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Biologics: An Introduction

Alexander von Schwerin, Heiko Stoff and Bettina Wahrig
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Over the past century, our bodies have increasingly become exposed to the pharmaceutical action of incorporated biological substances. Some of these have become so ubiquitous that we have even stopped thinking about them as ‘biologics’. We swallow our daily vitamin pills; we rely on vaccines and antibiotics when microbes proliferate; we account for the adverse effects of cortisone; we live a more-or-less normal life thanks to regular injections of insulin or an organ transplant; and we place our faith in monoclonal antibodies when a tumour has been diagnosed. One recent textbook definition of biologics provides us with still more examples:

By definition biologics are proteins and/or derivatives thereof that modulate the immune system, downregulate the inflammatory response or support tumor specific defence. Biologics – also known as ‘biologicals’ or ‘recombinant therapeutics’ – do not represent one homogeneous group of drugs. Monoclonal antibodies, fusion proteins (along with other proteins, toxins and radionucleotides) and recombinant proteins, growth factors, anti- and pro-angiogenic factors, and expression vectors generating proteins in situ may all be included as members of this class of pharmaceuticals.1


This recent definition does not include vitamins, hormones, antibiotics or vaccines, although they have been and sometimes still are categorized as ‘biologics’ or ‘biologicals’.

The term ‘biologics’ first emerged in connection with national health-care legislation and the control of vaccine production in the US more than a hundred years ago. For a long time, there existed no equivalent expression in Europe, where terms like Naturstoffe, Wirkstoffe (biologische Arzneimittel) or médicaments biologiques were common. These terms encompassed a broader range of substances like hormones, vitamins, enzymes, as well as plant extracts, especially if they worked in ways comparable to animal enzymes. Thus, all of these terms had different meanings and connotations, while sharing a common reference to ‘natural products’ in one way or another. Their introduction into pharmaceutical terminology opened up a semantic field that proliferated wildly and exuberantly both in the US and in Europe throughout the twentieth century. In the first half of that century, the adjective ‘biological’ was often used to indicate a ‘life reformist’ or ‘naturalist’ understanding of the human body. ‘Biological’ agents, which in spite of their small quantity had such intense effects, became prototypes for ideas of naturalness and purity. This characterization of biological enzymes, toxins, antitoxins, etc. resonated with broader efforts and rhetorical strategies to redefine the boundaries between nature and technology: in chemistry for example, the new technique of catalysis was ennobled by the fact that nature seemed to have invented it. However, this beneficial nature turned into a threat when catalysis involved microbial contaminants.

The aim of this volume is not to provide another definition of biologics, but to introduce the concept of biologics as a fruitful perspective for the history of pharmaceuticals, medicine and science. The fact that in many Western countries a great number of very heterogeneous substances were subsumed under a small number of terms, all of which captured their biological origins, demonstrates the importance of industrially produced ‘biological’ scientific objects and pharmaceuticals in the twentieth century. Hence, the notion of biologics ‘is less a problem of natural versus artificial ontology, than of socio-technical order’.2 Biologics have posed specific scientific, industrial, medical and legal problems and are hence of particular interest to any deeper understanding of the so-called therapeutic revolution, its scientific bases and its relationship to the standardization of medicinal drugs, the dynamics of regulation and risk-management policies, the industrialization of precarious substances, the economics and politics of ‘natural’ things and the development of biotechnology since the late nineteenth century.3

Since biologics are both of natural origin and produced using advanced industrial methods, the historical study of biologics provides a useful research perspective, enabling new insights into the genealogy of industrial and consumer medicine and of the life sciences. It also contributes to the historicization of the production of naturalness, alongside the corresponding processes of representation and intervention.4 The very practical context, in which terms like ‘biologics’ emerge, already indicates that biologics transgress the conceptual (and material) boundaries between the inanimate and the living, between the organism as a whole and its organic and inorganic contents, as well as between nature and its technical modification. Accordingly, this volume highlights different, but interdependent aspects of biologics: the production and regulation of substances made from living organisms and the signification of biological remedies as both powerful drugs and agents of naturalness. In light of the today’s rapid development of new biological entities such as recombinant DNA-derived products, biomolecules and biosimilars, this book offers historical perspectives that stretch far back from our age of biotechnologically processed substances and that illuminate the changing relations between laboratories, clinical services, industrial settings and regulatory bodies.

In this introduction, we will provide an outline of the historical study of biologics. A suitable approach to the topic is to examine the emergence and evolution of the terms ‘biologics’ and ‘biologicals’ and so the first three sections will concentrate on the fate of these and related concepts in both the US and Europe. Historical examination of discourses on biologics reveals this group of substances to be a distinct historical object that becomes tangible as a result of different contingent processes in the medical, technological, economic and social history of the twentieth century.

In the last three sections of this introduction we will further explain this perspective by introducing the main categories used to characterize biologics as historical subjects. Those categories reflect the larger subdivisions of the present volume and outline a comprehensive historiographical perspective on biologics. While there have been many studies on blood, vaccines, hormones, vitamins or flavonoids, our aim is to relate these substances to discourses and practices such as standardization, naturalization, politicization, industrialization and regulation. It is therefore necessary to begin with an outline of the regulatory and cultural concept of biologics and to use this term as an analytical tool for acquiring new perspectives on the history of pharmacology, health-care legislation and biomedicine.

