EBHA,

Barcelona, 16-8 Sept. 2004

‘From Industry to Services’

‘Bridging Boundaries: the evolution of the Scientific Services Group,

and the expansion of pharmaceutical R&D at ICI ca. 1955-1975’

Abstract

This paper describes the evolution of ICI’s Scientific Services Group in the Research (Administration) Department in relation to the growth of the firm’s pharmaceutical R&D capability. More specifically, it examines the growing importance of the Physical Methods Section within the Group. It describes the application of electronic and statistical methods to the problem of the vast amounts of data generated by a fast-expanding scientific literature and to the study of structure-activity relationships, as the company’s R&D capability was developing and changing in nature. Indeed, the Section played an important role in the development of a rational approach to drug design within ICI, and it facilitated the transfer of materials and results between the different research groups and departments, a transfer that was being made necessary by the increasingly interdisciplinary nature of the research projects inside the firm, and by increasing competitive activity outside. Thus, the Section became an important instrument of R&D strategy, and it enabled the rigid boundaries between the scientific disciplines (in particular chemistry and biology) that were embodied in the different research departments to be overcome. 

Two men’s role in these developments is studied in greater detail. Firstly Owen Davies, who was head of the Biological Group (Statistical research Section) in the 1950s before this Section was transferred to the Scientific Services Group in 1971. He appears to have been given considerable freedom by ICI’s management to develop his methods, and was actively encouraged to lend his services beyond the Pharmaceutical Division and beyond the firm. Thus, through Owen Davies and the new Services that developed within ICI, the boundaries between the inside and outside of the firm were bridged. Secondly, the paper describes the role played by his successor, Robin Davies, who played an important part in the development of the beta-blockers.

This paper concludes that, although the organizational changes described in this paper were orchestrated from above in ICI’s management structure, they were contingent upon the changing scientific and technical needs and capabilities developed further down the line.

Introduction

When the Second World War broke out in 1939, Imperial Chemical Industries (ICI) had been making, though not yet marketing, pharmaceutical products in their Dyestuffs Division. During the war, ICI became the British Government’s greatest industrial agent, working under contract on projects of national importance such as the Tube Alloys programme (to make the atom bomb), as well as pharmaceutical projects. As soon as war was declared, they began to manufacture drugs formerly imported from Germany, such as the anti-malarials Mepacrine (Atebrine) and Pamaquin (Plasmoquine), which would come to play an important role in the conflict in the Pacific. Later in the war they developed the first large-scale process for producing penicillin by surface-culture, contributing to the stocks that would help to protect British troops against infection after the D-Day landings.
However, compared with their main competitors (the German IG Farben and American DuPont), ICI’s research managers felt that the company was not doing enough research. Moreover, developments in the field of plastics, fibres and pharmaceuticals had demonstrated the effectiveness of well-directed research.
 Therefore, as part of the post-war planning that began at ICI, as in the nation as a whole, as early as 1942 ,
 the increase in laboratory capacity and the re-reorganization of research were included among the company’s objectives. These plans were further strengthened by the growing public awareness of the importance of industrial research, which, coupled with social welfare, would help to create a new and better post-war world.
 
Thus, when in 1944 the eminent scientist Sir Henry Tizard, who had been scientific adviser to the British Government in wartime, and after the war continued to provide advice on matters of Science Policy and Industrial Productivity,
 criticized ICI for a relatively poor record of innovation, he echoed concerns already present at ICI, and helped to mobilize the company for change. Their response was threefold:

1) to improve relations with universities by creating ICI fellowships;

2) to increase in-house research in the Divisions and create a new, Central Research laboratory (later named the Akers Lab) devoted to fundamental research;

3) to re-organize in-house research.

