1965, the Thrombosis Research Group had procedures and a machine that enabled them to analyse platelet behaviour ex vivo, as never before, in a totally unprecedented manner, and to test Born’s flood of ideas about these blood cells. In the next five years much of what is now text-book platelet-ology was described, much of it for the first time, using this new technique of aggregometry. Aggregation could be seen to comprise two phases, an initial or reversible phase and a second irreversible phase which was accompanied by the release of platelet granules which contained pro-coagulant and anti-fibrinolytic components.  Agents were classified as weak or strong depending upon the type of aggregation initiated. Pharmacologically, full dose response curves to endogenous and exogenous pro-aggregatory agents were obtained, along with those to inhibitors of aggregation [9]. Another important result of using the aggregometer was the observation of a slight decrease in light transmission during the first seconds after the addition of an aggregating agent [10]. This was due to the platelets changing their shape. At the RCS, it was Frank Michal who initiated the modification to the aggregometer such that scattered light (i.e. at right angles to the main light path) could be detected, to provide a quantitative and reliable measure of shape change [11]. 
Not content with visual measurements of aggregation, the biochemical changes accompanying aggregation were also analysed. The release of pro-aggregatory agents from the platelet itself [12, 13] was critical evidence for the positive feedback that occurs during aggregation, a process Born [14] likened to the “chain reaction” in nuclear fission, perhaps reflecting his own experience of Hiroshima just after the end of the Second World War. David Mills was also one of the first to recognise the role of cyclic nucleotides in the inhibition of aggregation [15]. Later Bryan Smith began to determine the crucial role of phospholipid metabolism [16]. Recognition of the role of phospholipids and phosphoproteins during aggregation led to the development of an ingenious method for separating platelets from plasma by centrifuging them through silicone oil [17]. This technique required the manufacture of a swing-out rotor for the high-speed Eppendorf bench centrifuge. Eppendorf said it was too dangerous and could not be done but Len Cracknell quietly went away and built it. It worked perfectly!
Another factor contributing to the work coming from Born’s group was the presence in the Department of an equally active (and successful) research group led by JR Vane, literally three doors down the corridor, who were involved in measuring the fate of endogenous vasoactive agents in different circulations of the body [18].  Their results were all pointing to the, then highly novel, idea that the vascular endothelium was much more than a passive, non-reactive, permeability barrier, as it interacted significantly and selectively with the vasoactive agents in blood.  For instance, a single passage through the pulmonary vascular bed, inactivated 5-HT, bradykinin and PGE2, activated angiotensin I and arachidonic acid, and allowed free passage to blood-borne histamine, adrenaline and angiotensin II.  Although there was no formal collaboration, joint projects or published papers between the two research groups, the tea room chatter meant that results, successes, failures and ideas spread throughout the Department and were discussed and analysed from a wide range of view-points. 
One outcome of this informal exchange and assessment of data was the realisation that, although much that was new and important was being learned about platelets in the aggregometer, the behaviour of platelets in vivo could be significantly affected by the vascular endothelium with which they were in continuous and close contact and so platelet function would have to be assessed also in intact blood vessels, in vivo.  Such studies using the microvasculature of the hamster cheek pouch were carried out by Born’s group [19] and demonstrated that iontophoretic application of ADP to the outside of a venule induced dose-dependent and repeatable platelet aggregates on the luminal surface of the blood vessel. This aggregation was inhibited by intra-vascular infusion of adenosine, whereas infusions of imipramine and desmethyl imipramine were ineffective. A particularly interesting result of these early in vivo experiments was that aspirin, already known to exert anti--thrombotic effects in patients [20] also inhibited platelet aggregation in the cheek pouch microvasculature, whereas salicylate (the hydrolysis product of aspirin) was a much less potent inhibitor of in vivo aggregation by ADP [21]. 
[bookmark: _Hlk517871753]An extension of this technique followed the behaviour, this time of leukocytes, rather than platelets, in the microvasculature.  This was because rupture of an atherosclerotic plaque (a particular interest in Born’s later years [22-24] was often the cause of intravascular platelet activation and the consequent thrombosis which in turn could lead to myocardial infarction, frequently fatal.  Thus, a better understanding of how plaques were formed would be critical to preventing their growth and rupture and to reducing deaths from coronary thrombosis. 
An early stage in the plaque formation involves the migration of leukocytes from the venules into the tissues to become active phagocytes.  Using the same cheek pouch preparation in response to inflammatory stimuli, leukocytes could be seen to become spherical and then roll slowly along the endothelium before either returning to the main blood flow or halting and squeezing between the endothelial cells (diapedesis).  This process was quantifiable and allowed estimates of the physical forces involved [25] and demonstrated the different responses of platelets and leukocytes to the same inflammatory agent [26]. It is worth noting that these experiments had to be filmed (16mm cine film) in total darkness and then analysed by hand and eye, which is why this project was described as “hard work that kept me busy all day” but, critically and typically, “it was also fun and I remember laughing a lot in those days”. 