The authors of this volume deal with the production, regulation and control of biologics and include gendered, colonial and consumer perspectives. The contributions originated from a workshop held at the Technical University Braunschweig in Germany during the foggy days of March 2010. The workshop was one of a series funded by the European Science Foundation’s network DRUGS.5 It represented the first attempt to bring together the histories of different substances and materials, such as vaccines and sera, plant extracts, genetically engineered proteins, cells, tissues and organs. Given the complexity of these substances, we hope that the contributions to this volume will encourage readers to take a comparative perspective on the history of biologics in the twentieth century.


Standardizing Biologics in the US in the First Half of the Twentieth Century

The term ‘biologics’ first emerged in the United States in the early twentieth century. It was inextricably connected with governmental efforts to standardize and control therapeutic, prophylactic and diagnostic agents like sera, viruses, vaccines and antitoxins. Although it is difficult to establish exactly when these terms were introduced, it is clear that federal statutes and regulations played a crucial role in bringing a range of different substances together within the conceptual framework of ‘biologics’ and ‘biological products’.6

In some respects, the history of biologics begins with the diphtheria antitoxin. By 1895, laws regulating biological products had been enacted by the governments of France, Germany, Italy and Russia. In the United States, many people were concerned about the safety of vaccines, given that they were injected and could have rapid and adverse effects if contaminated. Nevertheless, these products were initially rushed to market and their use proceeded without regulatory safeguards.7 But the reluctance to regulate these new substances changed in 1901, when thirteen children died after being treated with a diphtheria antitoxin made from the blood of a tetanus-infected milk-wagon horse named Jim.8 Soon thereafter, a similar tragedy in Camden, New Jersey resulted in deaths and injuries that were attributed to a tainted biological product. In 1902, the executive body of the National Convention for Revising the Pharmacopoeia decided to include Serum Antidiphtherium, the most important serum product of the time, in the Pharmacopoeia of the United States because of the increasing use of it and other serum products.9

That same year, discussions about the risks of vaccination also resulted in more stringent government regulations. Under an Act of Congress in 1902, all viruses, sera and toxins sold in the United States were required to conform to established standards. This law marked the beginning of a ‘regime for licensing of biologics and vaccines’ that, according to Carpenter, ultimately evolved into the Food and Drug Administration (FDA), which today is responsible for the control of biologics in the US.10 Indeed, when the FDA celebrated the seventy-fifth anniversary of the Food and Drugs Act of 1920, it also celebrated the ‘Biologics Control Act’ of 1902, thus implicitly suggesting a continuity in the regulation of biological products.11 However, in the original law of 1 July 1902 there was no mention of ‘biologics’, ‘biologicals’ or ‘biological products’.12 Instead, it was officially designated as ‘An Act to Regulate the Sale of Viruses, Serums, Toxins and Analogous Products in the District of Columbia, to Regulate Interstate Traffic in Said Articles, and for Other Purposes’.13 The law’s scope was defined to include ‘any virus, therapeutic serum, toxin, antitoxin, or analogous product applicable to the prevention and cure of diseases of man’.14 Obviously, the advent of biologics as a new category of therapeutic substances was steeped in the history and science of immunization.15 The law’s main targets were vaccines, but its reference to ‘analogous products’ began paving the way to include other biological products.16

With this new legislative framework in place, subsequent years witnessed the emergence of various labels to describe these products. The first documented use of ‘biologics’ occurred in 1912 when the pharmacological editor of the California State Journal of Medicine, Fred Lackenbach, used the term in an overview to describe a variety of different substances. Unlike other contemporary drugs, the use of these substances would demand ‘accurate clinical and bacteriological diagnosis’ and a thorough knowledge of the indication, dosage and mode of administration.17 To the benefit of pharmacists and physicians, this implied that ‘biologics’ were products ill-suited to the huge market for self-medication being served by department stores and mail-order houses.

Lackenbach considered the year 1902 to have been crucial in the formation of this new class of pharmaceutical products. For that year saw not only the ‘Act to Regulate the Sale of Viruses, Serums, Toxins’, but also a second, related act approved on 1 July that sought to reorganize the US Public Health and Marine Hospital Service (later designated simply as the Public Health Service or PHS) and entrusted its Hygienic Laboratory with the task of performing all necessary tests and inspections.18 Together, both acts established the legal framework for federal regulation of biological products designed for human use and ‘established the authority of federal institutions to regulate biological products and ensure their safety for the American public’.19 Subsequently, the PHS went about establishing a regime of vaccine control and it was in this context that several new generic terms emerged. The Annual Report of the Surgeon General of the PHS in 1908 harked back to the tragedy of 1901 in explaining that ‘all possible care should be taken for the exclusion of the tetanus bacillus from all biologic products’.20 Other authors referred to ‘biological products’ or substances of a ‘biologic nature’, but all of these terms were used only sporadically.21

It seems that the catchy term ‘biologics’ emerged only when economic and business interests were at stake. In his overview, Lackenbach used the term ‘biologics’ in addressing the commercial pharmacist (i.e. ‘the man who handles these products for revenue’).22 Similarly, the Commercial Interests Section of the Journal of the American Pharmaceutical Association published a summary entitled ‘the sale of biologicals’ in which the terms ‘biologicals’ and ‘biologics’ were used synonymously.23 In 1917, the Biological Department of Eli Lilly and Company published a small treatise on ‘Elements of Biologics’ designed to provide the company’s representatives with standard knowledge about antitoxins and vaccines. The definition used for biologics read: ‘A line of products, including serums, smallpox and rabies vaccine viruses, bacterial vaccines, antigens, and extracts, toxins, etc., the manufacture of which depends upon the use of bacteria and bacterial products’.24 Lilly’s instructions suggest that the market for antitoxins and vaccines was expanding. And indeed, by 1921, some 41 establishments were licensed to sell no less than 102 different sera, toxins and analogous products, posing considerable challenges to federal regulators.25