Although all three responses went hand in hand, in this paper I will examine the way in which the organization of research changed along with the growth of pharmaceutical R&D, which from 1944 was carried out in a separate Pharmaceutical Division. The expansion of pharmaceutical R&D at ICI involved the creation of a wide variety of services, from specialized technical services, to sales, financial and commercial services. This creation corroborates Millward’s point that the dividing line between services and industry is ‘a rather grey area’.
 It also reflects ‘the remarkable rise in services’ that has characterized the 2nd half of the 20th century, as well as the tendency for large companies like ICI to develop these services in-house in the earlier part of the period.
 
My main focus will be on the origins, creation and function of Scientific Services Group within the Research Administration Department, which provided support not only to the managers, but also to the Division as a whole. More particularly, I will describe the role of the Statistical Section in the Research Services Department, later subsumed under ‘the Physical Methods Section’ in the Scientific Services Group, in solving specific problems of pharmaceutical R&D at a time when the application of statistics to industry was seen as one of the more significant legacies of Operations Research,
 and when the growing use of physical instruments in pharmaceutical R&D required the use of statistical methods for the interpretation of results and also the design of experiments using these instruments.
 

I will show that this service, and its predecessors, played an important role in the development of ICI’s pharmaceutical capability in the 1950s-70s, and in breaking down boundaries between a) the inside and the outside of the firm, b) between ICI’s Divisions, and c) between the different departments (often representing the different scientific disciplines involved in pharmaceutical R&D) within the Pharmaceutical Division.
From the Statistical Research Section to Scientific Services: a chronology of organizational change
Unfortunately no thorough study has been made of the organization of ICI’s R&D, even less of their pharmaceutical R&D. Furthermore, the central ICI archive at Millbank has been disbanded and its whereabouts are uncertain. However, the organization charts and memos, as well as the collection of research reports in AstraZeneca’s archive (the product of the merger between IC Pharmaceuticals and the Swedish pharmaceutical company Astra) help to piece together the history of the Scientific Services Group. 
1960 (1st Organization chart)

Techno-Commercial Department (Statistical Section): headed by O.L. Davies, under N.W. Cusa.

1965 (2nd Organization chart)
Research Services Department: under N.W. Cusa.
1971 (3rd and 4th Organization charts, plus organization memos) 
Research (Administration) Department: under C.W. Driver, incorporating the activities of the Research Services Department (see above), and including the Scientific Services Group: under J.M. Pryce, formed of the Physical Methods Section (formerly of Biological Chemistry Department): under G.R. Bedford, and Data Services (formerly of Industrial Property Department): under E. Hyde.

Note a change context-specific to the pharmaceutical industry: in particular the advent of more stringent safety regulations, hence creation of the Research (Safety of Medicines) Department, formed by merging Biochemical Pharmacology Section (of Biochemistry Department) and Toxicological Section (of Biological Department), under S.B. de C. Baker, in response to the CSM created in 1969. 

1975 (5th Organization chart)
Research (Admin) Department: still under C.W. Driver.
Three features are striking in these organigrams: 
1) their top-down nature, mirroring ICI’s hierarchical structure, which over time became more accentuated, as services and departments became more numerous; note, by contrast, the horizontal nature of the Research Department (in organigram n° 3).
2) The increasing complexity of pharmaceutical R&D is reflected in the growing numbers of scientific disciplines involved (from biology and chemistry in 1960; to biology, chemistry and biochemistry in 1965; biology, biological chemistry, biochemistry, chemistry, physical methods, etc. in 1971). It is also reflected in the growing numbers of services.
3) There is an almost unbroken line from the Biological Group (Statistical Research Section) in the 1950s, to the Scientific Services Group in Research (Administration) Department in the 1970s, thanks to continuities in staff, and continuities in the expertise they provided. Therefore one can talk of an evolution rather than sudden creation of this service.  