Another outcome of the tea room chatter that used the expertise of both research groups was the study of arachidonic acid, PGs and aspirin on platelet behaviour. This involved AL (Jim) Willis, from Vane’s group and Bryan Smith who, although they were both still PhD students, had already spent some years in industry and were closer to post-doctoral levels in experience and knowledge. This collaboration may have been the peak achievement of Born’s time at the Department, as it provided the scientific basis for the empirical use of aspirin as an anti-thrombotic agent [27-29] and thus crucially accelerated the widespread clinical acceptance of aspirin as an inhibitor of platelet aggregation in vivo.  This work was published [30] along with Vane’s paper [31] showing the inhibition of PG biosynthesis in vitro by aspirin, indomethacin (and much less potently by salicylate), with a similar result in the spleen [32]. These papers together established the mechanism of action of aspirin and the other NSAIDs, which had sought for more than 150 years.  
The final, clinical, consequence of this explanation of aspirin’s utility as an anti-thrombotic agent, especially in the context of coronary thrombosis and myocardial infarction, was the low-dose aspirin treatment, now given to a significant number of males over 40 and post-menopausal females. This treatment has turned out to be the most cost-effective way of decreasing cardiovascular morbidity and mortality, and clinical trials of new anti-platelet treatments still use aspirin as a standard comparator. 
The years Born spent as the Vandervell Professor of Pharmacology at the Royal College of Surgeons were undoubtedly the most productive years of his research life.  Although he went on to more prestigious positions, at Cambridge and then back to London at King’s College and finally to the William Harvey Institute, he never re-captured that particularly exciting and fruitful combination of ideas and people, and results that constituted the group at the RCS (Figure 1).  From today’s view point, the output of “Nature papers” generated by a group that was seldom more than 20 scientists between 1960 and 1973, was astounding   Allowing for the different times – more than 50 years ago - this output was a valid measure of the group’s success.  Another was Born’s election to the Royal Society in 1972, the year before he went to Cambridge.  Of course, this success reflected more than Born’s ideas, as he was able to attract and inspire a whole team of scientists. 
[bookmark: _Hlk517871812]The combination of enthusiasm, commitment, scientific drive and sheer fun that he generated in the group was as important to the success of the project – the description of platelet physiology, biochemistry and pharmacology – as were the results themselves. One of his PhD students described Born as “always involved and supportive, inspirational and encouraging”.  It was indeed a heady time, with every day’s experiments providing brand-new results and a letter to Nature!  Even though that was not strictly speaking true, what was crucial to the group’s scientific progress was that it felt like that. More than the scientific advances he and his group provided, it is very likely that Born would rate highly the fact that his tenure of the Vandervell Chair generated results which, through the low-dose aspirin regime, have brought undoubted and clinically demonstrable benefit to, by now many millions, of patients. Born believed, like Dr Johnson, that an advance in medicine was the greatest benefit to mankind [33].
Pharmacology, like many other biological sciences, seeks to analyse clinical experience and disease states down to their molecular constituents but, critically, it also aims to synthesize those molecular mechanisms back into clinically useful procedures and drugs.  The latter aim is, as we know, seldom achieved but, in those years at the RCS, Gustav Born and his group succeeded in both analysis and synthesis in their study of platelets.  Indeed, a decade of pharmacological discovery and a success story for Pharmacology. 
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Figure 1.
The Department of Pharmacology at the Royal College of Surgeons in 1971.  This photograph was taken (traditionally) in front of the statue of John Hunter (1728-1793), the most distinguished scientist and surgeon of his day. Those involved in the Thrombosis Research Group are indicated in bold, with their positions held at that time and their country of origin, when not the UK.  
At the back, standing from left, JW Aiken, post doctoral Fellow (USA); JG Collier, PhD student; MJ Palmer, Senior technician; GA Higgs, technician; Nicole ?, visiting technician (Switzerland); LJF Youlten, Senior Lecturer; KI Williams, PhD student; D Macfarlane, Research Fellow; (almost hidden in shadow) SH Ferreira, Research Fellow (Brazil); PJ Piper, Lecturer; AL Willis, PhD student; Len Cracknell, workshop technician; N Begent, PhD student; GVR Born, Professor; K Ketsa-Ard, PhD student (Thailand); GT Langston, Chief technician; F Michal, Research Fellow; VA Alabaster, PhD student; DCB Mills, Research Fellow; JR Vane, Professor. On chairs, from the left: A Atherton, PhD student; YS Bakhle, Senior Research Fellow; H Payling–Wright, Senior Research Fellow; O Nials, secretary; C Appleyard-List, secretary; S Rolls, technician; I Mills-Fenn, cleaner. On floor from the left; GJ Blackwell, technician; P Holgate, technician; A Yates, technician; C Seez, technician. Absent on this day were RJ Flower, technician; JB Smith, PhD student; MJ Silver, Research Fellow (USA) and Z Sabikowski, electronics technician. 
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