The use of generic terms became more and more common as federal authorities invented new structures to cope with the regulatory challenges in the 1920s. In 1923, Public Health Reports compiled a list of national agencies and organizations associated with the regulation of ‘biologics’.26 Around the same time, the Revision Committee of the US Pharmacopoeia established the ‘Sub-Committee on Biologics’.27 The most important federal agency was the Hygienic Laboratory of the PHS, given its responsibility for testing biological products and licensing manufacturers (see Figure I.1).Under the 1902 Act, all Diphtheria Antitoxins sold in the United States were required to conform to the standard established by the PHS. This standard was based on the Ehrlich Immunity Unit preserved at the Royal Institute for Experimental Therapy in Germany – the first biological standard in the world, prepared by Paul Ehrlich himself in 1897.28 During the First World War, this no longer seemed acceptable and the Hygienic Laboratory began developing its own biological standards.29 ‘Activities in viruses, serums, toxins, and analogous products’ were conducted under the supervision of the laboratory’s director and using personnel drawn from its four divisions: pathology and bacteriology, zoology, pharmacology and chemistry. The laboratory was increasingly responsible for enforcing the law, regulating the sale and routine inspection of businesses, as well as conducting research (see Figure I.2).30 Ensuring the purity and efficacy of sera and other agents was the specific task of the Division of Pathology and Bacteriology. In 1920, these responsibilities were classed under the heading ‘Biologics (routine examination)’.31 And in 1923, all of these activities were brought together in a fifth division responsible for the ‘Control of Biologic Products’.32 In 1930, the Hygienic Laboratory was re-named as the National Institute of Health (NIH).33 Finally, in 1937, work on biologics control was granted its own division within the NIH, the Division of Biologics Control.34
[image: ]Figure I.1: The regulation of biologics severely taxed the resources of the Hygienic Laboratory of the Public Health Service at Bethesda, Maryland, US. Source: Bethesda: National Institutes of Health, 1930. Reproduced courtesy of the National Library of Medicine.[image: ]Figure I.2: By 1938, the staff at the National Institute of Health responsible for biologics control had increased markedly. Source: Bethesda: National Institutes of Health, 1938. Reproduced courtesy of the National Library of Medicine.
Institutionalizing the control of biologics involved expanding existing regulations on vaccines, sera and antitoxins to include arsenical drugs, blood and blood products. The scope of the Hygienic Laboratory’s activities increased accordingly, especially after 1917 when the United States entered the First World War.35 Before the war, the US had depended on Germany for its supply of salvarsan and neosalvarsan, arsenical drugs used in the treatment of syphilis. With the entry of the United States into the war, the Federal Trade Commission abrogated German patent rights and licensed American manufacturers to produce their own arsenical drugs: ‘It seemed a logical step to bring the testing and control of arsenicals under the same system as biologics, and so the Hygienic Laboratory was given this responsibility’.36 In 1920, the Surgeon General complained that routine controls of biologic products had come to dominate the work of the Division of Pathology and Bacteriology – with 3,525 ‘biologic products’ examined in that fiscal year – and that as a result other research problems were being neglected.37 Furthermore, blood products became a main focus of the Laboratory’s research activities. In 1934, the NIH issued the first licenses to manufacturers for the production of a human blood product, a preparation of protein from human placental extract that was designed to immunize against measles.38

After the entry of the United States into the Second World War, many of the scientific advances were driven by the need to provide US military personnel with the best medical care possible, including ready access to safe blood products and protection against diseases. Throughout this time, the Division of Biologics Control established standards for a number of blood products.39 Korwek suggests that the ‘whole blood or plasma language’ was added as a result of the use of blood transfusions during the Second World War.40 Obviously, the constant redefinition of terms was necessitated by developments that modified the practice and regulatory scope of biologics control. But a number of scandalous incidents also contributed to the flux of terminologies. In the 1930s, over a hundred people, among them many children, died after consuming an improperly prepared sulfanilamide medicine, ‘Elixier Sulfanilamide’.41 The manufacturer Massengill & Company had used diethylene glycol as a solvent, resulting in mass poisoning in 1937 and a huge public outcry. To strengthen consumer protection in the emerging national food marketing system, the Pure Food and Drugs Act of 1906 was replaced in 1938 by the Federal Food, Drug and Cosmetic (FD&C) Act, which now defined biological products as drugs. From then on, both the 1902 ‘Biologics Control Act’ and the FD&C Act comprised a ‘dual legal system’ responsible for the regulation of biologics.42 Subsequently, when the Public Health Service Act was re-codified in 1944, the dual status of biological products turned out to be the main issue of concern to legislators. According to Section 351 of the PHS Act – which at the time was often confusingly referred to as the Biologics Act –, the term ‘biologics’ now included any

virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood component or derivative, allergenic product, or analogous product, or arsphenamine or its derivatives (or any other trivalent organic arsenic compound), applicable to the prevention, treatment, or cure of diseases or injuries of man.43



Standardizing Substances made from Living Organisms in Europe

The example of the United States illustrates the emergence of biologics at the intersection of government regulation and the economy. ‘Biologics’ was a regulative term introduced to enable state-controlled production of these substances and it played a major role in the institutionalization of drug control in the US. However, there existed no equivalent term in Europe, although the standardization and regulation of substances made from living organisms was common in most European states from the late nineteenth century onward. Instead, other generic terms emerged from different contexts, first and foremost the term ‘biologische Wirkstoffe’ (biologically active substances). As the European case shows, rather than confining historical analysis solely to the topic of standardization, one must instead consider the institutionalization, regulation, activation and casual use of these agents, as well as their hybrid status, their semantic fields, their political meanings and socialized actions.