Despite such continuities, 1971 stands out as a year of major re-organization of pharmaceutical R&D. Therefore the context for the creation of the Scientific Services Group as part of this wider re-organization deserves some elaboration. There were external factors, related to the economic context, and more specifically the context of the global chemical industry. Like the UK economy as a whole, in the 1950s and 1960s the UK chemical industry grew less than its US, German and French competitors, experiencing a sharp decline in the 1970s. According to Pettigrew: 
‘These weaknesses in the pattern of demand and inflation in the UK economy from the late 1960s onwards are factors behind one of ICI’s major strategic responses of the 1960s and 1970s, the intention to increase the proportion of the company’s assets and sales in the faster growing economic environments of Continental Western Europe and North America’.
 
An important aspect of this international re-alignment was a growing emphasis on pharmaceuticals, and as the pace of innovation began to slow down by the 1970s, on more product-oriented (as opposed to fundamental) research.
 In addition, attempts began under the chairman Paul Chambers in the 1960s to change ICI’s corporate organization and culture ‘from its concern with conservatism, rationality, and technology, and towards greater market focus, commercialism, and financial accountability.’ In a Division like Pharmaceuticals, which absorbed an increasing amount of R&D expenditure (up to 10-15% of sales, compared with 3-4% for the rest of the business),
 it was inevitable that such change should go hand in hand with the re-organization of research. However, in a conservative institution such as ICI it was perhaps also inevitable that change should be gradual rather than abrupt. 

Conclusion: In a movement reflecting, and in some respects forecasting the evolution of the service sector in the last quarter of the century,
 ICI’s Pharmaceutical Division services, after having developed within the different departments in response to their specific needs, began to lend their expertise outside these departments. Then, in 1971, they were brought together within a single, new specialized department: the Research (Administration) Department. The function of this department, and of its predecessors, is best studied through the services provided to the Division by two members of staff, who were closely involved with the application of statistics to ICI’s growing capability in pharmaceuticals, and both happened to be called Davies – hence I have entitled the next section of this paper ‘The Two Davies’.
The Two Davies’, statistics, and the growth of pharmaceutical R&D at ICI

1) O.L. Davies: 
· Member of the ‘Miscellaneous Chemicals Service’ in the 1940s;
· By 1954: head of the Statistical Research Section in the Biological Group (Research Department, Pharmaceutical Division);
· By 1958: head of Statistical Section in Techno-Commercial Department (directly under Research Director W.A. Sexton, see 1960 Organization chart);
· In 1961: head of Statistical Section in Research Services Department. (also directly under Research Director, still W.A. Sexton, see 1965 Organization chart). 

In the 1940s, as member of the Miscellaneous Chemicals Services, Owen Davies worked on the quantitative estimation of product control in the Blackley, Huddersfield and Grangemouth Works. By the end of the war, he was applying his statistical skills to problems of a pharmaceutical nature: the quantitative assessment of experiments aiming at inhibiting tumour growth (in 1945), and at finding synthetic replacement media for penicillin cultures (in 1947), and the statistical analysis of the search for new antibiotics in samples of soil and other material (in 1952). 
As the needs of the Pharmaceutical Division for statistical assistance became more and more pressing, by 1954 he had become head of the Statistical Research Section in the Biological Group (Research Department.), which like the Dyestuffs research labs was based at Blackley, before the move in 1957 to new premises in Alderley Park (Cheshire). He defined the work of this section in one of its first reports in the following manner: 

‘The work of the section has been applied mainly to problems arising in the research Department at Blackley and Trafford Park, in the department of Pharmacy and in Regents Works. In addition, however, there has been an increase in the amount of outside work relating mainly to the Statistical Methods panel and (to a lesser extent) to the Applied Statistics Journal. The work within the Division in practically all instances has arisen in the first place from a direct approach from the biologists or chemists, and this work in addition to the outside activities have kept the section fully occupied.’