In the nineteenth century, state vaccination policies – be they based on consent or compulsory – were common in many European countries, such as England, France, Prussia, Germany, Italy and Russia.44 Laws fostering and regulating vaccination had already been enacted by the 1860s and 1870s. In England, it was the responsibility of the General Board of Health in conjunction with the Epidemiological Society to supervise vaccinations mandated by the Vaccination Acts from 1867, 1871 and 1874. In Germany, the smallpox epidemic of 1871 had prompted the Reichs-Impfgesetz (Imperial Vaccination Law) of 1874 which, after 1876, was implemented by the Imperial Health Office (Reichsgesundheitsamt). The law introduced compulsory vaccination as part of the state welfare system.45 The introduction of sera therapy highlights some of the problems characteristic of biological substances, the most urgent one being the difficulties of ensuring their efficacy, i.e. defining their effective dose. There was no stable relationship between the absolute quantity of any kind of serum and its effectiveness against a specific disease such as diphtheria. Ever since the tuberculin affair of 1891, when Robert Koch’s cure for tuberculosis spectacularly failed, serum and antitoxin therapy in Germany had been viewed with suspicion. Regardless of their therapeutic and economic viability, sera were considered to be precarious substances in need of state control and evaluation (Wertbestimmung). The new imperial law of 1895 regulated the production and distribution of sera, restricting their sale to pharmacies and declaring them prescription drugs. In addition, only state-certified serum was allowed on the market.46

The situation was different in France, where the Pasteur Institute had been granted a monopoly on the rabies vaccine and was also exempt from regulations concerning diphtheria serum. Under the heading ‘prophylactic and therapeutic agents for use against contagious diseases’, the French law of 25 April 1895 grouped together attenuated viruses, therapeutic sera, modified toxins and analogous products.47 The fabrication of these biological products required governmental permission and only authorized institutes could produce and distribute serum in France. Pasteurism resulted in the Public Health Law of 1902.48 Unlike Germany, where the safety of the new substances was broadly monitored, the French government’s main goal was to exclude ineffective serum. And so French legislation was limited to defining approved producers and leaving quality control in their hands.49

According to Canguilhem, the bacteriological age, notably the development of sera and vaccines, was characterized by a semantic shift from health to prevention to protection. In response to this shift, medicine had to assume the appearance of a ‘biological technology’.50 Canguilhem concluded that if medicine ever attained the status of a science, it did so in the era of bacteriology. The research and development of remedies such as Emil Behring’s diphtheria serum, which involved large-scale sera production and regulation by government agencies, was all based upon the use of bacteriology and hygiene as political tools of social regulation.51 Hence, vaccines, sera and antitoxins in nineteenth-century Europe can be interpreted as boundary objects that not only exemplify the co-productivity of the state, industry and science, but that also (as argued below) link physiology, the new field of organic chemistry and alternative medicine movements.52

Standardization and regulation were important characteristics of these new substances and the main focus of American biologics’ legislation. Although European ‘biologics’ were also discussed and regulated along similar lines, focusing only on them is insufficient. While the history of vaccination and serotherapy in Europe has been explored at length in recent years, the conceptualization of biological substances is historically more complex and convoluted. One must therefore trace a different path back to the long tradition of medicinal substances prepared from living organisms and compiled in the different pharmacopoeias. Medicinal substances prepared from plants constituted an important part in the materia medica literature. Although preparations from animal bodies were also integrated into the materia medica, their status was very different. Often, traditional drugs were products that used animal parts, like dried viper flesh, to prevent or counteract poisoning. Concrements from goats’ stomachs – also thought to be effective against poisoning – were not comprised of organic matter in the modern sense, since they contained mostly minerals. The same holds for rasped or calcinated deer horns or corals. All these preparations entered into the traditional tripartite classification of drugs as mineral, animal and vegetable substances.53 Preparations based on entire organs (livers, spinal cords, placentas) and body fluids (animal blood) were also part of most pharmacopoeias.54 In the nineteenth century, authors like early pharmacologist Heinrich Böhnke-Reich tried to integrate regional German pharmacopoeias, thereby systematizing ‘animal and vegetable-based drugs’ (‘Arzneistoffe aus dem Thier- und Pflanzenreich’) according to pharmacognostic and chemical criteria. The list ranged from lard and staghorn to musk and cod liver oil and also included leeches.55 Böhnke-Reich was one of several authors who compiled items from different German pharmacopoeias in order to create a unified and modern body of pharmaceutical knowledge. He retained the conventional, tripartite categories and included traditional remedies from the vegetable and animal realms. The entries reflected both traditional materia medica and new knowledge based on chemical and physical methods. Many of these remedies, including a number of chemical compounds and new drugs, were listed in the first Pharmacopoeia Germanica (1872), the most important reference work of pharmacists in the German Reich. The Pharmacopoeia Germanica, however, circumvented the problem of systematization by simply listing the substances in alphabetical order.

But classifications had already started to change with the development of organic chemistry, which made it possible to produce organic substances out of inorganic ones. The famous first case was the synthesis of uric acid by German chemist Friedrich Wöhler in 1822. In the second half of the nineteenth century, when cyclic compounds had come to be understood and later produced in the laboratory, organic chemistry began to branch off from inorganic chemistry, serving as a catalyst for changes in the systematization of the pharmaceutical materia medica. The new chemistry helped to blur the distinction between the animal and mineral realms by drawing on notions like ‘Tierchemie’, the precursor to ‘biochemistry’, which was introduced by the German chemist Justus Liebig, and also by successfully synthesizing organic substances that could be used in medicine, such as chloroform or acetyl-salicyclic acid.56 Proteins, amongst them the enzyme pepsin, were marketed as substances to aid digestion.57 Unlike the ‘chemical saga’ recounting the rise of the pharmaceutical industry, material medica was primarily composed of biologics and not chemicals.58 By the turn of the century, ‘the vast majority of drugs used by doctors were prepared from plants, with little insight into their molecular structure or into the chemical properties of active principles’.59 This gradually changed with the emergence of biologically active substances and new ideas of organic regulation. In this regard, it’s worth reassessing the concept of biology itself. As Foucault famously remarked, the concept of biology relied on an idea of life itself, on a ‘functional homogeneity’ as its hidden foundation.60 The new discipline of biology or life science (Lebenslehre) that was institutionalized in the 1850s was always more than just a counterpart to physics as a science of the inorganic world. More so than elsewhere, biology in Germany was shaped decisively by romantic and holistic world views.61 From the 1890s onward and on the basis of organological semantics, the adjective ‘biological’ strongly connoted natural health, alternative medicine and the new life-reform movement. Biological medicine (Biologische Medizin) was both Hippocratic rhetoric and body politics. In 1908, a medicinal-biological society (Medizinisch-biologische Gesellschaft) was founded, bringing together naturopaths, homeopaths, writers and artists, all of whom were critical of scientific medicine and advocates of holism. The adjective ‘biological’ signified not only the knowledge production of an institutionalized scientific discipline, but also an organological narrative that led to early twentieth-century biopolitics positioning life as the basis of politics.62

Biological medicine was not just a reaction to the so-called crisis of medicine in Germany, but also combined hereditary thinking with the utopian politics of human enhancement. In this regard, biological remedies were defined as those natural agents that protected bodies from deficiencies and so-called diseases of civilization and that simultaneously enabled utopian visions of human enhancement.63 Notably, the physicians Erwin Liek and Karl Kötschau propagated a holistic, precautionary lifestyle that favoured preventive care (Vorsorge) instead of welfare (Fürsorge). Biological medicine combined prevention, eugenics and holism and translated a biological discourse into politics.64 In 1929, Heinrich Meng, a Viennese psychoanalyst and subsequent founder of psycho-hygiene in Basel, compiled all the practices of biological medicine in his medical almanac (Ärztliches Volksbuch). Nine years later, the physician and entrepreneur Gerhard Madaus (1890–1942) published a famous three-volume textbook of biological remedies (Lehrbuch der biologischen Heilmittel); and in 1939, a research institute for biological remedies (Forschungs- und Prüfungsinstitut für biologische Heilmittel) was founded at the Paracelsus-Institute.65 Madaus’ products ranged from homeopathic preparations of metals to hormones, enzymes or combinations of bacterial antigens, but most of all plant derivatives. Such combinations of therapeutic agents, analysed according to their physiological effects, dosage, thresholds and sensibility, were also found in France in the 1930s, but there, restrained by the visas des spécialités pharmaceutiques of 1941, herbalists lost their official status and control of medicinal plants passed completely to pharmacists.66

Biologically active substances like organ extracts, hormones, vitamins and enzymes played a crucial role in life-reformist discourse. In 1889, the physiologist Charles-Édouard Brown-Séquard tested Claude Bernard’s assumptions about internal secretion in a spectacular self-experiment, convincing him that the use of efficient substances produced by glands held out the promise of physical rejuvenation. Brown-Séquard’s so-called ‘organotherapy’ was validated by the British physiologist George R. Murray’s successful therapeutic treatment of myxoedema with an active substance from the thyroid gland of sheep in 1891. The substitution, grafting or re-implantation of glands substantiated the curative efficacy of certain internally secreted, but unknown substances.67 Around 1900, many ‘organotherapeutics’ were in use and there was a common understanding of their efficacy: extracts from endocrine organs were thought to replace a patient’s failing bodily functions. When the British physiologist Ernest Starling coined the expression ‘hormone’ in 1905, he had in mind very specific substances that acted as chemical messengers ‘speeding from cell to cell along the blood stream’ and coordinating the activities and growth of different parts of the body.68 Likewise, the concept of vitamins as ‘accessory food factors’ followed the logic of internal secretions and of efficient agents that could cure deficiency states. Hormones and vitamins were both drug-like and communicative substances; they could be industrially produced while they defined and explained the modern body.69 This new physiology, based on problematizations of gender, sex, reproduction, nutrition and degeneration and situated in military and colonial medicine, created a new concept of a homeostatic body regulated by chemical substances.70 To describe this class of substances, the German-speaking research community invented a term that fascinated not only researchers but also the general public in the 1920s: the afore-mentioned biologische Wirkstoffe (biologically active substances).