The work of the Statistical Section was mostly generated by demand from biologists, who presumably were less mathematically-minded than their chemist colleagues, and who were in need of statistical assistance. In addition, there was an increase in the amount of ‘outside work’ defined as outside the firm (i.e. the authorship of books and editorship of journals), which Davies was actively encouraged to do by his managers (mainly it seems for PR reasons).
The many tasks carried out by Davies included: 
· developing a mathematical approach (in this case, applying the statistical principles of ‘Evolutionary Principles’)
 to work out the best strategy for testing mutants of Penicillin chrysogenum (active in deep-fermentation cultures), in order to find improved strains for the production of penicillin; 
· choosing the best criterion for measuring the effects of compounds in biological test systems (for ex. for measuring arthritis provoked by injections of kaolin into the ankle of animals); 
· adopting the best method of interpreting the action of drugs on histamine liberation (for the treatment of allergies), and then using the results to suggest improvements in the design of the tests themselves;

· analytical testing; 

· sales forecasting for production planning and stock control; 
· advising management on the optimum number of research projects to pursue in relation to the amount of chemical effort available to the Pharmaceutical Division. 

The list above illustrates the variety of applications of statistics to pharmaceutical R&D, and also a shift in emphasis from infectious to chronic diseases, upon which statistical methods were brought to bear to improve efficiency in an increasingly competitive market. 
By 1956, an electronic computer was involved in the application of statistical methods to the random screening of drugs, which required a large amount of computing labour best carried out on an electronic computer, rather than the simple adding machines until then available to the biologist. With the arrival of a new Pegasus computer in the Dyestuffs Division, Davies expected that computers would increasingly become part of the work of the Statistical Research Section in answer to problems of a biological nature, as well as in response to the needs of the Commercial and Product Departments. Indeed, by 1963, computer simulation techniques were being used in the screening for mutants in antibiotics research, and for this a new computer, a Mercury, seems to have been used, although I do not know if it was housed in the Pharma Division. As the numbers of compounds synthesized by the Division expanded, reaching vast proportions – 400,000 in 1960, out of which only 16 had reached the selling range, that is one drug out of 2,500 compounds tested - computers were also increasingly used for the processing of data and for targeted screening (i.e. more selective than random screening, following leads and testing hypotheses regarding the biological action of drugs).
Owen Davies remained active in the Statistical Research Section, part of the Techno-Commercial Department, and then of Research (Admin) Department, until 1963: the last traces of him I found in 1961, when he was still helping with the rheumatism and allergy projects, and in 1963, when he was providing guidance on the design of screening tests for drugs. But by then, the beta-blockers (for the treatment of heart disease) were beginning to dominate ICI’s pharmaceutical R&D, and it was another Davies, Robin Davies, who was to play an important part in this project.
2) R.H. Davies: 
· Formerly of Mathematics and Statistics Group, Central Management Services;
· By 1969, head of Mathematics and Statistics Group, Research Services Department;
· Then, in 1971, member of Physical Methods Section in Scientific Services Group (see 1971 Organization chart).