This newly invented term was specifically used to describe powerful, physiological substances such as hormones, vitamins and enzymes. In this context, chemistry and biology merged into a chemistry of natural substances (Naturstoff-chemie) that brought chemical skills, biological knowledge and life-reformist beliefs together with the interests of the pharmaceutical industry. The production of biologically active substances was a pharmaceutical procedure, i.e. a chemical process based on biological assays. During the first third of the twentieth century, research on biologically active substances and the mass production of biological compounds depended on the action of raw materials – urine, testicles, adrenal glands, fruits and vegetables – and the development of biological assays stabilize effectiveness and activate efficient agents. The isolation of natural substances from animal organisms and the synthesis of bioactive molecules became the main purpose of the highly productive cooperation between life scientists and the pharmaceutical industry – a cooperation that resulted in new molecules, patents, and a new physiology that seemed to hold great potential for enhancing the efficiency of the human body. The successful cooperation led to mass production of hormones and vitamins in Germany, Switzerland, England, the Netherlands and the US.71 In a brief period from 1921 to 1934, biological substances like insulin (1921), vitamin D (1927), estron (1929), androsteron (1931), ascorbic acid (1932) and progesterone (1934) were isolated and synthesized. Moreover, in the first half of the 1930s, the list of biologically active substances and isolated natural substances was expanded by ‘unnatural’ synthetic derivatives.

Vitamania and the rejuvenation craze were worldwide phenomena in the 1920s. But in German-speaking countries they took on special meaning because of their association with the life-reformist concept of ‘nature’. Organs and the various substances they secreted, as well as accessory food factors, soon became the prime movers of biological medicine and public health policies involving prophylactic practices.72 In Germany, research and development on biologically active substances was part of the biomedical and political discourse. While the new concept of a biological body, clearly defined by natural laws, was the basis for Nazi Germany’s biopolitics, Wirkstoffe as drugs with a seemingly vital ability to strengthen human efficiency came to play a central role in National Socialist war policies.73 Biological medicine, organized in Nazi Germany as a New German Therapy (Neue deutsche Heilkunde), deeply influenced German concepts of health for over half a century and well into the post-war years.74 Biological remedies, biologically active substances (Wirkstoffe) and vital substances (Vitalstoffe) all held out the promise of sound health, an organological and natural way of living and a biological identity.


The Widening of the Concept of Biologics: The Biotechnological Transition until Today

The decades after the Second World War, especially from the 1950s to the 1980s, were dynamic years for biologics, as the number and variety of biologics – as well as the challenges facing regulators – continued to grow. Especially when recombinant drugs emerged on the market, scientists, regulators and the public tended to treat them as new kinds of substances that became denoted as ‘biologicals’. However, this transition, which was often labelled as a ‘biotechnological revolution’, needn’t be viewed as something entirely new, but rather as a recent variation in the episteme, technology and economy of biologics. The ‘colossa change in our abilities to use and appropriate living organisms’, as Gaudillière claims, started much earlier than common narratives of the so-called biotechnological revolution proclaim.75

After the spectacular introduction of penicillin in the 1940s, the biotechnological exploitation of fungal metabolisms invigorated the search for magic bullets.76 Likewise, the amazing effects of the hormone cortisone raised expectations and drove pharmaceutical industries in their search for initial extracts from exotic plants.77 Another advance in post-war research that significantly influenced the development of biologics was made in 1949 at Boston Children’s Hospital, where scientists successfully grew a human virus, the Lansing Type II polio virus, in a human tissue cell culture.78 The ability to grow human viruses easily and safely outside of a living host wasn’t just a breakthrough that led to an explosion of research in vaccinology, but also a ‘precondition for discoveries and changes relevant to biologics in the second half of the twentieth century’.79 From the 1950s onward, vaccine research flourished. In the mid-1960’s, pioneering work resulted in the first experimental live virus vaccine against German measles (rubella). ‘Test inoculations conducted in West Africa led to a combined measles-smallpox product, the first commercial combined live virus vaccine’.80 The growth of industrial biochemistry also established important prerequisites for the biotechnological transitions. The late 1960s and 1970s brought about a revival of interest in enzymes and their applications. Enzymatic reactions had been in use for some time, but now they began to play a central role in certain branches of production and triggered new developments. Increasingly, biological agents became recognized as an important field of future research.81

The new technologies were also subject to regulation, especially inasmuch as biologics were employed in food production or conservation. The food industry made increasing use of enzymes and enzymatic systems that were biotechnologically produced from non-toxic micro-organisms. The Joint FAO/WHO Food Standards Programme therefore included enzymatic preparations in its comprehensive efforts to develop food standards and codes of practice.82 But the use of biologics for food preservation also raised concerns. Pharmaceutical firms began to massively promote the use of antibiotics as preservatives in fresh food.83 Although attitudes towards this practice differed from country to country, West German regulations completely banned the use of antibiotics as food preservatives in 1958.

These developments not only changed the meaning of biologics, but also the ways of handling them. The fate of the Division of Biologics Standards, which stood at the centre of the re-organization of the NIH in the US, is a case in point. In 1955, after the so-called ‘Cutter incident’ involving the deaths of eleven people due to an impure polio vaccine sold by Cutter Laboratories, the status of biological control within the NIH was improved: to strengthen and expand its operations, the Division became an independent entity within the NIH.84 Around 1970, the Division’s review activities were criticized for not being ‘as well institutionalized and not as clear and effective as the equivalent work being performed for the control of medicinal drugs’.85 And in July 1972, both the authority to administer the drug provisions of the FD&C Act for all biological products and the responsibility for implementing the Biologics Act was delegated to the FDA.86 The Division of Biologics Standards was transferred from the NIH to the FDA and renamed the Bureau of Biologics (BoB). In one sense, the merger with the FDA was a foregone conclusion because a ‘biological product’ as defined by the 1944 PHS Act also fell within the jurisdiction of the earlier 1938 FD&C Act. Thus, the jurisdictional and regulatory provisions of the 1902 Biologics Act and the FD&C Act were combined under one authority. When the BoB was merged with the FDA Bureau of Drugs in 1982, the evaluation of ‘drugs’ and ‘biologics’ was bundled into one institution, the National Center for Drugs and Biologics (NCDB). The FDA journal, FDA Consumer, sought to justify this merger as early as 1977: ‘Vaccines are just one of a group of drug products that are called “Biologics” because they are made from or with the aid of living organisms that are produced in man or animals’.87

These changes in institutional organization reflected major scientific changes related to the beginnings of the biotechnological transition in the 1970s. In short, the distinction drawn between a drug and a biologic, or a device and a biologic, became ever more blurred.88 Contemporary definitions of biotechnology focused attention on the biotechnological processing of ‘biological agents’ in general, even though they were initially intended for industrially useful enzymes.89 Hence, biotechnology was already attracting increased attention when the next step in its development occurred, i.e. when recombinant DNA technology appeared on the scene in the 1970s.

With the advent of genetic engineering, the modification of micro-organisms opened up new possibilities in industrial processing, agriculture and biomedicine. The biotechnological production of clinically relevant molecules became the main challenge faced by early biotech companies in the 1970s and 1980s. Geneticists such as Joshua Lederberg time and again emphasized the potential benefits of genetic engineering.90 Some of the further steps in the development of genetic engineering have been well researched.91 Insulin was one of the proteins that embodied the aspirations of the New Biology and its promise of new products. A team at the University of California, San Francisco, associated with Herbert Boyer, who in April 1976 founded the small company Genentech (Genetic Engineering Technology), used the bacterium Escherichia coli to produce insulin and claimed success in September 1978. The FDA finally approved the drug in 1982. Despite the claims that molecular biology would revolutionize the whole industry, the main focus of attention after insulin turned to other potential money-spinners: human growth hormone and interferon, a protein that the body itself produces to fight viruses and that thus promised to be a miraculous cure for viral diseases. By 1980, Biogen was producing interferon through recombinant DNA after human DNA was transferred to bacterial DNA.92 In the case of interferon, the promised magic bullet in the fight against viral infections never materialized and several companies shifted their attention elsewhere. A new, immunological approach emerged, based on interleukin-2, which was hailed as the new ‘natural’ weapon against cancer.93 As Pieters summarizes, such substances represented a process of molecularizing medicine that originated in the engineering, preparation and purification of so-called recombinant protein drugs.94

Retrospectively, the transgenic transformation of biotechnology from the 1980s onward has been interpreted as a major break, either in terms of politics, technology and research practices, or in terms of the mode of knowledge production.95 This rupture found expression in the proliferation of a term used to denote the recombinant DNA products: biologicals. The WHO began to use the term ‘biologicals’ exclusively after its department of ‘biological standardization’ was renamed ‘biologicals’ in the mid-1970s and from the 1980s onwards the term was used only in connection with advances in biotechnology and ‘new biological products prepared using recombinant DNA techniques’.96 Generally, the common term ‘biologicals’ came to be associated with the biotechnological age of recombinant DNA technology, while the term ‘biologics’ was more closely affiliated with the regulatory context of traditional biological substances such as vaccines. In his history of the FDA, Carpenter points to the simultaneous and sometimes confusing use of both terms ever since that period:

Molecular entities are usually distinguished from ‘biologics’. The world of biologics is often wrongly conflated with the world of ‘biotech’, when in fact most biotechnology drugs are not vaccines or otherwise bioactive. A more pervasive difference is between ‘small’ and ‘large’ molecules, such that the larger molecules represent proteins and antibodies that are ‘biologically active’ whereas the smaller molecules stand in for more traditional drugs.97


However, this distinction represents only a snapshot in the history of biologics and their definitions. As in the story of interferon, there was no clear-cut break between conventionally produced substances and the substances of the biotech transition since both originated in the preparation and purification of biological material.98 Likewise, since the 1980s, the terms and classifications have again become contested, reflecting the challenges of regulation and developments in the biotech industry. By 1988, five proteins from genetically engineered cells had been approved as drugs by the FDA: insulin, human growth hormone, hepatitis B vaccine, alpha-interferon and tissue plasminogen activator (tPA) for lysis of blood clots.99 In a reaction to this slow progress, research policies in the US and in Europe began developing new strategies.100 This shift was described in a 1990 report of Britain’s science advisory committee ACOST: ‘Whereas efforts so far have been concentrated on the generation of biologically important molecules, the next phase is likely to lead to the engineering of higher levels of biological organization: the engineering of pathways and cells’.101 This new situation has contributed to ongoing negotiations about the very definition of biologics, which in turn has been reflected in the steady reorganization of regulatory bodies. In 1988, the FDA again split biologics from the more general drug review process.102 Since then, the FDA has been busy distributing and redistributing the responsibility for an ever-growing number of biological products. The FDA Center for Biologics Evaluation and Research (CBER) became responsible for some therapeutic proteins, such as monoclonal antibodies, but control of these was later transferred to the Center for Drug Evaluation and Research (CDER).103 Some other drugs, such as certain anticoagulants and plasma volume expanders, have remained under the control of CBER. Meanwhile, the list of biologics continues to grow, including not only new substances but also cell products and organs such as human cell tissues, xenotransplantation, gene therapy and human cloning.104 Similar ongoing redefinitions and regulatory reorganizations occurred in Europe as well. The first European pharmaceutical directive of January 1965, Directive 65/65/EEC 1965, provided only a rough sketch of efforts to harmonize European drug regulation and listed a range of substances, including a variety of biological products derived from human, animal, vegetable and chemical sources.105 This list was updated some thirty years later when the London based European Agency for the Evaluation of Medicinal Products (EMEA) – set up 1995 and later renamed as the European Medicines Agency, EMA – established a Biologics Working Party (BWP) to provide recommendations to the EMA scientific committees ‘on all matters relating to quality and safety aspects relating to biological and biotechnological medicinal products’. 106 In 2001, the European Union updated the 1965 directive to include a rearranged list of biologics that reflected the new system of drug approval. The ‘Community code relating to medicinal products for human use’ differentiates four approval procedures. Notably, the various biological products were not grouped into one category, but distributed across all four categories depending on the specific characteristics of the medicinal approval process.107 However, one has to be careful with all these definitions since the terms and uses depend on the legislative and the administrative context. For instance, while the EMA differentiates ‘biologics’ and ‘biologicals’ (‘biotechnological medicinal products’), the Directive 2001/83/EC does not refer to ‘biologics’ at all; instead, it uses the somewhat analogous terms ‘biological medicinal products’ and ‘biological medicines’ respectively.108 Even more confusingly, additional terms such as ‘biomedicines’ have come into use with the proliferation of biologics, agencies, markets and with practices related to biological products.109