Robin Davies’ name first appears in the AZ reports in 1960, in connection with new apparatus for determining the quantity of penicillin in fermentation broth: the so-called ‘Technicon autoanalyser’. However, the first mention of him in the beta-blockers reports was in 1968, when he belonged to what was described as the ‘Management Services’ (i.e. Central Management Services?). In this capacity, he was asked to apply information theory analysis
 in order to present the structure-activity relationships of a series of analogues of Eraldin, ICI’s third beta-blocker after Alderlin and Inderal, ‘on a more rational basis than hitherto’.
 By the time of the next report, his contribution had been considered so valuable to the beta-blocker project that a new section had been created to accommodate his quantitative approach. This was the ‘Mathematics and Statistics Group’. From then on, although he continued to lend his statistical skills to other projects, such as anaesthetics, Robin Davies worked closely with members of the beta-blocker team, mainly pursuing the objective of analyzing structure-activity relationships in the Eraldin series. 
In 1971 Robin Davies’ Mathematics and Statistics Group merged with the Physical Methods Section (formerly in the Biological Chemistry Department) and together they became part of the new Scientific Services Group in Research (Administration) Department (see organigram n° 4). From there, he continued to work on the beta-blocker project. In 1972, after Eraldin had been found to cause serious side-effects (causing blindness in some cases) and had to be withdrawn from the market, at a time when competitors’ beta-blockers had begun pouring onto the market, pressure increased on the team to find a new drug to replace Eraldin. To assist them, Robin Davies proposed to develop a mathematical approach using a special set of equations in the hope of being able to predict the biological properties of molecules from their structural features, for a speedier and more efficient use of resources.
 In this way, he searched for compounds of increasing potency in existing series, and by extrapolating from current series into completely novel types, in the hope of finding a potent cardio-selective beta-blocking drug, equivalent to Eraldin, but without its side-effects.
 In the event, the drug that was chosen to replace Eraldin was such a drug, Tenormin, which, because of the now considerable numbers of beta-blockers now on the market, was marketed primarily for hypertension, and soon became one of the world’s largest-selling hear drugs. Robin Davies’ quantitative studies of the selectivity of beta-blocking compounds had therefore helped to keep ICI amongst the leaders in the cardiovascular field.       
Conclusion: The close involvement of Robin Davies in the development of the beta-blockers at ICI illustrates the extent to which, as Millward has put it, ‘services became embedded as knowledge inputs to manufacturing products’, but also became ‘disembodied into new manufacturing products’.
 Indeed, his particular service became ‘embedded’ as a new approach to drug development: rational drug design, and ‘disembodied’ into a new manufacturing product, in this case Tenormin. Furthermore, Davies’ close involvement in ICI’s beta-blocker project illustrates the extent to which expertise developed for one purpose (i.e. statistical and computer methods for product control, sales forecasting, etc.) could be used for another (in this case pharmaceutical R&D), and vice-versa. 
General Conclusion
The example of the Scientific Services Group challenges the idea of a linear progression ‘from industry to services’.
 At ICI, the creation of this special service was an organizational answer to particular needs (originally primarily administrative, later closely associated with R&D projects). Its function developed (in a kind of ‘natural evolution’) out of the changing nature of ICI’s research, in particular the growing role of pharmaceuticals, reflecting the growing importance of this sector of the economy in connection with the creation of the Welfare State. 
The evolution of the Scientific Services Group therefore provides a good fit for Millward’s description of the rise of the service economy in the early part of the 2nd half of the 20th century, as period in which ‘a rather grey area’ existed between the service sector and industry, especially when considering large groups such as ICI.
 In addition, this paper has suggested is that:

1) Statistics played a key role within the growing service sector after the Second World War, especially in connection with chemical and pharmaceutical R&D;

2) the expertise provided by ICI’s Statistical Sections was linked to particular individuals, Owen and Robin Davies, who helped to shape the group’s services;
3) these services were varied and changed in response to the needs of the firm, especially the growing role of pharmaceuticals within ICI.
From the point of view of the history of pharmaceutical R&D, what is interesting about the history of the Scientific Services Group is the way in which it helped to break down boundaries between scientific disciplines, and therefore also between departments. Particularly interesting also, is the fact that the Group’s predecessors had lent their expertise not only inside the company, but outside, effectively breaking down the boundaries of the firm. In this, I believe that we can see the legacy of the national role played by ICI during the war, and followed after the war by a strong sense of the company’s public duty and social service. 
By the 1970s, this had changed however. The Scientific Services Group became involved in the intense competitive activity developing around pharmaceutical R&D projects such as the beta-blockers, and I doubt if Robin Davies was encouraged to lend his services outside the firm in the same way as his predecessor, Owen Davies, had been in the 1950s. I also wonder whether the notion of ‘service’ would extend as far today, as it did for Owen Davies and the generation of men who, like him, had emerged out of the war with a certain sense of duty towards their country, even above that towards their company. 
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