The realm of biologics has evolved throughout the twentieth century and the metamorphosis of objects and concepts remains unfinished. In the future, we will see more substances and new classes of substances enter the stage and change our understanding, classification and regulation of biologics. One very recent example is the advent of biosimilars, i.e. the analogues of generics in the field of biotechnologically produced medicines. Future work may reveal more details of the semantic field of biologics and dig deeper into linguistic and conceptual layers and transitions such as the biotech transition. But for the moment, what can we learn from this overview?


Biologics in the History of Medicine, Pharmacy and Science

There is no easy, apodictic way to determine the object of biologics studies. The previous sections have examined biologics as a semantic field containing different denotations, such as natural substances, Naturarzneien, organotherapeutic substances, Wirkstoffe, biological products, biologics, biologicals, médicaments biologiques, biopharmaceuticals and biological medicinal products. Such diverse nomenclature reveals that the history of biologics is truly multifaceted and difficult to grasp. Generic terms such as ‘biologics’ and ‘biologicals’ played an important role in the US, whereas European scientists and regulators were reluctant to adopt them. In Germany, the term biologische Wirkstoffe was introduced in the context of hormone and vitamin research, but it signified something quite different compared to the regulatory environment in the US, where the terms ‘biologics’ or ‘biological products’ included allergens and immune-based products, but not hormones.110 And so, as the semantic overview suggests, attributions have been made according to actual and practical needs, forcing historians of medicine and pharmacy to account not just for the common features of biologics, but also for their specific historical development. For instance, the concepts of mid-twentieth century pharmacy cannot adequately explain why arsphenamine – a class of arsphenical substances – was subjected to the Biologics Control Act 1944. Most probably this was due to the fact that it posed regulatory problems analogous to sera and vaccines and was equally important, since it was administered in the fight against syphilis.111

But how can we define biologics when the categories in the semantic field have been blurred throughout history? Biologics have been defined in terms of sources, chemical properties, immunogenicity, macromolecular size or structure, or function. They have been characterized as complex macromolecules, as proteins, as derived from living organisms, natural sources and so on. In his splendid analysis of the ‘language of biologics’, Korwek stepped into deeper waters in analysing categories such as ‘use’, ‘mechanism’ and ‘origin’ as the shifting points of reference for regulatory definitions over time. For instance, ‘use’ was an important aspect of original statutory language that focused on disease prevention. The ‘prevention and cure of diseases’ language of the 1902 human biologics statute was revised in 1944 to include the ‘prevention, treatment, or cure of diseases or injuries of man’ since ‘injuries’ had become the main rationale for blood transfusions during the Second World War.112 Korwek’s analysis of the language of biologics once again emphasizes the significance of the practical historical context for the definition of biological products. What people denoted as ‘biological products’, ‘biologics’, or ‘biologicals’ was embedded in the context of regulation and legislation.

The language of biologics reveals these substances as cultural, political, economic and socio-technical entities. Biologics are at the same time natural resources, experimental representations, technical devices, visions, products, medical and clinical measures, cultural practices and legal entities. In fact, some of the historical approaches we considered in the previous section already suggest as much. Take for example an amendment to the directive of 2001, in which the EU Commission eventually tried to define biological products. Notably, this definition did not explain what biological products are as a group of substances, but instead described a feature that they share: what biologics have in common is the fact that they are made out of ‘any substance of biological origin’.113 For instance, biologics such as vaccines are substances produced in highly elaborated procedures of maceration, filtration, digestion, distillation, evaporation, sterilization, desiccation, levigation, dialysis, precipitation and physiological assay of living organisms. By adopting a pragmatic approach towards the history of biologics, the authors of this volume avoid ontological presuppositions about the nature of biologics, focusing instead on the technical context of biologics and the way they are produced. Synthetic drugs consist of pure chemical substances and their structures are known. ‘Biologics, however, are complex mixtures that are not easily identified or characterized’.114

These conceptual insights can be incorporated into a characterization of biologics as substances that (1) are specific kinds of drugs, (2) have a ‘biological origin’, (3) are processed and (4) are more complex than drugs in general.115 For the purposes of historical analysis, it is important to emphasize that this is not a characterization that relies on any putative ‘nature’ of biologics, but instead simply a helpful heuristic tool for use within an ever-changing common field of historical objects.
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